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PREFACE 


.  Tlie  Editor-in-Cluef,  durios  tite  preparation  of  this  Handbook,  has  bad 

in  view: 

FtBST.  The  publicatwn  of  a  reference  book  which  would  include  reliable 
and  comprehensive  information  on  all  branches  of  highway  engineerias 
and  rdated  eubjeeta  wiiich  would  prove  uaefid  to  bi^way  officials,  engi- 
neers,  chemista,  contraeUm,  and  engineer  ■alemen  of  bighwiV  materiala 
and  machinery. 

Second.  To  itudude  the  fvmdomentals  of  admidatration  Mid  cffcaiiia»> 
tion  of  highic^  departments,  finandng  of  hi^way  improvementa,  prdim- 
inary  iaveetigationfl  of  hi^way  t^ojecta,  traffic  investigationa  and  regula- 
tions, grading,  drainage,  foundationa,  street  cleaning,  bqow  removal  and 
disposal  of  waste;  the  design  of  highways  and  highway  systems;  the  details 
of  fidd  and  office  practice;  the  essential  elements  of  the  chemistry  and  the 
testing  of  bituminous  materials;  and  a  g^oasary  of  terms  used  in  highway 
en^neeriiig. 

Third.  To  include  in  each  of  the  sections  devoted  to  tiie  several  ^rpes 
of  roads  and  pavements,  deecriptions  of  the  charaetoiatiea  of  matoUa 
and  standard  methods  of  testing,  discussions  and  "*mTipmw>H».tinn«  relative 
to  construotion  methods  and  the  use  of  mechanical  appliances,  authorita- 
tive specificatioDs  covering  materials  and  methods  of  oonstruction,  reasons 
lar  fadurea,  methods  of  maintenance  and  cost  data. 

Fourth.  To  include  essential  and  usable  information  pertaining  to  re- 
lated fields  of  science  which  the  highway  engineer  is  called  upon  to  use  in 
connection  with  his  work,  such  as  mathematics,  mechanies,  structural  ma- 
terials, engineering  geology,  and  the  design  and  preservation  of  super-  and 
BubHStruoturee. 

FmB.  To  present  opiniona  of  speciaUBtB  pertaining  to  theoretical  and 
mtetical  detsdls,  tiie  satisfactory  solution  of  which  has  not  been  accom- 
plished. 

SncTH.  To  include  all  standard  tests  and  specifications  pertaining  to 
highway  work  which  have  been  adopted  by  technical  societies,  and  typical 
Bpecifications  and  methods  of  practice  which  have  been  successfully  used  by 
Fed^al,  state,  county  and  munimpal  departmenta,  commercial  organisa* 
tie  OS  aod  enipneers  of  experience. 

SxTXirxH.  To  present,  thru  the  medium  of  bibliographiea,  referenoea  to 
authoritative  books  and  the  moat  important  literature  contained  in  the 
proceedings  of  societies  and  technical  periodicals. 

Eighth.  To  present  the  subject  of  cost  data  from  a  conservative  stand- 
pcont,  giving  the  range  of  cost  of  materials  and  methods  of  construction 
onder  normal  and  average  conditions,  and  to  draw  attention  to  the  several 
vartaUes  which  must  be  taken  into  consideration  in  making  estimates  of 
coat  and  analysing  cost  reeords. 

Ninth.  The  compilation  of  a  comprehensive  Index  so  arranged  that  the 
reader  may  readily  find  important  subject  headings  of  highway  engineer- 
ing, and  have  aocnsrible.  in  one  group,  all  references  to  any  special  subject. 

The  Handbook  baa  required  three  years  for  its  preparation  by  the  Editor- 
in-Chief  and  seventeen  Associate  Editors  and  their  collaborators.  Its 
text  of  1579  pagM  indudea  fiSe  artioles,  360  taUes  and  W7  figures.  The 
Endex  oceuideB  78  pages  and  etrntaina  about  SOOO  xef  cannces. 
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In  the  dengD  of  the  Handbook,  the  Editor-in-Chief  adopted  the  unit 
Rystom  of  compilation.  The  field  of  faigbwi^  ensineering  and  closely  allied 
■abieete  was  divided  into  twenty-nine  Bectiooa.  In  consultation  with  each 
Aaaodate  Editor,  a  detaOed  outline  of  each  section  wb«  compiled,  thus 
avoiding  dupIicationB  of  material  as  far  aa  practicable.  All  the  matnial 
submitted  the  Associate  Editora  haa  been  edited  to  obtain  uniformity 
of  ammganent,  abbreviations  and  typography,  and  to  connect  the  sec- 
tions by  cross  references. 

Some  repetitions  have  been  found  advisable  in  cases  where  the  same 
subject  is  treated  from  different  viewpoints.  For  example,  grades  are  dia- 
cussed  in  the  sections  on  Preliminary  Investigations,  Office  and  Field 
Practice,  PlanniDR  of  Roads  and  Road  Systems,  Planning  of  Streets  and 
Street  Systems,  Comparison  of  Roads  and  Pavements,  and  the  aectiona 
pertaining  to  the  various  types  ctf  roada  and  pavements.  The  reader, 
therefore,  In  seeldng  Information  on  any  given  subjeot  should  consult  the 
TABix  or  coNTBNTfi  in  ordcT  to  obtain  a  general  idea  of  the  intendation-  j 
ahip  of  the  contents  of  the  several  sections,  and  refer  to  the  tkomx  for  s 
complete  list  of  references  on  that  subiect. 

At  the  end  of  each  section  will  be  found  'a  biblioorapht,  in  which  each 
author  has  been  assigned  a  number.  In  case  there  is  reference  to  more 
than  one  article  by  an  author  in  a  ^ven  section,  the  several  articles  are 
further  designated  by  letters.  References  to  the  bibliographies  are  made 
in  the  text  by  encloi^ng  in  parentheses  the  reference  number  or  the  number 
followed  hy  a  letter,  as,  for  example,  (14)  or  (43d). 

The  ABBRBviATtoNa  used  in  the  Handbook  may  be  grouped  in  two  gen- 
eral ctaaMH:  First,  periodicals  and  technical  societies:  and  second,  units  of 
measurement  and  technicid  terms.  The  reader  will  find  abbreviations 
listed  after  the  Table  of  Contents  under  the  heading.  List  of  Abbrevia- 
tions. As  far  as  practicable  standard  abbreviations  have  been  used,  but 
unfortunately  such  standards  do  not  exist  for  many  abbreviations  cm- 
ployed.  The  standard  abbreviations  tor  units  of  measurement  as  adopted 
by  the  Joint  Committee  of  the  National  Engineering  SocietieB  have  been 
used.  In  the  oaae  of  the  abtn«viations  moat  frequently  used,  periods  have 
not  baan  employed  thus  saving  considerable  space  in  the  text.  The  stand- 
ard abbreviations  of  the  Century  Dictionary  for  states,  days  of  the  week, 
and  months  of  the  year  have  been  employwi  but,  as  they  are  in  common 
use,  they  have  not  been  included  in  the  list  of  abbreviations. 

Many  tablbb  have  been  included  in  the  various  sections  and  are  referred 
to  in  the  Index  under  the  subject  to  which  they  belong.  For  ready  refpr- 
enoe,  all  mathematical  tables  are  especially  listed  in  the  Index  under  the 
title,  Tables,  mathematical. 

The  Editoi^in-Chief  gratefully  acknowledges  his  Indebtedncsa  to  the 
technical  societies,  hi^way  departments,  commercial  associations,  period!- 
cale,  engineers,  and  chemists,  whose  writings  have  been  quoted,  and  to 
authors  who  have,  in  a  broad-minded,  friendly  spirit  of  cooperation,  ^ven 
permission  to  use  certun  material  from  copyrighted  books.  In  all  cases 
full  credit  has  been  given  either  in  the  text  or  by  reference  to  the  bibliogra- 
phies. To  the  Associate  Editors  and  their  collaborators  and  to  the  pub- 
lishers, printers  and  the  personal  staff  of  the  Editor-in-Chief,  uncere  thanks 
an  tendered  for  their  hearty  cooperation  during  the  pr^iuration  and  pub- 
lication of  the  Handbook. 


AvmuB  H.  Blahchabd. 


Nkw  You.  November,  1918. 
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1.  General  Condderatioiis 

Since  1910  considerable  attention  has  been  devoted  to  the  fonnulatKHt 
of  a  terminology  of  highway  engineering  in  order  that  literature  and  specifi- 
cationa  might  be  easily  understood,  and  costly  mistakes  avoided  on  the 
part  of  engineers,  contractors,  and  others  connected  with  highway  work 
due  to  misinterpretation  of  terms  in  contracts  covering  the  construation 
and  maintenanoe  of  highways. 

The  tenninology  of  highway  engineering  has  been  developed  and  standard- 
ized mainly  thru  the  work  of  committees  of  the  Permanent  Intonmtiona] 
Association  of  Road  Congresses,  the  American  Society  of  Civil  Engineers 
and  the  American  Society  for  Testing  Materials.  Some  terms  used  in 
highway  engineering  have  been  defined  and  explained  in  reports  of  the 
EngiDeering  Standards  Committee  of  Great  Britain  ^d  of  committees  of  the 
American  Society  for  Municipal  Improvement*,  the  American  Railway 
Engineering  Association,  the  Amencan  Wood  Preservers'  Association,  the 
National  Conference  on  Concrete  Road  Building,  the  American  Concrete 
Institute,  the  City  Planning  Confereoee,  and  the  Society  for  the  I^nmotion 
of  En^neering  Education. 

Key  to  American  Terminology.  The  following  key  indicates  the  society, 
committee  or  individual  proposing  or  adopting  certain  definitions  given 
in  Art.  2.  la  cases  where  no,  indicators  or  leferenoes  are  given,  the  defi- 
nitions are  proposed  by  the  author. 

•Adopted  by  Am.  Soc.  Test.  Mat.  (12a). 

tProposed  by  Com.         on  Road  Materials,  Am.  Soc.  Teat.  Mat  (i2b), 
but  not  adopted  (1917)  by  the  Society. 
fPropoaed  by  Spec.  Com.  Mat.  Road  Cons.,  Am.  Soc.  C.  E.  (10). 
** Adopted  by  Am,  Ry.  Eng.  Assn.  (9). 

ttl^poeed  by  Com.  on  Nomenclature,  Am.  Concrete  Inst.  (7). 
{{Proposed      Prevost  Hubbard  (5). 
•**Pro posed  by  James  F.  Kemp  (G). 

British  Terminology.  For  the  use  of  British  highway  ofBciuls,  engineers 
sod  chemists,  and  Americans  who  read  highway  engineering  literature 
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emaosting  from  Great  Britain,  the  defiuitioDS  of  oertoin  terms  peculiar  to 
Britiah  practice,  and  definitioiiB  of  tamu  used  id  Americaa  practice  but 
whioh  are  giveo  a  different  meaning  in  Great  Britain,  have  been  induded 
in  Art.  2.  In  each  instance  the  term  baa  been  followed  the  word  Briti^ 
The  British  definitions  have  been  taken  from  the  report  of  British  E^igineen 
(16)  to  the  Third  International  Road  Congress,  London,  1913,  designated 
by  a  *;  the  report  of  the  Engineering  Stajidards  Committee  (15),  designated 
by  a  t:  snd  from  the  writings  of  Boulnois  (3a)  and  (13),  dcsiimated  by  a^. 
In  Art.  3  will  be  found  explanations  relative  to  the  British  terminology 
covering  bituminous  material  terms  presented  by  the  Engineering  Standards 
Committee  of  Great  Britain  and  discussion  of  this  nomenclature  by  C-om- 
mittee  D-4  on  Boad  Materials,  Am.  Soc.  Test.  Mat. 

3.  Deflnitioiis  <rf  Tenns  Used  in  Highway  Bngineeiiiic 

Abraiioii.  The  act  of  wearing  or  rablnng  off  or  away  by  friction  or 
attritioD.    (Century  DictioDary.) 

Abutment.**  A  supporting  wall  carrying  the  end  of  a  bridge  or  span 
and  sustaining  the  pressure  of  the  abutting  earth.  The  abutment  of  an 
arch  is  commonly  called  a  bench  wall. 

Aggregatfl-tt  The  inert  material,  such  as  sand,  gravel,  shell,  slag  or 
broken  stone,  or  eomUnations  thereof,  with  which  the  cementing  matoial 
ia  mixed  to  form  a  mortar  or  oonorete. 

Aggragata  (British*).  The  material  compriaiiw  the  main  portion  of 
the  surfacing. 

Amorpbont.   A  textular  term  used  to  describe  a  rock  structure  without 
definite  form  or  crystalline  compomtion. 
Aqueous  Rocks.  Rocks  which  have  been  formed  thru  the  agency  of  water. 
Arkose.   A  coarse  feldspathic  sandstone. 
Artifldal  Fonndatlon.   See  Foundation. 

Atlilar.**   A  squared  or  cut  Mock  of  stone  of  rectangular  dimensions. 

At^ialLt*  SoUd  or  senuHSoUd  native  bitumens,  solid  or  semi-solid 
faitumma  obtained  by  refining  petroleums,  or  solid  or  Benu-a(did  bitumens 
which  are  oomlMnations  of  the  bitumens  mentioned  with  petroleumii  or 
derivatives  thereof,  which  melt  on  the  application  of  heat.  Mid  which  consist 
of  a  mixture  of  hydrocarbons  and  their  derivatives  of  complex  structure, 
largely  cyclic  and  bridge  compounds. 

Aaphalt  (Britisht)  is  a  road  material  consisting  of  a  mixture  of  bitumen  and 
finely  graded  mineral  matter.  The  mineral  matt«r  may  range  from  an 
impalpable  powder  up  to  material  of  such  a  siae  as  will  pass  thru  a  sieve 
having  square  holes  of  K  in  sise. 

As^alt  Block  PaTemantt  One  having  a  wearing  oourae  of  previously 
{wepared  blocks  of  aaphaltic  concrete. 

Aaphalt  Cement.t  A  fluxed  or  unfluxed  asphfdtic  material,  especially 
prepared  as  to  quality  and  consistency,  suitable  for  direct  use  in  the  manu- 
facture of  asphaltic  pavements,  and  having  a  penetration  of  between  5  and 
250.    Note:    Commonly  designated  in  paving  work  as  A.  C. 

Aaphalte  (Britisht)-    Limestone  naturally  impregnated  with  bitumen. 

Asphalts nea.f*  The  components  of  the  bitumen  in  petroleums,  petro- 
leum products,  malthas,  asphalt  cements,  and  solid  native  bitumens,  which 
are  acduble  in  carbon  diaulphide,  but  insoluble  in  paraffin  nai^thaa. 

Aaphattict   Similar  to,  or  eaaentially  compoaod  of,  aaphalt. 

Ai^attlc  Concrata  Pavamant.  One  composed  of  broken  atone,  broken 
alag,  gravel  <y  diell,  with  or  without  aand,  Portland  cement,  fiiie  inert 
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material,  or  comlMnationB  thereof,  and  u  aqdialt  oement  ineorporatod  to- 
gether by  a  mixing  method. 

Asphaltic  Hscadam  PaTement.  One  huving  a  wearing  course  of  macadam 
with  the  interstices  filled  by  a  penetration  method  with  an  asphaltic  iNDder. 

Aaphaltic  Pstrototua.}}  Petroleum  which,  upon  evapnation  or  bmo- 
lional  diatillation  without  blowing,  will  yield  an  asphalt  cement. 

Attrition  (Biiti^  *  ).  Wear  due  to  the  mutual  friction  of  two  mrfaces 
of  the  same  material  moving  over  each  other. 

Backing.**  That  portion  of  a  masonry  wall  or  structure  built  in  the 
rear  of  the  face.  It  must  be  attached  to  the  face  and  bonded  with  it. 
It  is  usually  of  a  cheaper  grade  of  work  than  the  face. 

Bank  Gravel.^  Gravel  found  in  natural  deposits,  usually  more  or  leas 
intermixed  with  fine  material,  such  as  sand  or  ciay,  or  comlnnations  thereof; 
gravelly  ciay,  cravelly  sand,  cjay^y  gravel  and  sandy  pav^,  indicate  the 
varying  proportions  of  the  materials  in  the  mixture. 

Barrel  <Biitiah  X  )-  The  camber,  contour,  cross  noction  or  cFosrfall  of  a 
mirfaoe     a  eairiageway  or  footwiQr, 

Baaalt.  A  general  name  ^ven  to  dark,  basie,  volcanic  rocks  of  wide 
distribution,  and  in  a  restricted  sense  employed  as  a  rock  name  for  por- 
phyntic  and  felsitic  rocks  consisting  of  auglte,  olivine,  and  idagiodase  with 
varying  amounts  of  a  glassy  base  which  may  entirely  disappear. 

Base.t   Artificial  toundation. 

Batter.**  The  slope  or  inclination  of  the  face  or  back  of  a  wall  from  a 
vertical  plane. 

Batter  Pile.**   One  driven  at  as  indlnation  to  resist  forces  which  are 
aot  TOrtieaL 
Bed  (Britidi  *  ).    Support  of  foundations. 

Benae.**  <1)  The  space  left  between  the  top  or  toe  of  slope  and  ex- 
cavation made  for  intercepting  ditches  or  borrow  pits.  (2)  An  approxi- 
mately horisontal  space  introduced  in  a  slope. 

Kader.t  (1)  A  foreign  or  fine  material  introduced  into  the  mineral 
portion  of  the  wearing  surface  for  th6  purpose  of  assisting  the  road  metal 
to  retain  its  integrity  onder  stress,  as  well  as,  perhaps,  to  aid  in  its  first 
eonstmetion.  (2)  The  course,  in  a  eheet-asphalt  pavement,  frequently  used 
between  the  concrete  foundation  and  the  sheet-asphalt  mixture  of  graded 
sand  and  asphalt  cement. 

Binder  Course,  tt  A  rather  coane  bituminous  aggregate  containing  a  rela- 
tively small  percentage  of  bitumen,  commonly  used  as  an  intermediate  course 
between  the  foundation  and  wearing  course  of  a  sheet-asphalt  pavement. 

Bittunen.t*  A  mixture  of  native  or  pyrogenous  hydrocarbons  and  tbur 
noD-metaUio  derivatives,  which  may  be  gases,  liquids,  viscous  liquids,  or 
strfids.  and  which  are  soluble  in  carbon  disulphide. 

BitBSwn  (Britishf)  is  a  gmierie  term  for  a  group  of  hydrocarbon  products 
soluble  in  carbon  diinilphide,  which  either  occur  in  nature  or  are  obtained 
by  the  evaporation  of  asphaltic  oils.  The  term  shall  not  include  residuee 
from  paraffin  oils  or  coal  tar  products.  Note:  Commercial  materials  may 
be  described  as  Bitumen  if  they  contain  not  less  than  98%  of  pure  Bitumen 
as  defined  above. 

Bittuninons  Aggregate. it  A  mineral  or  other  aggregate  containing  bitu- 
men as  a  cementing  medium. 

Ktuminoa*  Ceiiient.t  A  bituminous  material  8uital>le  for  use  as  a 
faindM  having  cementing  qualities  which  are  dependent  mainly  on  its 
bituminous  oharaoter. 
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Bltuminoiu  Coocrete  PaTemrat.t  One  composed  of  broken  atone, 
broken  slag,  Kravpl.  or  shell,  with  ur  without  sand,  Portland  cmncat,  fine 
inert  material,  or  combinations  thereof,  and  a  bituminous  cement  incor- 
porated  together  by  a  mixing  method. 

Bituminons  Emulsioa.}  A  liquid  mizlitn!  in  which  minute  globules  of 
bitumen  are  held  in  auupension  in  water  or  a  watery  solution. 

Utnminoai  Filler.}}  BituminouB  nutterial  immarily  used  for  fllling  the 
joints  in  brick,  block,  concrete,  or  other  pavements. 

Bitantiaons  Macadam  PaTemant.t  One  having  a  wearing  course  of 
macadam  with  the  intMvtices  fillod  by  a  penetration  method  with  a  bitu- 
minous binder. 

Bitnminottt  Mastic.}}   A  bituminous  aggregate,  the  mineral  portion  of 
which  consists  of  very  fine  particles. 
Bituminous  MateriaLf   Material  contuning  bitumen  as  an  eneatial 

constituent. 

LiQUtD  BiTDHiNOUB  Matbkau.*  ThosB  having  a  penetration  at  25*  C 
(77°  F),  under  a  load  of  60  g  applied  for  1  sec,  of  more  than  350. 

Ssut-SoLiDBiTDUiNouaMATeBiAta.*  Those  havinfca  penetration  at  25°  C 
(77°  F),  under  a  load  of  100  g  applied  for  5  sec,  of  more  than  10,  and  a 
penetration  at  26°  C  (77"  F),  under  a  load  of  60  g  applied  for  t  sec,  of  not 
more  than  350. 

SoUD  Bituminous  Matebials,*  Those  having  a  penetration  at  26°  C 
(77°  F),  under  a  load  of  100  g  applied  for  6  sec.  of  not  more  than  10. 

Bituminous  Pftvement.}  One  composed  of  broken  stone,  broken  slag, 
gravel,  shell,  sand,  or  fine  inert  material,  or  combinations  thereof,  and 
bituminous  cement  incorporated  together. 

Ktnminoos  Rock.}}  Rock  naturally  impregnated  with  petroleum  or 
asphalt. 

BituminouB  Surface.}  A  superficial  coat  of  bituminous  material  with 
or  without  the  addition  of  stone  or  slag  chips,  gravel,  sand,  or  material  of 
similar  character. 

Blanket.}    See  Carpet. 

Bleeding.}  The  exudation  of  bituminous  material  on  the  roadway 
surface  aftn-  construction. 

Blinding  Material  (British*).  Material  used  for  spreading  over  surface 
tarring  or  as  a  surface  dressing  for  wat#r-bound  macadam. 

Blown  Petroleums.*  Semi-«olid  or  solid  producta  produced  primarily  by 
the  action  of  air  upon  liquid  native  bitumpiia  which  are  heated  during  the 
blowing  process. 

Bog.**  Soft,  spongy  ground,  usually  wet  and  composed  of  more  or  less 
vegetable  matter. 

Bond.}  The  combined  action  of  inertia,  friction,  and  of  the  forces  of 
adhesion  and  cohesion  which  helps  the  separate  particles  composing  a  crust 
or  pavement  to  resist  separation  under  stress.  Mechanical  bond  is  the  bond 
produced  almost  wholly,  in  a  well  buttt  broken  stone,  macadam  rood,  by 
the  interlocking  of  angular  fragments  of  stone  and  the  subsequent  filling  of 
the  remaining  interstices  with  the  finer  particles. 

Bond.**  In  stone  or  brick  masonry,  the  mechanical  disposition  of  stono, 
brick  or  other  building  blocks  by  overlapping  to  break  joints. 

Borrow  Pit.**    An  cxcavalion  made  for  the  purpose  of  obtaining  material 

Bottoming  (British  * ).    See  Foundation. 

Boulder  Pavement  (British  *  ).    Road  paving  formed  of  cobblestone^ 
Bound.}  Bonded. 
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BiTTif  iNouB-BocND.  t    Bonded  with  the  aid  of  bituminouB  matwial. 
Wateb-Bound.  t     Bonded  with  the  aid  of  water. 
Breasts  (BritiBh  *  ).    See  Quarters. 

Breccia.    A  rock  composed  of  angular  fragmentu  largor  than  sand  grains, 
cemented  tosethw,  and  often  presenting  a  variety  of  colors. 
Breeze  (British  t  )•   Small  coal,  ashes,  cUnko-,  or  cinders;  sometimes 

used  for  Mnrfing 

Brick  PsTamentt   One  having  a  wearing  ooutse  of  paving  bricks  or 

Uocks. 

Bridget  A  structure  for  the  purpose  of  carrying  traffic  over  a  gap  in 
the  road-bed  measuring  10  ft  or  more  in  the  clear  qpau. 

Bmsh.**  Trees  less  than  4-in  stump-top  diameter,  ehnibs  or  braoches 
of  trees  that  have  been  cut  off. 

Bwnt  Clay.**  A  day  or  gumbo  which  has  been  burned  into  material' 
fn- ballast. 

By-Pass  Road  (British  }).  Generally  applied  to  a  road  which  divots 
the  traffic  for  a  short  distance  so  as  to  avoid. congestion  of  traffic  in  a  town 

or  elsewhere. 

Camber  ol  a  Bildg«.t   The  rise  of  its  oenter  above  a  straight  line  thru 

its  ends. 

Camber  of  a  Road.t   See  Crown. 

Cap.**  A  block  used  to  protect  the  head  of  a  pile  and  to  hold  it  in  the 
leads  dming  driving. 

Carbenes-t*  The  oomponents  of  the  bitumen  in  petroleums,  petroleum 
products,  malthas,  asphalt  cements,  and  solid  native  bitumeoa,  which  are 
soluble  in  carbon  disulphide,  but  insoluble  in  carbon  tetrachloride. 

Carpet,  t  A  bituminous  surface  of  appreciable  thickness,  generally 
formed  on  top  of  a  roadway  by  the  application  of  one  or  more  coats  (rf 
bituminous  material  with  gravel,  sand,  or  stone  chips  added. 

Carpeting  Medinm.^}  Bituminous  material  applied  to  a  road  surface 
piimariiy  for  protecting  the  road  proper  from  the  wear  and  tear  of  traffic 
thru  the  formation  of  a  mat  or  carpet  covering. 

Caniageway  (British*).    Portion  of  road  used  by  vehicles. 

Catchment  Area  (British  |  ).  The  area  from  which  the  surface  or  storm 
water  is  gathered. 

Catchpit  (British  %)•  A  pit  at  the  side  of  the  road  into  which  the  sur- 
face water  drains.    Usually  called  a  gutly  or  gulty  pit. 

Causeway  (British  } ).  A  narrow  road  or  street  paved  with  stone. 
Generally  applied  to  a  raised  road  or  a  short  road  to  a  ford  or  ferry. 

CeOnlar.  A  textural  tenn  uaed  to  describe  a  rock  structure  containing 
cells  due  to  weathering  out  of  some  constituent. 

Cement**  A  material  of  one  of  the  three  classes,  Portland,  Natural, 
and  Puaxolan,  possessing  tbe  property  of  hardening  into  a  solid  mass  when 
mixed  with  water. 

CemenLt  An  adhesive  substance  used  for  uniting  particles  of  other 
materials  to  each  other.  Ordinarily  applied  only  to  calcined  cement  rock, 
or  to  artificially  prepared,  calcined,  and  ground  mixtures  of  liniestoiic  and 
siliciouB  materials.  Sometimes  used  to  designate  bituminous  hinder  uaed 
in  bituminous  pavements,  when  the  expression  bituminous  cement  is  uuder- 
stoixl  to  be  meant. 

C«nwiiM:;eiicnte.t  An  intimate  mixture  of  gravel,  shell,  slag,  or  broken 
■tooe  psrtinlffi  with  oeiiain  proportions  of  sand  or  similar  material,  cement, 
sod  water,  made  insvioua  to  placing. 
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C«inrat*CoDCr«t«  Pavementt   One  having  a  wearing  ooutm  of  hydraulic 

oment-conerote. 

Cemented. t   Bonded.    Referring  to  water-bound  tnaoadam,  the  term 
cemented  is  used  to  deeignate  that  condition  existing  when,  after  rolling  ' 
the  stone  forming  the  crust,  the  remaining  voids  have  been  filled  with  the 
finer  sixes,  and  the  stone  dust  or  flour  has,  under  the  action  of  water,  taken 
a  set,  as  does  cement  itaelf. 

Cement  Onu.tt  A  trade  name  apidied  to  an  apparatus  used  for  the 
I^acing  of  mortar  under  prewure,  the  (^aractNlstics  being  that  the  mc»tar 
is  forced  dry  to  the  noule,  hydration  taking  place  at  the  wMile  and  cmn- 
cident  with  the  application. 

Cement  Wash-ff  An  application  of  a  mixture  of  oement  and  wata> 
gmeraily  applied  with  a  brush  to  the  auriacea  of  concrete  work,  to  reduce 
the  petmMLlrili^  or  to  give  a  uniform  oidor  and  ai>pearanee  to  the  ocmente 
wc^. 

Cnunnelt  (British  * } .    The  outer  edges  of  the  carriageway. 

Chats.**  Tailings  from  mills  in  which  idnc,  lead,  silver,  and  othM  orea 
are  aepanited  from  the  rocks  in  which  they  occur. 

Cheek  Cnuher  (British  t  )■'  A  stone  breaker,  with  jaws  or  ebeeks,  as 
distinguished  from  a  roller  or  drum  crushn. 

Chert*  Compact  sUioious  rook  fonned  of  chaloedonio  or  opaline  aliea, 
or  both. 

Chip  Pavement  (British  t ).  A  pavement  composed  of  irregular  atone 
spalls  in  the  form  of  a  mosaic. 

Chips.t    Small  angular  fragments  of  stone  or  slag  containing  no  dust. 

(Anders.**  The  residue  from  the  coal  used  in  locomotives  and  other 
fumacee. 

Claj.f  Finely  divided  earth,  generally  silioious  and  alumhioua,  which 
will  pass  a  200-me8h  sieve. 

Cbv  (Britiah*).  Fine  grained  non-induntcd  ledimentaiy  depoait, 
plastio  when  wet. 

Cleaiiiif.**   Removing  natural  and  artificial  perishaUe  obstiuotiona  to 
grading. 

CUnker.t  Generally  a  fused  or  partly  fused  by-product  of  the  com- 
bustion of  coal,  but  also  including  lava  and  Portland-cement  clinker,  and 
partly  vitrified  slag  and  brick. 

Coal  Tar.t*  The  mixture  of  hydrocarbon  dbtillates.  mostly  unsaturated 
tins  compounds,  produced  in  the  destructive  distillation  of  coal. 

Coatt  See  Carpet.  (I)  The  total  result  of  one  «■  more  single  mrfaoe 
applications.    (2)  To  apply  a  coat. 

Coke-Oven  Tar.f*  Co(d-tar  produced  in  by-product  coke  ovens  io  the 
manufacture  of  coke  from  Intuminous  coal. 

ColloidaL  A  textural  term  used  to  describe  a  jelly  or  glue-like  roek 
structure. 

Composite  Paving  (British*).    Road  surface  made  of  artificial  stone. 

Compressed  Asphidte  (British  t  )■  Natural  rock-aaphalte  ground  into 
powder,  heated  and  rammed  to  form  a  road  surface. 

Concrete.tt  An  artificial  stone  fonned  by  the  mixture  of  hydraulic 
cement  with  water  and  an  aggregate  composed  of  hard  Inert  particles  of 
various  sisee. 

Con^stency.  t*   The  degree  of  solidity  or  fluidity  of  bituminous  materials. 
Contour.**   The  line  of  intoseotion  between  a  horisontal  plane  and 
a  given  surface. 

D'qitijM  by  Google 
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Coping.**  A  top  course  of  atone  or  concrete,  generally  Blightly  pro- 
jecting, to  shelter  the  maaonry  from  the  weather,  or  to  distribute  the  prtm- 
aave  from  exterior  loading. 

Corduroy  (British  ti-  A  tenn  given  to  the  surface  of  a  carriageway 
(hat  has  become  ribbed  or  corrugated. 

Corduroy  Road.  A  roadway  constructed  by  means  of  small  lojp  laid 
transversely. 

Core  (British  t  )•  The  heart  or  inner  part  of  anything.  A  term  sotue- 
timea  app^ed  to  the  flubcruat  of  a  carriagewiQr. 

ConvfBtad  Bar.tt  A  stad  bar  for  reonforciDg  ooncnte  and  which  has 
square  or  oblong  projections  od  its  surface  formed  by  special  rolls. 

Corrugated  Surface  (British  *  ).    Undulating  wavy-surface. 

Cotme-t  One  or  more  l^ers  of  road  metal  spread  and  compacted 
separately  for  the  formation  of  the  road  or  pavement.  Courses  are  usually 
referred  to  in  the  order  of  their  laying  as  first  course,  second  course,  third 
«ourse,%tG.    Also  a  single  row  of  blocks  in  a  pavement. 

Creep.  A  slow,  natural,  downward  movemeot  of  loose  material  on  hillsides 
(see  Sect.  3,  Art.  12). 

Creeping  (Briti^  *  }■    Gradual  shearing  of  the  road  crust. 

Creoaoting  OILXX  Tar  distillates,  tars,  and  mixtures  of  tars  with  tar 
distillates  which  are  used  by  a  process  of  impregnation  in  the  pmervaticMi 
of  wood.  Note:  This  term  was  originaUy  confined  to  the  heavier  coal-tar 
distillates  carrying  a  large  proportion  of  the  creoeols  which  were  i»esent  in 
the  tar  before  distillation. 

Crosa-Grip  (British  } ).  A  cutting  or  channel  across  a  road  to  divert 
the  surface  water  from  one  side  to  the  other. 

Ccown-t  The  rise  in  eroos-aection  from  the  lowest  to  the  highest  part 
ol  the  flwiJ^M*  roadway.  It  may  be  repressed  either  as  so  many  inches, 
or  tenths  of  a  foot,  or  as  a  rst«  per  foot  of  distance  from  aide  to  center,  for 
eumple.  the  crown  is  4  in,  or  the  crown  is  }^  in  to  the  foot. 

Crown  (British  * ).  Highest  point  of  cross-section  or  catriageway, 
anally  the  center. 

Cniaher-Run.t*    The  total  unscreened  product  of  a  stone  crusher. 

I^iisher-Rnn  Stone,  t  The  product  of  a  stone  crusher,  unscreened  except 
for  the  removal  of  the  particles  smaller  than  remaining  on  about  a  ^-in 
scnen> 

Cnlher  Sand  (British  t  )•  The  sand  or  small  stuff  remaining,  after 
stone  has  been  crushed  or  broken  in  a  stone  breaker. 

CrtuLf  That  portion  of  a  macadam  or  similar  roadway  above  the 
foundation  consisting  of  the  road  metal  proper  with  its  bonding  agent  or 
Under. 

Cnut  (British  t  )•  The  external  covering  of  a  carriagewi^;  it  ia  aome- 
timee  qualified  aa  upper  and  lower  crriat  if  there  are  two  layers  ™*in*?g  up 
the  formation. 

Crystaltine.  A  textural  term  used  to  describe  a  rook  structure  similar 
to  ttwt  of  granite. 

Chd-de-Sac.  A  street  or  alley  which  has  no  outlet  at  one  end.  (Cen- 
tory  IMetionaiy). 

Culvert,  t  A  structure  for  the  purpose  of  carrying  trafiSo  over  a  gap  in 
the  road-bed,  meajnuing  less  than  10  ft  in  clear  span. 

CnKert.**  An  arched,  circular  or  flat  covered  opening  of  timber,  iron, 
brick,  or  masonry,  carried  under  the  road-bed  for  the  paasaos  of  water,  or  for 
other  purpoeee. 
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Copt  (British  t ).  A  torn  apirfied  to  hoUom  <»■  dei»«aak>iiB  in  the  sur- 
fftoee  of  a  carriageway. 

Cut-Back  ProdnctB.*  Petrdeum,  or  tar  reskluuiiu,  -  idiidi  have  been 
fluxed  with  distillates. 

Dandj  (British  t)-  A  t>f>rtable  can  for  the  distribution  of  tar  or  Ih- 
tuminous  binder.    Also  used  to  designate  a  portable  mixing  vessel. 

Dead  OIls.t*  Oils,  with  a  density  greater  than  water,  whi<di  are  distiUed 
from  tars. 

Deformed  Bar. ft  A  steel  bar  for  reinforcing  concrete  and  which  has 
projections  on  its  surface  in  order  to  secure  a  mechanical  bond  between 
the  concrete  and  the  steel.  These  projections  are  formed  either  hgr 
passing  the  bar  thru  specially  shaped  rolls  or  by  twisting  the  bar. 

Dehydrated  Tara.t*   Tan  from  which  all  water  has  been  removed. 

Diabase.  Crystalline-granular  igneous  rocks,  consisting  esseBtially  of 
plagioclase,  augite,  and  magnetite,  with  or  without  olivine. 

Diorite.  Granitoid  rock  connsting  essentially  {^agioclaae  adtt  hibm- 
blende,  with  usually  more  or  less  biotite. 

Dlliiltegnite  (British  *  ).    Loosening  or  breaking  up. 

DiBintegrated  Granite.**  A  natural  deposit  of  granite  formatioo,  which 
on  removal  from  its  bed  by  blasting  or  otherwise,  breaks  into  particles  of 
sise  suiteble  for  ballast. 

Ditch,  t  The  open  side  drain  of  a  roadway,  usually  deep  in  proportion 
to  its  width,  and  unpaved. 

Dolerite.***   Coarsely  crystalline  basalts. 

Dolomite.  A  native  carbonate  of  calcium  and  magnesium,  occurring 
as  a  crystallised  mineral,  and  also  on  n  large  scale  in  granular  cryitaUiae 
rock  masses. 

Dowels.**    Metel  bars  used  to  connect  two  sections  of  masonry. 

Drainage. t  Provision  for  the  disposition  of  water.  See  Sub-draioage, 
Suriace  Drainage  and  V-Droinage. 

Drainage.**  The  interception  and  removal  of  water  from,  upon  or 
under  the  roadway. 

Dreaaiog.**   The  finish  given  to  the  surface  of  atones  or  concrete. 

Dribbling  (British*).  Placing  small  quantitiea  of  material  in  ipad 
depresnonfl  to  restore  the  surface  to  ite  originnl  shape. 

Drop  Hammer.**  One  which  ia  raised  by  means  of  a  rope  and  then 
allowed  to  drop. 

Dry  Masonry.**  Masonry  in  which  stones  are  built  up  without  the 
use  of  mortar. 

Dust-t  Earth  or  other  matter  in  fine,  dry  particles,  so  attenuated  that 
they  can  be  raised  and  carried  by  air  currents.  The  product  of  the  cruaher 
passing  thru  a  fine  meve. 

Dnit  Layer.t  Material  applied  to  a  roadway  for  temporatily  preventing 
the  formation  or  dispenuon  under  tr^c  of  distrilnitable  dust. 

Earth  Road.t   A  roadway  composed  of  natural  earthy  materiaL 

Elevation  or  Height.**  The  distance  uf  any  given  point  above  or  below 
an  established  plane  or  datum. 

Embankment  or  Fill.**  A  hnnk  of  earth,  rock  or  other  material  coi>- 
structed  above  the  natiiriil  irrountl  aurfjtrc. 

Emulsion.f  A  combination  of  water  and  uily  material  made  misciblo 
with  water  thru  the  action  of  a  saponifying  or  other  ogcot.  Soo  Bituminous 
EmuUon. 

Bncaied  Knot.*   An  encased  knot  is  one  whose  growth  tings  are  not  inter- 


Dig  iti;M  Ciy 


Art.  2     Definhioiu  of  Terms  Used  in  ffif^way  Ei^ineering  d 

ipown  and  bomogeoeous  with  the  growth  rings  of  the  piece  it  is  in.  The 
eneaaeiiMnt  may  be  partial  or  complete;  if  intergrown  partially  or  ao  fixed 
by  Krowth  or  poeitioii  that  it  will  retain  its  plore  iu  the  piece,  it  shall  be 
cDoiddend  a  sound  knot;  if  completely  intergrown  on  one  focse,  it  ia  a 
water-tight  knot. 

ywjWyh  Bond.**  That  disposition  of  brieks  in  a  structure  in  which  each 
course  ■■  composed  entirely  of  beaden  or  of  stretchers. 

Bptdiorite.    Diabase  whose  augite  is  in  part  altered  to  green  hornblende. 

BzcaTatioa  or  Cutting.**  (1)  The  cutting  down  of  the  natural  ground 
nrfaoe;  (2)  The  material  taken  from  cuttings,  borrow  i^ts  or  foundation 
pits;  (3)  The  space  formed  by  removing  materiaL 

Eiqaaded  MetaLft  A  iona  of  oonorete  reinf<»cemeDt  made  of  sheet 
■tmt  which  has  been  alit  and  pulled  out  to  fomi  a  diamond  meah. 

Expancion  J<^t.t  A  separation  of  the  mass  of  a  structure,  umially  in  the 
fcHin  of  a  joint  filled  with  clastic  matmal,  which  will  provide  opportunity 
for  slight  movement  in  the  structure. 

Sxtradoa.**    The  outer  or  convex  surface  of  an  arch. 

F«t.t  Containing  an  excess.  A  fat  asphaltic  nuxture  is  one  in  which 
the  asphalt  cement  is  in  excess  and  the  excess  is  clearly  apparent. 

Fdiite.  Finely  crystaUine  varieties  of  quarts-porphyries,  porphyries. 
OF  porpbynt/eB  that  have  ieiw  or  no  phenociyats,  and  that,  therefore,  give 
hot  slight  indications  to  the  unaided  eye  of  their  actual  mineralogieal 
eoanpostiott. 

FSler.t  (1)  Relatively  fine  material  used  to  fill  the  voids  in  the  aggregate. 
(2)  Material  used  to  fill  the  joints  in  a  brick  or  block  pavement. 

Rm  Pointed.**  Having  irregular  surface,  the  vaiiationB  of  which  do 
not  nceed  H  in  from  the  pitch  line. 

nz*d.  Carbon. t*  The  organic  matter  of  the  residual  coke  obUuned 
upon  burning  hydrocarbon  products  in  a  covered  vessel  in  the  absence  of 
free  oxygen. 

Vlei^ah  Bond.**  That  disposition  of  bricka  in  a  structure  in  whi<^  the 
headers  and  stretchers  alternate  in  each  course,  the  header  being  so  placed 
that  the  outer  end  lies  on  the  middle  of  a  stretcher  in  the  course  below. 

Vloatiiic  (British*).  A  thio  l^or  of  cement  and  sand  or  similar  material 
bid  to  form  a  true  bed  for  wood  blocks,  etc. 

Floor,  t  Finely  ground  rocks  or  minerals  pulverized  to  an  impalpable 
product. 

noskCMt-t   See  Seal  Coat. 

nubiiig.t  (1)  Ctnnidetely  filling  the  voids.  (2)  Washing  a  pavement 
with  an  eseen  of  water. 

nu.t*  Bittunens,  generally  liquid,  used  in  combination  with  harder 
fattumenfl  for  the  purpose  of  softening  the  latter. 

Foliated.  A  textiual  term  used  to  describe  a  rock  structure  which  has 
1  tendency  to  split  along  lines  of  stratification. 

Footway,  f  The  portion  of  the  highway  devoted  especially  to  pedestrians. 
A  sidewalk. 

Foiiitdatioa.t  The  portion  of  the  roadway  below  and  supporting  the 
erurt  at  pavemoit. 

ABTinczAii  FotniDATiON.  t  That  layer  of  the  foundation  especially  placed 
OB  the  aubgnde  for  the  purpoae  of  reinforcing  the  supporting  power  of  the 
latter  itaolf,  and  eompoaed  of  material  different  from  that  of  the  subgrade 
pfoper. 

Natubax.  FommATKUl.t  The  natural  earthy  material  below  and  support- 
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in^  the  artifidal  foundation  or,  if  thwe  is  no  artificial  fbundation,  the  enut 
or  pavement. 

Free  Carbon,  t*   In  tars,  organic  matter  which  is  insoluble  in  carbon 

diaulphide. 

Free  Haul.**  The  distance  within  which  material  is  moved  without 
extra  compensation. 

Otbbro.  Igneous  rocks  of  granitoid  texture,  consisting  of  plasioclase 
and  diallage,  but  as  now  employed,  any  monodinie  pyroxene  may  be 
present,  with  or  without  diallage. 

Oat-HooM  Coal  Tar.f*  Coal  tar  produced  in  gaa-house  retorts  in  the 
manufacture  of  illuminating  gas  from  bituminous  coal. 

Gauge  (British  t ).  A  standard  of  measure.  The  term  gauge  has  been 
adopted  by  the  Engineering  Standards  Committee  to  designate  the  stan- 
dard group  of  sises  into  which  broken  stone  has  been  divided,  and  the 
term  sise  has  been  adopted  for  the  sub-division  of  the  gauge. 

Gin  Pole.tt  A  pole  or  mast  to  which  a  block  and  tackte  are  attached  for 
the  purpose  of  hoisting  materials. 

Glait.  A  textural  term  used  to  describe  an  amorphous  iipck  structure 
formed  Iqr  the  quick  chilling  of  a  fused  lava. 

GnalM.***  Laminated  or  foliated  granitoid  rock  that  correspimda  in 
mineralogical  composition  to  some  one  of  the  plutonic  rocks. 

Grade,  t  (1)  The  proiilo  of  the  center  of  the  roadway,  or  ita  rate  of  riae 
or  fall.  (2)  Elevation.  (3)  To  establish  a  profile  by  cuts  and  fills  or  earth- 
work. (4)  To  arrange  hy  siies,  broken  stone,  gravel,  sand,  or  combinations 
of  such  materials. 

Graded  (British  *  ).    Sorted  according  to  sise. 

Gradient.**    The  rate  of  inclination  of  the  grade-line  from  the  horizontal. 

Granite.*  A  granitoid  igneous  rock  eonsisting  of  quarts,  orthotdase, 
more  or  less  crfigoolaee,  biotite,  and  muscovite.    See  Disintegrated  Granite. 

Granitoid.*  A  textural  term  to  describe  those  igneous  rocks  which  m 
entirely  composed  of  recognizable  minerals. 

Grandithlctt  A  floor  surface  formed  by  a  mixture  of  cement  and  very 
fine  crushed  stone  and  sometimes  an  addition  of  sand,  it  being  troweled 
smooth  while  wet  and  allowed  to  harden. 

Granular.  A  textunl  term  used  to  describe  a  roek  structure  made  up 
of  distinct  grains. 

GravaLf  Small  stones  or  pebbles  usually  found  in  natural  deposits  more 
or  lens  intermixed  with  sand,  clay,  etc,  but  in  which  mixture  the  parti ciee 
which  will  not  pass  a  lO-mesh  sieve  predominate. 

Omd.**  Worn  fragments  of  rock,  occurring  in  natural  deposits,  that 
will  pass  thru  a  2H-in  ring  and  be  retained  upon  a  10-mesh  sieve. 

Greywacke.  Metamorphosed,  sbaly  sandstones  that  yield  a  tough, 
irregular  breaking  rock. 

Grlt.^t    Stone  chips,  slag  chips,  or  small  gravel. 

Grit  (British  *  ).   A  coarse  grained  sandstone. 

Onrand  Water.  Watw  which  sinks  into  the  earth  and  moves  thru 
eracks  and  pores  in  soil  or  rock  (see  Sect.  3,  Art.  12). 

Grout.**   A  mortar  of  liquid  consistency  which  can  easily  be  poured. 

Grubbing.**    Removing  stumps  and  roots. 

GuUey  (British  *  ).    Trap  or  opening  leading  into  drain. 

Gombo.**  A  term  commonly  used  for  a  peculiarly  tenacious  clay, 
containing  no  sand. 

Gutter,  t   The  artificially  surfaced  and  generally  shallow  waterway 
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provided  usually  at  the  sides  of  the  roadway  for  carrying  surface  drainage. 
Occasionally  u«ed  synoayinously  with  ditch,  but  incorrectly  so,  as  gutten 
are  always  paved  or  otherwise  autiaoed,  and  ditches  are  not. 

Qvj  Deiri^tt  A  derrick,  the  maet  of  vdiich  ia  aeeured  by  guy  ropea 
to  **  dead  men  "  or  to  other  anchoraiea. 

Hand  Pttched  (British  | ).  A  term  used  to  deatgoate  a  foundation,  or 
bottom  course,  of  a  carriageway  constructed  of  large  stones,  placed  care- 
fully by  hand. 

Hard  Core  (British  *  ).  Materials  such  as  chalk,  brick,  rubbish,  clinker, 
etc,  used  for  the  foundation  of  a  road. 

Hardneas.  The  property  of  a  material  which  enables  it  to  resist 
abranon  of  ita  auriace. 

Hirdpan.  A  soil  wfiidi  may  be  either  (1)  a  very  dense  eubsoil,  such  oa 
tough  cUy;  (2)  a  cemented  layer  in  tiie  soil,  «4iere  ground  waters  have 
I»«cipitated  a  local  hinder  of  silica  carbonatee,  iron  oxides,  etc;  or  (S)  dense 
clayey  glaeial  drift  (aee  Sect.  3,  Art.  8). 

Hardwood  (British  *  ).    Jarrah,  Karri,  oak. 

Hannches.t  The  sides  or  Banks  of  a  roadway.  Sometimes  also  called 
quarteiB. 

Header.**  A  stone  which  baa  its  greatest  length  at  right  angles  to  the 
face  of  the  wall,  and  which  btmds  the  faoe  stones  to  the  backing. 

Heartwoed.**  The  oldeo*  and  central  part  of  a  log.  usually  darker  in 
color  than  sapwood.  It  appears  in  strong  contrast  to  the  sapwood  in  some 
q>ecies,  while  in  others  it  is  but  slightly  different  in  color. 

Hlchwaj.t  The  entire  right-of-way  devoted  to  public  travel,  including 
the  sidewalks  and  other  public  spaces,  if  such  exiBt. 

Hoggin  (British  t  )■  A  name  sometimes  given  to  a  red  marly  gravel, 
used  as  a  binder. 

Htdoeryttalline.  A  toxtural  term  used  to  describe  a  rock  structure  that 
eonsista  entirdy  ol  eiystalliied  minerals. 

BomUaode  Schist.  A  schistose  rock  eonsisting  chiefly  of  black  or 
dark-green  homUende,  but  often  interiaminated  with  feldspar,  quarts, 
or  mica. 

HnflHttS.  Soil  formed  by  the  deoompoaition  of  vegetable  matter  on  the 
surface  of  the  ground. 

Igneous  Rocks.  Rocks  which  have  been  formed  by  mineral  matter 
flowing  upward  in  a  molten  condition  and  cooling  near  the  surface. 

Intereeptbic  Ditch.**  An  open  artificial  waterway  for  preventing  surface 
water  from  flowing  over  the  slopea  of  a  cut  or  against  the  foot  of  an  em- 
bankment. 

Intrados.**   The  inner  or  concave  surface  of  an  arch. 

Met  (British  }}.    Sometimes  used  to  designate  a  refuge  or  place  of 

safety  for  pedestrians  on  a  carriageway. 

Kentish  Rag  (British*).  Rough-textured*  semi-crystalline,  sandy  limestone. 
Kerb  (British*).  Dividing  line  between  the  footway  and  the  carriageway- 
Kidney  (Briti^  X  )■    The  name  given  to  small,  rounded,  water-worn 

boulders,  formerly  much  used  for  paving. 
Knots.   See  Encased  Knot,  Large  Knot,  Loose  Knot.  Pin  Knot,  Pith 

Knot,  Rotten  Knot,  Ro\ud  Ibmt,  Sound  Knot  and  Standard  Knot. 
Laitance.**   A  eediinent  from  cement  of  concrete  deposited  in  water,  or 

of  epnereto,  when  water  is  worked  to  the  surface. 
Lanhuted.   A  tezturfti  tenn  used  to  describe  a  banded  structure  which 

is  characteristic  of  many  sedimentary  rocks. 
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Largo  Knot*  A  large  knot  is  a  sound  knot,  more  than  IH  in  in  diameter. 
L^er.t   A  ooune  made  in  one  application. 

Leads.**  The  upright  parallel  members  of  a  pile  driver  which  support 
the  sheaves  used  to  hoist  the  hammer  and  piles,  and  which  guide  the  ham- 
mer in  its  movement. 

liddng-Up  (British  }  ).  A  term  sppUed  to  the  adherence  of  the  surface 
of  a  carriageway  to  the  face  of  a  wheel  or  of  a  roller. 

Limestone.***    Rock  compoeed  essentially  of  calcium  carbonate. 

Loam-tt  Finely  divided  earthy  material  contoiuing  a  eonsidenble 
proportion  of  organic  matter. 

Loose  Knot.*  A  loose  knot  is  ono  not  firmly  held  in  place  by  growth  or 
position. 

Macadam.t  A  rood  crust  compuBcd  of  stouc  or  similar  material  broken 
into  irregular  angular  fragments  conipacttid  tdgethor  m  as  to  be  interlocked 
and  mechanically  Ixtuud  lo  the  utmost  possible  extent. 

Macadam  (British*).  A  general  term  for  broken  btone  used  for  road 
surfacing. 

llalthas.tt   Very  viscous  petroleums. 

Marble.  Limee tones  which  have  sufficiently  dose  texture  to  take  a 
polish. 

Marl.  Calcareous  clay  containing  a  minimum  of  15%  of  carbonate  of 
lime  and  a  maximum  of  75%  of  clay. 

Mas8i¥e.  A  teztural  term  used  to  describe  igneous  rocka  that  show 
no  stratification. 

Mastic,  t  A  mixture  of  bituminous  material  and  fine  mineral  matter 
Biutably  made  for  use  in  highway  construction  and  for  application  in  a 
heated  condition. 

Mtatte  Asphalte  (British  }).  A  term  applied  to  asphalte  melted  and 
laid  in  an  adhesive  condition  on  a  carriageway  or  footway,  as  distinguished 

from  compressed  asphalte. 
Matt    See  Carpet. 

Matrix. *t    The  binding  material  or  mixture  of  binding  material  and  fine 
aggregate  in  which  the  large  aggregate  is  embedded  or  hold  in  place. 
Mesh.tt    The  square  opening  of  a  sieve. 
Metal,  t    See  Road  Metal. 

Metalling  (British  *  ).  (1)  Broken  stone  and  other  materials  composing 
road  surface.    (2)  To  lay  coating  of  broken  stone  on  road. 

MetamorpUc  Rocka.   Rocks  which  have  been  changed  by  <b^naniio 

or  chemical  agencioa  from  their  original  condition. 

Mortar.f  A  mixture  of  fine  material  such  as  sand,  cement,  and  water 
or  other  liquid  suitably  proportioned  and  incorporated  together  for  the 
purpose  for  which  it  is  used. 

Mnsh.f    A  greasy  mud  sometimes  found  on  bituminous  crusts. 

Mushroomed  (British*).  Ruining  of  a  wood  paved  surface,  owing  to 
insufficient  allowance  for  lateral  expansion. 

'Kaphthalene.^}  A  solid  crj'stalline  highly  volatile  hydrocarbrai  occur- 
ring principally  in  tars,  and  having  the  chemical  formula  Ciolls- 

ITatiTe  Asphalt.*    Asphalt  occurring  as  such  in  nature. 

Native  Bitumen  (Britisht)  is  bllumen  found  in  nature,  carrying  in  suspen- 
sion a  variable  proportion  of  nuTieral  raattor.  The  term  Native  Bitumen 
shall  not  be  applied  to  the  residuals  from  the  di.itillation  of  aaphaltic  oils. 

NatiTe  or  Reck  Asphalt  (British  t)  is  a  rock  which  has  been  impregnated 
by  nature  with  bitumen. 


L.ooQle 


Art.  3    DefinitioDB  of  Tmoa  Used  in  Hi^way  Engineermg*  13 


Hatanl  Bed.**   Hie  wfaees  of  a  stone  parallel  to  its  stratifioatio&. 

Hatnral  Cemrat**  This  torn  ahaU  be  applied  to  the  finely  puhreriaed 
product  resulting  from  the  calcination  of  an  orgiUaceouB  limestooe  at  a 
temperature  only  suffieimt  to  drive  off  the  carbonic  add  gas. 

Natnrcl  Foundation.    See  Foundation. 

Norite.***  Rock  of  the  gabbro  family  that  eoneiete  of  plagioalBae  and 
orthorhombic  pyroxene,  usually  hyperosthene. 

Noraal  Temperature,  tt  As  applied  to  laboratory  observatloDB  of  the 
physical  cbaracteristica     tntuminoua  materials,  ia  25"  C  (77°  F). 

on  Aa^ialLtt   Asphalt  manufactured  dtrootly  from  petroleum. 

CMl*G«a  TafS.*t  Tars  produced  by  cracking  ml  vapors  at  high  tempera- 
tures in  the  manufacture  of  oil-gas. 

OverhtuL**  The  number  of  cubic  yards  moved  thru  the  overhaul 
distance  'multipliod  by  the  overhaul  distance  in  units  of  100  ft. 

Overhanl  Distance.**  The  distance  beyond  the  free-haul  limit  that 
material  ia  hauled  in  constructing  the  roadway,  for  which  extra  compen- 
sation is  allowed. 

PaHiativct   A  abort-lived  dust  layer. 

PanAa  Patrolaum.tt  Petroleum  which,  upon  eworation  or  frao- 
laonal  distillation,  will  yield  a  greasy  residue  containing  an  apjnenaUe 
quantity  of  paraffin  hydrocarbons. 

Patching.t  Repairing  or  restoring  email  isolated  areas  in  the  surfao^ 
of  the  metaled  or  paved  portion  of  the  hifi^way. 

Pavement,  t  The  wearing  course  of  the  roadway  or  footway,  when 
constructed  with  a  cement  or  bituminous  binder,  or  composed  of  blocks 
or  slabs,  tc^ther  with  any  cushion  or  binder  course. 

Pea  Oraval.!  Clean  gravel,  the  particles  of  which  approximate  peas  in 
sise. 

Peat.  Si^  formed  by  the  deoompoaition  of  vegetable  matter  under 
water. 

Pagmatite.  Very  coarse  granites,  such  as  have  large  quarts,  feldspar, 
muscovite,  biotite,  tourmaline,  beryl,  and  other  characteristic  minerals. 

Penetration-t  The  consistency  of  a  bituminous  material  expressed  as 
the  distance  that  a  standard  needle  vertically  penetrates  a  sample  of  the 
material  under  known  conditions  of  loading,  time  and  temperature.  Where 
the  conditions  of  test  are  not  speciGcally  mentioned,  the  load,  time  and 
temperature  are  understood  to  be  100  g,  5  see,  and  25°  C  (77°  F),  respectively, 
and  the  units  of  penetration  to  indicate  hundredths  of  a  oentimetM-. 

Penetration  Method.t  The  method  of  constructing  a  bituminous 
myitHum  pavement  by  pouring  or  grouting  the  bituminous  material  into 
the  uppOT  course  of  the  road  material  before  the  binding  of  the  latter  has 
been  completed. 

Petndeiim.t   Liquid  bitumen  occurring  as  such  in  nature. 

Petnd  Motor  RoDer  (British  *  ).  Ri^r  driven  by  intonuit  combustion 
«)gine. 

PQe.**  A  member  usually  driven  or  jetted  into  the  ground  and  deriving 
ila  sunmrt  from  the  underlying  strata,  and  by  the  friction  of  the  ground  on 
its  surface. 

Pin  Knot.*   A  pin  knot  is  a  sound  knot  not  over  3^  in  in  diameter. 
Pitch.f*    Solid  residue  produced  in  the  evaporation  or  distillation  of 
tntumeos,  the  term  being  usually  applied  to  the  residue  obtained  from  tar. 
Hako  Pitch,  t   Pitch  showing  a  penetration  of  not  mon  than  10. 
Soft  PncB.t  Pitch  ahoiring  a  penetmtion  of  more  than  10. 
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Pitch  (BritiBh  t )  u  the  eolid  or  semi-solid  residue  from  the  partial  evapora- 
tion or  distillation  of  tar. 

Pitch  Groutiag,  Double  (Qntifih  *  }.  Two  separate  ooats  of  macadam, 
each  separately  grouted  with  a  mixture  of  pitch,  tar,  and  sand. 

Piteh  Grouting,  Single  (British  *  ).  A  single  layer  of  macadam  grouted 
with  a  mixture  of  pitch,  tar,  and  aand. 

Pltdi  Pockets.*  Pitch  pockets  are  openings  between  the  grain  of  the 
wood  containing  more  or  less  pitch  or  bark.  These  shall  be  claaaified  as 
small,  standard  and  large  pitch  pockeU. 

Shall  Pitcb  Pocket.    A  small  pitch  pocket  ia  one  not  over  >i  in  wide. 

Standard  Pitch  Pocket.  A  standard  pitch  pocket  is  one  not  over  H  in 
wide,  or  3  in  in  length. 

Larqe  Pitch  Pockxt.  A  large  pitch  pocket  }8  one  over  H  in  wide,  or 
over  3  in  in  length- 

Piteh  Streak.*  A  pitch  streak  is  a  well-defined  accumulation  of  pitch 
at  one  point  in  the  piece.  'Wlien  not'  sufficient  to  develop  a  well-defined 
streak,  or  where  the  fiber  between  grains,  that  is,  t^ie  coarse-^pvined  fiber, 
usually  termed  spring  wood,  is  not  saturated  with  pitch,  it  shall  not  be 
considered  a  defect. 

Pith  Knot.*  A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than 
l/i  in  in  diameter  in  the  center. 

Plutonic  Rocks.  Rocks  which  were  formed  by  the  cooling  of  molten 
mineral  matter  before  it  reached  the  surface. 

Poc]Eet.t   A  hole  or  depression  in  the  wearing  course. 

Pointing.**   Filling  joints  or  defects  in  the  face  of  a  masonry  structure. 

Poiphjritic.  A  textural  term  used  to  describe  a  compact  structure  thru- 
out  which  there  are  large  crystals. 

PorphyiT.  Itock  oonsiBtiag  of  a  very  fine  grained  or  micro-crystalline 
ground-masB  thru  which  are  disseminated  distineUy  recognisable  crystals 
of  some  mineral. 

Portland  Cement.**    This  term  shall  be  applied  to  the  finely  pulverised . 
product  resulting  from  the  calcination  to  incipient  fusion  of  an  intimate 
mixture  of  properly  proportioned  argillaceous  and  calcareous  materials, 
and  to  which  no  addition  greater  than  3%  has  been  made  subeequent  to 
calcination. 

Pot-Hole.t    A  hole  extending  belnw  the  wearing  course. 
Precast  Concrete.tt    Concrete  which  in  cast  into  forma  and  then  hoisted 
and  set  in  place. 

Profile. t  A  longitudinal  section  of  a  highway,  generally  taken  along 
the  center  line. 

Puzzolan  Cement,  as  made  in  North  America.**  An  intimate  mixture 
obtained  by  finely  pulveriaing  together  granulated  basic,  blast  furnace  ^ag 
and  slacked  lime. 

Quarters.t  The  four  sections  of  equal  width  which,  side  by  side,  make 
up  the  total  width  of  a  roadway. 

Quarters  (British*) .  If  the  cross-section  of  a  carriageway  is  divided  into 
four  equal  portions,  the  outside  portions  are  termed  quarters. 

Rack  (British  t  )•  To  &11  in  the  joints  between  atone  setts  or  wood 
blocks  with  fine,  sharp  gravel  or  chippings  before  grouting. 

Ramp.**   An  inclined  approach. 

RaTeUng.t   The  looaeniog  of  the  metal  composing  the  crust. 
Rsflnad  Asplult.tt    Asphalt  which  has  been  subjected  to  a  refining 
process  but  which  h  VT^Kity  too  hard  for  use  in  the  manufacture  of 
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bituminous  pavements  until  softened  by  eombimng  it  with  a  flux.  Note: 
Commonly  deaigtiated  in  paving  work  as  R.  A. 

Refined  Tar.f*  A  tar  freed  from  water  by  evaporation  or  distillation 
vhich  is  continued  until  the  residue  is  of  desired  cooaistency,  or  a  product 
produced  by  fluxing  tar  residuuni  with  tar  distillate. 

Refnge  (British  *  ).  Raised  plaAlanu  in  midt^  tA  roadway  lor  safety 
cf  foot  passengers. 

Reinforced  Concrete.tt  Concrete  in  which  metal,  generally  steel,  has 
been  embedded  in  proportionately  nnali  sections  in  such  a  manner  that  the 
metal  and  the  concrete  assist  eat^  other  in  taking  stress. 

Reinforcement. tt  The  metal,  generally  steel,  embedded  in  oonorete  in 
proporlionatdy  snuUl  seetionB  in  such  a  manner  that  the  two  materials 
sarist  each  other  in  taking  stress. 

Renewals,  t  Eztensve  repairs  over  practically  the  whole  surface  of  the 
metaled  or  paved  portion  of  the  highway. 

Repairs,  t  The  restoration  or  mending  of  a  considerable  amount  of  the 
metaled  or  paved  portion  of  the  highway,  but  not  usually  of  a  majority 
of  the  surface  area.  More  extensive  than  Patching,  but  less  so  than 
Renewals. 

'  Residual  PetToleiun.}t  A  liquid  residue  obtsined  distilling  petroleum 
to  a  i»int  beyond  whioh  watw  and  <nls  acoompanyiiig  the  elimination  of 
nVer  are  removed. 

Reiitffadnc.t   The  renewal  of  the  surface  of  the  crust  or  pavement. 

S^^te.**'  Vcdeanic  rocks  of  porphyritic  or  felsitic  texture,  whose  pheno- 
crysta  are  iHerailin^  orthoclase  and  quarts,  less  abundantly  biotite, 
homUende,  or  pjnoxene,  and  whose  ground  mass  is  cn^stalline,  glaasy, 
or  both. 

Riddle  (British  {).   A  ^eve,  generally  constructed  with  wire  meshes. 
Ring.**   A  metal  hoop  used  to  bind  Uie  head  of  a  pile  during  driving.  * 
Sing  ffludw.*   An  opening  between  the  annual  rings. 
Ring  Stones.**   The  end  voussoirs  of  an  arch. 

Riprap.**   Rough  stone  of  various  sixes  placed  compactly  or  irregularly 
to  prevent  scour  of  water. 
Road.f   A  highway  outside  of  an  urban  district. 
Road-B«d.  t    The  natural  foundation  of  a  roadway. 
Road  Crust  (British*).    See  Wearing  Surface. 
Road  Edge  (British*).   Verge,  kerb,  grass  edge. 

Road  HctaLt   Broken  stone,  gravel,  slag,  or  similar  material  used  .n 
road  and  pavement  oonetnictlon  and  maintenance. 
Roadway.t   That  portion  of  a  highway  particularly  devoted  to  the  use 

of  vehicles. 

Rock  AspholLt}   Sandstone  or  limestone  naturally  impregnated  wHh 

asphalt. 

Rock  Asphalt  PaTement.t  A  wearing  course  composed  of  broken  or 
pulverised  rock  aeplialt  with  or  without  the  addition  of  other  bituminous 
materials. 

Rock-Faced.**  Presenting  irregular  projecting  face,  without  indications 
of  UxA  mark. 

Roller,  Betvy  (British  *  ).    Rcdler  over  6  tons  in  weight. 
RoDer,  light  (British  *  ).    Roller  under  6  tons  in  wright. 
Rough  Pointed.**   Having  irregular  surface,  the  vaiiations  of  which  do 
not  exceed  H  in  fnnn  the  pitch  line. 
Re^  Dote  and  Red  Heut.*   Any  form  of  decfQr  which  may  be  evidoit 
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oither  as  a  dark  red  discoloration  oot  found  in  the  sound  wood,  or  the 
preaeace  of  white  or  red  rotten  spots,  shall  be  considered  as  a  defect. 

Rotten  Knot.*   A  rotten  knot  is  one  not  as  hard  as  the  wood  it  is  in. 

Ronnd  Knot.*  A  round  knot  is  one  which  ia  oval  or  circular  in 
form. 

Rubble.**  Field  stoi^  or  rough  stone  as  it  comes  from  the  quarry. 
When  it  is  of  a  large  or  massive  siie  it  is  termed  hlock  rubble. 

Robbie.*  Rough  BtotMS  of  irregular  shapes  and  sizes,  tvoken  from  larger 
masses,  cither  naturally  or  artifidaUy,  as  geological  action,  in  quanying 
or  in  atone-cutting  or  blasting. 

Rubbls  (British  *  ).    Any  disintegrated  rock  found  in  aitu. 

Rabble  or  Cyclopean  Concrete.tt  Concrete  in  which  large  stones  arc 
embedded  after  mixing  and  during  placing. 

Sand.t  Finely  divided  rock  detritus,  the  particles  of  which  will  paaa  a 
lO-meah  and  be  retained  on  a  200-mesh  screen. 

Sand-Giay  Road.t  A  roadway  oom^oeed  of  an  intimate  mixture  of  sand 
and  clay. 

Sandstone.   Rook  formed  by  the  constdidation  of  sand. 

Stpwood.**  A  cylinder  of  wood  next  to  the  bark  and  of  lighter  color 
than  the  wood  within.    It  may  be  of  uneven  thickness. 

Scabbled.**  Having  irregular  surface,  the  variations  of  which  do  not 
exceed  %  in  from  the  pitch  line. 

Scarify,  t   To  loosen  and  disturb  superScially. 

Scaveoge  (British*).   To  dean. 

Schist.  Thinly  1»Ti^i"**jH,  metamoiphio  rocks  which  split  more  or  leas 
readily  along  oertain  planes  approximately  parallel  and  differing  from  the 
gneisses  principally  in  the  lack  of  feldspar. 

Schistose.  A  textural  term  used  to  describe  a  rock  structure  which  has 
a  tendency  to  spUt  along  lines  of  stratification. 

Scores  (British  t  )•    Faint  ruts  or  marks  on  the  surface  of  a  carriageway. 

Screen,tf  In  laboratory  work,  an  apparatus,  in  which  the  apertures  are 
circular,  for  separating  sizes  of  material. 

Screening8.t  Broken  rock,  including  the  dust,  of  a  sise  that  frill  pass 
thru  a  ^  to  ^-in  screen,  depending  upon  the  oharaoter  of  the  stone. 

Seal  CoAt.t  A  final  superficial  ap|jication  <^  bituminous  materiid  during 
oonstruotion  to  a  bituminous  pavement. 

Seepage.  Quiet  emergence  of  water  along  some  ratlm  extensive  line  or 
surface,  as  contrasted  with  a  spring  whose  water  emerges  from  a  single 
spot  (see  Sect.  3,  Art.  12). 

Sett  (British*).    Stone  block. 

Setting  ITp.t  As  applied  to  bituminous  material,  the  relative  quick 
change  which  takes  place  after  its  application  to  a  roadway,  indicated  by 
its  hardening  after  cooling  and  exposure  to  atmospheric  and  traffic  condi- 
tions, as  opposed  to  the  slower  nhMgF*  later  occurring  padually  and  almost 
imperoeptiUy. 

Shakes.*  Shakes  are  splits  or  checks  in  timbers  which  usually  cause  a 
separation  of  the  wood  between  annual  rings. 

Shaping,  t  Trimming  up  and  preparing  a  subgrade  preparatory  to 
applying  the  first  course  of  the  road  metal  or  artificial  foundation 

Sheet-Asplialt  Pavement,  f  One  having  a  wearing  course  composed  of 
asphalt  c«nent  and  sand  of  predetermined  grading,  with  or  without  the 
addition  of  fine  material,  incorporated  together  by  mixing  methods. 

Sheet  PaTeaieiit.t   A  pavement  free  from  frequent  joints  such  as  would 
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accompany  small  slabs  or  blocks,  and  which  has  an  appreciable  thickneaB, 
lay  in  excem  of  1  in  on  the  average,  for  ita  wearing  couree. 

%«et  PQm.**  Piles  driven  in  close  contact  in  order  to  provide  a  ti^t 
vail,  to  prevent  leakage  of  water  and  soft  materials;  or  driven  to  resist  the 
bt«ral  pressure  of  adjacent  ground. 

Shingle  (British  t  )■    Kound,  water-worn,  loose  gravel  and  pebbles. 

Shoe.**    A  metal  protection  for  the  point  or  foot  of  a  pile. 

Shoiilders.t  The  portioo  of  the  highway  between  the  edges  of  the  road 
netal  or  pavement  and  the  gutters,  Blopes,  or  water-courses. 

Side-I>nunage.t    That  along  the  sides  of  the  roadway. 

SidewaUbt   The  portion  of  the  highway  reserved  for  pedestrians. 

Bleve.tt  In  laboratory  work,  an  apparatus,  in  which  the  npextarm  are 
square,  for  separating  sizes  of  material. 

Slkt  Naturally  deposited  fine  earthy  material,  which  will  pass  a  200- 
mnh  neve. 

Skid-Pan  (British  t ) .  A  shoe  or  drag  used  on  wheels  when  descending  hills. 

Sag.tt  Fused  or  partly  fused  compounds  of  silica  in  combination  with 
lime  or  other  bases,  resulting  in  secondary  products  from  the  reduction  of 
metallic  ores. 

Slope  WaU.**   A  wall  to  protect  the  slope  of  an  ^nbsnkment  or  cut. 

Stope  Stakes.**   Stakes  set  to  indicate  the  top  or  bottom  of  a  slope. 

anoodi.**  Having  a  surface,  the  variations  of  which  do  not  exceed  in 
from  the  pitch  line. 

Snow  Fence.**  A  structure  erected  for  the  purpose  of  forming  artificial 
eddies  on  the  windward  side  of  a  cut  at  sufficient  distance  away  to  cause 
SDow  to  deposit  between  the  snow  fence  and  the  cut. 

S(ril.*  A  mixture  of  fine  earthy  material,  with  more  or  lees  organic  matter, 
resulting  from  the  growth  and  decomposition  of  vegetable  or  animal  matter. 

Soond  Knot.*  A  sound  knot  is  one  which  is  solid  across  its  face  and 
«4iidi  is  as  hard  as  the  wood  surrounding  it;  it  may  be  either  rsd  or  Mack, 
and  is  so  fixed  by  growth  or  position  that  it  will  retain  its  place  in  the  pieoe. 

Span.**   A  chip  or  small  pieoe  of  stone  broken  from  a  Iotbb  blook. 

Spalla.t  FVagments  broken  off  by  a  blow,  irregular  in  shape,  and  of 
sufficient  sixe  to  be  comparable  to  the  original  mass. 

Spandrel  WaU.**  The  wall  at  the  end  of  an  arch  above  the  springing 
line  and  extrados  of  the  arch  and  below  the  coping  or  the  string  course. 

Springwood.**  The  inner  part  of  the  annual  ring  formed  in  the  eariier 
part  of  the  seawn,  not  necessarily  in  the  spring,  and  often  oontaining  veseeb 
or  pores. 

Spike  Kaoi.*  A  spike  iax>t  is  one  sawn  in  a  lengthwise  direction;  the 
mean  or  averaos  width  shall  be  considered  in  measuring  these  knots. 

Sqaeeffee.t  A  tool  with  a  rubber  or  leather  edge  for  acrainng  or  cleaning 
hard  surfaces,  or  for  spr^Kling  and  distributing  liquid  matoial  over  and 
loto  the  superficial  interstices  of  roadways. 

Squeegee  Coett   An  application  bv  means  of  the  squeegee. 

Standard  KaoL*  A  stsndard  knot  is  n  sound  knot  not  over  l>j  in  in 
diameter. 

Stesm  Hammer.**  One  which  is  automatically  operated  by  the  action 
of  a  steam  cjdinder  and  piston  supported  in  a  frame  which  rests  on  the 
pile. 

Stinvp.tt  A  irfeoe  of  metal  reinforcement  idaoed  in  a  beam  in  order  to 
rerist  tenmie  atreseus  in  the  concrete  set  up  by  a  combinati<ni  of  shear  and 
kmgitufiinal  tenrion. 
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Stone  Block  Parommtt  One  having  a  wearing  eoune  compoied  of 
stone  Uoekfl  qidto  or  Dearly  rectangular  in  shape. 

Stone  Cliipi.*   Small  aogular  fragtuenta  of  stooe  cootaining  do  duit. 

Straight-Ran  Pitch.*  A  pitch  run  to  the  coDsistency  denred.  In  the 
initial  process  of  distillation,  without  subsequent  fluxing. 

Stratified.  A  textural  term  ussd  to  describe  a  rook  structure  otmiposod 
of  parallel  layers. 

Street-t   A  highway  in  an  urban  district. 

Strength  Crust  (BiitWi*).   See  subcrust 

Stretcher.**  A  stone  whksh  has  its  greatest  Ingth  parallel  to  tlie  tacj 
of  the  wall. 

Subcrust  (British*).  Intramediate  fonuatioQ  between  the  foundation 
and  the  wearing  eurfaoe. 

Sab-Drain.**  A  covered  drain,  below  the  road-bed  or  ground  surface, 
receiving  the  water  along  its  length  by  absorption  or  thru  the  joints. 

Sub-  or  Under-Drainage.t   That  below  the  suiface. 

Sabgrade.t  The  upper  surface  of  the  native  foundation  on  whieh  is 
placed  the  road  metal  or  the  artdficial  foundation,  in  rase  the  latter  is 
provided. 

SobsoU  (BritiBh*).  Nature  of  the  ground  on  wluch  the  foundatifma 
are  laid. 

SmniBerwood.**  The  outer  part  of  the  annual  ring  formed  lat^  in 
the  season,  not  necessarily  in  the  summer,  being  usually  dense  In  structure 
and  without  conspicuous  pores. 

Sapercrust  (British*).    See  Wearing  Surface. 

Superficial  Coatt   A  light  surface  ooat. 

Surcharged  Wall  (British  * ).    Retaining  wall  of  bank  which  slopes 
baokwarda  to  a  higher  levd. 
Snrface  Coatt   See  Carpet. 

Surface  Dralnagct  That  on  the  roadway  or  ground  surface. 
Sarface<^ealing  (British  }  ).    The  final  opwation  of  dosing  and  makii^ 
waterproof  the  surface  of  a  cairiagewqr  with  a  bituminous  compound. 
Surface  Treatmentf   Treating  the  finished  surface  of  a  nradway  with 

bituminous  material. 

Surfacing.t  (1)  The  crust  or  pavement.  (2)  ConBtruoting  a  crust  or 
pavement.  (3)  Finally  finishing  the  surface  of  a  roadway.  (4)  Treating 
the  surface  of  a  finished  roadway  with  a  bituminous  material. 

Syenite.  Qranitoid  rooks  consisting  of  orthodase,  hornblende,  biotite, 
and  Bugito. 

Talfings.'P  Stmes.  which  after  going  thru  the  emsher,  do  not  pass  thru 

the  largest  openings  of  the  screen. 

Tar.t*  Bitumen  which  yields  piteh  upon  fractional  diBtillation  and 
which  is  produced  as  a  distillate  by  the  destructive  distillation  of  bitumens, 
pyro-bitumens,  or  organic  materi^. 

Tar  (Britisht)  is  the  matter,  freed  from  water,  condensed  from  the  volatile 
products  of  the  destructive  distillation  of  hydrocarbon  matter,  whether 
this  be  contained  in  coal,  wood,  peat,  oil,  etc.  A  prefix  such  as  Coal,  Wood, 
Peat,  Oas  Works,  Blast  Furnace,  Coke  Oven.  etc.  must  be  added  to  the 
word  Tar  to  indicate  the  source  of  ori^  or  method  of  production. 

Tar  Concrete  Pavement.  One  composed  of  broken  stone,  broken  slag, 
gravel  or  shell,  with  or  without  sand,  Portland  cement,  fine  inert  material, 
or  combinations  thweof,  and  a  tar  cement  incorporated  together  by  a  mixing 
method. 
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Tar  Macadam  PaTcment   One  having  a  weariog  course  of  macadam 
nth  the  iaterBticea  filled  by  a  peaetratioD  method  with  a  tar  Iwuler. 
Tar  Spn^ng  (British  *  ).    Spreadins  tar  on  road  surface. 
Tax  Washing  (British  *  ).    See  Tar  SpriQring. 

Tdford-t  Properiy,  an  artificial  foundation  advocated  by  Thomas 
Telford  (1757-1820),  and  consiBting  of  a  pavement  of  stone  about  8  in 
thick,  laid  by  hand,  and  cloaely  packed  and  wedged  together.  The  in- 
dividual atonea  were  desired  to  be  about  16  sq  in  in  nection,  and  about  8  in 
in  length.  They  were  placed  doae  together  on  the  prepared  subgrade, 
their  longest  dimension  vertical  and  on  their  larger  ends,  their  interstices 
dunked  with  smaller  stones,  and  the  whole  rammed,  or  rolled,  until  firm 
and  luorielding. 

Tdford  lfacadani.t   Macadam  with  an  artificial  foundation  of  Telford. 

^ftp  Kock.  A  very  general  term,  little  employed  in  scieDtific  language 
bat  eommonly  used  to  designate  dense  and  generally  fine-grained  igneous 
iDcks  of  black  or  dark  green  color.  The  term  is  almost  synonymous  with 
t»8alt  or  diabase  but  might  include  as  well,  gabbro,  norite,  peridotite, 
pyroxenite,  etc.  When  altered,  such  rocks  assume  a  green  color  from 
hombleade,  chlorite,  epidote,  or  other  secondary  minerals  developed  in 
them,  and  they  are  then  known  as  greenstone.  Both  greenstone  and  trap 
would  include  a  wide  range  of  rock  families  which  by  reason  of  theirfine 
texture  and  altered  condition  are  difficult  to  determine  without  careful 
and  generally  microscopic  study.    (The  New  International  Encyclopedia). 

Thru  Shake.*   A  shake  which  extends  betweoi  two  faoea  of  a  timber. 

nie  (British  *  ).   Baked  brick  of  fine  clay. 

Timber  Platfwm  (British*).  PiaiSona  of  timbw  for  foundations  oe 
marshy  aoil. 

Tiaibers.*   The  classification  of  structural  timbers  is  as  follows: 

DouoLAS  Fir.*  The  term  Douglas  Fir  is  to  cover  the  timber  known 
litowiae  as  yellow  fir,  red  fir,  western  fir,  Washington  fir,  Orsgon  or  Puget 
Sound  fir  or  pine,  northwest  and  west  coast  fir. 

Hkhlock,*  to  cover  southern  or  eastern  hemlock;  that  is,  hemlock  from 
all  states  east  of  and  including  Minnesota. 

Idaho  Warre  Fine,*  the  variety  of  white  pine  from  western  Montana, 
northern  Idaho,  and  eastern  Washington. 

NoBWAT  Pine,*  to  cover  what  is  known  also  as  Red  Pine. 

RsDWOOD,*  to  include  the  CaUfomia  wood  usually  known  by  that  name. 

Spbuce,*  to  cover  eastern  spruce;  ^lat  is,  the  spruce  timber  coming  from 
p(»Dts  sast  of  and  including  Minnesota. 

SovTHXRN  Ybllow  Phtk.*  This  term  includes  the  species  of  yellow  pine 
growing  in  the  southern  states  from  Virginia  to  Texas,  that  is,  the  pines 
hitherto  known  as  long-leaf  pine,  short-leaf  pine,  loblolly  pine,  Cuban  pine 
and  pond  pine.  Under  this  heading,  two  classes  of  timber  are  designated: 
(1)  dense  southern  yellow  pine  and  (2)  sound  southern  yellow  pine.  It  is 
anderetood  that  these  two  terms  are  descriptive  of  quality  rather  than  of 
botanical  species. 

1.  Dense  southern  yellow  pine  shall  show  on  either  end  an  average 
of  at  least  6  annual  rinp  per  in  and  at  least  cme-tlurd  summer  wood,  or  dse 
the  greater  number  of  the  rings  shaU  show  at  lesst  one-third  summer  wood, 
all  as  measured  over  the  3rd,  4th,  and  5th  in  on  a  radial  tine  from  the  pith. 
Wide-ringed  material  excluded  by  this  rule  will  be  acceptable,  provided 
that  the  amouot  of  summer  wood  as  above  measured  shall  be  at  least 
one-half.   The  contrast  in  color  between  summer  wood  and  spring  wood 
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■hail  be  Bhaip  and  the  summer  wood  flhall  be  dvk  in  exAor,  esc^t  in  fSaaea 
having  considerably  above  the  minimum  requirement  for  summer  wood. 

2.  Sound  southern  yellow  pine  shall  include  pieces  of  southern  pine 
without  any  ring  or  summer  wood  requirement. 

Tamarack,*  to  cover  the  timber  known  as  Tamarack,  or  eastern  Tama- 
rack, from  states  east  of  and  including  Minnesota. 

WesTKRN  Hehlock,*  to  cover  hemlock  from  the  Pacific  coast. 

WssTEBN  Larch,*  to  cover  the  species  of  larch  or  tamatat^  from  the 
Rocky  Mountain  and  Pacific  coast  regioiw. 

Wbstbrn  Pink,*  to  cover  the  timber  mid  as  white  pine  coming  from 
Ariscma,  California,  New  Mexico,  Colorado,  Oregon  and  Washington.  Thia 
is  the  timber  sometimes  known  as  western  Yellow  Pine,  Ponderosa  Pine, 
California  White  Pine,  or  western  White  Pine. 

Western  Spruce,*  to  cover  the  spruce  timl»er  from  the  Pacific  coast. 

Whitb  Pine,*  to  cover  the  timb?r  which  has  hitherto  lieen  known  as 
white  pine,  from  Maine,  Michigan,  Wisconsin  and  Minnesota. 

Tooling.tt  The  finishing  of  concrete  surfaces  with  special  hand  or  poww 
tool  producing  a  surface  which  will  show  the  lines  of  the  tool. 

T^fpuA  Patroleiuii.t  Petroleum  deprived  of  ita  more  volatile  ooa- 
■tituents. 

Tonghnets.   The  property  of  resistance  to  breaking  impact. 

TracUng  (British  %).  A  term  apphed  to  designate  traffic  which  followa 
the  same  course,  and  consequently  forms  ruts.  The  term  lb  also  sometimes 
applied  to  the  act  of  repairing  the  tracks  thus  caused. 

Traffic  (British  t ).  A  term  applied  to  the  amount  of  use  of  a  road. 
Light  traffic  has  been  held  to  mean  about  70  vehicles  a  day,  including  an 
occasional  traction  engine  or  heavy  motor;  medium  traffic  from  70  to  250 
vehicles,  including  not  more  than  5%  of  traction  engines  or  heavy  motors; 
heavy  traffic,  from  250  to  600  chicles,  ot  which  5  to  10%  is  traction  engines 
or  heavy  motors;  very  heavy  traffic  exceeds  this. 

Transverfle  Balancing  (British*).  Locating  the  center  of  a  road  in 
a  hilly  district  so  that  the  cutting  on  one  side  forms  the  enbankment  on 
the  other. 

Traveler. tt  A  temporary  structure,  usually  of  steel  but  sometimes  of 
wood,  which  is  employed  to  raise  into  position  the  structural  members  of  a 
bridge  or  other  structure  and  which  in  itself  is  so  constructed  that  it 
can  move  backward  and  forward  in  accordance  with  the  progrea  of  the 
work. 

Twiited  Bar-tt  A  steel  bar  which  has  been  twisted  either  before  or 
after  cooling  in  order  to  raise  it»  ela.^tic  limit.  Bars  twisted  before  cooling 
are  known  as  hot  twisted  and  those  twisted  after  cooling  are  known  as  cold 
twisted. 

Tjnes  (British  *  ).    Teeth  of  scarifier. 
ITp-Keep-t  Maintenance. 

V-Drainage>t  That  provided  by  the  construction  of  troughs  in  the 
■ubgrade  of  the  roadway,  which  troughs  are  like  a  V,  with  flat  sloping  Bidea, 
and  are  filled  with  stone. 

Verge  (British*).   Edge,  grass  edge,  green  siranl. 

Viagraph  (British  t  )•  An  instrument  for  measuring  the  inequalitiea 
of  a  carriageway  surface. 

Viscosity.tt  The  measure  of  the  resistance  to  flow  of  a  bituminous 
material,  usually  stated  as  the  time  of  flow  of  a  given  amount  of  tiie  materia 
thru  a  given  orifice. 
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Vi^tQe.t  Applied  to  those  fractions  of  bituminous  mfttcriak  iriiieh  vill 
tnponte  at  climatic  temperatures. 

Volcnnie  Rocks.  Rocks  which  have  been  formed  I9  mlneial  matter 
empted  in  a  molten  condition  and  cooled  on  the  surface. 

Vooss^rs.**  The  individual  Btonee  forming  an  arch.  They  are  always 
of  truncated  wedge  form. 

Wane.*  Wane  is  bark,  or  the  lack  of  wood  from  any  cause,  on  edges  of 
timbers. 

Waste.**  Material  from  excavation  not  used  in  the  formation  of  the 
roadway. 

Waste  or  Spoil  Banks.**    Banks  outnde  the  roadway  formed  by  waste. 
Watsc^Boaad.t   Bound  or  bonded  with  the  aid  of  water. 
Water-Oas  Tan.*t   Tare  produced  by  cracking  oil  vapors  at  high  tem- 
peratures in  the  manufacture  of  csrburetted  water-gas. 
Water  Tables  (Briti^  *  ).    See  Channels. 

Wearing  Coat.t  The  superficial  layer  of  the  crust  or  pavement  exposed 
to  traffic. 

Wearing  Coarse,  t  The  course  of  the  cruat  or  pavement  ezi>osed  to 
traffic. 

Wearing  Crast  (Briti^  *  ).   Uppwmost  surface  of  roadway. 
Wealing  Swfaee  (Brittafa*).   RMiewable  surf aoe of  rood  in  oontaetwith 
trsffic 

WeD  or  Swap.**  A  cistem  or  well  into  «4iich  water  may  be  conducted 
by  ditches  to  drain  other  portions  of  a  piece  of  work. 

Wheelera  (British  t ).  A  term  applied  to  stone  blocks  laid  parallel  to  the 
kerb  in  a  street  to  take  the  wheels  of  heavy  traffic. 

Wlttnstoae  (British*).   Greenstone,  dark  green  igneous  rocks. 

Wing  WalL**  An  extension  of  an  abutment  wall  to  retain  the  adjacent 
eartii. 

Wiro  Fahiictt  A  form  of  concrete  reinforcement  compossd  of  paralld 
longitudinal  wires  tied  together  at  intervals  by  transverse  wires.  The 
intaneeting  wires  are  Bometimea  welded  together.  Also  known  as  Wire 
Orth  or  Wire  Mesh. 

Wood  Blo^  Pav«mnt.t  One  having  s  wearmg  oourss  oompoaed  of 
wood  paving  hlodn,  gsnetally  rectangular  in  shape. 

9.  Reports  PertelidiiK  to  dte  Britidi  Tenn&udogy  of 
BltimilaoQs  Mgterials 

Intiodtictorr  Kemsifes  of  tte  giulmw  iiig  Stsndards  Coounittst  tl  Orsat  Britain 
(t»)  pertidiiinf  to  the  "BritUt  StandanI  NtOMndatars  o(  Tan,  Pltdws.  Bitamans 
sad  Asphalts,  when  Used  for  Road  Purposes." 

"The  materiala  now  wed  by  Roed  Engineen  for  bindinf  tosstber  tha  ttoMS  and 
oUmt  mineral  sggitgate  need  to  form  road  ousts  and  road  surUon  may  be  coa- 
iHltBtlr  Avidad  Into  three  gmqw.  Thaas  sm: 

1.  The  tam  and  pitches  obtained  by  tiwdmtiiictlvsdlstaiatfcin  of  coal  or  Anflsr 
aofastaaces. 

2.  Tha  bltumma  and  aopbalts  iriildi  an  found  in  juturs,  or  an  obtained 
artifidalbr  from  avhaWe  oOi. 

A  Cbamical  Umlsn,  the  Pordsnd  sod  astursl  csmvitB.  wUdi  ows 

their  cainiBrtag  vehis  as  road  Undn  to  diamleai  aetkn,  and  which  an  not 
dealt  with  in  the  pnacnt  rqmrt. 
"Hitherto  the  tenn  Utuminow  material  lus  been  looaely  I4>plied  to  tar  products 
m  wall  as  bltnmeiw  and  aqdialta,  but  the  Committee  have  from  the  flrat  ocm^derad 
thet  tt  was  dadrsble  fmm  As  Boed  Mfnghiean'  point  of  view  to  malntam  a  ahsip 
fae  of  dsBaroatlon  bataew  lbs  two  gmips.   The  viaw  put  forwaid  hi  eorreapon- 
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dance  from  Amsrica  ud  by  American  aiiineora  of  etuidiiit  and  exprnfOMa  haM  I 
been  carefully  coniidered,  but  the  Committee  still  adhere  stroncly  to  the  vlaw  that  | 
the  dktcrtption  bituminous  ahoutd  be  applied  imly  to  the  ■ectmd  group. 

"The  Commlttea  have  ben  veiy  atuioua  to  eecure  uniformity  with  Amariein 
practice,  and  have  carefully  and  folly  eonalderad  the  defli^tknw  adopted  by  the  Am. 
Soc  ToL  Mat.  and  by  the  Committee  of  the  Am.  Soe.  C.  E.,  put  forward  by  the 
American  correqwoding  members,  but  it  Is  felt  that  the  deflnitioDS  now  dedded  on 
are  preferable  tram  the  Road  Engineera'  point  of  view,  as  they  are  based  on  those  i 
cfaaraeterMcs  of  the  matuials  whiA  can  be  moat  readily  verified  when  employed 
for  road  msWng. 

"In  acoMdance  wlHi  this  view  the  Committee  consider  that  it  la  deeirable  to  make  i 
a  sharp  distinction  between  coal  tar  and  parafBn  oil  derivatives  on  the  one  ride,  and  I 
native  bituminous  substances  and  ssphaltlc  oil  residues  on  the  other,  and  tbey  are 
therefore  unable  to  accept  the  Amerioui  definition  of  Bitumen  which  would  indude 
the  ooal  tars." 

UlT  Report  (12c)  of  Com.  Moa  BmA  Mataitala, Am. Soe. T wt  Mat. Telative to 
tkt  report  and  definitiona  of  Utmninoos  natarialB  of  tbi  EnghMsring  Staadards  Com- 
BdttM  of  Great  Britain  (16). 

"It  Is  evident  that  the  basic  difference  between  the  British  and  American  nomeo- 
dature  has  to  do  with  the  term  bitumen.  The  Am.  Soc  TesL  Mat.  standard  definition 
tndudsa  all  raixturea  of  native  or  pyrogenous  hjrdroearbons  and  tbcir  non-metalUe 
dvivativss  which  are  soluble  In  eaibon  ditulphide.  It  thns  includes  the  carbon 
disolphide  sotoMe  eoDStltuetits  of  tars  ss  well  as  of  petroleums  and  ssphsHs.  The 
British  definition  eliminates  tsrs  by  Induding  only  nafive  hydrocarbon  products  or 
tluae  obtained  by  the  evaporation  of  ssphaltlc  qOb.  The  American  deflnitjoo  is 
suflMsntly  broad  to  make  it  perfectly  poadble  to  determine  the  acttial  percentage  of 
Mtnmen  In  bituminous  matolals,  while  ttM  British  definition  is  abe<dutely  valueleaa 
in  this  respect.  As  an  example,  ttie  British  definition,  while  Including  a  refloed  native 
asphalt  fluxed  with  sn  asphaltic  petroleum  reafduum,  would  exdude,  so  far  as  sna'/tical 
methods  of  determination  are  concerned,  the  same  asphalt  fluxed  with  a  paraffin  or 
seml-aspbaltic  flux.  To  sum  up  the  forgoing  discussion,  Com.  LM  believes  that  the 
British  definition  of  bitumen  Is  much  less  us^  than  tiie  definition  adopted  by  tha 
Am.  Soe.  Test.  MaL,  which  is  definite,  ccttdstent,  and  logicsL 

"Com.  D-4  hss  no  comment  to  make  upon  the  British  definition  of  Native  Bitumen.  | 
ss  the  interpretation  of  the  definition  is  largely  dependent  iqion  the  mnanlng  Ot  tha 
word  Utumm,  which  has  already  bedi  discussed. 

"The  British  deHnitic»t  of  asphalt,  sslde  from  its  dependmce  upon  the  meaning 
of  the  word  Bitumen  is  entirely  fordgn  to  the  American  usage  of  the  term  and  to  the 
American  point  of  view.  This  definition  coincides  with  the  American  idea  of  a  fine- 
graded  Utumlnoos  aggragate  and  Indudes  both  tbe  bituminous  oenMnt  and  Uw  minsral 
partldea.  It  is  thus  seen  In  tbe  definition  of  the  Engineering  Standards  Committee 
tiut  Native  Aqihalt  Is  synonymous  wlA  Rode  Asphalt.  It  should  be  noted  that 
the  latter  definition  entirely  eliminates  our  oldeat  sod  most  widely  used  native  ssphalts 
while  the  definition  of  asphalt  ellminatea  all  of  our  oil  or  petroleum  asphalts  and  such 
products  as  Oilsooite  and  even  icfiaed  Bemodsa  Asphalt  The  difTerenees  are  evi- 
dently those  ot  long  eatabUsbed  ontom  In  both  eonntriea,  and  In  visw  of  Oris  fact 
are  apparently  irrecondlable. 

"The  BritU)  definition  of  tar,  while  worded  somewhat  differently,  is  almost  tbe 
Bsme  ss  the  American  definition  except  that  It  is  not  considered  to  be  bitumen,  which 
difference  has  already  been  dlscuseed  under  Bitumen.  Adde  from  this,  Cora.  D-4 
baSeves  the  American  definition  to  be  more  spedflc  and  accurate,  inasmuch  sa  it 
Umits  the  term  Tar  to  hydrocarbon  products  produced  by  destructive  distUIatioB 
wirich,  when  subjected  to  fractional  distilUtion,  will  yield  f^teh.  It  thus  ^mlaatas 
such  volatile  substances  by  themselves  as  benzol,  toluol,  etc,  altho  these  constituents 
may  form  a  part  of  the  tar.  • 

"The  British  definition  of  pitdi  Is  practically  the  same  as  the  American  except  | 
that  tbe  former  limits  the  term  spedficaUy  to  semisolid  or  solid  tar  reatdues,  vriiUe  the 
latter  indudes  soHd  reddusa  from  any  Utoman.  but  atatea  that  tha  tern  b  usually 
applied  to  reridues  obtdned  from  ten.  Com.  IM  beUevas  that  there  is  bntHttle 
choice  between  the  two  as  to  all  Intents  and  purposes  tbey  answer  tbe  aanw  purpose. 
Attantlan  is,  howarcr,  oalled  to  tha  British  ladc  of  distfaiethm  batwsso  the  wonli 
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VTBporstiao  and  djatiUation  which  sre  apparently  uMd  ■ynooymoaaljr  thraont  th* 
Bridih  BommdatnrB. 

"Com.  EM  l>  b«>rtily  in  accord  and  >troDKly  indones  the  recommeodationa  of 
the  EiigtiwerinK  Standards  Committee  reKardin^  the  use  of  prefUeK  In  fact,  as  the 
rasult  of  its  efforta  and  the  reeoouneDdations  of  the  main  Committae  it  mlclit  ba  notad 
that  die  Am.  Soc  Tsat.  Mat.  hM  evaa  lom  to  the  axteot  of  MrAw^g  o«taia  cfauHi 
of  trituminoaa  matariala  aa  indicated  bj  praflna  lufiaatad  Iqr  the  rmlimiflin  Stud- 
arda  Comidtt— ." 
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1.  Algebra 

A  Unear  Algebraic  SqoatioQ  in  one  unknown  iq  solved  by  collecting  the 
unkooWQ  quantities  on  one  side  of  the  equation,  the  known  quantities  on  the 
other  aide,  and  by  dividing  both  sides  of  the  equation  by  the  coefficient  of 
tlie  unknown.  Thus  4x  —  2«0— fix,  may  be  written  4x— x-t-5z— 6 
or  8  X  »  0;  hence  x  — 

System  of  linear  Eqiuttona.  A  Rystem  of  two  equations  with  two 
unknowns  can  be  solved  as  follows:  Given  the  equations,  aix  +  &i  v  —  ci 
and  ot  z  +  &i  V  cs;  where  Oi,  at,  bi,  frj.  Ci  and  Ot  are  constants,  the  values 
of  X  and  V  which  satisfy  the  equations  can  be  obtained  by  substituting 
in  the  second  equation,  the  value  of  x,  obtained  by  solving  the  first  equation 
for  X  in  terms  of  y  and  the  constants,  and  solving  the  equation  thus  formed 
for  y;  or  the  two  equations  may  be  tiolved  by  multiplying  the  first  equa< 
tioD  by  the  oofrffirient  of  x  in  the  second  equation,  and  the  second  equation 
by  the  coefficient  of  x  in  the  first  equation,  and  since  x  may  be  eliminated 
Iqr  sabtracting  one  equation  from  the  other,  the  resulting  equation  may  be 
solved  for  y.  A  system  of  three  linear  equations  can  be  solved  in  a  similar 
manner.  For  methods  of  solving  linear  equataons  by  the  aid  of  determi- 
nants, see  (35)  and  (60). 

*  By  H.  R.  vnUaid.  Anod^  Pfofeanr  of  Mathmatlcs,  UoiverHty  of  Maine. 
t^Charies  P.  Weston.  Protmoc  of  Mechanics,  Uidvcnltr  oC'&UiMb  i 
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Qoadrattc  BquKtioiii.  A  complete  quadratic  equation  in  one  unknown 
quantity  is  of  the  form  ax*  +  bx  +  c  »  0,  where  a,  b,  c  are  ooiutantB. 
Id  such  an  equation  there  are  two  roots,  that  is,  two  values  of  the  unknown 
that  will  satisfy  the  equation.  If  xi  is  one  of  these  roots  and  the  other, 
their  value  in  tenna  of  a,  b,  c  are. 


The  expression  b^—Aac  is  called  the  discriminant  of  the  equation.  By 
means  of  the  discrimioant,  the  character  of  the  roota  of  any  quadratic 
equation  can  be  determined  without  actually  solving  the  equation,  provided 

a,  b,  c  are  real  numbers. 

If  6*  —  4ac  —  0,  the  roots  are  real  and  equal. 
If  b*  —  4ac  <  0,  both  roots  are  imaginary. 

If  b*—4ae  >  0,  the  roota  are  real  and  unequal.  In  the  last  ease  they 
are  rational  if  b*  —  4ac  is  a  perfect  square,  irrational  if  it  fs  not  a  perfect 

square. 

A  System  of  Two  Eqnatioot  with  two  unknowns,  when  one  of  the  equa- 
tions, at  least,  is  of  a  degree  higher  than  the  first,  in  many  cases  is  easily 
solved.  No  general  method  of  solution  applicable  to  all  cases  can  be 
given.  Perhaps  the  case  that  occurs  most  often  is  the  one  where  one 
equation  is  of  the  first  degree  and  the  other  is  of  the  second.  Such  a  system 
can  be  solved  as  follows:  From  the  linear  equation  find  the  value  of  one 
unknown  in  temu  of  the  other.  i3ubstitute  this  expressicHi  for  the  first 
unknown  in  the  second  degree  equation  and  the  result  will  be  a  quadratic 
in  the  second  unknown.  The  roots  of  this  quadratic  can  be  found  by 
formula  (1).  These  values  substituted  in  either  equation  will  give  the 
corresponding  values  of  the  first  unknown. 

For  more  qwdfll  msthocU,  see  (15\  (29)  and  (4S).  In  all  eaaea,  the  final  results 
should  be  cheeked  by  Bubatitutlnx  thnn  in  both  •quallona  to  determine  whether  th^ 
aatUy  the  equations.  If  a  pair  of  values  are  found  that  do  not  satisfy  the  equatiotia, 
they  are  not  roots  of  the  equstiona  and  cannot  be  used. 

The  Logarithm  of  a  Number  is  the  exponent  that  indicates  the  power 
to  which  a  given  fixed  quantity,  called  the  babe  of  the  system  of  logarithms, 
is  raised  to  produce  the  number.  There  are  two  systems  of  logarithms 
in  common  use,  the  Naperian  or  natural  system  and  the  Briggs  or  common 
ayatem.  The  Naperian  system  is  used  mainly  in  theoretical  work.  Its 
base  is  designated  by  the  letter  e  and  is  equal  to  2.7182818.  .  .  .  The 
Briggs  system  is  commonly  used  in  computations,  and  its  base  is  10.  The 
^scUBsion  here  will  aj?p\y  only  to  the  Briggs  system. 

Since  few  numbers  are  exact  multiples  of  ten,  a  logarithm  generally 
is  composed  of  two  parts,  the  integral  part  and  the  decimal  part.  The 
Integral  part  is  called  the  coaractbribttc,  and  the  decimal  part,  the  uah- 
TtBSA.  The  characteristio  of  a  logarithm  may  be  cither  positive  or 
negative.  The  mantissa  is  always  positive.  Common  logarithms  are 
used  in  finding  products,  quotients,  powers  and  roots  of  numbers.  The 
logarithm  of  a  product  is  equal  to  the  sum  of  the  logarithms  of  the  several 
factors  composing  the  product.  The  logarithm  of  a  quotient  is  equal 
to  the  logarithm  of  the  dividend  minus  the  logarithm  of  the  divisor.  The 
ibgarithm  of  the  power  of  a  quantity  is  equ^  to  the  logarithm  of  the  quantity 


—  6  +  V&*  -  iac 
2a 


2a 


(1) 


Art.  2 


Graphs 


27 


multiplied  by  the  index  of  the  power.  The  logarithm  of  the  root  of  a  quan- 
tity  ia  equal  to  the  logarithm  of  the  quantity  divided  by  the  index  of  the  root. 

LooABiTHMic  Tablbs  generally  contain  only  mantiwas  of  logaritlunB. 
The  characteristic  can  be  found  by  the  following  rule:  The  cbaracteriatic 
of  the  logarithm  of  a  number  greater  than  unity  is  positive,  that  of  a  num- 
ber less  than  unity  is  negative.  Assuming  the  number  to  be  written  in  the 
form  of  a  mixed  decimal,  the  number  of  units  in  the  characteristic  is  equal 
to  the  number  of  places  the  first  significant  figure  in  the  number  is  removed 
from  the  units  place. 

For  example,  log  345.2  -  2.58807;  -  log  0.00U62  -  8.58S07  or  7.53807  -  ID.  It 
win  be  DOtleed  that  macnitude  of  the  characteristle  la  determlDed  by  the  position 
of  ttm  dedmal  point  alone,  and  that  the  msnllMS  b  afledwd  only  by  the  partleular 
iguiea  in  the  number  and  by  the  order  in  which  they  are  airanied. 
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3.   Gn^  ^ 

Codrdinatflf  of  a  Point.  The  position  of  a  point  in  a  plane  is  determined 
definitely  if  there  are  given  its  distances  from  two  arbitrary  straight  lines 
drawn  perpendicular  to  each  other  in  the  plane.  The 
two  lines  are  called  the  x-  and  i/-axes,  or  the  axes  of 
coordinates.  The  point  of  intersection  of  the  axes  is 
called  the  origin.  The  distance  of  a  point  from  the 
V.Axis  measured  parallel  to  the  x-axis,  is  called  its 
z-distance  or  abscissa.  The  distance  of  a  point  from 
the  X-axis,  measured  parallel  to  the  jz-axis,  is  called 
its  |/-distance  or  ordinatb.  The  two  distances  to- 
gether are  called  its  coordinates.  If  the  coordinates 
of  a  point  P  are  z  «■  a  and  y  "b,  they  are  written 
P=  (a,  b).  Abscissas  measured  to  the  right  of  the 
tf-axis  are  positive,  those  measured  to  the  left  are  negative.  Ordinatea 
measured  up  from  the  x-axis  are  positive,  those  measured  down  are  negative. 

An  equation  /  (x,  i/)  -  0  may 
be  regarded  as  a  relation  be- 
tween the  coordinates  of  a 
point  in  a  plane.  To  obtain 
the  simultaneous  values  of  x 
and  ]/  that  will  satisfy  the  equa- 
tion, it  is  customary  to  substi- 
tute certain  values  for  x  in  the 
equation  and  compute  the  cor- 
responding values  of  y.  If  the 
points,  whose  coordinates  are 
simultaneous  values  of  x  and  y, 
are  plotted  with  respect  to  a 
pair  of  coordinate  axes,  and  a 
curve  is  drawn  thru  successive 
points,  a  figure  ia  obtained 
which  is  a  graphical  represen- 
tation of  the  function.  To  ob- 
tain a  figure  of  correct  propor- 
tions, the  uflits  on  both  axes 
should  be  the  same. 
=*=  V25  -  r».    ComspondlnK  values 
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w.w.^pL.  1,  Given  z*  +  f*  -  26.  Then,  y 
of  the  variables  are. 
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Tbe  curve  is  ahown  in  Fic.  2. 

EuuDple  2.    Given  y  »  Iokio  x.    Corrccponding  vaiuca  of  tbe  vorublea  ue. 
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The  eurve  ia  ahown  in  Fig.  3. 

In  practical  work  graphs  are 
lued  to  show  more  clearly  than 
numbera  the  relation  between 
oorrespoDdiDg  tables  of  values 
found  often  from  observation. 
This  method  is  especially  valu- 
able in  the  case  of  profiles.  In 
such  cases  the  units  used  on 
tlie  axes  generally  are  not  the 
flame. 

Tbe  (olIowinK  data,  found  by  the 
method  of  levelling,  and  the  cor- 
responding curve  repreaent  a  por- 
tion of  the  profile  of  a  street  (aee 
riB.4). 
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Eqwdons  of  Ctmes.    Frequently,  it  ia  desirable  to  obtain  an  equation 
wliirh  will  represent  the  rur\-c  traced  by  a  point  moving  according  to  some 
known  law.    Sometimea  tlio  equation  may  be  written 
when  the  propertieu  of  the  curve  are  known. 

Ktt**     Tbfl  between  tbe  x-uiB  and  a  ■tmlgfat 

line,  at  «v«nr  point  of  the  line,  is  the  nma. 

x  —  n      zt  —  xt 
In  other  oases,  the  equation  of  the  curve  may  be 
derived  when  the  laws  of  motion  of  the  point  are 

known. 

Example.  A  point  moves  so  that  its  distance  from  a 
ixed  point  is  always  equal  to  its  distance  from  a  fixed 
■traight  line.  Let  the  v-azis  be  the  fixed  atra^ht  line  and 
let  the  fixed  p<dnt  be  on  the  z-axia  at  a  dirtanca  m  horn  tha 
origin.  Then  PiP  "N  P.  That  la,  V  C»  -  +  jfl-  x, 
or  —  2mx  +  m*  +  —  z*,  hence,  f*  —  2mx  —  vfi,  the  equa- 
tion of  Aiotion  of  the  point. 


Fig.  6. 
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8.   Geometry  and  Mensuration 

Polygons.  The  area  of  a  triangle  will  be  treated 
in  Art.  4.  The  area  of  s  parallelogram  ia  equal  to  6. 
the  product  of  the  base  by  the  altitude.  That 
is,  A  =  BH.  The  area  of  any  polygon,  whicli  ia  bounded  by  straight 
lines,  may  be  found  as  follows;  Divide  the  polygon  into  a  number  of 
triao^es;  find  the  area  of  each  triangle;  the  area  of  the  polygon  is  equal 
to  the  sum  of  the  areas  of  the  triangles.  'In  the  case  of  a  regular  polygon, 
this  process  ia  much  simplified  from  the  fact  that  a  regular  polygon  has 
equal  sides  and  equal  angles.  If  one  side  is  known,  all  are  known.  The 
angles  also  can  be  determined.  In  any  plane  polygon,  the  sum  of  the 
interior  angles  of  the  poly^n  formed  by  its  sides  is  equal  to  (n  —  2) 
IW".  where  n  is  the  number  of  sides  of  the  polygon.    Hence,  in  a  regular 

polygon,  each  angle  io  degrees  is  equal  to  -"  -■  . 


Circles.  Let  R  =  radius,  A 
ICO  —  2«-  A  when  v  »  3.14150 


area.    Then   A  =  t  R*.  Circumfer- 
22 

.  .  or,  less  accurately,  — ,  ' 

A  Sector  is  the  portion  of  a  circle  bounded  by  two  radii  and  their  inter- 
cepted arc.  If  O  is  the  angle  of  the  sector  expressed  in  radians,  the  area 
of  the  sector  ia  A  =  H  R'O.  A  bbohbmt  is  the  portion  of  a  circle  bounded 
by  a  chord  and  its  subtended  are.  The  area  of  a  segment  is  the  difference 
between  the  area  of  the  corresponding  sector  and  that  of  the  isosceles  triangle 
formed  hy  the  chord  of  the  segment  and  the  two  radii  drawn  to  the  ex- 
tremities of  the  chord. 

A  Parallelopiped  is  a  solid  whose  bounding  surfaces  are  planes  and  whose 
opposite  faces  are  parallel.  All  the  faces  of  a  parallelepiped  are  parallelo- 
grams. A  BECTANGUi^R  vAHALLKLopiPKD  is  ouc  whose  bounding  surfaces 
are  all  rectangles  and  therefore  perpendicular  to  each  other.  A  cube  is  a 
rectangular  paraUelopi|jed  whose  faces  are  equal  squares.  The  surface  of  a 
parallelopiped  is  equivalent  to  the  sum  of  the  areas  of  the  parallelograms 
forming  its  faoes.  If  V  —  vnlume,  B  <■  area  of  base.  H  —  altitude  of  any 
paralldf^nped,  V^BH. 
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PrlBint.  A  prism  a  a  solid  whose  bases  are  parallel  polygons  and  whose 
lateral  faces  are  parallelograins.  The  lateral  faces  of  a  prum  intersect 
in  lines  called  the  edgea  of  the  prism.  A  riqot  pmaH  is  a  prism  whose 
edges  are  perpendicular  to  its  bases. 

Tbe  lateral  aurfaoe  of  any  prism  is  equal  to  the  product  of  an  edge  by  the  perimeter 
of  a  right  aeetlon.  Tbe  volume  of  any  priim  is  equal  to  the  product  of  fta  base  and 
altituda.  That  Is,  VoL  -  BH  where  B  -  area  <rf  base,  H  -  altitude.  In  particular, 
the  TOlunis  of  a  right  print  is  equBl  to  Xbm  preduet  of  Its  bass  by  on*  of  Its  fldgas. 

C^laden.  A  cylindrical  surface  is  the  surface  generated  \ty  a  strai^t 
line  which  moves  always  parallel  to  a  given  straight  line  and  one  point  of 
which  traces  a  curve.  The  generating  line,  in'one  of  its  positions,  is  called 
an  BLBMBNT  of  the  surface.  A  cylinder  is  a  solid  whose  bases  are  in  parallel 
planes  and  whose  lateral  surface  is  a  dosed  cylindrical  surface.  A  circular 
CTUNDBB  is  a  cylinder  whose  bases  are  equal  circles.  A  rioht  cibculaa 
CTLiNDEB,  or  a  cylinder  of  revolution,  is  a  droular  cylinder  whose  elonents 
are  perpendicular  to  its  bases. 

The  lateral  area  of  a  right  circular  cylinder  is  equal  to  the  product  of  the  circum- 
ference of  Its  ban  by  an  element.  Tbe  vtdume  of  any  cylinder  Ii  equal  to  the  product 
of  iu  base  and  altitude.  Thus,  Vt  V  -  volume,  B  -  area  ot  base,  H  -  alUtude: 
V  -  BH.  In  particular,  the  votuDts  of  a  rtfit  eyUndar  Is  equal  to  the  produet  of  It* 
base  by  an  dement.  > 

Pycamida.  A  pyramid  is  a  solid  whose  base  is  a  polygon  and  whose 
lateral  surface  is  composed  of  triangles,  all  the  vertices  of  which  lie  in  one 
point  which  is  called  tbe  rairrax  of  the  pyramid.  A  kboulab  ptbajcid  is 
a  pyramid  whoso  base  is  a  regular  polygon  and  whose  vertex  is  in  the  per- 
pendicular drawn  to  the  base  at  its  middle  point.  It  follows  from  this 
definition  that  the  lateral  surface  of  a  regular  pyramid  is  competed  of  equal 
isosceles  triangles.  The  triangles  composing  the  lateral  surface  of  a  pynt- 
mid  are  called  its  lateral  facbs.  The  slant  height  of  a  regular  pyramid 
is  the  ALnruoB  of  one  of  its  lateral  faces. 

The  lateral  aurfaee  of  a  regular  pyramid  m  equal  to  one-half  the  product  of  tbe 
perimeter  of  its  base  and  its  daat  height.  It  S  lateral  surface^  P  -  the  perimeter  ot 
the  base,  L  —  riant  hdght:  5  -  .4  PL.  The  vdume  of  any  pyramid  ia  equal  to 
one-third  tbe  produet  of  its  ban  by  Its  aldtude.  If  V  ~  volume,  B  —  area  <rf  baas, 
H  -  altitude;  V  -  H  B  B. 

The  Frustum  ot  a  PTnunid  is  the  portion  of  a  pyramid  included  between  its  base 
and  a  plane  parallel  to  ita  ban  which  cuts  all  the  latnal  edEcs  of  the  pyramid.  The 
two  parallel  polygons  thus  formed  are  called  tbe  upper  and  lower  baaea  ot  the  frustum. 
Tbe  lateral  taesa  of  the  fruatum  of  .a  regular  pyramid  are  equal  laoscelea  trmwaoids. 
Tbe  alHtude  of  one  ot  these  trapezoids  la  called  Uie  slant  height  ot  tbe  fruatum.  The 
lateral  surface  of  the  frustum  of  a  regular  pyramid  is  equal  to  the  product  of  one- 
half  the  sum  of  the  perimeters  of  its  BASES  multiplied  by  the  alant  height  of  the  fruatum. 
The  volume  of  the  frustum  of  a  pyramid  ia  e<pilvalent  to  the  aum  <d  the  volumaa  of 
three  pyramida  which  have  for  their  baaea  the  hasw  of  tbe  fruatum  and  a  mean  pro- 
portional between  the  bases  of  tbe  frustum  and  which  have  for  their  common  altitude 
the  altitude  of  the  frustum. 

Cooes.  A  conical  surface  is  a  curved  surface  generated  by  a  moving 
straight  line  called  the  oenbAatoh  which  continually  touches  a  given  curve 
and  passes  thru  a  fixed  point  called  the  vsrtbx  of  the  surface.  The  generator 
in  any  one  of  its  positions  ia  called  an  element  of  the  surface.  A  cone  is 
a  solid  whose  lateral  surface  is  a  closed  conical  surface  and  whose  base  is 
a  plane  figure  bounded  by  a  curve.  A  circular  cone  is  a  cone  whose  base 
is  a  circle.  A  bioht  circular  cone,  or  a  cone  of  revolution,  is  a  circular 
cone  whose  vertex  is  in  the  perpendicular  drawn  to  the  center  of  the  base. 

The  lateral  surface  ot  a  right  drsular  eone  Is  equal  to  on^lialf  the  produet  of  the 
drmuntaraias  of  iu  ban  and  one  ot  ita  elwnenf.   Ths  volume  of  any  eone  la  aqoal 
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to  M  mid  the  prodoct  of  tt»  b— i  by  iti  ■Wind*.  If  £  -  nw  ol  bMt»  If  -  aMtadt, 
V  "  volnsM  of  mDBt  V  ^  }^  BM^ 

Tk«  Vnutnm  ti  >  Cone  ta  tbe  portion  of  a  con«  Included  Iwtwem  Its  bus  and  * 
ptonc  panlld  to  tba  baas  wUA  cuta  all  tbe  dements  <A  the  cone.  The  curved  flcuree 
lonned  by  the  interaeedotu  of  the  parallel  planes  with  tbe  conical  surface  are  c^Ued 
the  MSB  of  the  fmatnin.  Tbe  portion  of  an  dement  of  a  cone  of  revolutkm  included 
between  the  two  baaea  of  tbe  fruetum  is  called  the  slant  hkicht  oC  the  fruatuin.  The 
lateral  anrfaca  of  the  fnatum  of  a  cone  of  revolution  la  equal  to  tbe  product  of  half 
tht  warn  at  the  drcumferencea  of  its  besu  mulUpUed  by  Its  slant  hd^t.  The  vohune 
of  the  fnistuin  of  a  circular  cone  to  equivalent  to  tbe  sum  of  the  vohunea  of  three  eonea 
which  have  for  their  basts  the  baaea  of  the  traatum  and  a  mean  proportional  between 
the  hasca  e(  the  fraatnm  and  for  their  common  altitude  the  altitude  of  the  frustum. 

Spheres.  A  sphere  is  a  solid  bounded  by  a  curved  surface  all  points  of 
which  are  equally  distant  fiom  a  point  within  called  the  center.  A  orbat 
ciBCLS  of  a  sphere  ia  the  section  of  a  sphere  made  by  a  plane  passiDg  thru 
iia  center.  A  aiuLt.  cibclb  of  a  sphere  ia  a  section  ol  a  sphere  made  hy  a 
oUne  which  does  not  pass  thru  the  center  of  the  sphere. 

UV  -  vnluBM  of  vtea.  8  -  surfaee,  R  -  imdius;  V  »  *tiw  JZ*  sod  S     4  «  0L 

4.  Piute  TrigonometiT 

In  a  plane  triangle  let  the  angles  bo  denoted  by  the  letters  A,  B,  C,  and 
the  sides  opposite  these  angles  1^  the  eoirssponding  small  letters  a,  6,  e. 
Pvndamantsl  Ralatlens  among  the  trigonometric  functions. 

ain*it+coe*A-l  eaoA  ~  ^ 

tan  A  —   BBc»  A  - 

cam  A 

oot  A  -  oeo«  X  -  1  +  eot»  X 

sin  A 

sec  A   :  tan  A 


COB  A  cot  A 

A  Bfi^'*"  is  the  angle  subtended  at  the  center  of  a  circle  by  an  arc  equal 
in  length  to  the  radius. 

Fnnctions  of  Any  Angle.  The  functions  of  the  complement  of  an  angle 
are  tbe  co-functions  of  the  an^^e.  For  example  cos  (90°  —  A)  =  sin  A. 
To  find  the  functioos  of  angles  greater  than  90"  in  terms  of  an  angle  less 
than  90",  tha  following  rule  is  convenient.  The  functions  of  90°  ^  A  and 
of  270°  *  A  are  numerically  equal  to  the  co^unctionsof  A  and  tbe  functions 
of  —  A,  180°'*  A,  and  360°  —  A  are  numerically  equal  to  the  same  fune- 
Umw  of  A.  The  algebraic  sign  to  be  placed  before  the  result  is  determined 
by  noting  the  sign  of  the  function  of  the  original  angle  in  the  quadrant 
in  which  that  angle  is  located. 

BaampleB.    Sin  200°  -  da  (180"  +20°)  -  -  sin  20°,  ainee  the  sine  of  an  ang^ 
batwcM  ISO*  and  270°  hi  B«attv&    Cos  160°  «  eoa  (MT  + 
—  —  iin  TO°,  rinee  tbe  eeifaie  of  an  angle  heiweeu  90°  and 
180°  is  negative.   This  rule  to  Important  In  the  solntkot  of  some 
aUtque  trian^ea. 

Right  TriangleB.  Let  C  be  the  right  angle  and  e,  the 
hypotenuse.  In  order  to  solve  the  trianf^o,  it  is  neces- 
sary lo  know,  besides  the  right  angle,  two  parts,  of  which 
one  must  be  a  side.  Choose  the  particular  trigono- 
metric  function,  defined  ss  the  ratio  of  the  sides  of  a  right 
triandef  wfakdi  eontains  the  two  given  parts.  iVom  this  funcUon  an  un- 
known  pavl  of  the  triani^  can  be  found. 
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Exaznpla. 


Let  a  and  A  be  given:    nn  A  -  —  tromwbidi*  —  ■? 


A+B-90°,  B-90<*-A    Also  —  -  dn  fi.    llierafon  b  -  c  rinB.    Fbr  adiedc 

UN,*  <»>  -  C  -  W  -  (c  +  6)  (c  -  b). 

Oblique  Triangl«B.  Law  op  Sinks.  In  any  triangle,  tlie  aides  of  the 
triaoelc  arc  proportional  to  the  sines  of  the  angles  opposite.   Stated  in 

,  ,  ,  ,  ,  ain  .1  Bin  B  sin  f 
symoois  the  rule  reads  «  — ; —  "=  . 

a  b  c 

Tba  Isw  of  sines  la  used  in  the  solution  of  oblique  triangles  where  two  ui^ee  and  a 
ade  ara  {ivwi,  and  where  two  sides  and  the  angle  oppoaite  one  of  them  are  givm. 

The  latter  is  the  so-called  ambiguous  ease.     Suppose  A, 
h,  a  are  given,  the  following  possible  cases  may  ariae: 
A  >  90°,  &  >  a,  no  solution.   \  _ 
A  >  90°,  b  <  a,  one  solution.  J 
A  <  90°,  b  <  a,  one  solution.    Case  2. 
a<  b  ^  <  90°,  a  >  b  sin  A,  two  aolutiono.  CanS. 
a  <  b  A  <  90°,  a  >■  b  sin  A,  one  solution.  Cass  4. 
a  <  b  A  <  90°,  a  <  b  dn  A,  no  solutkn.   Case  8. 
In  Case  S,  in  any  engineering  problem,  it  is  likely 
that  there  will  be  sufficient  data  for  the  mgineer  to  de- 
termine which  of  the  two  poaaibla  triangleB  is  the  one 
whose  solution  he  deares. 

Thb  Law  of  Tanoents.   In  any  triangle,  the 
tangent  of  half  the  difference  of  tiie  angles  is  to 
the  tangent  of  hidf  the  sum,  as  the  difference  of 
the  sides  opposite  is  to  their  sum.   That  is, 
tan  3^  (A  -  g)  _  a  -ft 
taaH{A.  +  B)"  a+b 

or  tan  M  (A  -  ^  =  tan  H 


OtaM'Saadi 


a-qbslaA 


a+b 

(A  +  B)  .     .     .     .  (1> 
The  law  of  tangents  is  used  in  the  solution  of  an  ob- 
lique triangle  only  in  the  case  where  two  sides  and  their 
included  angle  are  given.    Suppose  a,  b,  C  are  given  and 
o>6.  A  +  B  +  C  -  180°.    .-.  H(.A  +B)  =  H  (180°  -  C)  =  90  -  .'.  Tan 

li  {A+B)  -  tan  (90°  -  >i  O.  After  computing  the  right  hand  nde  oC  formula 
<!}.  H  (A  -  B)  Is  found  from  tablea.  Then, 

H  +B)  +  mA  ^B)  -  A 
H(.A  +  B)  -  }aiA  -  B)  'B 


Side  0  is  then  found  by  uaing  the  law  of  alnes,  that  Is,  e 


adnC  b  rfn  C 

or  e  H 


By 


dn  A  ain  B 

uring  both  of  these  expreesiona  to  compute  e,  a  cheek  Is  obt^ned  on  all  the  work 

except  the  finding  of  log  sin  C. 

Thb  Law  op  Cosines.  Tho  square  of  any  side  of  n  trinnglo  is  equal  to 
the  sum  of  the  squares  of  tho  ot  her  two  nidcs  diniin].shc(l  i)y  twice  the  prod- 
uct of  those  sides  multiplied  )>y  thf>  cosine  of  their  inciuded  anide.  That  ts, 
=      +      —  2  fcc  coa  A 

The  law  of  eodnes  can  be  used  to  compute  the  third  ade  of  »  triangle  when  two 
sides  and  their  included  angle  are  given.  It  can  be  used  also  to  And  the  angles  of  a 
trian^e  when  the  three  sides  are  ^vcn.  It  nhould  not  be  uned  for  the  latter  purpose, 
however,  when  the  angles  to  be  found  lie  near  0°  or  90°.  The  law  of  eorines  ia  not 
adapted  to  tJte  uae  of  logarithms,  so  it  is  not  advisable  to  use  it  unless  the  quantiUes 
given  an  simple  numben. 
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WuBH  Tbrbk  RtDKs  OP  A  Trianulb  btb  giveQ,  the  angles  can  be  found 
easily  by  the  Ui*o  of  the  formulae 

UuHA  "  — tan  H  B  ■=  ~~,  tan  H  C  -  — —  .     .  (2) 

a— a  a  —  b  s  —  c 

when,  2.  -a+&+cand»  -^^l^l-^L^l^^UiJlfJ 

Wtan  aB  tba  mn^aa  have  bom  found  in  this  way,  a  cfasck  la  obtalaad  from  the  (met 
that  the  MUB  of  the  anglea  of  s  triani^  is  equal  to  180°,  that  io,  A  +  B  +  -  180°. 
When  the  law  of  anea,  law  of  coritwa,  or  law  of  tang^ts  ia  tued  in  the  acriution  of  a 
trianflB,  a  complete  cfaedc  ia  obtainad  by  finding  one  of  the  gjveo  an^es  by  the  use 
of  me  of  IordoIm  <£). 

Area  of  a  Triangle.    When  two  sides  and  their  included  angle  are  given, 

aay  o,  b,  C:  Area  —  }^  ab  anC.    When  two  angles  and  a  side,  say  A,  B, 

c*  Bin  A  sin  B  ^,        . ,  . 

e,  are  given:  Area  = —, — — ; — ^.     When  three  sides,  a,  o,  e,  are  given: 
2  sin  (A  +  b) 

Area  —  V*  («  —  a)  (s  —  6)  (j  —  c),  where  2»  =  a+  6+c. 

In  oontputing  the  required  parte  of  a  triangle  or  its  area,  it  ia  alwmrs 
better  to  use,  so  far  aa  possible,  the  given  parts.  If  this  (vocedure  is  fol- 
lowed, previous  errors  of  computation  do  not  affect  succeeding  results. 
Whan  this  is  not  possible,  great  care  should  be  taken  to  determine  correctly 
parts  that  must  be  used  in  subsequent  computations.  Complete  checks 
on  all  computations  should  be  used. 


6.  PluM  Analytic  Qwmvtij 

Coordinate  Axes  in  a  plane  are  two  arbitrary  intersecting  straight  lines 
which,  for  practical  purposes,  are  usually  drawn  perpendicular  to  each  other. 
One  line,  the  v-axis.  is  vertical,  wUle  the  other,  the  JHuds,  is  horizontal. 
In  the  plane,  the  position  of  a  pcant  can  be  fixed  by  means  of  its  dis- 
tances from  the  two  coordinate  axes.    This  plane  is  called  the  xv-pluie. 

Tha  Locns  of  a  Point  in  a  plane  is  the  path  traced  a  point  which  moves 
in  the  plane  according  to  certain  laws. 

The  ElquATiosi  or  a  Locus  is  the  statement  in  algebraic  language  of  the 
laws  which  govern  the  motion  of  the  point  that  traces  the  locus. 

Whar*)  the  ptrint  moves  in  the  xjr-pIaM,  the  equation  will  be  in  terms  of  z  and  y 
and  wrtain  constants.  It  foUowa  from  tha  definitloa  of  a  lociu  that  tha  eofirdinatea 
of  aD  pointa  on  the  locus  will  satiafy  its  equation  aad  that  tha  coSrdmatas  of  no  other 
point  wHl  aatiafy  it. 

When  two  points  are  given.  Pi  ^  (xi,  vi),  i*t=  (zt,  in),  the  distance 
between  them  is  given  by  the  expression, 


d  -  VCi»  -  ii)'  +      -  vO*  (1) 

Tha  Inclination  of  a  line  is  the  angle  that  the  line  makes  with  the  x-axis. 

The  Slope  of  a  line  is  the  tangeat  of  ita  inclination.    If  (xi,  yi) 

and  Pt  =  (tj,  vi)  are  two  pointa  in  a  piano,  the  slope,  m,  of  a  jine  joining 
them  is 

m  =   (2) 

If  a  third  point  Pt  =  (^r-,  y%}  divides  the  line  joining  the  two  points 
P|  3=  (ft,  ih)  uid  Pi  =  (.rt,  gt)t  the  segmenta  of  the  line  will  he  in  a  certain 
ratio.    Let  r  equal  the  ratio  Pi  P?  :  P»  Pt.   The  ratio  r  wiU  be  pontiv* 
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if  Pt  Um  between  Pi  and  Pu  nesative  if  Pt  liea  outaide  the  Mgment  Pi  Pi. 
The  ooOrdioates  of  Pt  can  be  obtained  by  tneans  of  the  ezpieesions 
*i  +  nri         yi  +  ryt 

rT7-«-T+r  

If  Pt  bisects  Pi  Pi,  equations  (3)  reduce  to  Uw  forms, 
xi+xt  Vi+yt 

*•  2~'  ^  ~2~ 

Tlia  Intsrcepts  of  a  curve  are  the  distanees  from  the  orisin  to  the  ptnnta 
where  tiie  curve  cuts  the  coordinate  axes. 

Bqaatioas  of  a  Strsight  Liae.  All  equations  of  the  first  degree  in  x  and 
y  represent  straight  lines,  and,  conversely,  the  equations  of  all  straicht 
lines,  when  reduced  to  their  simplest  forms,  are  of  the  first  degree.  When 
the  coordinates  of  two  points  on  the  line,  Pi  =  (xi,  tfi)  and  Pt=  (xt.  in) 
are  given,  the  equation  of  the  line  thru  them  ia, 

V  ~  yi     vt  -y\  ... 

  B    (6J 

X  —  Xi        Xt  —  Xl 

Equation  (5)  is  called  the  two-point  row  of  Uie  equation  of  a  straight  line. 
If  the  two  points  lie  on  the  ootMlinate  aaes  and  have  Utt  ootedlnatoa  (a,  o) 
and  (o,  V),  equation  (5)  reduees  to 

This  is  called  the  nmBoaPT  iobm  of  tha  equation.  U  a  line  has  the  slope 
m  and  passes  thru  the  point  Pi  S  (sn,  yi),  its  equation  is 

t  »  -  1ft  -  m  (»  -  «>  (6) 

If  A  lise  on  the  y-axis  aad  has  the  coSrdinatee  (o,  b)  equation  (6)  becomes 

  (7) 

Equation  (6)  is  called  thesLOPB-POiNT  form  of  the  equation  and  equation  (7) 
the  BLon  roBiL  It  fdlows  from  the  form  of  tibn  last  aquation  that  in 
(mler  to  determine  the  slope  of  a  line  when  its  equation  is  given,  it  is  nao- 
easary  only  to  solve  the  equation  for  y.  Then  the  coefficient  of  x  is  the  . 
slope  of  the  line.  Tbb  normal  roRU  of  the  equation  of  a  straight  line. 
Let  p  be  the  length  of  the  perpendicular  from  the  origin  upon  the  line 
aad  let  a  be  the  angle  that  thiB  perpendicular  makes  widi  tha  Mxis.  Then 
the  equation  of  a  line  may  be  written  in  the  form, 

X  cos  o  +  1/  sin  tt  =  p   (8) 

In  equation  (8) ,  p  is  always  positive  and  a  has  any  value  from  0°  to  +  360*. 

Rbdoction  to  the  Normal  Fobh.  Let  the  equation  of  a  stnu^t  line  be 
Ax  ■[■  By  +  C  "  0,  where  A,  B,C  are  oonstsnts.  lUs  equation  can  be 
reduced  to  the  normal  form  by  dividing  each  term  by  ^  V^*  +  BK 
The  sign  opposite  to  that  of  C  should  be  used  before  the  radical.  In  the 
resulting  equation 

•     A  .  B  C 

cos  a  —   :   "  ■,  SID  a  —  rr,  —  p  t-   ,  ,  : 

=*=  VA»  +  B*  =*=  VA»  +  B»  *  VA»  +  B' 

The  Distance  of  a  Pofnt  Pi  =  (xi,  yi)  from  the  line  Ax  +  By  +  C  ^  0 
is  given  by  the  eajmsBion 

^_A^^  +  ft«^    .......  (9) 
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If  tbm  BCD  of  tbo  radial  b  talun  oppodM  to  tba  tfgn  of  C,  d  wQl  ba  podtlva  or  Mg>- 
tira  seeordinc  u  f  i  ia  on  tha  oppoaitv  rids  of  tbm  line  from  tbe  origiD  or  on  tbe  auM 
■dantlMwVn. 

Slopei  of  ParalM  and  of  Parpendicnlar  Uiim.  If  two  lines  are  parallel, 
their  dopes  are  equaL  That  is  mi  —  mi.  If  two  lines  are  perpendicular 
to  eadi  other  the  dope  of  one  is  the  negative  reeiproeal  of  the  slope  of  tiw 

other.    That  is,  «i  »  —  — . 

VH  ■ 

As^a  Between  Two  lines  is  defined  to  be  the  an^  formed  in  turning 
the  sBoond  line  into  tlw  position  of  the  first  by  oounter-clookwise,  w  posi- 
ttve  rotation.  If  ^  is  tbe  tuigle  between  the  two  lines  and  mi  and  mi  thmr 
dopea. 

^      I  +  im  m« 

The  Btaecton  ot  Ihe  an^es  between  the  two  lines  Ax  +  By  +C  ^0 
and  Aix  +  Biy  +  Ci  ->  0  are  given  by  tbe  expression 

Atx  +  Btv+Ci  _  ^  Ax  +  By  +  C  ^^^j 
*  VAi*  +  Bi*  ^■<Ja*  +  B* 

tbe  signs  before  the  radicala  being  taken  opposite  to  the  signs  of  Ci. 

The  Area  of  a  Tiianfi^e  whose  vertices  are  Pi=(xi,  vi),  Pj=(xt,  yt),  Pt= 
l*u  yO  can  be  computed  from  the  following  formula. 

Area  -  H  [*>  (v»  ~  Vt)  +xt  (vt-  yi)  +  xt  (yi  -  yi)\  .     .  (12) 
ThJa  ana  wiU  be  poaltive  if  the  perimeter  of  tbe  triucle  ia  tnoed  in  the  posUva 
tfnetkn  of  rotatjMi,  o^atiTa  U  H  ia  tiaead  in  tbe  aaistiva  diraetioa. 

The  Circle.  If  a  circle  has  a  radius  r  and  has  its  center  at  the  point 
(A,  it)  it  is  represented  by  the  equation 

(I  -  ft)'  +  (V-  ft)»  -  r»  (13) 

If  the  center  is  at  the  origin,  h  »  k  «  0  and  eq.  (13)  reduces  to 

*»  +  V»  -  r».   (14) 

Ttaaeqmtion  A'x*  +  £'^+ C  i>'e  +  P v+ ^ -  0.  .  .  .  (IS) 
b  eaOed  tbt  OSnkal  bquation  or  tbm  saoONO  oaoaaa  in  two  variabLea.  A  oompari' 
mi  of  thia  e«]uation  with  tba  wpandad  form  of  aqoatioa  (IS)  ahows  that  aquatfam  (IB) 
ia  the  equation  of  a  drde  II  *  0  and  A'  -  C.  Uafcta*  oat  at  thfa  Mnettoa  sad 
dividing  equation  (15)  by  A'  radaeia  H  to  fb»  form 

a^+^+Dx+Bt  +  F  -9  (16) 

lAMi  is  tlie  snsnl  eqoatfan  of  a  drds,  tbs  eoBrdlnatM  of  wbosa  emtw  ate  k  > 

-y.*  -  -y-md  whose  rsans  la  r  -  H^D>  +S*-4F. 

The  ummrr  to  the  circle  :^  +  y*—    has  tbe  equation 

xtx  +yiy  -   (17) 

where  Pt  ^  (zi.  in)  ie  the  point  of  tangency.  Similarly,  the  equation  of 
the  tangent  to  tita  circle  +y*  +  Dx  +  By  +  P  -  0  a.t  tho  fwint  Pi  = 
(«,  vi)  is 

iix+inv+-^(i +-f-(tf +^ -0    .  .(18) 

If  the  tangent  to  the  eirde  r*  has  »  ^ven  dope  m,  its  equation 
is  V  -  MX  d:  r  Vl  +m«  (19) 
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It  ihoald  ba  noted  ttuA  equkUona  (17)  and  (19)  »ppty  tnly  to  cirdea  wliaw  eontsn 
■M  mt  Uw  origin.  Equation  (18),  on  the  othw  hand,  appllee  to  eirdes,  whiefa  havs 
any  portion  with  raqwet  to  the  coordinate  axei,  when  th«  point  of  tangeney  la  pven. 


Thb  Normal  to  tho  circle       +  y*  —  f  at  tho  point  Pi  trr  (ji, 

has  the  ecjuation  yi  z  -  Xi  y  =  0   <20) 

When  the  equation  of  the  circle  is  +  +  Dx  +  Ey  +  F  =  0,  the  equa- 
tion of  the  nonnal  becomes 

D  E 

xiy  -  v\  X  -\r  ~  {y  -  yi)  -  —  {z  -  xi)  =  a  .     .    .  (21) 


Equation  (21)  ia  more  general  than  equation  <20),  because  o(  the  fact  that  it  can 
be  tued  to  write  the  equation  <rf  the  normal  to  a  drele  which  occuplea  any  poaiUoo 
whatever  with  raapeet  to  the  coordinate  azea.  wbereaa  equation  (80)  can  ba  uaad  only 
when  the  circle  has  its  center  at  the  origin. 

Conic  Sections.  A  conic  section,  or  a  conic,  is  defined  to  t>e  a  curve 
traced  by  a  point  which  moves  so  that  its  distance  from  a  fixed  point  al- 
ways has  a  constant  ratio  to  its  distance  from  a  fixed  straiKlit  line.  Kqua- 
tron  (15)  always  represents  a  conic  section.  The  fixed  point  is  called  ttio 
FOCUS  of  the  conic,  the  fixed  straight  line  is  called  its  DiaBCTBix,  and  the 
constant  ratio  is  called  its  eccbntbicitt. 

Parabola.  When  the  eccentricity  «  is  equal  to  unity,  the  curve  ia  called 
the  parabola.  Tho  parabola  is  the  rotiic  of  most  interest  to  entdneers. 
If  the  y-axM  is  taken  as  tho  directrix  of  the  curve  and  the  focus  is  token 
on  the  x-axia  with  tlw  coOrdiQate.!  (2  p,  U),  the  equation  of  the  parabola  u 

tf*  =  4p*  -  4j)*  (22) 

Wlion  the  parabola  is  in  this  position  with  respect  to  the  coordinate  axes, 

the  f-axis  becomes  the  axis  of  symmetry  of  the  curve  or  the  axis  of  th? 
curve.  The  vertex  of  the  parabola  is  the  point  where  it  cuts  its  axis.  Here 
the  vertex  is  half  way  between  the  focus  and  the  oriidn. 

If  the  vertex  of  the  parabola  is  taken  as  the  origin,  equation  (22)  reduces 
to  the  form  , 

t/»  =  4pi;   (2.■^) 

E(]iiation  (23)  is  the  simplest  form  of  the  equation  of  a  parabola.  The 
chord  of  a  parabola  drawn  thni  the  focus  piirailol  to  tho  directrix  is  calk-d 
the  i^^TUH  BECTiTM  of  the  paraltoln.  In  equation  (2^)  tho  latiis  rectum  in 
etiual  to  4p. 

Tanubnt  and  NoRHAii.  The  tangent  to  tho  parabola  4p«  at  tho 
point  Pi  =  {xt,  ifi)  has  the  equation 

Wi  -  2p  (x  +  -n)   (24) 

If  the  slope  m  of  the  tangent  is  given,  its  equation  is 

1/  «  mx  +  —  (25) 

m 

The  normal  to  the  parabola  y*  =  Apz  at  Pi  =  (j-i,  m)  has  for  ita  equation 

J  -  y,  =  -  ^ix  -  xx)  (26) 

Properties  ol  the  Parabola.   Let  the  ecpiation  of  the  parabola  lie  y*  >  Apx,  then 

1.  M/'i  -  DTT  X  OM.  Thia  relation  followa  from  the  eqjatioT  of  the  curve 
and  itates  that,  if  From  any  point  on  the  curve  a  perpendicular  \a  drawn  to  ita  axis, 
the  square  ol  thia  perpendUndar  ia  equal  to  the  product  erf  the  diatance  from  the  vertex 
to  the  foot  of  the  perpendicular  multipUed  by  the  latua  rectum. 

2.  The  aubtanfent  TM  -  2xt,  that  is,  TO  -  Oli. 
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3.  Z  FPT  —  ^  QPH:  Property  (3)  is  ni»de  use  of  in  the  eonotnietioii  of  reflector*. 
If  ■  MMiree  of  ettergy,  beat,  light,  or  deetridty,  ia  pUoad  at  the  foeua  of  a  parabolic 
Kdeetor,  all  rays  of  energy  from  the  Kmree  that  atrike  the  aurfaee  of  the  reflector  are 
n^cted  In  Unca  parallel  to  the  axis  of  the  parabola. 

4.  MW  —  2p.   That  ia,  the  subnormal  of  s  parabola 
Is  constant  and  equal  to  half  the  latus  rectum. 

i.  TF  "FP  -  FN. 

&  TP  b  be  eta  the  FPL,  and  NP  biaeeta  Om  angle 
FPH.  It  is  seen  from  property  ft)  that  the  tangent  and 
normal  drawn  to  a  parabola  at  any  point  bisect  intonally 
and  externally  the  an^  formed  by  the  focal  radius 
drawn  to  the  poiot  of  contact  and  the  perpendicular 
drawn  thru  that  pant  to  the  directrix. 
CoSHtractioii  of  ■  Fuabola.  A  parabola  can  be  con- 
structed tqr  points,  asfol- 
lom,  if  its  equation  or 
the  dlatanoe  from  tlie 
vertex  to  the  focus  is 
given.  Suppoee  the  givcci 
equation  is  —  4px.  On 
thsMzistalnOf  -  por 
the  glTea  distance.  Take 

MO  -  OF  and  draw  MD  pcffpe&diodar  to  OX.  At 
the  right  of  O  Uke  points  a,  b,  e  ,  .  .  and  at  these 
points  draw  lines  parallel  to  MD.  With  a  pair  of  divid- 
eca  measure  the  distance  Ma.  With  ^  as  a  center  and 
Ma  as  aradius  etrflra  two  area  intersecting  oo'  in  two 
pt^ts  P  and  P".  Similariy  with  Mb  as  radius  and  F 
as  center  strike  two  ares  intersecting  W  in  the  points 
Q  and  Q'.  In  the  same  way,  as  many  points  as  an 
desired  may  be  found.  It  foUowa  from  the  deflaltton 
of  the  par°N^*  that  the  points  P  and  P",  Q  and  ^  ...  are  points  on  the  eurveu 
A  mooth  curve  drawn  thru  these  pcnnts  will  be  the  parabola  required. 

The  Ellipse.  In  tlie  ellipse  the  eccentricity  e  <  1.  If  the  ellipse  has 
its  center  at  the  origin,  ia  symmetrical  with  respect  to  both  coordinate 
axes,  and  baa  its  major  axis,  equal  to  2a,  along  the  z-axis,  its  equation  is 

4  +  ^-1  (27) 

Id  the  ellipse  represented  by  equation  (27)  the  minor  axis  is  equal  to  2&. 


Fig.  9. 


In  the  ellipee  (27),  the  distance  from  the  center  to  the  focus  is  equal  to  Vo'  — 

V  o'  —  ft*  _ 

The  eeeentrieiQ' <   — .    The   distances    from  the  fod  to  a  pcnnt  Pi  = 

a 

Vi)  on  the  curve  are  equal  to  a  ±  «ri.  These  distances  are  called  the  focal  radii 
of  the  cUipee  to  the  point  Pi.  It  Is  evident  that  the  sum  of  the  focal  radii  to  any 
point  Pi  of  an  eOipae  is  equal  to  2a,  the  major  axis  of  the  curve.  The  ellipse  having 
its  major  axis,  equal  to  2a,  along  the  y-axis  and  ita  minor  axis  equal  to  2b,  along  the 
z-axis  baa  the  equation  ^  ^ 

6»  ^  a" 

If  the  focal  radii  be  drawn  to  any  point  on  an  ellipse,  and  tangent  and 
normal  be  drawn  to  the  ellipse  at  this  point,  the  tangent  and  normal  bisect, 
respectively,  the  exterior  and  interior  angles  formed  by  the  focal  radii. 
This  property  makes  it  possible  to  construct  the  tangent  and  normal  at  any 

A  tangent  to  the  ellipse      +       =  1  at  the  point 


point  on  an  ellipse. 
Pi  =  {n,  in)  has  the  equation 


a* 


6* 


a«  b' 
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The  HyperboU.  The  hyperbola  which  haa  its  center  at  the  origjn,  is 
symmetrical  with  respect  to  both  axes,  and  has  ita  transverse  axis  equal  to 
2a,  along  the  s-azis,  has  for  its  equation 

^r-TT-'  <«» 

In  the  hypwbola  Tm>raaentod  Iqr  equation  (28),  6  is  the  real  coefficient  of 
the  ima^nary  intercept  of  the  curve  on  the  y-eaiB,  and  2b  taken  along  the 

IHuds  is  caUed  the  conjugate  axis.   

IB  hyiMriMla  CtB).  tfat  dkUnea  from  Urn  eantar  to  Hm  Umm  U  eqiisl  to  Vo*  +  f 

and  the  Momtridty  <  -  V  The  (ocal        of  hyperboU  (28)  are  equal  to 

a 

±  «.  ThtMh  fa  the  eaae  of  the  hyperbola,  the  diUmnee  of  the  focal  radii  drawn 
to  the  pofat  Pi  b  equal  to  2^  the  tranavana  nia. 

6.  ProlMbaUr  of  Smn 

jlrithmatic  Mean.  Observations  or  measurements  of  any  magnitude 
differ  more  or  leas  among  themaelves.  When  ail  known  Bounsee  of  error 
have  been  eliminated  and  all  obeervations  made  with  the  same  care,  one 
result  cannot  be  accepted  aa  more  accurate  than  the  othera.  In  such  caaee 
the  arithmetical  mean  of  all  obacrvations  is  taken  as  the  most  probable 
value  of  the  magnitude.  If  x  is  an  observed  value,  and  n,  the  number  of 
observations;  a,  the  arithmetical  mean,  ia  given  by  the  expression, 

 (ij 

n  It 

Weighted  Mean.  The  circumstanoes  under  which  the  obeervations  are 
taken  may  cause  some  of  the  results  to  be  more  truatworthy  than  others. 
For  example,  suppose  that  two  measurements,  xi  and  xt,  of  a  magnitude  are 
taken,  and  suppose  that  2:1,  for  some  reason,  is  likely  to  be  more  accurate 
than  Xt;  then  zi  could  be  given  more  weight  in  the  mean  than  xt  by  adding 
it  twice,  say.    In  this  case  the  mean,  a,  would  become 

2xt  +x» 

If  the  different  observed  values  are  n,  xt,  .  .  .  and  the  w«^ts  are 
pi,  pi,  .  .  .  rsqtectively,  the  weighted  mean.  A,  has  the  value, 

ji  _  Pt'^i  +Pin  +  .  .  ■   _  Z  px 
jn  +  Pi  +  .  .  .     "  2p 

Reddnals.  It  the  arithmetical  mean  is  found  by  equation  (1)  and  each 
observed  value  is  aubetracted  from  the  moan,  the  difference  is  called  the 
residual.  The  residuals  are  taken  to  bo  the  erron  of  observation,  but 
they  differ  from  the  true  errors  of  observation  by  as  much  as  the  mean 
differs  from  the  actual  value  of  the  magnitude  observed.  If  the  residuals 
are  large,  it  is  evident  that  there  is  more  doubt  as  to  the  accuracy  of  the  mean 
than  if  the  residuals  are  sm^i.  Lilwwise,  if  only  a  few  observations  are 
taken,  the  accuracy  of  the  mean  ia  not  so  great  aa  it  would  have  been  if 
a  long  series  of  observationa  had  been  taken.  It  should  be  possible,  thore- 
f<we,  conndering  the  magnitude  of  the  raalduala  as  well  as  the  numbei'  of 
obeervations  taken,  to  detemdne  by  how  great  a  PHonaBU  beboh  the  mean 
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Tftlue  is  likely  to  be  affected.  This  detemunatioii  has  been  made  by  the 
MBTHOD  or  LB&8T  SQUABDS,  whicb  IS  based  OD  the  matheoiatical  theory  of 
imbability.  If  the  probable  error  is  defined  to  be  a  quantity  such  that  the 
error  of  tin  mean  is  more  likely  to  be  smaller  than  this  quantity  rather  than 
greater,  then  the  probable  error  of  the  mean  of  n  observations  is  i^vui  by 
the  oxpreesiiHi 


B  -  0.6745 


\  n  (»  -  1) 


where  2  is  the  sum  of  the  squares  of  the  residuals, 
of  any  one  of  the  n  observations  is 


 (3) 

The  probable  error 


Ba  =-  0.6745 


(3) 


From  equations  (2)  and  (3)  it  can  be  seen  that  the  probable  error  of  the  mean 
tslessthanthatof  any  observation  in  the  ratio  1  :  Vn- 

ProbaUe  Bcror  of  Weighted  Mean.  If  pi,  pt  .  .  .  are  tJie  weights  to  be 
sttaebed  to  the  observed  rallies  zi,  xi,  .  .  .  ,  then  dw  iwobable  error  of  the 
weighted  mean  is 


B  -  0.674& 

where  v  ia  one  of  the  reaiduala. 
whose  weight  is  unity  is 


pit' 


The  probable  error  of  an  observation 


A  -  0.6745 


1  2pg' 


If]it''2>s"...-^1,  itb  evidmt  Uiat  equations  (4)  and  (5)  reduce 
reqpectively  to  equations  (2)  and  (3). 

bample  1-  The  foUowinj  aacte  of  olMrvatfaiM  was  tahan  in  which  all  tbs  rwulta 
wars  — *  of  eqnid  wri^t. 


ObsH  »eJ.  valiMs 

1 

3.68 

-  0.48 

0.1849 

3.11 

-  1.00 

1.0000 

4.7$ 

+  0.65 

0.4226 

2.75 

-  1.86 

1.8496 

4.15 

+  0.04 

0.0016 

6.08 

+  0.97 

0.9409 

2.» 

-  1.16 

1.8466 

6.86 

+  2.24 

6.0176 

S.78 

-  o.ss 

0.1089 

4.49 

+  0.18 

0.1444 

10(41.10 

Z«*">11.0160 

•  -4.U 

Z  f*  11.Q1C0 


1.224 


•  V^ ...... 


■  -  1  8 

.'.  S9  -  0.874S  X  1'106  -  &T4A,  probaUs  WTer  of  one  ebsenraUen. 
0iT4« 


V  10 


—  0.286,  probable  error  of  mmn. 
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Exsmpla  2.  Suppooe  tte  obn  <i»tloiu  ia  Baunpla  1  h«v«  Om  wrfcliti  iwlpMiil  in 
Uw  following  table: 


p 

Oboerved  value 

V 

2 

8. 68 

—0.43 

0 , 1849 

0 . 3698 

1 

8.11 

-1.00 

1.0000 

1.0000 

1 

4.76 

+0.66 

0.4226 

0.4226 

1 

2.76 

-1.36 

1.8496 

1.8498 

S 

4.16 

+0.04 

0.0016 

0,0048 

1 

6.08 

+0.97 

0.9409 

0.9409 

1 

2.96 

-1.16 

1.3456 

1.3456 

1 

«.a6 

+2.24 

5.0176 

6.0176 

3 

3.78 

-0.33 

0.1089 

0.3267 

2 

4.49 

+0.88 

0.1444 

0.2888 

Zp-lS 

10  [41.10 

2p^^ll.S668 

11.5663 


1.134 


.*■  Eo  ~  0.6746  X  1-134  —  0.7649,  prob&ble  error  of  an  obnervatioa  whoae  wal^t 

ia  unity. 

£d  0.7649 

—  -  0.1912,  probable  error  of  the  minted 


E  - 


7.  Ap^katioiui  of  Calculus 


Eij^ieit  and  bvUdt  Ftmctiona.   Id  differential  calculus  one  variable  is 

an  explicit  function  of  another  when  the  fimcUoQ  is  solved  for  the  first 
variable  in  terms  of  the  second.  Id  the  czpressioa  y=^  —  x  +  l,  yia 
an  explicit  function  of  x.  One  variable  is  an  implicit  function  of  anotber 
when  the  function  is  solved  for  neither  variable.  For  example,  in  the 
equation  x*  +  =  25,  y  is  an  implicit  function  of  x.  In  this  expresaioD, 
X  is  also  an  implicit  function  of  y.  The  elementary  rules  for  differentiating 
explicit  functions  are  assumed  to  be  known.  A  aecond  derivative  is  ob- 
tained by  differentiating  a  first  derivative,  a  third,  by  differentiating  a 
aecond,  and  ao  on. 

Differentiating  Implicit  Punctiena.    Suppose  there  is  ^ven  /  {x,  y)  •=  O. 

Sometimes  in  such  a  function,  when  it  is  desired  to  obtain  ^  it  ia  difficult  or 

az 

impossible  to  solve  the  expression  for  cither  variable.    Then  it  is  important 
to  be  able  to  differentiate  an  imph'cit  function.    The  method  of  procedure 
used  in  finding  a  first  and  second  derivaUve  of  an  implicit  function  will  be 
shown  by  a  simple  example. 
Given  the  function  6>z* +a*v*  ^  a>b>. 

du      „     „  dy  b*x 


264  +  2a*y  -r 

ox 


0.    Henea,  ~-  -  — 


dy 


dx 


DifTerentiatlni  term 


by  term  gtym 


IMfferentiatlng  onee  more,  -r~ 


.  61-64;  .  o'  — 
 ^ 

a*  V* 

&>V  -  6"^  (  -  — ^ 


dw 

aubedtute  vrnhM  of  —r- 

dx 


tram  (1). 


Then 


dx* 


from  the  function  lAfl  +  aV  ~  a*6'. 


6*  (hhfl  +  oV) 
aV 


aV 


aV 
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dy 

Geometric  Znterpretation  of  DerivetlTe.   The  derivative  —  represents 

ax 

the  slope  of  the  tangent  at  a  point  P  on  the  curve  y     f  (x).     Let  ~  bo 

dz 

the  value  of      at  f  j  =  (xi,  j/i).    For  example,  in  x*  +  a*  «  25,  —  =  — 
dx  dx  y 

Let  P.^(3. -4).  Theo^  =  r-— 1  -  - -i- -  i--  Sinoem- 

dxt     L     vJ«-a  -4  4 

f--4 

<fm  1 

~-  B  dope  of  tangmit  at  Pi,  the  slope  of  the  nmnal  —  ■  — ~. 

dxi  m  dyi 

The  equation  of  the  taitqkht  at  A  is  then  v  —  ]a         (2  —  n)-  The 

dxt 

eqoaUon  of  the  mobmal  at  the  same  point  is  y  —  j/i^  — ^  (x  — m). 

dyi 

Length  of  bubmobical  at     -  vi         Length  of  subtanobnt  at  Pi  «  vi 

dxi   dyi 

Lenctli  of  tahgkmt  at  A  —  ]/i •    Length  of  muwAL  at  Pi 

Parunetric  Bqoations.  SometimoB  a  curve  ia  represented  by  two  equa- 
tions y  ~  /  (Oi  '  ~  ^  (0  (2)  instead  of  by  one  equation  y  "fix)  (3). 
This  is  espeoially  true  in  pioblenis  of  motion.  Equations  (2)  are  called 
PABAUmo  BQVATioim  and  (  is  called  the  pahahvtbr.  See  (6),  (20), 
(28a>  and  (30). 

Maxima  and  Minima.  In  many  practical  problems  it  is  neoeseaiy  to 
deal  with  functions  that  have  a  maximum  or  minimum  value,  and  it  be- 
comes desirable  to  find  the  value  of  the  variable  that  produces  such  a 
maximum  or  minimum  value  in  the  function.  The  conditions  that  must 
be  satisfied  in  order  that  a  function  y  "  /(z)  may  have  a  maximum  or  min- 

imom  value  are,  first,  that      »  0  or  00,  and  second,  that  ^  change  sign 
ax  ax 

dy 

at  the  maximum  or  miTitniiiiii  pmnt>   At  a  imMifnnni  point,  -r-  changes  sign 

ax 

imta  +  to  —  as  die  point  moves  along  the  curve  from  l^t  to  rig^t.   At  a 

■ninimum,  ^  changes  sign  from  —  to  +•  Hence,  fer  the  ease  where  ^  »  0, 
ax  dx 

in  order  to  obtain  the  values  of  the  variable  for  which  the  function  has  a 

mawiwiOTtn  or  minimu'T  value,  the  first  derivative  of  the  function  is  plarad 

equal  to  sero  and  the  resulting  equation  is  solved.    The  values  of  the 

variable  obtained  from  this  solution  are  called  its  critical  values.    The  next 

step  is  to  test  the  first  derivative,  using  one  critical  value  at  a  time,  first  with 

a  value  of  the  variable  a  little  less  than  the  critical  value,  then  with  a  value  a 

little  greater  than  the  critical  value.    If  the  first  derivative  changes  sign 

from  +  to  — .  the  function  has  a  maximum  for  Uiat  value  of  the  variable. 

If  it  changes  ngn  from  —  to  +,  the  funcUon  has  a  minimum  for  that  value 

of  the  variable.    If  the  derivative  does  not  change  cngn.  the  function  has 

neither  a  maximum  nor  a  ndnfamim  at  the  point  considMred. 
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To  find  oritieal  valua,  pUee  i*Oe  —Zj  0.  This  glv«a  x 
oiticil  values.   Tait  first  derivattve  lor  aadi  etitiatl  value. 


^  +  l)i  Mlvt  lor  msibinim  and  mdnlmiim  nlw. 

8x(c  -2). 

0  or  2,  which  are  Uw 


g  -  (»  -  2)1  +  2(»  +  1)  («  -  2) 


z  -  0 


dx 


the  I 


s-2 


dw 
dx 

i>2^ia  + 


-•-  *  -  2, 
the  mln. 


BymlMtttatinc*  -  Oaada:  «  2  In  the  fuiwtloB  It  Is  found  that  *  -4.  y  -  0am  the 
valuM  of  the  funetloD  at  the  maxtanum  and  minimam  pointa  respectively.    For  a 
dy 

treatment  (A  the  caae  where  ^  "  ^      *  BiaxliDum  or  minim  urn  point,  no  (•}, 
(28a)  and  (8^. 

Given  y  —  f{x),  to  obtain  dy  it  a  Htnply  neceasary  to  find  ~-  and  to 

ax 

multiply  this  expression  by  dx. 

Points  of  Inflection.  A  point  of  inflection  aepaitetea  an  arc  of  a  curve 
that  is  concave  upward  from  an  arc  that  is  concave  downward.   At  a 

d*u 

point  of  inflection  of  vfix),  0  Mid  changes  sign  at  that  point. 

ox* 

See  (6).  (20).  (2Sa)  and  (39). 

Rates.  Let  y  —  f{x)  be  conndered  as  a  curve  generated  by  a  movinB 
point.  Then  x  and  y  can  be  regarded  as  functions  of  tlw  time.  The  method 
of  solution  employed  in  problems  involving  rates  can  best  be  illustrated 
by  examples. 

Bxamphi  1.   In  the  function  y  -  2x*  +  6,  what  ia  the  value  of  x  at  the  p<rint  where 

ybMnaaasMtfaBMastutMxT  y  *  Sae*  +  6, -  ^  ^  -  Sz*  ^;  but,  it  Is  givoB 

at     ax  at  at 

Am        dx  dx  dE 

t^^-64~;  he&eeM^-«^^or9 -a^aadx  -  ±8. 

dl        dl  dl  dl 

^^"■r'*  2.  A  eireular  idate  of  metal  eziianda  by  heat  ao  that  Its  radius  ineraaaea 
unUonn^  at  the  rate  of  0,01  la  per  see.   At  what  rate  is  the  awfaee  Inrr— sing  WtMa 


G 


the  radius  ia  2  In  7    Let  x  • 


'  radius,  y-  area;  then  y-  «x>aad  -r-— 

dl 


dx  dx 
2  wx but  —  —  COl  in  when  x 
dt  dt 

^  -  2ir  X  2  X  0.01  -  OMm  aq  In  per  see. 


2;  Mibslitutfaig  above,  givws 


Fil.  11.         Cnmtore  and  Radius  of  Cnmtara.  The  rate  of  change  of 
direction  of  the  tangent  to  a  curve  as  the  point  of  tangency 
describes  the  curve  is  called  curvature,  and  is  denoted  hy  K.   In  the  circle 

K     — .    That  is,  the  curvature  of  a  circle  is  constant  and  equal  to  the  re- 
n 

ciprocal  of  the  radius.  Since  the  radius  of  curvature  of  a  curve  at  a  given 
point  is  deflned  to  be  the  radius  of  the  circle  having  the  same  curvature  as 
the  curve  at  that  point,  the  value  of  the  radius  of  curvature  R  of  any 
curve  in  rectangular  coordinates  at  any  point  is  (riven  hy  the  expression 

K  d*v 


dx* 
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Taylor's  and  Haclauiin'i  Formulas.  If  f{a)  equala  the  vahw  of  f{x) 
wheo  o  is  substituted  for  X,  and         1.2.3  .  .  .  n,  then 

/W  -  m  +  ^r(a)  +  ^^^/'(o)  +  ^^^V"(a)  +  .  .  .  .  (2> 

is  the  form  of  Taylor's  formula  that  is  uasd  to  expand  a  funoticm  Of  one 
varisble,  say  x,  into  s  series  in  the  powers  of  2  —  a. 

^i™"p'»    Espand  /(x)  -  8x*  -  2k  +  1  in  powara  of  x  —  1: 
/(*)-««»-  2»  +  1  /(I)  -  a 

rw-to  -z  ni)-* 
-  8  rw  -  « 

r-w  -  0  r'(i)  -  ot 

SnbadtntiDg  In  (2)  |Ith, 

/(I)  -2+4&  -1)  -2+4(»  -1)  +8(* 

If  a  +  X  is  nbstitated  for  x  in  (2),  the  aeries  takes  the  fonn. 

Aa  +«)  -/to)  +^-^'(«>  + 

Series  (S)  is  used  to  e:q>and  a  function  of  the  sum  of  two  quantttleB  into  a 
series  tntweeding  aceording  to  the  powers  of  one  of  iba  quantities. 

In  (3),  if  sero  is  substituted  for  a,  the  special  form  of  Taylor's  formula 
is  obtained  whioh  is  called  Madaurin's  formula.   This  formula  is 

A*)  -/(O)  +^^(«  +-^/'(0)  +^/"'(0)  +   (4) 

Series  (4}  is  used  to  expand  a  function  of  one  variable  into  a  series,  iwooeedinK 
acecmlit^  to  the  powers  of  that  variable. 

Iidegnition  o<  Alcebraic  functions.  The  int^ration  fwmula,  which  Is 
one  of  the  mmpleet  and  at  thesame  time  one  of  those  most  ussd  by  en- 
gineers, is  the  f(41owing 

""-^i*"  

In  equation  (5)  C  is  the  constant  of  intaKration.   This  formula  is  valid 

dv 

all  Taloee  of  n  except  tC  -  —  1.  Ifn  —  —  1,*"  dt  becomes —  and  the  for' 

s 

mnla  becomes  I  —  ~  log  s  +  O 
Bssmplel.   J**^^*.   H^n  >  -  s,  a  -  S,  .*.   J*z>  dx  -  H     +  C. 
EzampteZ.   J't^ds.    Hwsf  -x,s-  H,  '•  J**^  "  ^+^"7*^+ 
Exampte  8    J*(Sz*  -  Is  +  t)~*  (Sz  -  2)  dc.      In  thia  cue  a  !■  a  polynomial 

lz(  —  S--2,  and  dv  *  fix  -  4.   To  tnske  <Sx  -  2)dx  -  dv  it  is  necas- 

Miy  to  Msl^ily  by  Z.  Sttiea  the  value  of  the  asprsarioo  to  ba  fBtsfntad  muat  not 
be  danced.  If  It  k  muhlidM  by  S  It  muat  slao  be  divided  l>y  2.    Henee  the  integral 

mJ'(Ss*~4x+1)~*(6x  -  4)  ds  iAMi  on  IntegTation  la  equal  to 

_i  (ax'-4.+  i>-i   i_  _  ■ 

S  -1  ^  2  0*«  -4x+l>  ■ 
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4.  ^— — dx  an  dhrbUnt  the  muiMratar  by  tlw  danoot- 
l&fttor  becomw 

(i»  -  43;  h  z~*)  dr  whieh  equals  on  lnt«i7mtion   r  SlotX  + 


-  H**-23fl-eU>gx~x-t-+C. 


For  th«  intasnli  of  other  elgebnie  funeUMi^  a  table  odnteinle  (41)  ihould  be 
eonaultad. 

Iiittsimtlo&  of  Trixoaometilc  Fnnctloiis.  In  fiudiog  areas  where  certain 
aubstitutionB  arc  used,  the  following  types  of  integrak  ra8ult,^8in>  x  dx  or 


coB^xdx.     iDtegration  of  these  oxpresaiotis  can  be  performed  by  the 

use  of  the  aubstitutiona  sin'x  =  H(l  ~  ww  2j-).  cos»x  +  cos  2x), 

It  should  be  remembered  in  finding  the  integrals  of  trigonometric  functions 
by  means  of  formulas,  iuvolviug  the  angle  v,  that  dv  is  the  differential  of 
the  angle,  whatever  the  angle  is. 

Emnida.    Given  J^eos  *  d*  =■  Mn  ■  +  C.       Find  2z  dz.     Hare  w  ^  2x, 

beoee  de 2dx,      Jvm  2xdx  -  H^vm  2x  ■  2dx  -     ain  2z  +  C. 
For  otlMT  trlgananietilc  fonu^  the  use  of  a  table  of  iategraie  (41)  la  advtMd. 
Constant  of  brtapvOon.    Since  (f -  2  a:.  xdx  -  z>;  (!(«>  -  3) 

-  2*.   Jzxdx  =^  X'  -  3;  d(x*  +  C)  =  2x.     J'2  xdx  »  x»  +  C.  The 

differentiation  of  the  result  of  any  integration  must  give  the  exprmioo  at 
the  Tight  of  the  integral  sign.  Since  the  derivative  of  any  constant  is 
equal  to  lero,  the  existence  of  a  constant  in  the  result  of  every  integration 
must  be  assumed.  This  constant  is  called  the  constajit  of  integration. 
In  any  practical  problem,  the  viUue  of  the  constant  of  integration  must  be 
determioed  before  the  rraults  of  integration  may  be  used.  When  the  in- 
tegration is  performed  between  limits,  the  constant  disappears  thru  the 
operation  of  subtraction. 
Exampie  1.   Find  the  area  between  the  curve  y  -  x',  the  z-exie,  and  the  two 

ordlnatee  x  -  2  and  x  -  8.   A  -  J*!"!**   Hera  ^  '  ^        ""^  r  ~  >*•  Hanea 

i4  z*dx»  1^  Hx*  +  cj  .    To  find  the  value  of  the  catt»wion  in  the  bracket 

eubetituU  in  it  aueoearively  x  -  8  end  x  -  2  end  subtract  tbe  latter  reault  from  the 

fOnnar.   Tbfa  opetatioa  ginb  A  -  [  K  * «  +  C  ]  -       ■  ie+ c]  -  ^  -  "  -  ^■ 

Examidfl  2.  Another  method  of  eliminating  the  eonstaat  ia  to  determine  ita  valuo 
by  making  use  of  initial  condition!  ipven  fn  the  problem.  Suppoee  a  t>ody  is  moving 
In  ipaee  acted  upon  by  a  eonstaot  aebderatton  equal  to  g.  Alao  suppoee  that  when 
tbe  time  (  -  0,  the  dietaoee  paaaad  ever  t  -  a,  end  the  velodQr  »  -  6.  Find  th« 
nlatloa  betweeo  e  and  I. 

Aeerfantlon  -  —mg.  Integratfaii,  ewgl+et.  Butp«k  whan  1-0.  Heaee, 
»"0+<i.thiitla,«i -5.  .'.  ff  - ^  > 9f  +  »  and  Iatq(r«tbi;  ««Md, a  -     |(*  + 
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U  +  A.  But  ■  -  a  when  I  >  0.  Hmim^  O+O+0iorcii«8.  .'.  i  m  y^gp  + 
bt  +  a,  the  rdsdon  required. 

Areas.  In  rectangular  coordinates  the  area  between  a  curve,  two  or^ 
dinatea  x=  a  and  x'^  b,  and  the  x-axis  is  ezpresaed  by  the  definite  int^ral 

A  »  I   ydx.    In  order  to  find  the  value  of  thU  integral,  it  is  neceBsary  to 
a 

substitute  for  y  its  equivalent  in  x  obtained  from  the  equation  of  the  curve. 
An  example  illustrating  this  ptooeos  has  been  given  in  the  disousBion  of  the 
constant  of  integration. 

HBCHAinCS 

Mechamca  is  the  science  which  treats  of  the  fundamental  relations  between 
force,  mass,  space  and  time.  The  three  important  systems  of  units  which 
are  luied  in  the  measurement  of  tiiese  quanUties  may  be  tabulntod  as  fol- 
lows: 


Force 

Space 

Time 

pound 
poundal 

se»-pound 

pound 

grmune 

foot 
foot 

centimeter 

second 
■eoond 
second 

8.  Force 

Dttflnilioiu.  An  acUon,  in  the  nature  of  a  push  or  a  puU.  exerted  by  one 
material  body  upon  another,  is  called  a  force  and  a  mmilar  action  between 
parts,  or  particles,  of  the  same  body  is  called  a  stress.  These  actions  are 
actu^y  distributed  over  an  area,  but  a  force  is  usually  treated  as  tho  it 
were  CDUoentrat«d  at  a  point,  called  the  point  of  application,  and  acted 
in  a  line,  called  the  line  of  action.  A  force  is  completely  specified  when  its 
magnitude,  action  line  and  direction  are  given,  and  it  may  be  graphically 
represented  by  a  directed  line,  called  the  pobcb  vkctoh,  whose  length,  to 
some  chosen  scale,  represents  the  magnitude  of  tho  force.  Any  point  in 
the  action  tine  may  be  assumed  to  be  the  point  of  application  without  any 
change  in  the  effect  produced  by  the  force.  The  force  of  attraction  between 
any  material  body  and  the  earth  is  called  the  weioht  of  the  body,  while 
the  wei^t  per  unit  volume  is  called  the  heaviness.  The  weij^t  of  a 
pound  mass  is  taken  as  the  unit  of  force  in  the  English  engineer's  system 
of  units  and  is  called  the  pound's  weight  or,  more  commonly,  simply  a 
pound,  but  it  is  necessary  in  equational  relatione  to  distinguish  carefully 
between  the  pound  mass  and  the  pound's  weight. 

The  Moment  of  m  Force,  with  respect  to  a  point,  is  a  name  given  to  the 
product  of  the  magnitude  of  the  force  and  the  perpendicular  distance  from 
the  pmnt  to  the  action  line  of  the  force.  The  name  codplb  is  given  to  two 
equal,  parallel  forces,  oppositely  directed,  and  the  product  of  either  force 
and  the  perpendicular  distance  between  their  action  lines  is  called  the 
HOHEirr  of  the  couple,  since  it  represents  the  aggregate  moment  of  the  two 
forces  with  respect  to  any  point  in  their  plane.  A  couple  may  be  moved 
anywhere  in  its  own  plane,  or  into  any  parallel  plane,  without  changing 
its  effect,  and  it  may  be  graphically  represented  by  a  directed  line,  perpen- 
dicular to  the  plane  of  the  couple,  which  points  in  the  direction  from  which 
the  eonple  must  be  viewed  to  appear  positive,  and  whose  length  represents 
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the  magnitude  of  the  couple  momeat.  A  counter-clockwise  moment  is 
usually  considered  positive  and  a  clockwise  moment  negative,  except  in  the 
discussion  of  bending  moments  where  the  opposite  convention  ia 
advantageous. 

Force  Systems.  A  number  of  forces  acting  simultaneously  on  a  body 
constitute  a  vdbcb  btstbk,  and  the  single  force,  or  couple,  iriiioh  would 
produce  the  same  effect  is  called  the  sasni.'u.HTof  the  system.  IftiieforeeB 
of  a  system  have  a  common  action  line,  the  system  is  said  to  be  colunbab 
and  if  the  action  lines  intersect  in  a  common  point,  the  system  is  said  to  be 
concurrbnt;  otherwise  it  ia  a  parallel  or  a  nonconcurrent  system.  If 
the  action  lines  are  confined  to  the  same  plane,  the  system  is  called  a  plane  or 
COPLANAR  system;  if  not,  it  is  called  a  space  systfim.  It  is  a  physical  axiom, 
that  the  resultant  of  two  concurrent  forces  is  the  single  force  which  may  be 
represented,  in  magnitude  and  direction,  by  the  diagonal  of  the  parallelo- 
gram whose  adjacent  sides  represent  the  given  forces,  and  it  is  easily  proved 
that  tiw  moment  of  this  resultant,  with  respeet 
to  any  point  in  the  plane  of  the  forces,  is  equal 
to  ihb  algebraic  sum  of  the  moments  of  the  gtven 
forces  with  respect  to  the  same  point.  Stated  in 
algebraic  form,  the  graphic  relations,  shown  in 
Fig.  12,  are;  B  -  VPi'  +  Pt»  +  2  Pi  Picoed' 
sin  tt  -  Pi  sin  e  /  fl,  Rr  -  Pi  pj  +  /»,  pj.  For 
the  special  case  of  9  «  00°,  Fig.  13,  P,  -  5  cos 
a  and  Py  -  A  sin  a,  where  Pi  and  Py  are  the 

so  called  BBCTAiraULAB  COHPOMBNTS  Of  B. 

If  a  force  Is  replaced  by  its  two  ttetangular 
components,  one  of  which  is  parallel  to  a  givea 
axis  and  the  other  in  a  plane  perpendicular  to 
it,  the  product  of  the  perpendicular  component, 
and  the  perpendicular  distance  between  its  action 
line  and  the  axis,  is  called  the  houbnt  of  the 
given  force  with  respect  to  that  axis.  By  the 
application  and  extension  of  these  fundamental 
relations  for  two  eoaeurrent  forces,  any  given  system  of  forces  may  be  reduced 
to  its  simplest  equivalent,  in  general  to  a  single  force  and  a  coiQ)le,  and  the 
conditions  determined  under  which  these  resultuits  may  have  a  aaro  value. 
The  equations  for  determining  the  resultants  of  the  difFerent  ayBtams  of 
forces  and  also  the  equations  of  equilibrium,  may  be  listed  as  follows: 

Table  L — Equattoni  for  I>etermloing  Resoltsnt.  Equilibrium  E^uatloos 


Flsne  SyMem 

4»sos  System 

Flans 

Spses 

PsrsM  

Cooeumnt... 

R-ZP 
R-ZP 

R-ZP 

»-2(P*)/K 

V,~XiP,)/B 

ZP-0 

rp-0 
rCPF)  -0 

2P^-0 
IP,-0 

ZP-O 
X(Px)  -0 
z(Pv)  -0 

ZP,-0 
ZP_-0 
ZP,-0 

Rm-\lxP*+XP* 
tin  a,  ^ZPy/ZP^ 

R  -  V  ZP^»  +SP  »  -t-2P,« 
MMat-2P«/R 
MSft-2P-/A 
eom  ffXP^/R 

D>qiti;e<J  Oy 
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Tabia  I. — Eqtuttioat  for  DetermimB^  SenlUnt.  EqniUbrltna  BqtutioH 

iContinwd) 


Plane  System 

flpta  Syitam 

Vim 

SpMt 

ZP.-O 
ZP_-0 

at 

ZP.-O 

z^-o 

- 

H  m  V  2P  *  +  2P  • 

taii«,-SP,/ZP, 
p  "Zip  x~Pj,)/R 
V^^zif ^iifZP, 
xt'ZCP^x)/ZP 

R^^ZP  *+ZP  *+ZP  * 

m^t-ZP  /R 
0Myi-2P,/ii 
M,-ZtP,t-P,») 
M  -2(P  ae-Pj,  t) 
Iff^-ZiP^V-PyT) 

I 

Expii&MATiON  or  Notation.  With  reference  to  any  cboMu  set  of  axes, 
a,  P  and  y  are  the  angles  between  the  action  line  of  any  force,  P,  and  tlM 
X.  Y  and  Z  axes  respectively,  while  x,  y  and  s  are  the  coOrdinatee  of  any 
point  on  the  action  line,  the  asemned  point  of  application.  These  same 
letters,  with  a  lero  nibsoript,  refer  similariy  to  the  resultant,  R,  and  the 
perpendicular  distance  from  the  origin  to  the  action  line  of  the  resultant 
is  repreaented  byr.  Pm  "  Pcoaa,  Py  ^  Peoa  fi  and  i*,  ~  p  cos  y  an 
the  rectangular  eomponoits  parallel  to  the  reepectivfl  axes,  while  M«, 
ify  and  M,,  the  aggr^ta  moments  of  the  foroe  system  with  respect  to  Uw 
X,  Y  and  Z  axes,  are  equivalent  to  three  couples 
whose  planes  of  action  are  perpendicular  to  the  re- 
spective axes.  Theae  three  couples  may  be  replaced 
by  a  ain^e  couple,  M,  whose  plane  of  action  is  per- 
peodteular  to  a  line  which  makes  the  angles  oe.  0t 
and  Ye  with  the  X,  y  and  Z  axes.  Any  plane 
qratem  is  aasomed  to  net  in  the  X  Y  plane,  and 
■ineo  s  and  fi  are  tlien  eomplenientary  an^es,  the 
COS  fi  may  be  replaced  by  sin  cl  In  a  plane  parallel 
^stem  the  X  axis,  and  in  a  space  paralld  system 
the  Z  ads,  ia  aaeumed  to  have  the  same  direction  as 
the  fcrcea. 

OuPHic  Mrrods.  In  Fig.  14,  let  Pi,  Px,  Pt, 
Pfc  repreeent  the  forces  of  any  given  plane  system. 
Draw  the  rosea  poltook  (see  Fig.  15),  ABODE 
witik  rides  reapeotivsly  par^lel  and  proportional  to 
the  giTen  forees.  The  cloeing  side  EA,  reversed  in 
dtreetion,  represents  the  magnitude  and  direction 
of  the  resultant  of  the  givea  system.  To  locate  its 
action  line,  take  any  convenient  pou,  as  0,  and 
coonect  it  with  the  pointa  A,  B,  C.  D,  E  by  the 
BATS  OA,  OB.  OC,  OD  and  OE.  Then,  in  Fig.  14, 
dnw  the  sruNOS  oa,  ob,  oe,  od,  oe,  panllel  to  the  corresponding  rays,  making 
consecutive  strings  intersect  in  the  action  tine  of  the  force  to  whose  vector 
eztnmitiM  the  oorrespi^uling  rays  were  drawn.   The  intersection  of  the 
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Btrinica  oa  and  oe  determinea  a  point  in  the  action  line  of  the  resultant  force, 
which  may  now  be  drawn  thru  this  point,  parallel  to  the  direction  previously 
determined.  If  the  fore*  polygon  rioses,  that  is  if  the  ["(iiits  A  and  K 
coincide,  the  system  is  a  balanced  syslem,  uiilesa  the  slrinKi^  oa  and  nc 
are  parallel  instead  of  coincident,  in  which  case  the  resultant  of  the  kiv-cii 
system  u  a  couple,  with  a  force  represented  by  the  ray  OA  and  on  arm 
equal  to  the  perpendicular  distance  between  the  striags  oa  and  oe.  If  a 
system  of  forces  in  space  is  projected  on  each  of  the  three  coordinate  planes, 
the  resultants  of  the  three  plane  systems  bo  formed  arc  the  projections  of  the 
resultant  of  the  space  system.  It  should  be  seen  that  the  ra}'^  drawn  to 
the  extremities  of  any  force  vector  represent  possible  component  forces 
by  which  that  force  may  be  replaced,  and  that  the  correspondiug  strings 
in  the  STBiNQ  POLYOON  are  the  chosen  action  lines  of  these  components. 

Friction  is  a  name  given  to  the  component  force,  tangent  to  the  surfaces 
of  contact  of  two  bodies,  which  tends  to  oppose  or  prevent  their  relative 
sliding  motion.  This  force  may  have  any  value  between  zero  and  a  max- 
imum value,  called  the  uuitino  fiuction  which  exists  when  slippiDS 
takes  place,  or  is  impending.  The  fundamental  law  of  friction  is,  that  for 
any  given  pair  of  surfaces,  the  ratio  of  the  limiting  friction  to  the  normal 
pressure  between  the  surfaces  is  a  constant,  called  the  coefficient  op 
FRICTION  for  those  surfaces;  static,  if  slipping  is  impending;  kinetic,  if 
slipping  is  actually  taking  place.  Stated  in  symbols,  F  =  fN.  The 
coefficient  of  static  friction  is,  in  general,  slightly  larger  than  the  kinetic 
coofficieat  for  the  same  surfaceu.  The  anolb  of  fbiction  is  defined  as 
tlie  limiting  angle  which  the  resultant  reaction  makes  with  tJie  normal 
to  the  contact  surfaces,  and  the  anolb  of  repobb  is  defined  as  the  angle 
which  the  contact  surfaces  make  with  the  horizontal,  when  sliding  is  im- 
pending under  the  action  of  gravity  alone.  The  transmission  of  power 
by  means  of  rope  drives  or  belts  is  i>o8sible  because  of  the  friction  force 
between  them  and  the  pulley  surface.  The  difference  between  the  driving 
and  the  following  tension  is  equal  to  the  total  friction,  and  the  relation 
between  those  tensions  is  givon  by  Pi  =  ef",  where  Pi  is  the  driving 
and  Pt  the  following  tension,  /  is  the  coefficient  of  friction,  a  is  the  arc  of 
contact,  in  radians,  and  «  is  the  Naperiui  base. 

Rolling  Resistance.  Wfien  a  body,  of  circular  cross-section,  rolls  over 
any  surface,  the  resultant  reaction  of  the  surface  acts  at  a  point  whose 
perpendicular  distance,  ahead  of  the  radius  normal 
to  the  surface,  is  called  the  coefficient  op  rollinq 
RE8IBTANCB  and  is  represented  by  c  in  Fig.  16.  It 
should  be  carefully  noted  that  this  coefficient  is  a 
distance,  not  a  ratio,  and  is  usually  expressed  in 
inches.  Since  the  resultant  reaction  is  not  normal 
to  the  surface,  it  has  a  backward  conipuitent,  called 
the  rollinq  sbsibtancb  which  opposes  the  motion 
of  the  body.  The  force,  P,  necessary  to  overcome 
this  resistance  is  given  by  P  =  {c/r)W,  if  it  is  ap- 
plied at  the  center,  and  by  P  =  {c/d)W  if  it  is 
Fl|c.  16  applied  at  the  top.    When  a  roller  acts  between 

two  surfaces,  so  that  there  is  a  rolling  resistance 
both  above  and  below  the  roller,  the  force  which  must  he  applied  at  the 
upper  surface,  to  maintain  a  uniform  motion,  is  given  by  P  »  (n+ci)TF/d, 
where  ci  and  ct  are  the  respective  coefficients  of  roUing  reostaoce  for  the 
two  surfaces. 
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9.  Ganitf  and  Inertia  Knt^rala 

Center  <tf  GravitT*  The  attraction  of  the  earth  for  the  different  particles 
iif  a  tDBterial  body  fomiB  a  system  of  forces  in  spare  whivh  closely  approxi- 
mates to  a  parallel  system,  and  the  point  thru  which  the  resultant  of  this 
system  always  paeiies,  no  matter  how  the  body  may  he  turned,  is  called 
ihe  center  of  grarity.  If  the  body  is  homogeneous  this  point  coincides 
with  the  cBNTRoiD,  which  may  be  defined  as  the  point  whose  coordinates 
are  the  means  of  the  coirespoodlng  coordinates  of  all  the  points  of  a  volume, 
area  or  line.  The  coordinates  of  this  point  may  l>e  determined  by  means 
of  the  formulas,  already  listed,  for  locating  the  resultant  or  any  system  of 
parallel  forces  in  apace.  If  W,  V,  A  and  L  represent  respectively  weight, 
volume,  area  and  line, 

Wx=JidW  Wi^futtW  Wx-fidW 

VJ~  j'xdV  KS  =  fudV  Vl"  JidV 

Ax'JxdA  Ay-^ydA  As-  ^'^^ 

Lx~JxdL  Ly  -  ^udL  Lm~  JtdL 

the  Afferent  forms  being  derived  by  the  successive  cancellatioa  of  a  constant 
heavioesB,  a  constant  small  tliickneSB  and  a  constant  small  width.  The 
pTiint  so  located  is  strictly  the  center  of  gravity  of  the  body  or  the  centroid 
of  the  volume,  area  or  line,  altho  these  terms  are  frequently  used  interchange- 
ably. 

Finite  Parts.    If  a  body  can  be  imagined  to  be  divided  into  a  number  of 
finite  parts,  such  that  the  location  of  the  center  of  gravity  of  each  part 
u  1au>WD.  then  the  center  of  gravity  of  the  body  is  located  by 
_      £i  W      Sx  V      Zx  A       2j  L 
_ ' "  °  "  "  21, 

with  similar  expressions  for  y  and  z,  where  W,  V,  A  and  L  represent  re- 
spectively the  weight,  volume,  area  or  length  of  the  finite  part,  and  x,  y 
and  z  are  distances  of  the  center  of  gravity  of  the  part  from  the  chosen  axes 
or  planes  of  reference. 

lloment  of  Inertia  is  a  name  given  to  certain  type  integrals  of  the  form 

^r'dm.  or  ^t*dA,  called  respectively  the  moss  moment  of  inertia  and  the 

ares  moment  of  inertia,  where  r  is  the  perpendiculu  dirtance  from  any 
differential  mass,  or  area,  to  the  axis  with  respect  to  iriiich  the  moment  nf 
inertia  is  reckoned.  A  summation  product  of  this  type  appears  in  nrj- 
discussion  of  the  flexural  strength,  or  the  rotary  motion,  of  any  material 
Ijody,  and  its  value  must  be  known  in  order  to  complete  the  discussion. 
The  symbol  I,  or  J,  is  used  to  represent  this  integral,  and  the  name  lUDira 
or  OTR&TioH  is  given  to  the  square  root  of  the  ratio  I/m,  or  I/A.  The 
radiuB  of  gyration,  k,  represents  the  distance  from  the  uis  to  the  point 
where  the  nuuM,  or  area,  might  be  conceived  to  be  concentrated  without 
changing  the  value  of  the  moment  of  inertia.  The  number  of  units  of  mass 
m  a  body  is  detennined,  in  the  English  en^neer's  system  of  units,  by  di- 
viding the  weight  in  pounds  by  32.2,  the  approximate  value  of  the  gravita- 
tional aeeeleration,  la  feet  per  second.    Dbhsitt  is  defined  as  the  amount 
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ot  maas  per  unit  Tolume,  or,  in  aymbolfl  S  >■  W/gVf  so  thai  for  any  giv«D 
oiatorial  m  ^  SV  "W/g.  The  moment  of  inertia  of  »  muo,  or  area,  vith 
respect  to  any  axis  is  equal  to  its  moment  of  inertia  with  rsvect  to  a  par- 
allel axis  thru  the  center  of  gravity,  plus  the  product  of  the  mass,  or  area, 
Bad  the  square  of  the  distance  between  the  axes.  The  moment  of  inertia 
of  a  compound  maas,  or  area,  irith  respect  to  any  required  axis,  is  equal  to 
the  sum  of  the  momenta  of  inertia  of  its  parts  with  respect  to  that  axis. 
If  X,  T  and  Z  are  three  mutually  perpendicular  axes,  and  any  given  area 
is  in  the  X  Y  plane,  then  /x  and  ly  are  called  the  rectangular  moments  of 
inertia  and  /■  is  called  the  polar  moment  of  inertia,  sometimes  represented 
by  /.    For  such  a  ease  +  ij,  gives  a  convenient  relation 

between  these  moments.  The  moment  of  ioMtia  of  any  thin  plate,  with 
nspect  to  ui  axis  in  its  face  or  perpendicular  to  it,  is  equal  to  ^  density, 
tiQiee  the  thickness,  times  the  moment  of  inertia  of  the  face  area  witii 
nqtect  to  the  same  axis.  In  Table  II,  a  is  measured  in  ndiani,  and  a° 
in  degrees,  one  radian    57.°296;  1°  =  0.0175  radians. 

Typical  ProUem.  To  determine  the  moment  of  Inertia  c(  any  compound  section 
>na  with  reject  to  a  horizon Ul  gravity  uda,  divide  the  iIthi  area  into  dmpla  pert 
mm  te  wldA  1  and  r  are  knowb.  and  qqdy  On  iomaSm  y  -  XAw/ZA,  and  I  - 
f     Ad>.  tafanlatlBi  the  aohdlon  •■  diown. 

In  tbk  eaae-tlia  ihmi  Aaand  sBCtloB  may  be  divldsd  bite  One  notaa^  and 
two  bfanglM  for  wUefa  the  vbIobb  of  /  an  tfvma  in  Table  tL 
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10.   Stress  and  Strain 

Definitions.  Stbebs  is  a  name  given  to  the  distributed  force  within  a 
body  which  is  brou^t  into  play  by  the  action  of  external  forces  upon  the 
body.  The  accompanying  change  of  shape,  or  deformation,  is  called  strain. 
The  ratio  of  the  total  linear  deformation  to  the  original  length  is  called  the 
uxrr  BiRAiM,  or  bblatiyb  srunf,  and  the  rate  of  distribution  of  the 
strass  over  the  area  is  called  the  uhit  anosB,  or  the  STRBse  DrrsNsnT, 
8  "  P/A,  for  uniform  distribution.  The  greatest  unit  stress  to  whidi 
a  body  may  be  subjected  without  producing  a  permanent  deformation, 
or  BR,  is  called  the  elastic  uhit;  the  greatest  unit  stress  to  which  a 
body  can  be  subjected  is  called  the  ultoutb  umit;  and  the  intensity  of 
rtrese  at  which  the  body  breaks  is  called  the  ruptcbb  mux;  these  inten- 
sties  being  figured  in  terms  of  the  original  section  area.  For  most  materials 
these  last  two  limits  are  identical. 

Fundamental  Relations.  (1)  The  external  forces  and  internal  stresses 
acting  on  any  part  of  a  material  body,  or  a  framed  structure,  form  a  balanced 
VSton.  02)  inthin  the  elastic  li^t,  the  rado  of  the  unit  stress  to  the 
imit  strain  b  a  eonstant  called  the  MODUtus  or  SLasnctTr  for  the  material. 
Hm  stress  may  act  in  any  direction  with  respect  to  the  area  over  which 
it  is  distTibuted,  but  it  can  always  be  replaced  by  rectangular  components, 
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Fig.  85 


respectively  normal  and  tangential  to  the  surface.  The  normal  component 
is  called  a  pure  tension,  or  a  pure  cohprbssion,  according  aa  it  acta 

toward  or  away  from  the  sutfaoe, 
while  the  tangential  component  is 
called  a  pure  shearing  stbbss. 

Axial  StrsHss  in  TnitBes.  In 
the  usual  discussion  of  simple 
frameworks  or  trusses  it  is  as- 
sumed that  the  members  are  sub- 
jected only  .to  axial  stresses,  that 
the  members  are  pin-connected  at 
all  joints  and  that  the  loads  and . 
reactions  are  applied  at  the  j<»nt8. 
Id  order  to  solve  for  the  unknown 
reactions  and  member  stresses  in 
any  truss,  it  is  simply  necessary 
to  see  that  the  external  loads  and 
reactions  form  a  balanced  system, 
usually  parallel,  that  the  external 
forces  and  theBtressesin  themem- 
beiB  acting,  at  any  joint,  form  a 
balanced  concurrent  system,  and 
that  the  external  forces  and  the  stresseu  in  the  members,  acting  on  any  por- 
tion of  the  truss,  form  a  balanced  nonconcurrent  system.  The  application 
of  the  appropriate  conditions  of  equilibrium,  (see  Art.  8),  furnishes  a  solu- 
tion, either  algebraic  or  graphic,  for 
the  unknown  reactions  and  member 
stresses. 

AlKAbrsic  Method.  In  Fig.  84,  for  the 
eztcraal  loads  and  reactions,  z  P  —  Ri  + 
R,  -  2000  -  4000  -  2000-  0,Ma-  4SRt 

-  IZ  X  2000  -  24  X  4000  -  36  X  2000 

-  O.giving  Ri  -  4000  Iband  At  -  4000  lb. 
In  Fig.  86,  for  the  coDCurrent  Bystem  at 
the  first  joint,  since  sin  a  ^  4/5  and  oos 
a  -  3/5.  XPy  4000  -  C4/5)Si  =  0  gives 
Si  -  5000  lb,  ZP,  -  Si  -  (3/5)Si  =  0 
gives  St  -  8000  lb.  In  Fig.  36  for  the 
Donconeuiront  ayotem  which  holds  the 
triangle  ABC  in  equUibriuni.  Md  =  24X 
4000  -  12  X  2000  -  16S«  =>  0,  S»  -  4600 
lb.  AfB  -  12  X  4000  -  16St  -  0,  St  " 
80001b,  XPy  "  4000  -  20O0  -  (4/S)Si  - 
0,  St  ^  2500  lb.  The  streaa  In  the  first 
vertical  Is  obviously  2000  lb,  and  in  the 
second  vertical  it  is  zero.  The  moment 
equsdona  should  be  written  with  respect 
to  the  pdntswhere  the  action  lineB  of  any 
two  unknown  itreSBSi  Intersect.  It  it  is 
not  poeeible  to  teQ  by  inspection  whether 
the  action  of  any  member,  at  a  joint,  is  a 
push  or  a  pull,  the  corresponding  strees  in  the  member  being  compreesion  or  tenmoo, 
amune  it  to  be  positive.  If  the  solution  gives  a  negative  value,  the  assumption  must 
be  revised.    The  stresseB  Si  hnd  St  are  compreufon,  the  others  are  tension. 

Graphic  Hefihod.  In  order  to  And  the  unknown  reaetiona  and  member  stmaes 
tf"  the  tiven  trusa.  loaded  m  shown  In  Fig.  26,  It  is  first  necessary  to  latter  the  truss, 
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(ivias  »  letter  to  emeh  ipoce  endoaed  hy  the  aetloa  lines  of  the  external  foreea  or  the 
intanul  atrc—ea.  Then  draw  the  force  pcri^oii,  BCDE,  for  the  external  loada,  nleet 
a  eonvenieDt  pole  O,  and  draw  tin  rayv  oft,  oe,  od  and  oc  (ne  ¥if,  38).  Starting  on 
A  (aee  F^.  37),  ran  in  the  itrinc  polygon  to  Ri,  and  draw  the  closing  Btrinc  oa.  In 
Iha  force  ptdygon  tb*  eomapmidiat  ray  nuqr  do*  b*  dnwn  to  detcnnine  the  point  A, 
waA  that  £7A  rapraKsta  the  "™c"*"^  of  Ri,  and  AB,  the  magnitiide  of  R».  Th&u, 
btfinning  at  eitlwr  end  of  the  traaa,  draw  the  doaod  f««e  polygona  lor  the  eooenmnt 
(Tstenu  of  foreea  at  the  joints,  taken  in  order;  atartinc  in  each  caM  with  the  forces 
ar  straaea  that  are  known  in  magnitude.  The  Idnd  of  streaa  is  determined  by  noting 
the  diraetkn  In  which  the  atnm  acta  with  respect  to  the  joint  at  wEileh  it  Is  applied. 
Far  """tK  the  stress  pdygoa  for  tho  middle  lower  }ofnt  ia  CDGHIJC,  the  direetten 
of  thasa  forces  being  indicated  on  the  force  polygon.  If  these  are  imagined  to  be 
appUed  at  the  i<Aat,  in  their  raspeetive  action  lines,  it  will  be  seen  that  they  act  away 
bom  the  joint,  indicating  that  theae  members  are  all  in  tendon.  Sinee  the  points 
H  and  /  are  coiniddent,  the  strees  In  the  middle  vertical  must  be  eero. 

Vertical  Sheu*,  with  respect  to  any  vertical  section  of  a  l>cam  cir  tniss, 
is  a  name  given  to  the  algebraic  BUm  of  the  external  vertical  forc-cM  to  tlic 
left  of  the  section,  upward  forces  beinj;  con- 
sidered positive.  A  similar  summatioD  to 
the  right  of  tlie  section  will  have  the  sanio 
numerical  value  but  the  opposite  algebraic 
sign.  The  vertical  shear,  for  any  beam  or 
truss,  may  bo  graphically  represented  by  the 
ordinatcs  of  the  sbear  curve,  the  corre- 
■pondimt  abscissas  being  the  distances  of  the 
sections  from  the  end  of  the  span.  A  typi- 
cal bbsaB  diaorah  is  shown  in  Fig.  39a. 

Bending  HomeDt,  with  respect  to  any  sec* 
tion,  is  a  name  fpven  to  the  algehraic  sum 
of  the  moments  of  the  forces  to  the  left  of  the 
section,  written  with  respect  to  an  axis  at  the 
section,  clockwise  moments  being  considered 
positive.  A  similar  summation  to  the  right 
of  the  section  will  have  the  same  numerical 
\-alue  but  the  opposite  algebraic  sign.  The 
licnding  moment  at  any  section  may  be 
graphically  represented  by  the  corresponding 
ordinate  of  the  ifOMBNT  curve.  A  typical 
HOMKNT  DiAORAU  is  showu  ia  Fig.  39b.  It 

should  be  carefully  noted  that  the  vertical  shear  ia  always  zero  for  any 
section  with  respect  to  which  the  bending  moment  in  maximum. 

Influence  Lines,  for  shear  or  moment,  are  grajjhical  repreacntat  ionit 
of  the  change  in  the  vertical  shear  or  the  bending  monicot  at  any  section, 
produced  by  a  unit  load  placed  at  that  section,  the  ordinatea  of  the  line 
ivpreflenting  the  cbanee;  the  abscissas  being,  in  each  case,  the  dintanco 
of  the  section  from  the  end  of  the  span.    See  Figs.  39c  and  Fig.  39d. 

StreMas  in  Beams.  The  tension  or  the  compression  component  of  the 
flexural  stress  intensity  in  any  fiber  of  a  loaded  beam  varies  directly  with 
the  distance  from  a  horizontal  sheet  of  filters,  called  the  neutral  surface, 
which  is  neither  stressed  nor  strained.  This  neutral  surface  iiiterscctn  tho 
vertical  section  in  a  line,  called  the  nkutral  axis,  wlkich  passes  thru  tho 
center  of  gravity  of  the  section.  The  component  Hheiir  intensity  in  usually 
aasumed  to  be  constant  over  the  vertical  section  aiitl  equal  to  flie  vertical 
shear  divided  by  tho  area  of  the  section,  >St  ■  V/A.  The  actual  inten- 
sity of  the  horisontal  or  vortical  shearing  atrefts  in  a  beam,  along  any  line 
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V  _ 

parallel  to  a  neutral  axis,  is  given  by  the  formula,  <S«     —  At,  where  V  is 

10 

the  vertical  shear  for  the  section,  /  is  the  moment  of  inertia  of  the  section 
area  with  respect  to  the  neutral  axis,  b  is  the  width  of  the  section  at  the 
line  in  quention,  A  is  the  section  area  above  the  line,  and  i  u  the  distance 
of  the  center  of  gravity  of  this  area  from  the  neutral  axis  of  the  section. 
The  total  moment  of  the  stress  on  any  Bection,  with  respect  to  the  neutral 
axis,  is  given  by  SI/c,  and  is  always  equal  to  the  bending  moment  for  the 
section.  The  maximum  intensity  of  the  tensile  or  compressive  stress  in. the 
beam  is  found  in  the  outer  fiber  at  the  section  where  the  bending  moment 
is  maTim^ini-    This  maximum  unit  stress,  S,  and  the  maximum  deflection. 

Pic  PI' 

f,  are  given  by  the  formulas,  S  =  a  -t—  and  f  =  P  -r^,  where  J*  is  the  whole 

I  til 

load,  P  ^  wl  ioT  a  uniformly  distributed  load,  I  is  the  whole  length,  /  is 
the  moment  of  inertia  of  the  section  aiea  with  respect  to  the  neutral  axis, 
c  the  distance  of  the  section  fiber  from  the  neutral  surface  and  E  ia  the  modu- 
lus of  elssticity  of  the  material.  The  values  of  a  and  P  for  the  simple 
types  of  beaqis  and  loadings  are  given  in  the  following  table,  where  it  is 
a  fraction,  such  that  kl  repreacnts  the  distance  of  a  concentrated  load  from 
the  left  support,  or  from  the  free  end  of  a  cantilever. 


Bssm 

Load 

a 

Fixed     at     one  end. 

ConeeotratMl 
Distributed  _ 
Concentrated,  1:  ^  !4 
Diitributed  ^ 
Concentrated,  k  —  l-i 
\  Diatributed 
1  Coneentrated,  t  =  'i 
\  Distributed  

a-k) 

l/Z 
{l-k)k 
1/8 
3,  16 

1  a 

1  8 

1.  12 

(Z-3Jt+fc^/6 
1/8  . 
{l-kH2Ui-»/S)*IZ 
6/SlU 
0.0102 
O.OOM 
1/192 
1/384 

Supported  at  both  e&da. . 
Right   end    Oxad,  left 

Fixed  at  both  ends 

The  maximum  unit  stress,  or  deflection,  at  any  section,  due  to  a  system  of 
loads,  is  simply  the  sum  of  the  effects  produced,  at  that  section,  by  the 
separate  loadings;  but,  since  each  load  may  produce  its  maximum  effect  at  • 
different  section,  the  determination  of  the  absolute  maximums  for  the  beam 
is  frequently  a  complicated  problem. 

Stresses  in  Round  Shafts.  Vihen  a  round  shaft  is  subjected  to  a  twistinK 
action,  shearing  stresses  are  induced  on  every  cross-section,  and  the  inten- 
sity of  this  shearing  stress  is  proportional  to  the  diatAnce  from  the  axis  of  the 
shaft.  The  total  moment  of  the  stress  on  any  section,  with  respect  to  the 
axis  of  the  shaft,  is  given  by  SJ/r,  and  is  equal  to  the  external  twisting 
moment.  The  maximum  unit  shearing  stress  and  the  total  angle  of  twist 
an  given  by  the  following  equations:  S  =  Mr/ J  =  321  000  H/n<P  and  ^  — 
57.3  Ml/EfJ  —  3  610  000  Hl/nEtJ.  where  if  is  the  twisting  moment,  J  ia  the 
polar  moment  of  inertia  of  the  cross-section  area,  I  is  the  length  of  the  Aatt,  ^ 
is  the  angle,  in  degrees,  thru  which  one  end  ia  twisted  with  respect  to  the 
other,  r  is  the  radius  and  d  the  diameter  of  the  shaft,  Es  is  the  modulus  of  elas- 
ticity for  shearing,  H  is  the  horse-power  transmitted  by  the  shaft  and  n  is  the 
number  of  revolutions  it  makes  per  minute.  Since  St  and  Es  are  expressed 
in  pounds  per  square  Inch,  all  the  linear  dimensions  must  be  taken  in  inches. 

Stresses  hi  Columns.  If  a  short  block  is  subjected  to  an  axial  load,  the 
relation  between  the  load  and  the  unit  stress  induced  is  given  by  the  formula 
P/A  B  S,  but  when  the  length  becomee  so  great,  in  comparison  with  the 
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crtMs-ooction,  that  the  stress  is  no  longer  pure  compression,  the  detenninatioa 
<^  this  relation  la  neither  simple  nor  exact.  Three  general  types  of  column 
formulas  have  been  derived  relaUng  to  the  load  P,  the  cross  section  ana 
A,  the  leDKth  f,  and  the  least  radius  of  gyration  Jfc. 

Eulbr's  Formula,  wliicb  is  historically  the  first,  may  be  stated  in  general 
lorm  «8  P/A  =  fiE{k/l)',  where  E  is  the  modulus  of  elasticity  and  ^  is  a 
constant  depending  on  the  end  conditions  of  the  column.  The  formula  is 
not  exact,  except  for  very  long  and  slender  columns,  and  is  rarely  uaed. 
Since  P  is  a  rupture  load,  it  must  be  divided  by  a  factor  of  safety. 

Ranking's  PoRiruLA,  which  was  formerly  much  used,  is  generally  stated 
as  P/A  =  5/(1  +  ^  (I/fc)*}.  where  S  is  usually  taken  as  the  ultimate  unit 
eoDipreflBive  stren  for  the  material  and  0  is  an  experimental  constant  depend- 
ing upon  the  material  and  the  end  ocmmtions  of  the  column.  EitherPoriS 
most  be  divided  by  a  factor  of  safety  to  ^ve  the  safe  load. 

Sthaight  Ldtb  Fokhuus,  which  are  preferred  at  the  present  time,  are  of 
the  general  tjrpe  P/A  "  S  —  C(Jl/k).  and  were  suggested  by  a  study  of 
the  [dotted  results  of  column  experimeote,  in  connection  with  a  similar  plot 
of  Euler's  equation.  The  locus  of  the  ezperimcntal  points  was  observed  to 
approximate  much  more  closely  to  a  straight  line  tangent  to  the  Euler  curve, 
than  to  the  curve  itself,  and  the  equation  of  such  a  straight  line  was  adopted 
as  a  column  formula.  The  values  of  the  raperimental  constants  8  and 
C  are  usually  prescribed  by  the  Bpecifications  for  any  particular  eonditioD. 

Impact  Streasea.  In  all  the  preceding  discussioa  of  streases,  it  was 
assumed  that  the  load  was  gradually  applied  so  that  the  stows  increased 
uniformly  to  its  maximum  value,  and  such  stresses  are  called  deau  load, 
or  STATIC  streaaes.  The  same  load,  if  applied  suddenly,  or  with  a  velocity, 
as  by  a  blow,  or  even  in  a  finite  short  time,  as  with  a  rolling  load,  will  pro- 
duce IMPACT  stresses  which  are  greatly  in  excess  of  the  static  stresses.  The 
stresses  due  to  the  live  load  on  a  truss  are  usually  figured  by  the  method 
outlined  in  a  preceding  paragraph,  for  dead  load  stresses,  and  then  multiplied 
by  an  impact  factor  of  the  form  (1  +  0 .  where  i  has  some  value  between  sero 
and  one,  dependent  on  the  velocity  of  the  moving  load  and  other  practical  con- 
siderations. For  the  value  of  this  impact  factor,  consult  epecifications.  In 
the  deaigning  of  trusses thisimpact  efTect  may  be  taken  Into  account  by  asaum- 
ing  a  much  lower  allowable  unit  stress  for  live  load  than  for  dead  load  stresses. 

Fatigite.  The  word  fatigue  is  used  to  describe  the  loss  of  molecular 
strength,  or  the  impairment  of  the  elastic  properties,  of  a  material  by  reason 
of  the  rapid  or  frequent  variation  of  the  intensity  of  stress  to  which  it  is 
subjected.  The  rupture  limit  is  assumed  to  be  the  unit  stress  which  would 
rupture  the  material  at  one  application,  but  experiments  show  that  nip- 
tura  may  be  produced  by  a  unit  stress  considerably  below  this  value  if 
api^ied  a  great  number  of  times,  and  the  greater  the  range  between  the 
maximum  and  minimum  stresses,  especially  if  the  change  Is  from  tension  to 
compression,  the  less  the  value  of  the  maximum  atress  required  to  produce 
rapture.  In  the  designing  of  members  subjected  to  varying  stresses,  this 
effect  may  be  taken  into  account,  either  by  lowering  the  allowable  unit  stress 
or  assuming  an  increment  to  the  load.  In  bridge  design  if  the  allowable  unit 
stress  is  not  greater  than  half  the  elastic  limit,  the  question  of  fatigue  need 
not  be  oonsidered,  but  it  should  not  be  ignored  in  the  design  of  machine  parts 
which  are  subjected  to  shock. 

11.  Kinetiea 

Fondamental  Sates.  The  time  rate  of  linear  displacement  of  a  point,  or 
of  angular  displacement  of  a  line,  is  called  velotitt.  linear  or  angular, 
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and  the  time  rate  of  change  of  velocity  is  called  accblbration,  also  liDcar 
or  angular.  Expressed  in  aymlx)lie  form,  v  ■=  ds/dl,  co  =  dB/dt,  a  —  dr/cU 
and  a  =  dv/dt.  The  integration  of  these  dilTercntial  rctations,  between 
limits  determined  by  initial  and  final  conditionH,  will  give  the  following 
important  (mite  relations,  for  the  special  case  of  a  and  a  constant: 

where  ro,  or  uo,  is  the  value  of  the  velocity  when  i  and  a,  or  0,  are  simul- 
taneously zero.  Since  any  point  in  a  rotating  line  moves  thru  a  linear 
arc,  dt  =  r  d$,  while  the  line  turns  thru  the  angle  d8,  it  follows  that  dn/dt 
=  r  dO/dt,  that  in  v  =  na,  and  also  a  =  ra,  are  the  fundamental  relations 
between  the  angular  motion  of  a  line  and  the  linear  motion  of  any  point  in 
it,  r  being  the  distance  of  the  point  in  question  from  the  instantaneous 
center  of  rotation. 

Motion  of  a  Particle.  The  fundamental  law  of  motion  states  that,  if 
a  particle  is  acted  upon  by  any  concurrent  syatotn  of  forces,  an  acceleraUon 
is  produced,  in  the  direction  of  the  resultant  force,  directly  proportional 
to  its  magnitude,  and  inversely  proportional  to  the  mass  of  the  particle. 
Stated  in  symbols,  a  =  H/m.  11  R  =0,  then  a  =0,  and  the  particle  is  at  rest  or 
moving  in  a  straight  line  with  a  constant  velocity.  Such  a  motion  is  called 
UNiFORU.  If  R  is  constant,  them  a  is  constant,  and  if  the  particle  was 
initially  at  rest  or  moving  in  the  direction  of  the  resultant  force,  the  motion 
will  be  UNiFORULT  AocELERATSn,  rectilinear  motion,  to  which  the  rela- 
tions, derived  in  the  preeeding  paragraph  may  be  implied.  If  the  resultant 
force  ia  not  in  the  direction  of  the  initial  volority,  or  if  its  direction  changes 
with  time,  the  resulting  motion  will  be  curvilinear,  and  the  resultant  force 
will  have  a  central  component,  normal  to  the  path,  which  is  always  equal 
to  mv^/r,  and  a  tangential  component  equal  to  mat,  where  v  is  the  path 
velocity,  ai  is  its  acceleration,  and  r  is  the  radius  of  curvature  of  the  path. 
The  resistance  which  the  particle  offers  to  the  action  of  this  central  compo- 
nent is  commonly  called  the  centrifugal  force  of  the  particle. 

Hotion  of  a  Body.    By  the  methods  outlined  in  Art.  8,  any  system  of 
forces  acting  on  a  body  may  l;e  reduced  to  a  single  force,  or  to  a  couple, 
or  to  a  force  and  a  couple;  and  it  should  1»  noted  that  a  single  force  acting 
at  any  point  in  a  body  is  e<iuivalent  to  an  equal,  parallel  force  at  the  center 
of  gravity  and  a  couple,  whose  moment  is  the  product  of  the  force  and  the 
perpendicular  distance  from  the  center  of  gravity  to  its  action  line.  If 
the  body  is  initially  at  rest,  the  resulting  motion  will  be  a  plane  motion 
except  when  the  force  and  the  couple  act  in  different  planes.    Any  plane 
motion  may  be  treated  as  a  rotation  about  any  axis  peri>endicular  to  the 
plane  combined  with  a  translational  motion  of  that  axis,  or  it  is  instanta- 
neously a  motion  of  pure  rotation  with  respect  to  a  particular  axis  called 
the  INSTANTANEOUB  AXIS.    The   equations   of   any  plane  motion  are, 
ZPi  =  ma*  —  aym  —  w*xm 
"LPy  =  moy  +  aim  —  ui^ym 
Mf  =    al  —  aym 

where  XPg  and  SPy  arc  the  sums  of  the  external  force  components  parallel 
to  the  respective  axes,  Mg  is  the  external  force  moment  with  respect  to  the 
Z  axis,  a  is  the  resulting  linear  acceleration  of  the  axis  of  rotation,  and 
Oy  are  its  axial  components,  a  is  the  angular  acceleration  and  w  the  angular 
velocity  of  the  body.  The  Z  axis  must  eoinoide  with  the  axis  of  rotation, 
the  XY  plaoe  must  he  a  plane  of  symmetry  for  the  body,  and  /  is  the  mass 
moment  of  inertia  of  the  Ix>dy  with  respect  to  the  axis  of  rotation.    If  the 
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oriicin  of  coordinates  is  taken  at  the  center  of  gravity  of  the  body,  then 
T  and  3/  are  scro;siid  if  the  aida  of  rotation  ia  fixed,  or  moving  withacotistant 
Telocity  in  a  ri^t  line,  a  is  also  lero,  ao  that  these  equations  may  be  much 
fimplified  for  most  problems.  The  following  important  specif  cases  deserve 
particular  attention. 

Case  1.  Pun  TraiMiRtioD.  If  th«  ranttant  of  the  •xtemal  Bystem  b  ■  ■iagle  force 
at  xJbm  center  of  gravity,  the  body  ba«  a  motion  of  pure  tnutslatitm  with  a  linav  aooelera- 
tiait,  a  —  ll/ia,'irtiidi  is  th«  nune  for  all  parUdea.  If  a  it  eonatant,  the  linear  rala- 
tiooa;  doived  tn  the  first  paragraph  of  thb  article,  nay  b*  directly  applied,  and  the 
■nfaWitution  of  R/m  lor  a  in  the  first  two  will  give,  ms  —  tttPo  »  Rt  and  J^c*  — 
^■u^  —  Rm  at,  change  in  unkar  uohbntuh  is  equal  to  niput^  and  change  in 
miBnc  ■Nncr  of  traoalatioa  b  equal  to  woMCthsseboiiig  the  aeeeptad  names  for  the 
iiliAad  product^  takm  fai  order.  Wouc  is  exaeUy  defined  as  the  product  of  a  force 
sad  the  dtsunes  tts  point  of  appUeatian  moves  In  the  dfavedon  of  the  fme,  iriuie 
KDlBtlc  BOCaay  representa  «tared  work,  or  the  abili^  to  do  work  by  virtue  of  motion. 

Case  S.  Pnre  Rotation.  If  the  resultant  of  the  external  force  system  is  «  couple, 
the  body  wHl  have  a  motion  ol  pure  rotation  about  an  axis  thru  the  center  of  giavity 
er  about  some  taxA  axk.  with  an  angular  aceelaratimi,  a  ~  Afa/i,  U  a  Is  eonatant, 
the  anfolar  relations,  derived  in  the  On*  paragraph  of  this  article,  are  directly  appU- 
eBble.snd  the  subsdtulonof  Jlf(//  f<M-a  in  tbe  first  two  will  give,  tu  -  /tog  -  Afrfaad 
Hfb^  —  ^/wo*  —  Msf  or,  diange  in  anoular  uomNTuu  is  equal  to  the  impulse 
■oiUMT,  and  change  in  kinbtic  BKeaGv  of  roUtion  is  equal  to  tbe  work  dona  in  rota- 
tiaa,  theae  being  tbe  aeo^>ted  names  for  tbe  rcdatad  products,  taken  in  order. 

Caa*  S.  Pace  KolUng.  If  the  external  force  system  reduces  to  a  force  at  the  center 
«f  gravity  and  a  eouirfe,  such  that  a  "  ta,  tbe  body  having  a  dreular  eross^eeetion 
of  radiua  r,  tbe  reeulting  motion  is  pure  nriling,  for  which  the' total  kinetic  energy  is 
equal  to  +  H'<^-    If  the  body  is  rolliag  down  an  incline  under  the  action  of 

gravis,  then  a  -  9  rin  ^/(l  +  fc*/t^,  where  9  is  the  aeedaratloa  due  to  gravity,  h 
is  tbe  radius  of  gyrmtioo  of  the  nUing  mass,  and  ^  is  the  angle  which  the  inelbM  makes 
with  the  horiaontaL 

Power  is  defined  as  the  time  rate  at  which  a  force  is  doing  work,  and  is 
repreaentad  by  dW/dt  or  by  Pv,  where  W  is  the  work,  P  is  the  force  and  d 
■8  the  velocity  of  its  point  of  application.  It  is  meaeured  in  terms  of  incb- 
pounds,  foot-pounds,  inch-tons,  foot-tons  or  horae- power,  where  one 
■Ovu-roWBB  is  tbe  equivalent  of  660  ft-lb  per  see,  or  33  000  ftJb  per  min. 

bapact.  When  a  force  is  suddenly  applied,  tho  action  is  called  an  impact 
or  a  BLOW.  If  the  impact  is  produced  by  one  moving  body  striking  another, 
an  interchange  of  velocity  takes  place  and  some  kinetic  energy  ia  loitt, 
but  the  total  momentum  of  the  system  is  unchanged.  If  the  centers  of 
gravity  are  moving  in  the  same  direction  and  in  the  same  straight  line, 
and  if  the  surfaces  of  contact  arc  perpendicular  to  this  line,  the  velocities 
after  impact  and  the  kinetic  energy  loss  are  given  by, 

W'  =  n  +  {i  +  e)  mtivi  —  ri)/(mi  +  mi) 

»/  -  n  —  (I  -f  e)  i«i(r«  —  ri)/(ini  + 
LOST  K.  B.  ■  ^  mimi(l  —  «M(Pi  —  oi)V(mi  -I- 
where  n  and  n  are  the  velocities  of  the  manses  m\  and  mt  before  impact, 
si'  and  t*'  are  the  corresponding  velocities  after  impact  and  e  is  an  ela«tic 
constant  whose  value  is  aero  for  inelastic  bodies,  one  for  perfectly  elastic 
bodies,  and  some  intermediate  value  for  partially  elastic  bodies. 

STRUCTURAL  MATERIALS 
IS.  Cement 

Kinds.  From  on  engineering  standpoint,  cements  may  be  divided  into 
PoBTLAMD,  NATURAL  ood  PuzioLAH.  Common  Ume  and  hydraulic  lime  may 
abo  be  Included,  but  as  materials  of  construction  for  the  highway  engineer  are 
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of  secondary  importanoe.  Common  lime  requires  air  in  which  to  harden, 
irtiile  the  other  Idnda  an  hydraulic,  that  ia,  they  will  harden  under  water. 
Altho  natural  and  Puuolan  cemmta  are  much  cheaper  than  Portland,  the 
latter  is  used  in  most  enipneeruiB  constnietion  on  account  of  its  more  uniform 
properties  of  strength  and  soundness  which  give  more  confidence  in  its 
durability.  Portland  cement  can  also  be  mixed  with  larger  proportions 
of  sand  and  gravel,  which  tends  to  equalise  the  cheapness  of  the  other  kinds 
and  to  make  the  final  resulte  economical.  Natural  cement  is  sometimes 
used  in  the  less  important  work  where  little  strength  is  required,  such  as 
mass  concrete,  foundations  for  street  pavements,  and  footings  where  it  is 
desired  to  increase  the  bearing  power  of  the  soil. 

Portland  Cament  ia  the  product  of  calcination  to  incipient  fusion  of 
ar^llaceous  and  calcareous  materials.  The  raw  material  consists  chiefly 
of  calcium  carbonate  and  silicate  of  alumina,  proportioned  according  to 
their  chemical  composition.  They  must  be  eround  to  a  powder  and  mixed 
before  burning,  after  which  the  resulting  clinker  must  be  finely  ground 
according  to  standard  specifications. 

Ratoral  Cement  is  the  product  of  calcination,  at  a  comparatively  low 
temperature  of  a  natural  argillaceous  limestone.  The  rock  is  broken  in 
small  pieces  and  burned  in  a  kiln,  after  which  grinding  takes  place,  the 
resulting  powder  being  less  fhie  than  Portland. 

Puzzolan  Cement  we»  formeriy  of  volcanic  ori^n,  and  was  probably  the 
first  hydraulic  cement  used  by  man.  In  recent  years  this  name  has  been 
given  to  a  cement  made  by  grinding  together  granulated  blast  furnace  slag 
and  powdered  slacked  lime,  without  calcination. 

Common  Lime  is  obtained  by  the  calcination  of  a  limestone  which  Ls 
nearly  pure  carbonate  of  lime.  It  will  not  set  under  water  and  will  slack 
on  the  addition  of  water. 

Hydxaulic  I4me  ia  obtained  from  limestone  which  has  from  10  to  20% 
of  silica  and  alumina  and  differs  from  common  lune  in  that  it  will  set  under 
water.   It  is  not  used  in  the  United  States. 

Typical  Analyaea  of  eements,  as  ^ven  by  Taylor  and  Thompeou  (54),  are 
shown  in  TaUe  III. 

Table  ni.^ — Typical  Percentage  Analyses  of  Cements 


SUioLSiOi  

Alimdna,  AljOt. . 
Iron  eziae,  fmiOi 
Calehun  oxide, 

CaO  

Mai|iwnan  oxide, 

Sn^^uie  add. 

Lass  on  Ignitloo 
Other  eoutlta- 
SBtS  


Portland 
Cbhbnt 


LehiEh 
VsIIey 
Mixed 
Rode 


21.81 
6.89 
2.68 

62.89 

2.64 

IM 
1.89 

D.76 


West- 
ern 
Marl 
sod 
Clay 


21.93 
6.98 
2.86 

62.92 

1.10 

l.U 
2.91 


Natural 
Cbhbnt 


EUst- 

Rooea- 
dsle 


1S.38 

\lB.20 

I 

36.84 

14.02 

0.93 
8.73 

11.46 


West- 
ern 

Louis- 
ville 


20.42 
4.76 
3.40 

46.64 

12.00 

2.67 
6,76 

8.74 


Pumo- 

LAN 

Cb- 
hbnt 


28.95 
11.40 
0.64 

50.29 

2.96 

1.37 
3.89 

0.80 


Hy- 

DBAUUC 

LmB, 
LeTtd 


21.70 
S.19 
0.66 

60.70 

0.86 

0.60 
12.20 

0.10 


CoimoN 
haat 


Lime 


l.OS 
1.27 


97.02 
0.68 


neflian 
Lime 


1.12 
0.68 


58.61 
89.69 
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Th«  Msnnfsctnre  of  Pordtnd  C«m«it  consuta  of  obtainiag  tb«  raw 
Buterial  as  it  exists  in  nature  and  properly  combining  it  according  to  ita 
chemical  compoeition,  crushing  and  grinding  the  mixture,  after  which  it 
ifl  calcined,  cooled,  ground  to  powder  and  packed.  The  raw  materials  in 
most  common  use  include  limestone,  argillaceous  limestones,  cement  rocks 
and  marl,  and  all  contain  what  is  known  as  the  lime  limit.  To  all  of  these 
eze^t  the  cement  rocks,  clay  or  shale  mtut  be  mixed  to  produce  the 
aripllaceous  requirement.  It  is  necessary  to  add  lime  to  the  cement  rocks 
in  order  to  bring  the  material  up  to  the  proper  lime  limit.  The  materials 
may  be  mixed  dry  or  wet,  usually  depending  upon  the  ingredients  used. 
For  burning,  stationary  and  rotary  kilns  are  in  use,  the  latter  being  the 
more  modem. 

The  Methods  for  Testing  Cement  to  see  that  it  conforms  to  apecificationa 
are  usually  those  adopted  by  the  Am.  Soc.  C.  E.  (62a)  uid  by  the  Am.  Soc. 
Test.  Mat.  In  all  work  of  any  magnitude,  the  cement  used  should  be 
tested.  Where  only  a  limited  amount  of  cement  is  used,  s  standard  braikd 
may  be  taken  without  testing,  or  only  a  part  of  the  tests  made;  such  as 
the  tests  for  soundness  and  time  of  setting,  which  may  be  made  without 
mtieh  equipment.  It  ^ouid  be  noted  that  tests  of  cement  are  relative 
and  not  absolute,  and  that  the  results  of  such  tests  differ  widriy  in  the  hands 
of  different  operators,  especially  for  those  who  are  inexperienced  in  making 
them.  Negative  results  should  therefore  be  studied  with  care  and  checks 
applied  to  determine  their  reliability  before  rejecting  the  cement. 

Am.  Soc  Test.  Mat  Standard  Specifications  and  TesU  for  Portland 
CwMBt,  as  revised  in  1916  (631). 

"1.  XtaflBhloii.   Portland  eKnent  Is  tiie  product  obtained  by  finely  pulverising 
riinker  produced  by  caldalDC  to  indptnt  fudon,  aa  iatiraata  and  properly  propor- 
tiaaed  mixture  of  argWaceoua  and  calcareotu  raateriala,  with  oo  rndditlona  miinqiMnt 
to  ealetaatiao  excepting  water  and  «lHhf^  or  uncaldned  gypsum. 
"Z.  Oeaiical  Propntles.   Tbs  loUowhig  UmitB  riiall  not  be  sxcsodsd: 


L^m  aa  ignition,  peremL   4.00 

loairfuble  raridue,  pererat   0,86 

Sulphuric  anhydride,  SOi,  perooat.   2.00 

Msgnarit,  MgO.  percent   6.00 


"8.  Physical  Profnties.  The  arwcmc  ouvnY  of  enneDt  shall  be  not  Im  than 
tlO.  SJn  tor  whit*  Portland  oemmt.  Should  tha  tsat  of  oament  u  received  fall 
bd«r  tUs  rsquirameBt  a  sscond  last  may  be  'made  opoo  m  Ignited  sample.  The 
ipscUe  gravity  test  win  sot  be  mads  bdIsm  spedfleally  ordered. 

"4.  Fnwasa.  The  rMidae  on  a  standard  No.  200  iieve  shall  not  exceed  22% 
by  w^ht. 

"5.  SoUNDN^B.  A  pat  <rf  neat  eataant  ahall  runain  firm  and  bard,  and  show  no 
iigiis  of  distortioB,  craddDg,  dteddng,  or  duintegratioD  in  the  steam  Hat  for  soundness. 

"8.  Tdu  or  SarriHa  The  cement  shall  not  devsiep  Initial  set  in  lass  than  46 
safai  wbea  the  VScat  Dsedlo  la  ussd  or  00  mln  when  the  OiUmore  needle  ia  osed.  Final 
•etshan  be  attained  within  10  hr. 

"7.  TaxmoM  Stbwwth.  Tbe  average  tenaila  etrength  In  pouade  per  iquare  inch 
of  not  less  than  S  standard  mortar  briquettes  (see  Par.  61}  oompooed  of  1  part  cnaent 
aad  %  paiU  standard  sand,  by  weight;  shall  be  equal  to  or  hl^er  than  die  toUonteg: 


Days 

Storage  (rt  Briquettes 

Tendle 
Strensth. 
LbperSq  In 

7 
28 

200 
800 

L.ooQle 
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"8.  Th*  ftverace  tensile  itreiiKth  ol  BtBodard  mortu  &t  28  days  slwll  be  higher 
than  the  strenfcth  at  7  daya. 

"9.  Packages,  HarkinE  and  Stonge.  The  cement  shall  be  delivered  in  suitable 
bags  or  barrels  with  the  brand  and  name  of  the  manufacturDr  plainly  marked  thereon 
unlen  shipped  in  bulk.  A  ba^  shall  contain  94  lb  net.  A  barrel  shall  contain  376 
lb  not 

"10.  The  cement  shall  be  stand  in  such  a  manner  as  to  permit  easy  access  for 
proper  inapectloD  and  identification  oT  eadi  shipment,  and  in  a  suitable  waathsr-tigbt 
buHding  wbiA  will  protect  the  cement  from  dampnesa.  , 

"  11.  Inspection.  Every  fadlity  shall  be  provided  the  purchaser  tor  careful  aampSni 
and  inspection  at  ^ther  the  mill  or  at  the  site  of  the  work,  as  may  be  q>edfled  by  the 
purchaser.  At  least  ID  days  from  the  time  of  sampling  shall  be  allowed  tor  the  com- 
pletion td  the  T-day  teat,  and  at  least  31  days  shall  be  allow«d  for  the  oompletion  of 
tbe  28-day  teat.  Tha  cement  shall  be  teated  In  aceordanee  with  the  raethoda  henlB- 
after  preacribed.   The  28-day  test  shall  be  waived  only  when  apadflcally  ordered. 

"12.  Rejection.  The  cement  may  be  rejected  if  it  falis  to  meet  any  of  the  require- 
ments of  these  spedfications. 

"  13.  Cement  shall  not  be  rejected  on  account  of  failure  to  meet  the  fineness  requira- 
mnt  if  upon  reteit  after  drying  at  100°  C  (212"  F)  for  1  br  It  meets  this  requirement. 

"  14.  Cement  failing  to  meet  the  test  for  soundness  in  steam  may  be  accepted  if  It 
passee  a  reteet  osing  a  new  sample  at  any  time  within  28  days  thereafter. 

"16.  Padcages  varying  more  than  5%  from  the  specified  weight  may  be  rejected; 
and  if  the  average  weight  of  packages  in  any  shipment,  as  shown  by  weighing  60 
packages  taken  at  random,  is  leas  than  that  spedfled,  the  entire  shipment  may  be 
rejected. 

"  16.  Testa.  Nuubdr  or  SAHrus.  Teata  may  be  made  on  Individual  or  composite 
Mm  plea  as  may  be  ordered.    Eadt  teat  sample  should  weigh  at  least  8  lb. 

"17.  a.  ludMdval  -Santple.   If  sampled  In  cars  one  teat  sample  shall  be  taken 

from  each  SO  bbl  or  fraction  thereof.  If  sampled  in  bins  one  sample  shall  be  taken 
from  each  100  bbl. 

b.  Compoiiie  jSomplc.  If  sampled  in  ears  one  sample  shall  be  taken  tnm  one  ndi 
lneachiOaadis,or  IbUlneaeh  10  bbl,  and  eomUned  to  form  ona  test  sain(4a.  If  Mra- 
pled  in  bins  or  warelioaBBe  one  test  sample  diall  ropreeeat  not  more  than  800  bbl. 

"IS.  Mbthod  or  SAMPUNO.   Cement  may  be  nunpled  at  the  ndU  by  any  of  the 

following  methods  that  may  be  practicable,  as  ordered: 

a.  From  the  Convenor  Delivtring  to  the  Biti.  At  least  S  lb  of  OKoent  shall  be  taken 
from  approximately  each  100  bbl  passing  over  the  conveyor. 

6.  Prom  FiUtd  Bint  by  Means  of  Proper  Sampling  Tuba.  Tubes  inserted  vertically 
may  be  used  for  sampling  cement  to  a  maximum  depth  of  10  ft.  Tnbn  faissrtod 
horiaontally  may  be  used  wbae  tbe  construction  of  the  Un  permits.  Samples  sfaaU 
be  taken  from  points  well  distributed  over  the  face  of  the  bin. 

c.  From  FiUtd  Bim  oi  PoinU  of  Diadiargt.  Sufficient  cement  shall  be  drawn  from 
the  discharge  openings  to  obtain  samples  representative  fA  the  cement  contained  i& 
the  bin,  as  determined  by  the  appearanee  at  tbe  discharge  openings  of  indicators  placed 
on  tbe  surface  of  tbe  opment  directly  above  these  openings  before  drawing  of  the 
cement  is  started. 

"  19.  Trbatuent  or  SAUPLa  Samples  preferably  shall  be  shipped  and  stored  In 
air-tight  containers.  Samples  shall  be  passed  thru  a  20-meeh  sieve  In  order  to  thoroty 
mix  the  sample,  break  up  lumps  and  remove  foreign  materials. 

"20.  Chemical  Analyaia.  Loss  ON  lONTnoH.  One  gram  of  eemoit  shall  be  heatad 
in  a  weighed  covered  platinum  crucible,  of  20  to  26-ce  cq>aelty,  as  foUows,  uslnc 
either  method  (a)  or  (b)  as  ordered: 

a.  The  crucible  shall  be  placed  in  a  hole  in  an  asbestos  board,  clamped  borizontaUy 
so  that  about  i/J  of  the  crucible  projects  below,  and  blasted  at  a  full  red  heat  for 
15  min  with  an  inclined  flame:  the  loss  in  weight  shall  be  checked  by  a  second  blastins 
(or  6  min.  Care  shall  be  taken  to  wipe  off  particles  of  asbeatos  that  may  adhere  to 
the  crudble  when  withdrawn  from  the  hole  in  the  board.  Greater  neatness  and 
shortening  of  the  time  of  heating  are  secured  by  making  a  bole  to  fit  the  crucible  in 
a  circular  disk  of  sheet  platinum  and  placing  this  dUc  over  a  somewhat  larger  hole 
in  an  wAteaUm  board. 

b.  The  erudble  alwU  be  |4aoad  in  a  muffle  at  any  tenparature  between  900^  and 
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vnvc  a652°ftnd  183rF)ror  ISnrinatidUifilcMlnwdghtbieheclcMlbraaeeond 
bfstiBg  for  G  mia. 

"21.  A  PsuiissiBLB  Variation  of  0.25  will  be  allawed,  and  all  reaulta  in  excess  of 
the  «p#eifled  limit  but  within  this  permicaiUe  variation  shall  be  reported  aa  4%. 

"22.  InsobiblB  KM'ine.  To  a  l-g  sarapk  of  cement  Hhall  be  added  10  cc  of  water 
and  S  oe  of  concentrated  hydrodilorie  add;  the  liquid  ahall  be  warmed  until  effer- 
WMJiee  eeaaea.  Ths  acJutioB  ahall  be  diluted  to  60  cc  and  dlgeeted  on  a  steam  bath 
or  hot  plate  until  It  ii  evident  that  deeompoaidon  of  the  cement  is  complete.  Tbe 
trmdue  shall  be  filtered,  washed  with  cold  water,  and  the  filter  paper  and  contents 
difertsd  m  about  SO  ee  of  a  6%  solution  of  aodlum  carbonate,  tlie  liquid  being 
bM  at  A  tempnatur*  joat  ahoit  of  bc^Hnc  tor  16  mln.  Tbe  ramaining  residue  is 
flhend.  ■■jiiil  Kith  eold  water,  then  with  a  few  drops  ot  hot  Iqrdrodilotfe  add,  1  :  9, 
nd  tesllr  with  hot  water,  and  then  Iinf  ;ei  at  a  red  heat  and  weighed  as  tbe  insoluble 
midue- 

"B.  A  pBaWBstBU  VABU-noN  of  0.15  will  be  allowed,  and  all  reaalts  in  excess  of 
the  spetiaed  Unit  but  within  this  permiHiole  wiation  riiall  be  reported  as  0.85%. 

"24,  Sulplnric  Anbydcide.  One  grun  of  the  cement  Is  dissolved  In  S  cc  (d  con- 
ceatnted  hydroehloric  add  dilutei  with  5  cc  ot  water,  with  g«it]e  warming;  when 
sglutioa  Is  complete  40  cc  of  water  are  added,  the  solution  is  filtered,  and  the  reaidue 
waahcd  tlioraty  with  water.  The  solution  is  diluted  to  250  cc,  heated  to  boiling  and 
10  ec  of  a  bat  10%  solution  of  barium  chloride  shall  be  added  slowly,  drop  by  drop, 
from  a  pipette  and  the  trailing  continued  until  the  precipitate  is  well  formed.  The 
•oiutioo  shall  be  digested  on  the  steam  bath  until  tbe  precipitate  has  aettled.  The 
precipitate  shall  be  Altered,  washed,  and  the  paper  and  contents  placed  in  a  wnghed 
pfarfniT"  erudble  and  tbe  paper  slowly  charred  and  consumed  without  flaming.  The 
barium  sulphate  shall  thai  be  ignited  and  waghed.  The  weight  obtained  multiplied 
by  S4S  gives  the  percentage  of  sulphuric  anhydride.  The  add  filtrate  obtained  in 
Ike  determinatiofi  of  the  inscdnble  residue  may  be  used  for  the  estimation  of  sulphuric 
sahydride  Inst— d  of  nring  a  ssparata  sample. 

"SSu  FBUnflBiBiA  YABiATioif.  A  permlsBlUe  v«ri«til<»  ol  0.10  win  be  aIIow>ed, 
and  all  results  in  excess  the  spedfled  limit  but  within  tJiis  permissible  variation 
AaD  be  reported  as  2%. 

"26.  Magnet.  To  0.6  g  of  the  cement  in  an  evaporating  diidi  shall  be  added 
10  ce  of  water  to  prevent  lumping  uid  then  10  ee  erf  cmeentrated  hydrochlorte  add. 
The  Squid  shall  be  gmtly  heated  and  agitated  until  attadt  Is  complete.  The  solution 
shall  tlMn  be  evaporated  to  complete  dryness  on  a  steam  or  water  bath.  To  hasten 
defaydration  the  residue  may  be  heated  to  160°  C  (302°  F)  or  even  200°  C  (392°  F)  tor 
H  to  1  hr.  The  reaidue  ahall  be  treated  with  10  cc  of  concentrated  hydrochloric  add 
dihitad  adth  an  cqusi  amount  of  water.  The  dish  shall  be  covered  and  tbe  soluUtm 
digested  tor  10  mln  on  a  ateam  bath  or  wat«  bath.  The  diluted  solution  shall  be 
Aicarad  and  the  iqwrated  dlica  washed  thordy  with  water.*  Five  cubic  eentlmetefa 
of  eonemtratod  hydrochloric  add  and  sufficient  bromine  water  to  predpltate  any 
manganeae  which  may  be  piesent,  shall  be  added  to  the  filtrate,  about  260  cc  This 
■haQ  be  made  alkaline  witii  ammtHiium  hydroxide,  boiled  until  there  is  but  a  faint  odor 
of  ammonia,  and  the  predpitated  iron  and  aluminum  hydroxidea,  after  settling,  ahaU 
ha  washed  with  hot  water,  once  by  decantation  and  slightly  on  tbe  filter.  Setting 
aside  the  filtrate,  tbe  precipitate  shall  be  traaatsned  by  a  jet  of  hot  water  to  the  pr»- 
dpfUtitfg  vassd  and  dIssohiBd  In  10  ec  of  hot  hydrodilorie  add.  Tbe  paper  ahall  be 
cmactad  with  add,  the  solution  and  washinp  being  added  to  the  main  solution. 
Tbe  aluminum  and  iron  shall  then  be  repredpluted  at  boiling  heat  by  ammonium  hy- 
droxide  and  bromine  water  in  a  votnme  of  about  100  ccand  thesecond  predpltate  shall 
be  collected  and  washed  on  tbe  filter  used  In  tbe  first  Instance  if  this  is  still  intact 
To  tbe  combined  filtrates  from  tbe  hydroxides  ot  Iron  and  ahimlnum,  reduced  in 
volume  if  need  be,  1  cc  ot  ammtmium  bydnncide  shall  be  added,  the  solution  brought 
to  boiKog,  26  cc  ot  a  saturated  solution  ot  boiling  ammonium  oxalate  added,  and  the 
bciUag  continued  until  tbe  predpitated  calcium  oxalate  has  assumed  a  well-defined 
paaolv  tdm.  The  imdpitate  after  1  hr  ahall  be  filtered  and  washed,  then  with 
tbe  ilBer  dull  be  plaaed  wm  In  a  platfnum  emdble,  and  the  paper  burned  oR  over  a 


*  Since  this  prooadure  does  not  involve  the  determination  of  sUica,  a  aeeoad  evapora- 
tion ie  unnuwi-y. 
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■Mill  Hun*  vt  «  BouMB  bnnwr;  aftar  IpiltloB  It  shall  btt  ndlMolvad  tn  faydioAIorfe 
add  and  the  solution  dilutsd  to  100  ce.   AmmonU  •hall  ba  addad  fai  al%ht  mttm, 

and  Che  liquid  bolted.  The  lime  shall  then  be  repredirftated  by  ammmlnm  oxalate, 
allowed  to  stand  until  settled,  filtered  and  washed.  The  combined  filtrates  from  tiM 
oUdum  predpitatee  shall  be  addlfied  with  hydrochloric  add,  concentrated  on  the 
steam  iMth  to  about  ISO  cc,  and  made  dij^tly  allmiiDe  with  smmooium  hTdroxide, 
boQed  and  filtered,  to  remove  a  tittle  mhiminum  and  iron  and  perhafM  caldum.  Wh«n 
cool,  10  cc  of  saturated  solution  of  aodium-ammonlum-bydrogen  phosphate  shall  be 
added  with  constant  stirring.  When  the  crystaUine  ammonlum-magneshun  ortho- 
phoqihate  has  formed,  ammonia  shall  be  addM  In  moderate  excess.  The  aolutlaa 
ehall  be  set  aside  for  several  houra  la  a  cool  place,  filtered  and  washed  with  water  eoo- 
taininc  2.6%  of  NHi.  The  predpltate  shall  he  dinolved  in  a  small  quantity  of  hot 
hydrochloric  add,  the  aolutloD  diluted  to  about  100  cc,  1  cc  of  a  saturated  solution 
of  sodium-anunoQlam-hydrogm  phosphate  added,  and  «""»«''ft  drop  by  drop,  with 
eonatant  stfrrlng,  until  the  pradpitate  is  again  formed  as  described  and  the  ammosiia 
fa  in  moderate  aseeaa.  Tba  predpitate  shall  then  be  allowed  to  stand  about  2  hr, 
flltarad  and  tnudwd  aa  before.  The  paper  and  content*  shall  be  placed  hi  a  weighed 
platinum  crudble,  the  paper  slowly  charred,  and  the  le- 
tuMng  carbon  earefnlly  burtied  i^.  TbepredpitateshaB 
then  be  tgnfted  to  eoDstantwdi^t  over  a  Udur  bamer. 
or  a  blast  not  strong  enough  to  Hrftea  ormelt  thepjrro- 
^lospbata.  The  weight  of  magnesium  pyrophoaphate 
obtained  multiplied  hy  72.6  ^ves  the  peresntiMte  ot 
Mf^gP^iHn.  The  predpltata  ao  obtafaiod  alwaya  *«»'^*"-' 
some  caldum  and  usnallyamall  quantltka  of  iron, alumi- 
num, and  manganese  as  pha^hatea. 

"27.  PBR1IIS31BLB  Variatiok.  A  permlsdhle  varia- 
tion of  0.4  will  be  allowed,  and  all  results  in  sxosas  of 
the  spedfied  limit  but  within  this  permissible  variathm 
shall  be  reported  as  S%. 

"28.  Determination  of  Spedflc  OraTitT*  Appabaths. 
The  determination  <rf  spedfic  gravity  shall  be  made  with 
a  standaidiaed  Le  Chateller  apparatus  which  conforms 
to  the  requirements  illuMrated  in  Fig.  40.  This  ap- 
paratus is  standardised  by  the  U.  S.  Bureau  of  Stand- 
arda.  KeroeetM  free  from  water,  or  beaaine  not  lighter 
than  82"  B,  shall  be  need  In  making  this  determination. 

"29.  Hbthod.   The  tiMk  Aall  be  Oiled  with  either 
of  these  liquids  to  a  point  on  the  stem  between  sero 
and  one  cubic  centimeter,  and  61  g  of  cement,  o(  tba 
same  temperature  aa  the  Hquid,  shall  be  slowly  intro- 
duced, taking  care  that  the  cement  does  not  adhsre  to 
the  Inside  ct  the  Aask  above  the  Uqufd  and  to  free  the 
cement  from  air  by  rolling  the  flask  Is  an  IntiiBad 
position.    After  all  the  cement  le  introduced,  the  level  aS  the  liquid  will  rise  to  some 
division  of  the  graduated  neck;  the  difference  between-  readings  Is  the  vohune  die- 
placed  hy  a  t  of  the  cement. 

WnOBT  OF  CWBNT,  g 

aractnc  qravity   —  

DnpucBO  vouniB,  ce 

"80.  The  fladc.  during  the  operation,  shall  be  kept  immened  In  water  In  oidar  to 
ttvM  variations  In  the  temperature  of  the  liquid  In  the  llaak,  which  shall  not  aaeaad 
0°.6  C  i0'.9  P).    The  results  of  repeated  tests  should  agree  wltUn  0.01. 

"81.  The  determination  of  spedfic  grsvity  shall  be  made  on  the  cement  aa  racalvad; 
if  It  falls  bebw  3.10,  a  second  determination  shall  be  made  after  igniting  the  sample 
as  dMcribed  hi  (Par.  20) 

"32.  Determination  of  Pinenesa.  Apparatus.  Wire  doth  for  standard  sieves  for 
cement  shall  be  woven,  not  twilled,  from  bran,  bronse,  or  other  suitable  wire,  and 
mounted  without  distortion  on  f ramee  not  lees  than  1  ^  la  below  the  top  of  the  frame. 
The  eieve  tramea  shall  be  dmilar,  apiwoximately  8  fn  tn  diametar,  and  may  be  provided 
with  a  pan  and  cover. 
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"SS.  A  itaBdanl  20O-inMlt  atm  ta  ana  ha.rlBg  iwmliiilly  an  aOOlUa  ofMniiv  woi 
m  wins  par  In  staadudiMd  Iqr  Oie  U.  S.  Bunmi  o(  Stu^rd^  and  eonf  otmlBC  to  tha 

foDowiac  requimnetitB:  The  200-meah  iiev«  ihould  have  200  win*  par  in.  ud  Om 
number  of  wirw  ia  any  wlude  inch  shall  not  be  outaide  the  limits  of  tB2  to  20S.  No 
opening  between  adiseent  parallel  wirea  ahaQ  b«  man  than  0.0050  la  la  nidtii.  Tha 
diamator  of  the  win  ihould  be  O.OOZl  in  and  the  average  diametar  riudl  not  b«  oaMda 
tha  Umita  0.0019  to  0.0023  In.  The  nUua  of  the  aleva  aa  detamdned  by  rievfaic  tMta 
made  in  ecMifonnity  with  the  ataodard  >pecificatioo  lor  thoe  teeti  on  a  ■taiiilanllawl 
eemcnt  which  givea  a  residue  of  20  to  26%  (at  the  200-meah  sieve,  or  on  other  simUaiiir 
sradad  material,  shall  not  show  a  variaticm  of  man  than  1.6%  above  or  bdow  the 
standarda  maintained  at  the  Burean  of  Standards. 

■'84.  Urbod.  The  teat  shall  be  made  with  50  g  oj  cement.  The  sieve  shall  be 
tfaoc^  daan  and  dry.  Tha  cement  shall  be  placed  on  the  200-meah  sieve,  with  pan 
and  ODW  attached.  It  desired,  and  shall  be  held  in  ooe  hand  in  a  slightly  Indined 
poMoB  so  that  the  sample  wHl  be  well  distributed  over  the  sieve,  st  the  same  time 
gently  ctriking  the  aide  about  150  timee  per  min  against  the  palm  of  the  other  hand 
on  the  upstroke.  The  sieve  shall  be  turned  every  26  strokes  about  <^  of  a  revohitiaa 
B  Hie  aniae  dinetion.  Tits  tvmttoB  abaU  continue  uatO  aot  more  than  0.06  g  passM 
thntlBlBinaf  eontfaraoasdavlnr  Tlw  flnsnesa  shall  be  detennlned  frmn  the  weight 
cf  the  nsldiw  on  tba  slave  eapreassd  aa  •  percentage  of  the  wd^t  of  tha  ori^ud 


"35-  Mechanical  sieving  devicea  may  be  used,  but  the  cement  ahall  not  be  roJaetad 
if  it  meets  the  flneness  requirement  when  tested  hy  the  band  method. 

"36.  A  PsunniBUi  Vasutkhi  of  1  win  be  allowed,  and  an  iiniiUa  lu  siiaas  nf  Hii 
qwdffad  limit  but  within  tUs  petrnWUe  variation  shall  be  nported  aa  22%. 

"ST.  MiziBg  Cement  Pastes  and  Hortais.  Mrthod.  The  quantity  of  dry  materiaJ 
to  be  mizad  at  one  time  shaU  not  exceed  1000  g  nor  be  leas  than  600  g.  Tba  proportlMUl 
of  eemoit  or  cement  and  sand  shaQ  be  ststed  by 
weight  in  grams  of  Uie  dry  matolals;  the  quantity 
of  water  shall  be  eipraBseJ  In  cubic  centlmetMs. 
1  g  «  1  ec^  Tba  d^  materials  ahall  be  wdgbed, 
plaead  1901  a  noo-abaorbeot  surface,  thoroly 
mixed  dry  it  sand  la  uaad,  and  a  enter  formed  in 
tbs  center,  into  which  the  proper  percentage  of 
dean  water  shall  he  poured;  the  material  cm  the 
ontar  edge  ahall  be  turned  into  the  crater  hy  the 
aid  «C  a  tvowsL  Aft«  aa  Interval  of  >j  mln  f or 
the  ahanptioa  of  the  water  the  operatitm  riiaU 
be  completed  by  continuous,  vigorous  mixing, 
■qnisiring  sod  kneading  with  the  hands  for  at 
least  1  inla.*  During  the  opwation  erf  mlxlag, 
tha  baada  abould  be  protected  by  rubber  glovea. 

**8S.  The  temperature  of  the  room  and  the 
itfxing  water  dtall  be  as  uearly  as 

pnetieabie  at  21°  C  (70<-  F). 

"S9.  Honaal  Coosiatency.  ArrAMATva.  The 
Vieat  aniaratiia  cmiaiata  of  a  frame  A  (Fig.  41) 

bearing  a  movable  rod  B,  weighing  800  g,  <»ie  end  C  being  1  cm  in  diameter  for  a 
distance  of  8  cm,  the  othe[  having  a  removable  needle  D,  1  mm  in  diameter,  6  cm 
long.  The  rod  Is  reversible,  and  can  be  held  hi  any  desired  podtion  by  s  screw  E. 
and  has  midway  betsssu  tba  ends  a  marie  F  which  moves  under  a  scale,  graduated  to 
MflUmatsfs.  attadtsd  to  tha  frame  A.  Tha  paste  is  held  in  a  conical,  hard-rubber 
rmg     7  em  la  awwtar  at  tba  baaa.  4  «b  Ugh,  reatlag  on  a  glaaa  phtte  H  about  10  em 


1 
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•In  order  to  seenia  unifonnlty  In  the  results  of  testa  for  the  time  of  setting  and 
tends  strength  the  manner  of  mixing  above  deacribed  should  be  carefully  fcrflowed. 
At  least  1  min  ta  neeeswy  to  obtain  the  dasirad  ptastidty  which  is  not  appreciably 
aBsetad  by  ocotlnuiBg  the  mixing  for  several  miaotaa.  The  exact  time  neeesaary  is 
liyilaat  mpta  the  p— anal  aquation  of  tba  (vaiator.  Tba  error  In  mixing  Should 
be  OB  tha  riAi  of  svarmixins. 
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"40.  MBTHon  In  Duldng  tha  dstennliiatloii,  fiOO  ■  of  camn^  with  ■  mwiwl 
quantity  of  water,  ghall  be  kneaded  Into  e  psbIb,  as  dewribsd  in  (Pkr.  ST),  and  qvlekly 
formed  into  a  ball  with  tho  hands,  eompletins  the  operation  by  toeaing  it  ab  timea 
from  one  hand  to  the  other,  maintained  aliout  6  in  apart;  the  ball  reBting  in  the  palm 
ot  one  hand  shall  be  praased  into  the  larEer  end  of  the  rubber  ring  held  in  the  other 
band,  completely  filling  the  ring  with  paste;  the  ezoBM  at  the  larger  end  shall  then 
be  removed  by  a  single  movement  of  the  palm  of  the  hand;  the  ring  shall  then  be 
placed  on  Its  larger  eod  on  a  glass  plate  and  the  eseees  paste  at  the  smaller  cad  ia 
aliced  ofF  at  the  top  of  the  ring  by  a  single  oblique  stroke  of  a  trowel  hdd  at  a  slight 
angle  with  the  top  of  the  ring.  During  these  operations  care  shall  be  taken  not  to 
compress  the  paste.  The  paste  confined  in  the  ring,  reeting  on  the  plate,  shall  be 
placed  under  the  rod,  the  larger  enl  of  which  diall  be  brought  in  contact  with  the 
surface  of  the  paste;  the  scale  shall  be  then  read,  and  the  rod  quickly  released.  The 
paste  shall  be  of  normal  consistency  wlien  the  rod  settles  to  a  point  10  mm  below 
the  original  surfaee  in  ^  min  after  being  released.  The  apparatus  shall  be  free  from 
all  vibrationa  during  the  test  Trial  pastes  shall  be  made  with  varying  pereantagea 
of  water  until  the  normal  consistency  is  obtained.  The  amount  of  water  required 
shall  be  expressed  In  percentage  by  w^ght  of  the  dry  cemenL 

"41.  The  conoiBtency  of  standard  mortar  shall  depend  on  flu  amount  of  water 
required  to  produce  a  paste  normal  eonatatoicy  frain  the  aune  aanpla  of  cement. 
Having  determined  tlie  normal  consistency  of  the  sample,  the  eonristent^r  of  stand- 
ard mortar  made  from  the  same  sample  shall  be  as  indicated  In  Table  IV,  the  values 
being  In  percratage  ol  the  combined  dry  welghta  of  the  cement  and  standard  sand. 

Table  IV. — Percentage  of  Water  for  Standard  Mortars 


Percentage  of  Water 
for  Neat  Cement 
Paale  of  Nwraal 
Oonalitency 

Percentage  of  Water 
for  One  Cement, 
Three  Standard 
Ottawa  Sand 

Percentage  of  Water 
for  Neat  Cement 
Parte  of  Normal 
Consistency 

Percentage  of  Water 
for  One  Cement, 
Three  Standard 
Ottawa  Sand 

16 

9.0 

23 

10.3 

16 

9.2 

24 

10.5 

17 

9.3 

2S 

10.7 

18 

9.5 

26 

10. S 

1  19 

9.7 

27 

11.0 

'  SO 

9.8 

28 

11.2 

21 

10.0 

29 

11.8 

22 

10,2 

30 

11.5 

"42.  Determination  of  Soundness.*  AppARATua.  A  steam  apparatus,  which  can 
be  maintained  at  a  temperature  between  98°  and  lOO"  C  (208°  and  212°  F),  or  ana 
similar  to  that  shown  in  fig.  42,  is  recommended.  The  capadty  of  this  apparatua 
may  be  increased  by  using  a  radc  for  holding  the  pats  in  a  vertical  or  inclined  position. 

"43.  Mbthod.  a  pat  from  cement  paste  of  normal  connsteocy  about  8  In  in  dia- 
meter, ^  in  thick  at  the  center,  and  tapering  to  a  thin  edge,  sh^l  be  made  on  clean 
glass  plates  about  4  in  square,  and  stored  in  moist  air  for  24  br.  In  molding  the  pat, 
the  cement  paste  shall  first  be  flattened  on  the  glan  and  the  pat  then  formed  by 
drawing  Che  trowel  from  the  aaber  edge  toward  the  oentei^ 

"44.  The  pat  ahall  then  be  placed  In  an  atmoaphere  of  ataam  at  a  temperature 
between  980  and  100°  C  (SOS"  and  212°  F),  upon  a  anitaUe  support  1  In  above  b<dUiiK 
water  for  6  hr. 

"45.  Should  the  pat  leave  the  plate,  distortton  may  be  detected  heat  with  a  atnight 
edge  applied  to  the  surface  whidi  was  in  contact  with  the  plate. 


*  Unsoundness  is  usually  manifested  by  diange  in  volume  wUch  causes  distortion, 
cracking,  checking  or  disintegration.  Pats  improperly  made  or  exposed  to  drying 
may  develop  what  are  known  as  shrinkage  cracks  within  the  first  24  hr  and  are  not 
an  indication  of  unsoundness.  The  failure  of  the  pata  to  remain  on  the  glass  or  the 
cracking  of  the  glan  to  which  the  pats  are  attacbed  does  not  necessarily  indieat* 
unsoundneBB. 
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"46.  Dettnntautiim  of  time  ol  Ssttiac.   Thm  Mkmkv  aia  atanatB  —thod^ 

-47.  ViCAT  ArrAMATm.  Th»  tlmi  of  oattinc  wball  ba  Mmrm^mi  «hh  tko  Viot 
■ppmtiadMeribodin  (Pftr.  SB).  Sao  Vic.  41. 

*'4ft.  Vio*T  Iflcraon.  A  pule  of  nomal  coBrirtwier  oholl  bo  woldod  in  tbo  hord- 
nbbvifaKOMdoMrttodiB(P«r.  «>)sBd  piMod  inukr  tho  rod  B.  Um  flwOor  «^  of 


COMSTMn-IXVIL 

■omc 


MtMWaSiif  HiOih  

Ik  Ina  VIn  ImmI  m  ■  Kb  Pbn  h* 
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(altovxeHiH  rtT  with  to* 
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wfaicfa  oholl  then  be  eutf uUy  broo^t  fa  eoataet  with  the  mrbtco  of  tho  pwU.  and  tho 
rod  qoiekly  nleaoad.  The  toltUl  Mt  ihall  bt  nU  to  hm  ocaimd  when  the  noodlo 
tetatm  to  9mm  a  point  6  nun  above  the  |la«  plate  in  H  adn  oftar  beiiif  lelMied;  and 
Uw  Una]  set,  when  the  needle  doea  not  rink  vialbly  into  the  pwto.  Tho  taafc  pieOH 
(hall  be  kept  in  mout  air  during  the  toot.  Thia  may  be 
aeeomtdiahed  by  pladnc  thm  on  a  nA  ow  vatar 
eoBtained  In  e  pan  and  covered  by  a  damp  doth, 
kept  from  contact  with  them  by  means  of  a  wlreeeroeo; 
V  they  may  be  rtored  in  a  moiot  dooet.  Care  ahall  be 
taken  to  Iraep  the  needle  dean,  aa  the  collectloii  of 
eeramt  on  the  ridee  of  the  needle  retardi  the  pmetm- 
tion.  while  cement  on  the  point  may  inaeoaa  thapcne- 
tntkn.  The  time  of  aetting  la  affected  not  on^  by 
the  percMtage  and  temperatura  of  the  water  uaed 
ad  tha  amomt  of  kneadlnc  the  paste  receivM,  but 
by  the  temperature  and  humidity  of  the  alr^  and  its 
determination  la  therefore  only  approximate. 

"49.  Gnxmrns  Affaeatub.  The  time  of  aettlnc 
ikaB  be  determined  by  the  Oflhnore  noedlw.  The 
GUhnore  naodlaa  ahonld  preferably  be  mounted  as 
riiowB  in  Tig.  4S  (ft). 

"50.  GiLLHORB  Hbthou.  The  time  of  settfaif  ahall 
be  determined  aa  followa:  A  pat  of  neat  eement  paste 
■bovt  8  in  in  diameter  and  M  la  fai  flili  liiii  with  a 
flbt  top,  see  Flf.  49  (a),  miaed  to  a  normal  eoudet- 
MQr,  aball  be  kept  in  nuM  air  at  a  temperature  maintidned  as  nearly  aa  practicable 
atZl'  C  (70"  F).  TheeanentahaUbeeoiiddend  to  have  acquired  Ita  initial  set  when 
the  pat  win  bear,  without  appiadable  indentatkn,  the  GilfaBora  needle  i/u  in  la 
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diameter,  loaded  to  wei(h  K  lb.  The  Anal  wt  has  been  acquired  whan  the  pat  wfll 
bear  withoat  appreciable  indentatioD,  tbe  Gillmore  needle  i/m  In  hi  diameter,  loaded 
to  wricb  1  nuU^  the  teat,  the  needlee  ehatl  be  held  in  a  Tertical  poaition. 

and  applied  Uchtly  to  the  auifaoe  at  the  paC 

"61.  Tension  Teata.  Form  or  Tnr  Pibcb.  Tbe  form  of  teat  piece  ahown  in 
Fig.  44  shaU  be  uaed.  The  molda  shall  be  made  of  non-eorrodlnK  metal  and  have 
auflldeBt  material  in  tbe  sidm  to  prevmt  apreading  during  moldinc.  Oani  molda 
when  need  shall  be  of  the  type  ahown  in  Fig.  46.  M<dda 
shall  be  wiped  with  an  oily  doth  bef  ue  using. 

"62.  Stakdabd  Sand.  Tb*  sand  to  be.  used  ahall 
be  natural  Mnd  from  Ottawa,  ID.,  acreenad  to  paaa  ■ 
20-aiMh  sieve  and  retained  on  a  80-meah  sieve.  TUa 
nnd  may  be  obtained  from  the  Ottawa  Silica  Co.,  nt 
a  coat  of  2  cents  per  lb,  f.o.b.  cam,  Ottawa,  IIL 

"68.  This  sand  having  passed  the  20-meah  sieve  shall 
bo  conridered  standard  wbaa  not  more  thnn  6  g  paaa 
the  StMneah  sieve  after  1  ado  eontbnioos  sieving  of  a 
SOIVg  sample. 

"64.  The  sievee  shall  eonfonn  to  tbe  tollowing 
qiedflcationa; 

"Tbe  20-Kiesh  sieve  shall  have  between  19.6  and 
20.6  wires  per  whole  inch  at  the  waip  wires  and  be> 
tween  19  and  21  wires  per  whole  inch  of  the  shoot 
wires.  The  diameter  of  the  wire  should  be  0.0166  in 
and  the  average  diameter  shall  not  be  outside  the  Umita 
of  0.0160  and  0.0170  in. 

"The  Sfr^neah  sieve  shall  have  between  29.5  and 
80.6  wires  per  whole  Indi  of  Uie  warp  wires  and  between 
£8.S  and  S1.6  wirea  per  whole  inch  at  tbe  aboot  wiren. 
The  diameter  of  tbe  wire  should  be  0.0110  In  and  tiie 
average  diameter  shall  not  be  outside  the  Umits  0.0106 
to  0.0116  in. 

"66.  HoLDiNO.    Immediately  after   mijdng,  the 
standard  mortar  shall  he  placed  In  the  molds,  preesod 
In  flrmly  with  the  thumbe  and  smoothed  off  irith  a 
Additional  mortar  shall  be  heaped  above  ttie  mold  and 
tbe  trowel  shall  be  drawn  over  the  mold  In  such  a 
The  mold  shall  then  be 


Pig.  44 
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Fig.  48 


trowel  without  ramming, 
smoothed  off  with  a  trowel; 

manner  as  to  exert  a  moderate  pressure  on  the  material. 

turned  over  and  the  opermtioo  of  heaping,  Uiumbing  and  smoothing  off  repeated. 

"68.  TnSTINa.  '  Tests  shall  be  made  with  any  standard  machine.  The  briquettes 
shall  be  tested  as  soon  as  they  are  removed  from  the  water.  The  bearing  surfaoea 
of  the  dips  and  briquettee  sh^  be  free  from  gralna  of  sand  or  dirt.  The  briquettes 
shall  be  carefully  centered  and  the  load  applied  continoously  at  the  rate  of  600  lb  per 

"  67.  Testing  machfaiea  should  be  tmqmntly  calibrated  In  order  to  determine  their 
accuracy. 

"68.  Briqnettaa  that  are  manifestly  faulty,  or  which  give  strengthB  tfffeilng  more 
than  16%  from  tbe  avenge  value  of  all  teet  pieces  broken  at  tbe  same  period  and 
made  from  the  same  sample,  shall  not  be  considered  in  determining  the  tensile  straigth. 

"69.  Stenge  of  Test  Pieces.  Atfaratus.  The  moist  closet  should  consist  of  « 
soapetone,  slate  or  concrete  box,  or  a  wooden  box  lined  with  raetaL  If  a  wooden 
box  b  -used,  the  interior  should  be  covered  with  felt  or  broad  widdng  Impt  wet.  The 
bottom  <a  the  moist  doset  should  be  cov«ed  with  water.  The  interior  of  tbe  doeet 
should  be  provided  with  non-absorbent  shelves  on  whid)  to  place  the  test  piecw,  the 
shelves  bdng  so  arranged  that  they  may  be  withdrawn  reedily. 

"  60.  HsTHODe.  Unleae  otherwise  spedfled  all  teat  pieces,  Immediately  aftw  mold- 
ing, shall  be  placed  in  the  moist  doeet  for  from  20  to  24  hr. 

"61.  The  briquettes  shall  be  kept  in  molda  on  glass  plates  in  the  moist  doeet  for 
at  least  20  hr.  After  24  hr  in  m«st  air  the  briquettes  shell  be  immersed  in  d«m 
wntsr  In  stersge  tanks  o(  non^orrodlng  material. 

"tt.  ThealrandwaterahallhenMlntafaiedasneBityaapracticabtsatZl'C  (70"F)." 
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An.  Soc.  Test.  Hat.  Standard  SpadttcatloBa  tor  Natacal  faniMt  aa 

lerised  in  1909  (63  u). 

"1.  Deflnibofi.  Nftvnl  oancnt  a  the  flnaljr  pulwiatd  product  rami  ting  tnm 
the  calcination  at  an  argUbeaons  BmartCBa  at  a  tampnmtun  only  mllliliat  to  drim 
dff  tlK  carlxnic  add  gaa. 

"2.  PbjBical  Properties.  Finekms.  The  reaidue  on  i  atandvd  lOOnMsh  deva 
Aall  not  exceed  10%,  and  oa  a  etattdard  200-meah  dara  shall  not  auaed  S0%,  by 

"S.  SoooMHBB.  Pata  <rf  neat  canaent  about  3  in  In  diamatar,  H  in  thkk  at  Mitar 
tspvinc  to  a  thin  ad^  shall  be  kqrt  in  nwM  air  for  a  period  of  24  hr.  ' 

a.  A  pat  abaQ  then  ba        in  a^  at  aotinal  tanpentvn. 

b.  Another  pat  abaU  be  Inpt  in  wat«  Htaintafnad  asnear21'C  (70°  F)  w  practk^te. 
Theae  pate  shall  be  observed  at  intcrvaia  for  at  leaat  88  daya,  and,  to  aatkbetorily 

paes  the  tarts,  shall  ranmin  Ann  and  bard  and  show  no  rigna  of  dktortiaa,  fhniblin. 
CTsckiiig  or  didntscratlng. 

"4.  Tdcb  or  Shttiho.  The  cement  shall  not  derslop  initial  set  in  Ihb  then  10 
mtn,  imnc  the  Vkat  needle.  FfasI  set  shall  be  attained  in  not  lass  than  80  ndn  nor 
more  than  8  hr,  uaing  the  Vicat  needle. 

Tbooa  Stbbiotk.  The  mlniinuni  requiraMAts  fw  tensile  strencdi  for  brl- 
qaettaa  1  aq  in  in  enm  aoction  shall  be  as  follows,  and  tlie  eenaant  shall  thvw  ao  retro- 
pSirioB  in  atranath  witUn  tha  periods  q>ecified: 


Ace                                Neat  Cement  Strangth 

Z4  hr  in  nujst  air   76  lb 

7  days,  1  day  in  mOtt  air,  6  days  in  water.   160  lb 

28  day^  1  iay  to  mofat  air,  87  daya  In  water.   SU  lb 

One  Part  CanMOt,  Three  ^rta  Standard  Ottawa  Sand 

7  days,  1  day  In  moist  air,  6  days  in  water.   50  lb 

88  days,  1  day  bt  mint  air.  27  <bys  in  water.   12fi  lb 


PaAacaa,  Haridnc  and  Stocaca.  The  cament  ahaU  ba  daUverad  in  suitable 
lav  or  bameis  with  the  brand  and  name  of  the  manufacttucr  plainly  natfked  tharaon. 
A  bac  ifaall  contain  94  lb  net.    A  barrel  shall  eontatn  888  lb  net. 

"7.  The  cement  shall  ba  stored  In  miA  a  manner  aa  to  pemdt  eav  aeoMa  for  proptf 
BMiiectioB  and  ideotiflcation  cd  each  ihipment,  and  In  a  suitable  waatber^Wit  buQdtai( 
wliich  wOl  protect  the  eement  from  dampnenu 

"8.  Inapaction.  a.  Every  fadU^  riiall  ba  pNvldad  Un  pvrehaser  for  canfttl 
WBpUnc  and  tnapectl<m  at  aithv  the  nOl  or  at  tha  alta  el  the  wcrii,  aa  may  be  ^Md- 
kd  by  the  purcfaaaer.  At  lanrt  10  daya  froaa  tka  thus  vt  aampUnf  shaD  ba  aUowad 
lor  the  completion  of  the  7-d^  tsat,  and  at  laaat  SI  dnya  shall  be  allowed  for  tba  eon- 
ptetioai  of  the  £8-day  teat. 

bu  The  eement  shall  be  tested  In  accordance  with  the  methods  contained  In  the 
Standard  Spedflcatioos  and  Tests  for  Portland  Cement  of  the  Am.  Soc.  Teat  UaL 

"9.  Rejection.  The  eement  may  be  rejected  if  It  fafls  to  meet  any  of  the  reqvim- 
anta  of  tbsaa  vndflcatioiM. 

"10.  Camnt  taOfag  to  meat  the  7-^y  rsqulranMnts  may  be  bdd  awalttng  the 
nauka  c<  Oa  SSnby  teats  befon  nj«eti«i." 

18.  Plain  CcmentpCoocreto 

Too  Kttle  attention  has  been  ^vea  to  tbe  matetials  to  be  cnnentad 
together  to  make  concrete.  Concrete  failures  have  been  attributed  to 
poor  cement.  While  poor  cement  may  be  found  in  the  market,  there  is 
no  other  material  of  construction  which  is  aa  thoroly  tested  by  tbe  manu- 
facturers. As  a  matter  of  fact,  good  cement  saves  poor  aggregate  more 
often  than  it  causes  failure.  Therefore,  it  is  a  sonnd  proposition  that  sand, 
gravel  and  stone  must  be  tested.  Tests  have  been  made  in  the  past  for 
sharpness  in  sand.  While  a  sharp  sand  may  give  concrete  that  is  a  little 
strong  than  that  made  fnnn  round  particles,  it  is  not  as  dense  and  there- 
fore not  ao  nearly  vaterproof.    As  a  general  proposition,  one  offsets  the 
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othw.  Teeta  have  been  made  for  cleanneaB  of  ssnd.  Bat  it  is  ooaoedpd 
that  5  or  even  10%  of  good  clay  ia  not  iojurioue  to  the  sand  aa  used  for 
concrete.  Aggregatea  for  concrete  aie  umially  divided  ipto  fine  and  eoane, 
the  divirion  usually  being  made  by  the  point  of  what  will  pass  and  wbat 
will  be  retained  upon  a  K-in  screen.  The  N.  Y.  State  Hi^way  Comm. 
Btandard  specificationfl  make  the          screen  tho  dividing  line. 

Fine  Aggregate  may  consiat  of  sand,  gravel  screeoingB,  crushed  stone  or 
crushed  slag.  The  beat  is  that  which  is  made  up  entirely  ol  siliceous  ma- 
terials. It  should  be  made  up  of  all  sizes  of  grains  from  fine,  hard  particlM 
up  to  >^  in.  The  Committee  on  Concrete,  Am.  Soc.  C.  E.,  reported  in 
1914  that  not  more  than  fl%  should  pass  a  lOO-mesh  sieve.  It  should  be 
free  from  dust,  and  particularly  it  must  be  free  from  vegetable  loam  and 
all  other  organle  matter.  A  fine  aggregate  may  look  all  right  and  still 
be  entirely  unfit  for  use  in  ooncrete.  It  therefore  should  be  tested  by  mak- 
ing standard  Iwiquettea  from  a  1  : 3  mortar  and  comparing  the  results 
with  a  1  :  3  mortar  made  from  the  same  cement  and  standard  Ottawa 
sand.  In  making  such  a  test,  the  consistency  of  the  two  mortars  should 
be  about  the  same.  In  order  to  obtain  the  same  consistency  the  natural 
sand  mortar  will  require  from  10  to  40%  more  water  than  the  Ottawa  sand. 
A  natural  sand  failing  to  come  up  to  this  requirement  might  be  used  by 
increasing  the  proportion  of  cement.  If  the  test  gives  results  leas  than 
70%  of  the  value  trf  the  Ottawa  sand  briquettes,  the  material  should  be 
rejected. 

Coarse  Agfregata  should  consist  of  oniahed  rook,  alag  or  gravel  whidi 
will  be  retained  on  a  K-*n  screen.  All  that  was  said  under  fine  aggregate 
regarding  freedom  from  dust,  vegetable  loam  and  organic  matter  is  appli- 
cable to  the  coarse  aggregate.  The  particles  should  be  hard  and  should 
be  cubical  or  spherical  in  shape.  Long  or  flat  stones  should  be  rejected. 
They  are  liable  not  to  mix  well,  or  may  break  after  mixing  and  leave  ex- 
posed areas  not  coated  with  mortar.  The  ase  of  ooarae  aggre- 
gate is  dependent  upon  the  character  of  the  work.  For  plain  concrete  in 
thin  masses,  from  6  in  to  12  in  thick,  stone  up  to  IH  ot  evm  3  in  may  be 
uaed.  In  larger  masaee  of  plain  concrete  stone  up  to  or  3  in  may  be 
used.  A  limited  amount  of  these  large  atones  tends  to  increase  the  strength 
of  the  concrete,  but  makes  it  more  difficult  to  properly  mix  and  place  it, 
aa  they  have  a  tendency  to  separate  from  the  mortar.  The  aggregate 
should  be  so  graded  between  the  minimum  and  maximum  siiea,  that  it  is 
made  up  of  nearly  equal  amounts  of  all  the  different  sizes. 

Proportioning.  Ii^smuch  as  a  bag  of  Portland  cement  measures  about 
1  Ott  ft  and  wdf^  94  lb,  1  cu  ft  of  loose  dry  sand  weighs  about  95  lb  and 
1  ou  It  of  loose  ooarsB  aggregate  wei|^  less  tiion  100  lb;  the  common 
unit  of  measuring  proportions  ia  taken  as  the  cutnc  foot  of  loose  aggregate 
or  the  bag  of  cement.  The  proportioning  of  fine  aggregate  to  coarse 
aggregate  should  be  such  as  to  produce  a  mixture  having  a  minimum  of 
voids.  In  unimportant  work,  this  may  be  closely  enough  obtained  by 
taking  twice  as  much  coarse  aggregate  as  fine.  For  important  work,  a 
careful  study  should  be  made  to  obtain  the  very  best  results,  and  the  proper 
mixture  should  be  carefully  maintained  thruout  the  work.    See  (54). 

Proportloa.  For  plain  eoncrets  In  large  msMSi,  sach  as  fouadatloiis.  It  Is  eomsMn 
to  make  it  in  the  propoitioo  1 :  2Vi  :  S,  which  maaiw  one  bag  of  PortUnd  eemsnt, 
to  2^  ai  ft  of  flne  agEregata  sad  teatttd  ooarse  aggrsgats.  If  aU  the  aggregate  !■ 
caraf uOy  graded,  a  eoaerete  la  Om  pK^ortton  of  1  :  S  :  6  may  be  uaed.   For  ninforesd 

 "  -' r*"*  'T hi nnill.  Ttrin msMM. Tim iiniiinrtliin  111111111  Tii  1  : 1  ;4. 
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A  — rfdwMe  aui^bar  o(  ■tatw  vedfr  >  pnportlan  of  1 ;  1)$  ;  S  lor  ooBrnto  pm- 
mmt  coBitraetiaB;  but  >  Iwat  mnnlm  «f  Uflnray  iiiiliiwiii  eUm  tluit  •1:1:4 
nUan  I*  as  laHt  m  godd.  Ma  SaeL  SI.  A'riiic  deddad  iqmb  tbe  praportimi  to  be 
mtd,  u  Mtlmsto  cl  Uw  quadtlei  neenwy  far  a  euUe  yard  of  concrete  may  be  ob- 

tidnad  bom  tha  fotlowltic  (onmilaa,  devlaed  by  Wm.  B.  Fuller  (U).    C-  — ,      ,  ; 

e  +  a  +  g 

3.S  S.8 

5-C  XaX-ji^iG-CXjX-^;  in  which  C- number  <rf  barreb  of  psdied  Portland 

enaent  nqabed  for  1  cu  yd  of  concrete,  1  bbl  —  4  bacs,  S «  number  of  cuUs 
yardi  t4  looae  wnd  required  for  1  cu  yd  erf  concreta,  G  —  number  of  cubic  ymrda 
of  looae  pavd  or  brtftcn  at«KM  required  for  1  eu  yd  of  cmerete,  e  number  of  parti 
tt  CMMBt  b)  propcrtion,  •  mimlMr  of  parta  of  Muld  in  prtqiortlon,  g  number  of 
patca  of  gnvd.  etc,  in  prapMtion. 

Water  fcv  concrete  is  seldtnn  tested.  But  care  should  be  used  that  tbe 
water  is  not  alkaline,  and  that  it  contains  no  oils.  The  amount  of  water 
will  vary  according  to  plasticity  wanted.  For  plain  concrete,  it  may  be 
estimated  that  1  cu  ft  of  concrete  will  take  from  1  to  1  }^  gal  of  water. 
Reinforoed  concrete  will  require  at  loaat  1 14  Sal  to  a  cu  ft. 

Mixiai  Concrete  ahoutd  be  done  careful^  and  thoroly.  Proper  mixing 
dioald  coat  every  partide  of  fine  aggregate  with  cement  and  emy  puea 
of  eoarae  aggregate  with  mcatar.  It  ahould  bring  the  pieces  ot  coarse 
iggregaie  into  intimate  contact  with  the  mortar  so  that  the  mortar  win 
doaaly  adhere  to  them.  The  time  allowed  for  mixing  should  be  sufficient 
to  aeoomptish  these  reaulta,  but  should  not  be  so  long  as  to  run  any  risk 
of  the  oement  beginning  to  set  b^ore  it  is  placed  in  the  forms  and  rammed. 
Concrete  is  mixed  by  band  and  by  machine.  As  a  rough  estimate,  on  a 
wwk  requiring  200  cu  yd  or  more  of  concrete,  machine  mixing  may  be 
•otKtoiny.    With  a  good  machine,  better  oonorete  is  always  obtained, 

■  Wnd  \r  Hand,  It  is  done  In  two-bag  batdtes.  A  bottomli  boK  of  nidt  Inrfda 
illaiiiialiais  tiwt  whn  evta  full  It  will  ooBtala  the  propw  amount  of  aaud  to  ndx  with 
one  bag  of  eement  ii  placed  on  the  mizfnx  board,  filled  even  full  with  aand.  The  box 
b  thai  removed  and  the  land  ^iread  ouL  Two  bags  of  cement  are  then  dumped 
oa  tbe  aand.  Tbm  the  box  is  asain  filled  and  the  contained  sand  is  shoveled  on  top 
of  Ae  oanaBt.  Then  tbe  cement  and  sand  are  mixed  by  ahovela.  The  shovelful  shotild 
•et  ba  mmJV  dumped,  but  the  material  ahould  be  allowed  to  run  oS  of  tbe  shovel  In 
auA  aa  to  mix  the  two  materials.    A  proptf  mix  ie  obtained  when  the  color 

of  the  mixture  maa  ev«D.  By  a  aimilar  process,  measure  half  the  atone  required. 
liaiMil  tbe  dry  mortar  aa  top,  thai  qiread  the  remainder  of  atime.  Add  water  and 
tarn  tha  ndre  maM  over  at  leaat  4,  and  better.  6  timea. 

Macbfaie  WxatB.  Tbse  fa  a  large  number  of  machine  mixers  on  the  market.  Con- 
tfamouB  mixers  are  ettber  IiorixoDtal  or  verticaL  In  the  latter  the  various  materfab 
ia  tbair  proper  pn^tortkma,  iaehidiBC  water,  are  continuously  shordlad  Into  the  top. 
Ihgy  drop  on  to  doping  shdvca,  and  by  being  dropped  from  ahdt  to  ahdt  becone 
mixed  bafote  coming  out  at  tbe  bottom.  Meet  continuous  mlxen  are  nearly  horisontal 
^lladen.  Tbe  materials  an  ahovelled  In  at  one  end  and  tbe  pasaage  thru  fa  either 
by  a  largo  revolving  screw  iriildi  carries  the  matnial  along,  or  by  the  revolving  of 
tbe  qilndsr.  Batdt  ndnn  are  so  called  becauae  all  tbe  materiab  for  1  batch,  based 
m  X  bag  ol  eanait,  are  iriaeed  tai  tbe  mixer  and  are  allowed  to  revolve  inside  ot  It 
fsr  about  2  min  when  tbe  batch  Is  dumped  out.  For  machine  mixing,  the  proportions 
an  usually  measured  by  actually  msasuring  for  1  batch  and  noting  bow  full  I  or  2 
wbaalbairewa  are  made  bytba  measured  quantities.  All  measuring  after  that  fa  made 
br  fflHng  whaslbaiTosfS  to  proper  axtsBt. 

ThmMvorflng  and  Pladng.  Tbe  concrete  may  be  oairied  from  the  mixer 
to  tbe  mta  of  the  work  by  means  of  wheelbarrows,  or  on  larger  jobs  hy 
tjWKwfaeoled  barrows  which  are  so  eonatruoted  as  to  be  easily  operated  by 
one  man.  aUho  a  large  siie  is  made  that  in  scone  oases  is  best  handled 
br  2  nan.   QenanUy,  the  first  oonerete  should  be  placed  farthest  from  tbe 
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mixar,  gtadnaUy  woiUnc  back  towaidi  the  mix^,  so  avoiding  havinc  to 
pus  thru  the  plaoed  oonerate.  If  eonorate  ia  beiuB  dumped  into  wall  forme 
from  a  runway,  this  precaution  is  not  necessary.  But  the  runway  should 
make  a  oomptete  circuit  so  that  the  barrow  leaves  the  mixer  dumps  at 
the  proper  place  and  oootiauee  around  the  circuit  back  to  the  mixer,  not 
interferinE  with  the  other  barrows.  If  the  concrete  is  dry,  it  should  not  be 
dropped  from  any  height.  But  ordinary  wet  concrete  may,  with  care, 
be  dropped  into  place  from  heights  of  10  or  12  ft.  Under  no  conditions, 
however,  should  concrete  be  placed  by  dropping  thru  any  depth  of  water. 
A  deijth  of  even  3  or  4  ft  will  separata  the  materials  from  which  the  eoncrete 
is  made,  the  dear  atone  going  to  the  bottom,  while  the  fine  aggr^te  and 
cement  will  form  layers  above  it.  Concrete  may  be  placed  under  water  by 
filliDg  paper  bags  with  it  and  sliding  them  into  plaoe  by  means  of  a  chute. 
The  bags  will  soon  burst  and  the  concrete  forms  a  fairly  solid  mass.  The 
beet  method  is  usually  to  chute  the  concrete  thru  a  12-  or  14-  in  diameter 
tube,  eithOT  wooden  or  steel.  The  bottom  end  of  the  tube  may  be  closed 
by  A  slide  operated  from  the  upper  end,  or  the  first  batch  of  concrete  may  be 
permitted  to  fall  thru  Ute  water.  After  that,  the  plastic -concrete  keeps  the 
lower  end  of  the  tube  sealed. 

Foondatlon  Concreta  should  be  placed  in  layers  6  or  8  hi  thick.  Dry 
concrete  needs  a  rammer  w^ghing  at  least  20  lb.  But  wet  concrete  may  be 
rammed  by  means  of  2  by  4  in  scantling  rounded  off  for  a  handle  on  one  end. 
Men  who  use  these  should  be  supplied  with  rubber  boots  and  allowed  to 
walk  in  the  concrete.  This  adds  to  the  ramming.  Care  should  be  used 
not  to  continue  ramming  after  the  cement  has  begun  to  set.  The  concrete 
should  then  be  protected  from  the  sun  to  prevent  drying  out  and  should 
not  be  walked  on  for  from  1  to  S  days.  An  ideal  method  in  placing  eoncrete 
is  to  work  eontinnouflly  until  the  mtire  mass  is  i^oed.  This  is  usually  Im- 
practieable,  and  then  earo  miwt  be  used  in  befdnning  each  day's  work, 
or  even  every  half  day's  work,  to  get  a  bond  betn^n  the  old  eoncrete  and 
the  new.  The  concrete  already  set  should  be  clean  and  free  from  loose 
particles  before  new  concrete  is  placed  on  or  against  it.  It  should  be  some- 
what rou^  and  should  be  washed  before  placing  the  new  concrete.  But 
watuT  should  not  be  left  standing  on  it.  The  first  batch  of  new  concrete 
should  be  without  coarse  aftgregate,  thus  forming  a  mortar  joint,  into  which 
the  following  batches  of  concrete  arc  placed.  Any  oil  in  the  water  or  from 
the  forms  mt^  form  s  film  on  the  set  concrete  that  must  be  removed  before 
the  new  concrete  is  placed,  or  there  will  be  practically  no  bond  between  the 
two.  If  then  is  any  possibility  of  any  stress  otbnr  than  pure  cwnpresaion 
ever  coming  onto  the  concrete,  it  is  always  wise  to  have  a  mechanical  bond 
between  old  and  new  concrete.  The  most  simide  method  is  to  ram  2  by 
4  in  scantling  into  the  last  batch  of  concrete  at  nig^t.  This  m^  be  removed 
in  the  morning  and  the  new  concrete  forma  a  tongue  in  the  groove  left  by 
the  removal  of  the  scantling,  thus  forming  a  regular  joint  to  resist  trans- 
verse stresses.  Features  to  be  kept  in  mind  in  the  building  of  forms  may 
be  found  in  Sect.  26,  RBTAtKiNO  WAixa. 

Impenrtomneas  is  a  quality  which  is  frequenUy  of  great  importance 
in  eoncrete.  Retaining  walla,  foundationB  and  other  structures  which 
come  into  intimate  contact  with  ami  should  be  so  constructed  that  water 
will  not  seep  thru.  The  simplest  method  of  accomplishing  this  is  by  in- 
ereasing  the  amount  of  cement  in  the  mixture.  Cement  ts  more  porous 
than  eoncrete.  But  its  voids  are  made  up  of  minute  round  bubbles  ii4udi  ate 
without  Intercommunication.   The  voids  in  oonorete  are  tUn  and  hair* 
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like  in  construction,  and  crosa  and  •aeb  other  in  lUl  direetion. 

Therefore  the  increase  of  cement  may  increase  percentage  of  voids,  but  at 
ame  time  increases  water-proofing.  The  concrete  surface  may  be  water- 
prDofed  against  nnall  pressures  by  tboroly  troweling  the  surface  which  tends 
to  bring  the  cement  to  the  surface  thereby  acting  as  a  water-proof  coating. 
It  should  be  remembered  that  gravel  will  generally  make  a  d«wer  and  therefore 
a  more  nearly  water-ttroof  concrete  than  will  crushed  ro<^  Loan  mixtures 
of  concrete  may  be  made  more  water-proof  by  the  addition  of  12  to  16% 
of  daked  lime,  or  not  more  than  10%  of  fine  clay.  These  materials  tend 
to  fill  the  voids  and  are  therefore  nearly  useless  in  a  rich  concrete.  The 
oldest  and  probably  the  best  water-proofing  materials  are  alum  and  soap 
used  in  combination.  Soap  to  the  amount  of  3%  of  the  water  should  be 
dissdved  in  the  water.  Finely  powdered  alum  equal  to  half  the  amount 
of  aoap  used  may  be  either  diseolved  in  the  water  or  mixed  dry  with  the 
cement.  This  mixing  of  the  soap  and  alum  directly  with  the  ingredients 
dsereMoa  the  strength  of  the  concrete  sti^tly.  If  necessary  to  avc»d  tlus, 
or  it  water-proofing  is  demred  on  a  structure  already  built,  the  alum  and  Boq» 
ifaould  be  used  as  washes  over  the  exposed  surface.  It  is  always  better, 
if  poasible,  to  place  these  washes  on  the  surface  actually  exposed  to  the  wstOT 
pleasure.  The  alum  solution  is  made  by  using  1  lb  of  alum  to  1  gal  of  water. 
The  soap  solution  by  using  2.2  lb  of  hard  soap  to  I  gal  of  water.  These 
wsriiee  are  applied  separately,  either  the  alum  or  soap  wash  being  allowed 
ta  dry  24  hr  before  the  application  of  the  other.  The  soap  wash  should 
be  boiUug  bot,  the  alum  wash  should  be  about  15.6°  to  2l°C  (60"  or  70°  F). 
Hie  ocMierete  should  not  be  colder  than  10°  C  (SO"  T).  These  two  washes 
combine  to  form  an  insoIuUe  oompound.  uid  several  coatings  will  watw- 
proof  concrete  against  heavy  water  preesures. 

Cmcrete  hi  Freezing  Weather.  It  is  ahrqv  advisable  not  to  do  concrete 
wtn-k  in  freexing  weather.  But  with  extra  care,  it  may  be  done  with  prnfect 
safety.'  In  the  first  place,  the  chemical  action  of  setting  cement  creates 
a  oonsiilerable  amount  of  heat.  By  covering  the  day's  work  with  cement 
ba^,  buriap,  straw,  etc,  this  heat  is  held  in  the  concrete  until  it  sets.  With 
ofdiDaiy.care  this  method  will  prevent  f reeling  at  —  4"  C  (25"  F)  and  with 
great  can,  at  —  7*  G  (20°  F).  The  surest  method  to  prevent  freesing  at 
lower  temperatures  is  to  add,  to  the  water,  salt  to  the  amount  of  0.2%  of 
the  wei^t  of  water  for  every  0.44*  C  (1*  F)  below  freezing,  ^at  the  tem- 
perature may  fall.  This  may  cause  efflorescence  on  the  ffuse  of  the  concrete, 
bat  that  wiU  soon  disappear.  When  the  work  is  large  enough  to  keep  up 
•team  on  the  job  for  24  hr  a  day  and  7  days  a  week,  freezing  may  be  largely 
prevented  by  piping  live  steam  thru  the  piles  of  sand  and  stone.  But  the 
effect  of  steam  on  cold  stone  is  merely  to  warm  the  surface.  The  frost  in 
the  interior  is  liable  to  come  out  after  the  concrete  is  in  place.  This 
knracs  the  temperature  of  concrete  and  is  liable  to  cause  trouble. 


A  ttfief  outline  of  the  principles  governing  the  use  and  dengn  of  rein- 
forced cement-concrete  wUl  be  ^ven.  The  material  in  this  article  is  taken 
from  the  1913  and  1917  reports  of  the  Com.  on  Concrete,  and  Reinforced 
Concrete,  Am.  Soc.  C.  E.  (62  b).  The  use  of  reinforced  concrete  in- 
volves the  exercise  of  good  judgment  to  a  greater  degree  than  for  any 
other  building  material,  and  judgment  should  control  the  application  of 
rules.  Failures  of  such  structures  are  usually  due  to  any  one  or  a  combi- 
nation of  the  following  causes:    Defective  design,  poor  material,  faulty 
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execution  and  premature  removal  of  forma.  Poor  material  is  aometimes 
used  for  the  coocrete,  as  well  as  for  the  reinforcement.  The  use  of  poor 
aggregates,  espedally  aand,  which  have  not  been  tested  is  a  common  source 
of  defect.  An  unsuitable  quality  of  metal  for  reinforcement  is  sometimes 
used  to  reduce  the  cost. 

ThS  Materiils  may  be  divided  into-(l)  cement,  (2)  aggregates,  and  (3> 
reinforcement.  Only  Portland  cement  should  be  uaed  and  it  should  paaa 
the  tests  as  prescribed  under  Art.  12.  Aggregates  may  be  divided  into 
(a)  fine  and  (b)  coarse.  Fine  aggregates  should  coosiat  of  sand,  crushed 
stone,  or  gravd  screenings,  graded  from  fine  to  coarse,  and  passing,  when 
dry,  a  li-i^  screen.  It  should  be  clean,  coarse,  free  from  dust,  soft  particles, 
vegetable  loam  or  other  deleterious  matter;  and  not  more  than  6%  should 
Itass  a  lOO-mosh  sieve.  Coarse  aggregate  should  consist  of  crushed  stone 
or  gravti  which  is  retained  on  a  K-hi  screen  and  graded  from  the  smallest 
to  the  largest  particles.  It  should  be  clean,  hard,  durable  and  free  from  all  ■ 
deleterious  matter.  The  fnitTimiim  sise  of  the  particles  is  governed  by  the 
character  of  the  construction  and  should  be  small  enough  to  allow  Uie  con- 
crete to  easily  surround  the  reinforcement  and  fill  all  parts  of  the  forms. 
Cinder  concrete  should  not  be  uaed  for  reinforced  concrete  oonatruction. 
For  reinforcement,  a  structural  steel  with  an  ultimate  tensile  strength  of 
60  000  lb  per  sq  in  and  a  yield  pomt  of  not  less  than  60%  of  the  ultimate 
strength  should  be  used.  Where  little  bending  is  required,  and  also  (or 
reinforcement  for  sbrinkace  and  temperature  stresses,  a  high  carbon  steel 
with  an  ultimate  strength  of  S8  000  lb  per  sq  in  and  a  yield  point  of  not 
less  than  80%  of  the  ultimate  strength  may  be  uaed. 

In  Proportioning  the  Concrete,  the  fine  and  coarse  aggregates  should  be 
used  in  such  relative  proportions  as  will  insure  maximum  density.  A 
study  of  samples  of  the  aggregate  should  be  made  to  determine  this  relation. 
Id  ordinary  construction,  1  part  of  cement  to  a  total  of  6  parts  of  fine  and 
coarse  aggregates  measured  separately  should  generally  be  used.  For  columns, 
richer  mixtures  are  generally  preferable,  and  in  massive  xuaaonxy,  a  mix- 
ture of  1:9  or  even        may  be  used. 

Shrinkage  of  Courete  due  to  hardening,  and  contraction  due  to  temper- 
ature changes,  causes  cracIcB,  the  sise  of  which  depends  on  the  extent  of  the 
mass.  The  resulting  stresses  are  important  in  monolithic  construction 
and  should  be  considered  carefully  by  the  designer.  They  cannot  be  counter- 
acted auG'iessfuUy  but  the  effects  can  be  minimised.  In  long  continuous 
lengths  of  concrete,  shrinkage  joints  should  be  provided  at  points  where 
they  will  do  little  or  no  harm.  Reinforcement,  properly  placed,  ia  of  ttsaia- 
tance  in  causing  the  concrete  to  hold  togetlwr  between  joints  and  to 
localise  the  cracks. 

Contitttiona  Beams  and  Slabs.  In  oompuUng  the  positive  and  negative 
momenta  in  bmms  and  slabs  continuous  over  several  supports,  due  to 
uniformly  distributed  loads,  the  following  rules  an  given: 

1.  That  for  floor  Blaba,  the  bonding  momenta  st  center  and  at  aiqiport  be  taken 
st  for  both  d«Ml  and  live  loads,  when  w  rapments  tho  load  pw  Untar  toot 
and  L  the  apan  length. 

2.  That  for  beams,  the  beading  mament  at  center  and  at  support  (or  interior  qmas 
be  taken  at  and  for  end  qwns  it  be  taken  at  wU/lO  for  center  and  adjofadng 
■uppwt,  for  both  dfiad  nd  live  loads. 

8.  In  the  eaae  of  beviu  and  elaba  oontinuoua  for  two  spuis  only,  the  bending  moment 
at  the  eantral  siqtpOTt  should  be  taken  aa  w£>>/8  and  near  the  middla  of  tha  qian 
wV/lO. 

4.  At  dte  enda  id  eoatiuunoa  beanw,  tha  amount  id  negativa  monent  lAfeh  wID 
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m  ikm  tem  at  aoBttroeticB.   In  ordlnuy  eum  ■  monMnt  of  tram  w£Vie  to  w£Vl2 

Columns.  By  oolunms  are  meant  compression  members  of  which  the 
ratio  of  unsupported  length  to  least  width  exceeds  about  4,  and  which  are 
proTided  with  reinforcement.  It  ia  .recommended  that  the  ratio  of  un- 
supported length  of  column  to  its  leaat  width  be  limited  to  IS.  The  eCFeo- 
tive  ares  of  the  column  shall  be  talten  aa  the  area  within  the  protective 
covMinSt  or,  in  the  case  of  hooped  columns  or  columna  reinforced  with 
struct  oral  ■hapoa,  it  ahall  be  taken  as  the  area  within  the  hocqung  or  atruo- 
toral  ah^Mi^  The  followins  reeommendatitnia  are  made  for  the  relative 
working  streases  in  the  concrete  for  the  several  types  of  columns: 

1.  Cohunna  with  loocttudlnal  ralnforeemeot  to  the  extent  of  not  Imb  than  1  and 
Bot  mora  tbaa  4%,  mad  with  tatanl  tka  of  not  Ian  than  }i  in  in  dfamater,  IS  In 
Vart,  nor  mon  than  16  diamotm  ti  the  longHu^Dal  bar:  the  unit  stieai  roeon- 
mndsd  for  asfal  ennipT— <wi , 

2.  Cohnnna  reinforeed  wfth  not  Ism  than  1  and  not  more  than  i%  of  longltiidinal 
ban,  and  with  drcular  boopa  or  tpiniM  not  less  than  1%  of  the  volume  ot  the  oon- 
cRte:  a  unit  eUwu  66%  hi^bm  than  given  lor  (1)  iirovMed  the  ratio  of  nnaupportad 
hagth  at  —J*  to  diunetv  ot  tiw  hooped  eoce  is  not  mora  than  10. 

WorUag  BtrewM.  The  following  worldog  atresses  are  given  for  static 
kadB.  Proper  allowanoes  for  vibration  and  impaci  are  to  be  added  to 
Hve  loaiis  where  necessary  to  produce  an  equivalent  static  load  before 
applying  the  unit  stresses  in  proportioning  parts. 

Table  V. — Strengths  of  Different  HixtofM  of  Concrete 


In  Fbnnds  per  Square  Inch 


AgpE^ta 

1:S* 

1:7W* 

1:9* 

^aoite^  trap  roA  

8800 

2800 

2200 

1800 

1400 

GravcL   hard  limeeUine 
■ad  hard  aaadstone  

8000 

2600 

2000 

1600 

1800 

Soft  Uraeetone  and  nnd- 

2200 

1800 

1600 

1200 

1000 

CtadMS  

800 

TOO 

«00 

600 

400 

•Combined  volume  fine  and  coaru  aggregate  measured  aepamtely. 

Peafingi  When  eorapresaioD  ia  applied  to  a  aurface  of  amciete  ot  at  least  twles 
tb*  loaded  area,  a  strsH  of  S6%  ot  the  iniiipnasiie  strength  may  be  allowed. 

Ual  Cefressloii.  For  eMcntrle  compiesdon  on  a  pUn  eoDcratc  idar,  the 
iHgth  ot  which  doaa  net  exeasd  4  dtaraeters,  or  on  a  column  reinforced  with  kmgl- 
tirW"-'  ban  only,  the  loigth  of  which  does  not  exceed  12  dlametera,  22.6%  of 
the  compreMfva  atrcngtb  may  be  allowed. 

Coovrassioa  in  BiUeuie  PUmt.  The  extrMoa  fiber  strasi  ot  a  beau,  ealcotated  on 
the  aaanaptlon  ot  a  ooastant  nudufaia  at  eiaatfefty  for  eonerete  ander  wmUng  rtnaaca 
may  be  allowed  to  reach  S2.5%  ct  the  eompraasive  strangtb.  Adjaemt  to  the  siqtport 
of  eaBtinuoaa  boanis,  etrteaca  16%  higher  may  be  uaed. 

Shear  and  Diagonal  Teosion.  In  caleuladona  on  beams  in  whidi  the  maximum 
■haering  strcaa  in  a  eeetbrn  is  uaed  aa  the  roeana  of  meaauring  the  neiatance  to  diagonal 
tanrfnn  atnm,  the  tollowini  allowable  values  are  recommended:  (I)  For  beams  with 
horiaontal  bars  oaVf^d  without  web  reinforoement,  2%  of  the  comprentve  strength. 
W  'or  a  eembinatioD  of  bent  l>an  and  vertical  etirnipa  looped  about  the  reinfor^ 
lag  bars  in  the  taa^cm  aide  of  the  beam  and  qwced  horizontally  not  more  than 
mm  half  of  the  depth  of  the  baam,  6%  of  the  coeapreasive  strength.  For  other 
cBsss  of  wsb  rsinfofeensat  conrisMng  ei  vertteal  sttinipa  or  beat  baia  ot  a  oombinar 
tfaatheieo<,Bee(flIb). 
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Bond.  TIh  bond  itnH  IwIumd  eooento  wad  plam  nlnfordng  ban  miy  be  *>- 
mnwd  at  4%  td  ttw  Loatpwlw  atnngth  w  2%  fn  the  cm  o(  dnwn  win. 

lUfiifoKMiioaL  The  tandle  or  compraadve  atreBsth  {a  rteel  should  not  sxeeod 
16  000  lb  per  aq  In. 

Modalm  of  Bludeitjr.  The  vi^  td  the  moduluo  of  etaotldty  of  eoncreto  bM  • 
wide  nnio,  dapendiof  on  the  matiriile  nsed,  the  age,  the  rufo  at  wtamum  brtween 

whicb  It  )■  eoBsiderad.  tm  well  m  other  eooditioiie.  It  b  reconi mended  that  ta  otm- 
putatlone  for  the  poeidoii  of  the  neutral  axb  and  for  the  rcauting  moment  ot  beama 
and  for  the  eompreadon  of  eonerete  in  columns  It  be  aaeumed  aa:  (1)  One-fortieth 
that  oi  sted.  wbea  the  itrength  of  concrete  ia  taken  as  not  more  than  800  lb  per  eq 
In.  (Z>  Otw-Oftaenth  of  that  ot  atari,  when  the  atraicth  of  the  concrete  la  taken  aa 
greatar  Oaa  800  lb  per  sq  In  and  lasi  than  SSOO  lb  per  aq  in.  (8)  One-twelfth  ol 
that  of  ated,  when  the  strenfth  ol  th*  conoete  b  tak«i  aa  ireater  than  2800  lb  per 
aq  in  and  less  than  2990  lb  per  aq  In.  (4)  One-tenth  of  that  of  atari,  wbn  tiia 
BtreaEth  of  the  concrete  b  taken  as  greata-  than  2900  lb  per  aq  in. 

Fonaulas  for  Uae  in  Dealso.  The  formulas  which  follow  are  based 
upon  asaumptions,  aome  of  whiob  are  not  entirely  borne  out  by  experi- 
nwDtal  data.  The  Committee  of  the  Am.  Soc.  C;  E.  reootumenda  that  in 
the  iatereats  of  aimi^city  and  umfotmity  they  bo  used  until  more  rational 
methods  appear  to  replace  than. 

Notation.  1.  RaOTANOOLAB  Bauo.  f$  -  tcnfle  unte  atrea  fai  alaal:  ft  ■  aom- 
presslve  unit  stress  in  eooerete;  Ba  ~  modulus  of  dastieftr  of  steel;  Be  *  inodulna  of 
dsaticlty  of  eonererte;  «  ^EJBe;  M  —  nHRoent  of  reristance,  or  bendim  moment  in 
ffloeral;  A  •■  sted  area;  b  "  breadth  of  beam;  d  »  dq>th  of  beam  to  entor  of  steal; 
k  "  ratio  of  depth  of  neutral  axb  to  efEeetln  depth  d;  s  -  depth  of  laaultaat  eosD. 
prasdon  below  top;  j  ■•  ratio  of  lever  arm  ot  lariatinc  coiqila  to  dqith  d;  Jd^  d  -  s 
arm  of  redstins  couple;  p  —  sted  ratio,  not  pareentage. 

2.  T'Bbahb.   b  -  width  of  flange;  V  —  width  of  stem;  (  -  thickness  of  Oania. 

8.  BauaRmFOiiCBDPOBCoiiPBMnoH.  A' ■  area ri eemprewdve ataJ;  p'-ateet 
ratio  for  eompiasrf're  ateel;  -  aonpraasive  ladt  atten  fa  sted;  C  -  total  emprea- 
dva  Btreea  hi  oooereta;  C  ■  total  eomprearive  stresa  In  sted;  d*  -  dqtth  to  enter  of 
eompreedve  sted;  s  m  depth  to  resultant  of  C  and  C. 

-  4.  Shbab  and  Bond.  V  -  total  shear;  *  -  shearing  unit  stress;  a  —  bond  strMs 
per  nott  area  of  bar;  a  —  dreumfarenee  or  perimeter  of  bar;  Zd  *  aom  of  the  perim- 
atwa  ot  aO  haia. 

6.  COLDnm.   A  ■  total  net  area;  As     area  of  lon^tuiUnal  ataal;  At  "  area  of 
floacrate:  P  >  total  safe  had. 
Formnlaa.  1.  RaoTANouuK  Bbamb. 


Podtion  of  neutral  axis, 


Fiber  stresses. 


i-l-M*  (2) 

Note:  For  /«  -  15  000  to  16  000,  and  /e  -  60O  to 
860, 1:  nay  be  taknatj^. 


Fig.  46 


Sted  ratio,  tor  balaaced  rdaforoement. 


(5) 
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2.  T-BSAMB. 

Cue  1.   When  the  aautral  axia  lies  in  the  flaof*  um  formoUa  for  recUuigulw  b—nn. 

CaaB  1.  'WlMn  the  luntnl  Krii  Hn  in  the  atmm.  The  foUvwiac  raranlu  Degleefc 
the  iiiiHiiiieiliiii  in  tlie  stem: 
Porition  of  neutral  uds, 


2it  A  +2M 
Position  of  Multant  ponipre^on, 

Sbt  -2t 
'  "  2  M  -  (  S      •    •    •  ■ 

Ann  of  rautlBc  eoupla, 

^-d->  

Tiber  itiMwe,  ft  * 

Mkd 


CO 


(8) 


Flf-  47 


J* 


(•) 

(19) 


«(*«(-  MOi«i     "  1  -  t 
Note:   Voc  pn™"*™*"  nsulta,  Uie  formiilaa  for  reetenguler  beema  may  be  uned. 
The  foHowinc  fbramlBs  Ulce  into  eccount  tite  eoaiprcerioD  in  the  item;  thajr  ate 
niiimiwnilnil  when  tlw  flenfi  li  101111  compered  with  the  rtn: 
PaiMan  of  nentrel  ezta, 

+         7      +  »  -^YA*     +  ft  -y)* 

fc' 


^  ^wA  +(fc  -f)<y 


PtaitloB  of  reeulbuit  comprendon. 
Aim     ledeHng  eoapte. 


u  - 


^'^  Aid 
2  Mkd 


f{ZW  -0«  +  <U  -  t)*V\id      '    '  ' 
4.  Bbub  RinamcBD  r«t  CoHPsmoN. 

Podtion  of  neutral  axis, 

*-^an(p  +|>'-^)+«i(p+pV-«<P+lO  . 
Portion  of  resultant  compreirion, 

M      +  2  p'  nd'  ^fc  -  ^) 


(U) 
(IK) 


*•  +  2  p'  e 


raw 


Am  of  terietiBc  eouple. 

fdmd~M  .      .  . 


9M 


M        ,  1-t 


(17) 

a» 

(IS) 

(21) 


/.--^-Hfe—:  ...  (20)  A 

4.  SOHB,  Bond,  and  W>b  BawvOBCaiBHT.  In  tlw  ftdiowlnc  f onnulea,  Zo  refers 
oalr  to  the  bn  eoBatltMinf  the  twrfon  ntaittoreament  at  the  eeeOea  in  qmrtlon, 
aid  id  k  the  lemr  arm  «( the  raMnc  eoople  «t  the  eeodoo. 
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For  raetaBcalw  bwni^ 

-i^  -55; «"> 

Note:   Vet  »pprorim«to  iMolti,  >  mky  be  talnn  at  H- 
The  etrMM  In  web  nlnforcMiant  may  be  — h».>-j  by  the  folknrinc  fammbi: 

Vi 

Vertleel  web  rrtnforeement.   

W«b  rdnfonMncnt  indined  et  46°.  Dot  b«at-up  bare,  P  -  0.7  ^  (26) 

in  iriildi  P  —  strMB  In  angle  reinforcing  member,  V  —  amount  of  total  Aear  as  carried 
by  the  reinforeonent,  and  s  -  borixontjJ  spacing  of  the  i^forong  menben. 

The  nme  fwrnube  apply  to  beams  ninbMed  for  eompraadon  as  re(;arda  shear  and 
bond  stress  for  taniile  steeL 
For  T-beamst 

-6^  *-7k  

Nota:   For  approximate  results,  j  may  be  taken  at  }i. 

B.  COLDHNB. 

Total «fe load.        P-/e  (A*  +  lul,)        X  [1+ (a- 1)  (28) 

Pnitatre— s, 

^'-Ah+»-l)ri-    •    •    •   0»)   0») 

IS.   Ixon  and  Steel 

Definitions.  Caat  Inm,  wrought  iron,  and  steel  ore  called  the  ferrous 
metals,  and  are  commonly  known  under  the  name  of  iron  and  steel.  The 
iron  ore  mined  in  the  United  States  is  chiefly  hematite,  Fe^O*.  the  most 
noteworthy  deposita  being  in  the  region  of  Lake  Superior.  The  ore  is 
taken  to  blast  furnaces,  where  it  ie  smelted  and  cast  into  a  form  known  as 
pig  iron.  This  in  turn  is  carried  thru  different  proneBscs  of  refinement  and 
converted  into  the  ferrous  metals.  The  following  descriptiotta  <tf  oast  iraa. 
steel  and  wrought  iron  are  given  by  Stoughton  (53). 

"  Cast  Iron  ia  fmpare  and  weak,  sad  must  be  brought  to  ita  desired  nse  and 
form  by  "yJtjnc  and  eaatinc  in  a  mold.  A  typical  eumple  wmdd  contain  about 
94%  iron,  4%  carbon,  and  2%  of  otlta  ingrcdi«ita  or  impurltiaa.  Gray  east  iron  is 
weak  and  brfttle.  Ffg  Iron  Is  a  raw  Iwm  at  cast  Iron.  Malleable  cast  Iron  is  a  senl- 
purifled  tana  and  when  fint  made  Is  caat  in  the  conditira  of  cast  iron,  and  ii  made 
malleable  by  subsequent  treatment  without  fusion.  After  co<^g,  the  castings  sre 
cleaned  and  packed  in  some  pulverised  material,  as  iron  ore,  lime,  or  sand,  and  placed 
in  an  ^wniw'lng  furnace  and  boated  to  a  temperature  of  about  706°  C  (1800°  F)  at 
which  tampers  tore  they  are  kapt  for  many  hours  after  which  they  are  allowed  to  oool 
•lowly.  The  material  b  tlien  greatly  Inenaaed  in  strength  and  dnetUt^.  Only  om»- 
par* ti rely  thin  castingB  can  be  thus  treated. 

"  Steel  is  purer  than  cast  iron,  much  stronger,  and  may  be  produced  in  the 
desired  site  and  form  dtber  1^  melting  and  casting  In  a  mold  or  by  forging  at  a  red 
hsat.   It  usually  about  98%  or  more  of  Inm,  and,  in  different  samples,  from 

1.5%  down  to  almost  no  caiboi,  togatb«  with  small  amounts  ol  other  Ingredbnts 
or  fanpnritleB. 

"  Wron^t  Iron  la  almost  the  same  as  the  very  low  carbon  steels,  except,  that 
it  is  never  produced  by  melting  and  castdng  in  a  mold,  but  is  always  forged  to  the 
dedred  die  and  form.  It  usually  oontaina  lees  than  0.12%  of  carbon.  Its  chief 
dlstinctioD  from  the  low  carbon  steels  is  that  it  is  made  by  a  prooesi  which  finishea 
it  in  a  pasty,  instead  of  a  liquid  form  and  leaves  about  1  or  2%  of  slag  mechanically 
illnsiiiiiliiit^Ml  thru  It.  The  method  is  known  as  the  puddling  process  in  which  pig  iron 
la  mettsd  on  the  hesrth  of  a  rev^ieratory  funiaee  until  It  asmmes  a  pas^  stage,  in 
whMi  dag  Is  prtanioeiit.  Balls  of  the  material  are  squoend  and  rolled  into  bars  which 
ars  placed  together,  reheated  and  rolled  into  a  smallvilBs  known  aa  die  nordunt  bar." 
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The  Pniificatioa  of  Pit  Iron,  in  order  to  obtain  stnictural  iteel,  is  aoeom- 
pliflhed  by  one  of  two  methoda:  (1)  Bbsbsusb,  (2)  qpbn  hbabth.  tn 
the  Bessemer  process,  generally  about  10  tons  of  pig  iron  are  melted  and 
put  in  a  converter.  Air  is  then  forced  thru  the  liquid  mass,  which  produces 
M  oxidation  of  the  carticm  and  other  dements  eontained  in  the  iron.  After 
about  to  mtn.  the  operation  is  stopped  and  the  molt«n  iron  is  Feoarburised 
by  adding  carbon  and  other  dements.  The  iron  is  poured  into  ingots 
which  are  then  roady  for  the  mill.  In  the  open  hearth  process,  the  pig  iron, 
together  with  steel  srrap,  in  placed  upon  a  long  shallow  hearth,  over  which 
10  intense  Qame  is  burning.  The  capacity  of  the  furnace  is  from  three  to 
seven  times  that  of  the  Bessemer  converter  and  the  time  required  for  puri- 
fication is  from  6  to  10  hr.  The  molten  material  is  then  recarburixed  and 
east  into  ingots.  This  method  has  become  the  most  common  one  in  uso 
lor  structural  oteeL 

CnwibU  or  Cast  Steel  is  made  from  wrought  iron,  by  placing  small  pieces 
of  the  froD,  together  with  the  required  amount  of  carbon  and  other  elements, 
m  amali  covered  cnidblea  and  melting,  and  pouring  into  small  ingots. 
This  grade  of  steel  is  used  for  toob,  springs,  etc,  and  is  of  high  quality. 

AOoy  Steels  are  steels  to  which  a  controlling  amount  of  some  aJloying 
donent  in  addition  to  carbon  is  added,  and  this  term  is  used  to  distinguish 
them  from  the  so-called  carbon  steels,  which  are  more  common.  As  a 
■enual  rule,  the  alloying  element  is  added  at  the  time  of  recarburiaing. 
Nicm.  BTRiB  are  the  most  important  of  this  class  and  are  used  In  struc- 
tural work  where  a  greater  dastic  limit  is  desired,  as  well  as  a  toui^tor 
material.    Other  alloy  steels  less  used  are  VANAnnm,  cHBOHiCif,  siucoN 

■ad  MANOANC8C  STEBU. 

Corrosion  of  Iron  and  Sted.  The  ferrous  metals  must  be  protected  in 
some  way  against  corroeioo.  Ferric  hydroxide  is  formed  wherever  the 
metal  is  exposed  to  the  action  of  watw  and  sir,  which  shows  itself  as  a 
brown  powder,  commonly  called  rust.  The  most  common  method  of 
protection  is  to  form  a  coating  over  the  exposed  surface  by  painting  or 
gdvanising.  Paint  is  most  used  for  mateiU  in  such  structures  as  bridges. 
It  is  usually  stated  that  cast  inm  corrodes  leas  rapidly  than  wrought  iron 
and  steel,  and  wrought  iron  leas  rapidly  than  steel.  Some  authorities 
qoestton  this  statement.  It  should  be  noted,  that  when  iron  is  cast  in 
Mnd,  a  silidous  coating,  or  sldn,  is  formed  on  the  casting  which  tends 
to  protect  it  against  rust.  It  is  probable  that  the  difference  in  speed  of 
corrosion  between  wrought  iron  and  steel  n  small.  In  bridges  which  have 
been  allowed  to  remain  unt>ainted  for  some  time,  a  pitting  effect  is  notice- 
able. This  is  probably  due  chiefly  to  blow  holee.  In  repainting  a  bridge 
vfaidi  has  been  neglected,  it  is  important  to  remove  all  the  scale  and  rust 
before  applying  the  paint,  as  such  places  will  usually  continue  to  corrode 
under  the  paint,  or  dse  will  tend  to  form  loose  spots  from  whidi  the  scale 
and  paint  will  fall  away,  ezposinB  the  metal  to  the  elements.  See  Sect. 
27  and  (53). 

AnneaMng  is  the  name  given  to  the  process  of  very  slow  cooling  of  metid 
which  gives  a  sted  rdatively  soft,  but  reduces  its  ultimate  strength  and 
elastic  limit.  If  the  sted  is  coolt>d  hy  being  thrown  on  sand,  it  will  be 
medium  soft.  If  artificial  means  are  taken  to  cool  the  specimen,  such  as 
plunging  into  oO,  watST  or  mercury,  it  becomes  Iiard,  and  relatively  brittle. 
The  usual  purpose  in  ■"*w^''"g  rolled  sted  shapes  is  to  remove  existing 
eoansDsss  of  grain,  lbs  lollovins  reoommeoded  practice  for  annealing  is 
taken  from  the  apedfteaUMis  of  the  Am.  Soc.  Test.  Mat.  (63  d}. 
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"AflMiUnc  TMnpentsr*.  In  tmal,  tlw  Ugher  the  carbon  canteat,  th« 
tOMT  rilould  be  the  uneKlittc  temperature.  The  foUowing  rangee  of  temperature 
riMold  be  need  for  the  eeveral  range*  ttf  carbon  content  Indicated.  Th«y  refer  to  the 
nnuJ  moderate  numganeee  ccmtent.  For  ateda  witli  a  naoganeae  contant  greBter 
than  O.TS%  sUghtly  lower  temperatum  aulBca. 

Range  ot  Carbon  Content  Range  of  Annealing  Temperatore 

Ti—  than  0.12%   876°  to  9ih'  C  (160r  to  1687"  P) 


**  Cooling.  After  the  object  has  been  held  at  the  ""g  tonperature  long  enough 
to  make  its  temp^sture  nearly  uniform  thruout,  and  to  complete  the  refining  of  tbi 
grahit  it  ahonld  be  cooled  In  a  way  suited  to  ita  carbon  content  and  to  giving  it  the 
MpadBe  propertiea  needed.  The  general  prindples  are:  (1)  the  higher  the  carbon  the 
dower  ahotild  be  the  eooUng;  and  (2)  the  slower  the  cooling  the  softer  and  moreduetfle 
the  metal  will  be,  and  the  lower  will  be  its  tensile  strength,  elastic  limit,  and  yidd 
pt^t.  Tfie  great»t  eoftneM  and  ductility  are  obtahied  at  a  certain  saeriace  of  strength 
and  iJfgrirfty,  and  the  greateat  strength  and  dssticlty  at  a  certain  sacrifice  of  softneaa 
and  ductility.  For  moat  purpoaes  neither  of  thcee  eztremea  is  desired,  and  it  is  not 
only  anffldent  aa  regards  quality  but  economkal  to  remove  the  object  from  the  furnace 
aa  aoMi  as  it  has  been  thoroly  annealed,  and  to  allow  It  to  cool  in  air,  alwayi  cnnpletelj' 
protected  not  only  from  ndn  and  snow  but  from  sharp  dnifta  of  air.  Objeeti  eon- 
tainlng  more  than  0.57o  of  carbon  diould  cool  man  slowly  ttU  the  cola-  diea  out,  any 
at  500°  C  (932°  F),  u  for  instance  by  leaving  them  in  the  furnace.  They  may  then 
be  removed  and  cooled  in  air.  Further,  thin  obieeta  containing  between  0.2S  and 
OJtO%  U  carbon  should  be  treated  U'm  thoaa  of  0.6%  of  carbon  unkn  they  can  be 
BO  mamrl  togathw  that  thdr  eoUedivn  bulk  will  retard  their  cooling,  so  that  thay 
wfU  coUectlTdr  cool  erven  In  air  with  moderate  downees,  like  single  large  objects. 

"To  Give  tiie  Greatest  Softness  and  Dnctility  of  which  the  metal  ia  capable,  even  at 
a  certain  sacrifice  of  strength  and  elastic  limit,  for  instance  for  ease  of  machining  or 
to  redat  a  small  number  of  severe  dlatordona,  the  metal  should  be  cooled  slowly,  either 
within  the  fnmaee,  or  in  the  eaaa  of  huge  objeeH  <ioder  a  eovar  of  Unw,  day,  or  othsr 
dow  conductor  at  heat.  The  slower  the  oooUng  and  the  lower  tha  tenqMratnre  to 
whidi  slow  cooling  is  carried,  the  softer  and  weah«  wiU  the  steel  be.  Bnt  for  moot 
cases  for  which  evoi  unusual  softnen  and  ductility  are  required,  it  sufHcea  to  removo 
the  object  from  the  furnace  when  it  has  become  dead  black,  and  to  cool  It  thence- 
forth in  air. 

"  To  Give  Great  Tensile  Strength  and  High  Elastic  Limit  even  at  a  certain  sacrlfioe 
of  ductility,  the  cooling  should  be  more  rapid,  the  rapidity  to  be  governed  by  the 
thickness  and  carbon  content  of  the  object.  Thin  objects  and  those  with  high  carboo 
content  cannot  stand  ao  rapid  a  cooling  as  thick  and  low  carbon  ones,  lest  their  ductility 
be  too  far  sacrificed.  For  instance,  thick  objects  with  leas  than  O.E%  of  carbon  may 
he  cooled  completely  in  air,  of  course  protected  from  rain  or  snow.  Objects  with  0.6% 
of  carbon  or  more,  and  thin  objects  with  from  0.3  to  0.6%  of  carl>on  may  be  cooled 
In  air  if  thdr  cooling  Is  ■omawhat  retsidedt  as  for  instance  by  maidng  them  togatber, 
as  happens  in  the  esse  of  taib." 

Am.  Soe.  Teit  Mat  SpedficatlOiu  Coraring  Iron  and  SteeL  For  sped- 
fications  for  stbuctural  stbel  fob  bbidues,  nickbl  btbel,  BsnNBD 

WIIOi;aHT  IRON  BARB,  QRAT  IKON  CASTlNaS,  1CALL,BABLB  CABTHfOS, 
WBOUOHT    lEON    PLATES,    FOUNDHT    PIQ    IRON,    CAST    IBOIT    FIFE,  AND 


DsflnitlOBS.  The  foUotrlng  standard  names  for  structural  tfanber  are 
reeommended  by  the  Am.  Soc.  Test.  Mat.  (63p). 

SotmiBRN  Yellow  Pine.  Under  this  heading  two  classes  of  timber 
are  used:  (1)  Long^leaf  pioe.  (2)  abort-leaf  pine.  It  if*  understood  that 
tiiese  two  terms  are  descriptive  of  quality,  rather  than  of  botanical  species. 
Thus,  short-leaf  pine  woul4  cover  fiich  species  as  are  known  as  North 


0.12  to  0J»% 
CM  to  0.49% 
0.M  to  1.00% 


UO'teSTO'C  (lU4°tol5»S«F> 
81S«  to  UO"  C  (UW°  to  ISU' F) 
790"  to  816"  C  (MM"  to  1499"  F) 


WIRE,  see  (63). 
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Caroliiia  pine,  lobloUy  pine,  and  short-leaf  {Hue.  Long-leaf  i»ne  is  de- 
xripUve  of  quality,  and  if  Cuban,  abort-leaf,  or  lobloUy  pine  ia  grown 
under  such  oonditions  that  it  produces  a  large  percentage  of  hard  summer 
wood,  so  as  to  be  equivalent  to  the  wood  produced  by  the  true  Wii  loaf, 
it  would  be  covered  by  the  term  long-leaf  pine. 

Dovous  Fir.    The  term  Dou^aa  fir  ia  to  cover  the  timbw  known  Ukft- 
wise  aa  y«Uow  fir,  red  fir,  Weatem  fir,  Waahington  fir,  Oregon  or  Puget 
Sound  fir  or  iHne,  Northwest  and  Weat  coast  fir. 
SoKWAT  1^2,  to  cover  what  ia  known  also  as  Red  Pine. 
Hemlock,  to  cover  Southern  or  Eaatem  hemlock;  that  is,  hemlook  btnt 
all  Statee  east  of  and  including  Minn. 
Westcbn  HniiiOCK,  to  cover  hemlock  fmn  the  Pacific  coaaL 
Spkdcb,  to  cover  Esaiacn  apruee;  that  ia,  the  spruce  thnber  oomiag  from 
points  east  of  Minn. 
Wmtsbx  Spmiob,  to  oorer  the  q«iica.  timber  from  the  Pacific  ooart. 
Wkm  Ptm,  to  cover  the  timber  iriiieh  has  hitherto  bera  known  H 
widt6  pine,  from  Mc.,  Mich.,  Wia.  and  Minn. 

Idaho  Whitb  Pinb,  the  variety  of  white  pine  fnnn  weateni  Mont.,  uorUi- 
em  Idaho,  and  eastern  Wash. 

Wbbtbkn  Pinx,  to  cover  the  timber  sold  as  white  pine  coming  from 
Alia.,  Cal.,  N.  Mex.,  Col.,  Ore.  and  Wash.  This  is  the  timber  eom*- 
times  known  as  Weatem  Yellow  Fine,  or  Ptmderosa  Pine,  or  Califondg 
White  Pine,  or  Weatem  WUta  Pine. 

Wbstkhn  I  ancB,  to  eover  the  species  of  larch  or  tamarack  fran  th» 
Rocky  Mountain  and  Pacific  coast  regions. 

Tahakacx,  to  cover  the  timber  known  as  Tamarack,  or  Eastern  Tamarack, 
from  Sttttes  east  of  and  including  Minn. 
Rbdvood,  to  indude  the  California  wood  usually  known  by  that  name, 
life  of  Umber.  Such  treea  as  birch,  beech  and  maple  should  never  be 
used  for  the  manufacttu:«  of  structural  timbers,  except  as  a  temporaiy 
makeshift,  or  where  an  excessive  wear  requires  the  replacing  of  the  timber 
at  duMt  intervals.  Such  wooda  are  of  only  .3  or  4  years'  duration  under 
good  eondttions.  Tatde  YI  gives  tha  an^roximate  life  of  timbw.  The 
last  eohnnn  riuiwa  the  Hfe  of  timber  aftu  some  good  preaarvativB  treai- 
nmt.  Tbe  data  ia  baled  upon  eonditkms  which  would  niat  for  nflnad 
naaa>tiaa. 

TaUa  VI.— Approxlinata  Ufa  of  Timbers 


Kind 


Redwood . . . . . 

^^■Tak! 
Loag4iaf  pliM. 
Dei^Ba  Or  

ftsruea  

white  irina. . . . 
Hcnlock. 

Red  oak  

Bmeb..  .... 


Hanl«.. 
LobUDy 


-  PimarTative  Treatments.  Timbers  of  the  more  durable  q>eciea  when 
fimmi  'uptm  eonoteto  or  atooe  jd«ra,  out  of  contact  with  the  pound,  in 
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many  oaaes  will  outlive  their  medianical  life  without  treatment  with  a 

wood  preservative.  When  the  timber  comes  in  contact  with  the  graund, 
it  is  often  eoonomical  to  uae  some  one  of  the  methods  for  proloQfpas  ita 
life.  The  method  of  treatment  depends  upon  the  species,  and  upon  condi- 
tions. Iq  the  case  of  sap  wood  being  preeenti  preservation  is  necessary 
and  by  proper  treatment  inferior  speciea  and  sticks  showing  sap  can  be 
economically  used  that  would  otherwise  be  unfit.  It  should  be  noted  that 
sapwood  does  not  weaken  tiie  carrying  power  of  the  luece.  Timber  to 
be  subjected  to  ground  contact  should  be  treated  by  the  full  cell  creosote 
prooess  with  an  Injeotion  <rf  10  to  12  lb  per  cu  f t.  In  this  imwess,  the 
timber  is  thoroly  seasoned  in  air  and  then  placed  in  a  treating  cylinder,  a 
vacuum  drawn,  and  the  taeosote  introduced  under  a  preesure  of  125  to 
150  lb  per  sq  in.  When  the  required  penetration  has  been  obtained,  the 
oxoees  oil  is  drained  off  and  a  vacuum  drawn  for  the  purpose  of  drying. 
Variations  of  the  method  are  to  omit  the  first  vacuum;  to  steam  the  timber 
tor  further  seasoning  before  introducing  the  creosote  i  and  to  steam  after 
impregnation.  Cost  of  treating  varies  with  the  oil  specifications  and  the 
amount  of  oil  to  be  injected.  Probably  on  a  thousuid  board  feet  basis, 
treatmratwithl41bof  creoeoteper  eu  ft  wouldoostintheviebiityof  S25per 
thousand.  Where  ground  conditions  are  not  severe,  the  empty  cell  process 
may  be  sufficient.  This  method  aimply  saturates  the  cell  walls  and  no 
free  preservative  ia  left  in  the  cell.  Five  to  6  lb  of  creosote  per  cu  ft  should 
be  sufficient.  ProcesMS  for  the  empty  cell  treatment  vary,  immenion  ia 
a  tank  of  the  oil  being  common.  Where  impregnation  treatments  can 
not  be  applied,  brush  application  of  hot  coal-tar  creosote  is  next  in  efiiciency. 
The  timber  should  be  thoroly  air  seasoned  and  dry  before  applying  the 
creosote  and  soasoncraohs  should  be  filled.  The  tonperature  of  the  oreosota 
should  be  at  about  e6«C  (100*  I?.  Faint  doea  not  adhere  weU  to  oteosoted 
timber. 

Planking.  The  requisites  of  good  planking  are  strength,  resistance  to 
mechanical  wear,  durabihty  and  abili^  to  hold  qiikes  well.  Bouthem 
yellow  pine  makes  the  beet  planking  and  should  be  used  in  preference  to 
other  species  when  it  can  be  economically  obtained.  White  pine,  cypress, 
oak  and  redwood  are  generally  too  valuable  for  other  purposra  to  be  used 
for  planking.  Spruce  is  to  be  recommended,  and  hemlock  is  satisfactory, 
where  splintering  wUl  not  be  objertionaUe  and  where  Uh  structure  is  not 
subjected  to  heavy  sbodEs.  Hoolock  is  particularly  good  in  nail  holding 
qualities.    Dou^as  Gr  is  also  an  excellent  planking. 

Specifications  and  Grading.  For  bridge  timbers  and  planldng  the  ma* 
terial  should  be  free  of  loose  knots,  or  knots  of  large  size.  A  smalt  sound 
knot  does  not  weaken  the  piece  to  any  extent,  but  such  knots  should  not 
be  present  in  large  numbers.  Rot  should  not  be  present  at  all.  Sap  stain, 
called  blue  sap  rot,  is  not  objectionable  imless  the  discoloration  is  undesirable, 
as  this  rot  doies  not  impair  the  strength  or  durability  of  the  wood.  Season 
checks  or  cracks,  if  lonjE  and  deep,  should  not  be  permitted.  Small  season 
checks  will  be  found  in  the  ends  of  nearly  all  large  Umben.  Timbers  and 
planks  should  be  well  seasoned  and  shrunk  to  their  permanent  sixe  before 
crsoaoting  or  laying.  Seasoning  reduces  the  moisture  content  of  the  wood 
and  loereeses  the  strength  of  the  piece.  Timbers  are  usually  sawn  from 
the  heart  of  the  log  so  that  inclusion  of  sap  is  avoided.  Heartwood  timbers 
are  preferred  because  of  the  greater  liability  of  the  sapwood  to  decay. 
Where  the  timber  is  to  be  impregnated  with  creosote,  the  sapwood  need 
not  be  excluded,  but  its  use  is  not  advianbla  when  no  treatment  or  a  very 
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■operfidal.  light  bnuh,  one  fa  employed.  Standard  specLBoatkms  for  yalfanr 
pine  hriigfi  and  tiesUe  tiiabwa  were  adopted  ia  1910  by  the  Am.  Sor. 
Test.  Milt.  (63  d). 

Strength  of  ^nmber.  Table  VII  (8)  shows  the  working  unit  Btreasea  for 
■tructural  timber  as  given  by  the  Am.  Ry.  Eng.  Assn.  The  working  unit 
Btienes  are  intended  for  raihnad  bridfes.  For  highway  bridges  and 
trestles,  they  may  be  inrreased  25%. 

TabI*  VIL — Unit  Str«ss«s  of  Timber  in  Pounds  per  Square  Inch 


Kind  of 
Timber 


BlNDnn 


Extreme 
Fiber 
StraH 


ul5- 


Work- 

iag 
Stms 


Uodulua 
of 

EbuUdty 


Avenga 


Shbuuno 


PknUM 

to  the 
Gnia 


XJItir 

mate 


•Work- 

ing 
Stnm 


Lmgitudinal 
Sbeu-  in 
Bmou 


Atet- 
mate 


Work- 
ing 

StMi 


Daa^MOr  

TiMig  Iff  i^ne. . 
Sbort-lHLf  pioe . . 

White  pine  

Snrqee   

Iww^  {diw .... 
Tkmanoc . . 
WHtcn  bonilock 

Redwood  

Bmld  cyrrw  . . , . 

Redoedw  

WUto  oak  


6100 
6500 
6600 
MOO 
4800 
4X00 
4600 
6800 
6000 
4800 
4200 
STOO 


1200 
1300 
1100 
900 
1000 
800 
900 
1100 
900 
900 
800 
1100 


1  610  000 
1  610  000 
1  480  000 
1  ISO  000 
1810  000 
1  190  000 
1  220  000 
1480  000 

800  000 
1  160  000 

800  000 
1  160  000 


720 

710 

400 

600 

690* 

670 

680 

800 

GOO 

MO 


170 
180 
170 
100 
150 
180 
170 
160 
80 
120 

210 


270 
800 
880 
180 
170 
260 
260 
270* 


270 


110 
120 
ISO 
70 
70 
100 
100 
100 


110 


COIfrBBHBION 


Kind  of 
Tbnbar 


Pwpendtoilar 
to  the 
Grain 


Elaatie 
limit 


Worit 


PanJld 
to  the 
Grain 


Avor- 
mate 


Work- 
ing 
StroH 


WorUag 
Cohnana 


Length 
15  Xd 


Length  Oi 
1*  Xd 


Doo^aaflr  

Tang  leaf  lAie. 
S)nrt.|eaf  pine. 

White  pine  

flemee  . . . . 

Norway  | 


680 
620 
840 
290 
870 


Wwtem  hemlock . 
BadwDod  

^^•■■\: 

TUteoak  


440 
400 
840 
470 
920 


810 
260 
170 
160 
180 
160 
220 
220 
160 
170 
230 
450 


8600 

S800 

3400 

8000 

8200 

2800* 

3200* 

8600 

8300 

8900 

2300 

3600 


1200 
1800 
1100 
1000 
1100 

800 
1000 
1200 

900 
1100 

900 
1300 


900 
975 
826 
760 
825 
600 
750 
900 
676 
82S 
675 
S76 


1200  (1  -  L/e 
1800  (1  -  L/6 
1100  (1  -  L/6 
1000  (1  -  L/6 
1100  (1-  L/6 

8M  f  1  -  L/6 
1000  (1  -  L/6 
1200  (1  -  L/6 

900  il  -  L/6 
1100  (1  -  L/6 

900  (1  -  L/6 
1300  (1  -  L/6 


Unit  rtreaMa  an  for  given  timber  and  aiw  to  be  uaed  without  Innaaring  the  lire 
btf  atnMa  for  iiraset. 
•ValM  noted  are  far  partially  air  dry  tlmbu  L  fa  U^th  of  eaiuma  to  bnOm, 
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Wallet  of  Timber.  Table  VIII  (8)  Rives  the  weight  of  Haacowd  tfanber 
in  pounds  per  oubic  feet  where  the  moisture  oontenfc  is  from  16  to  20%. 
Green  timber  has  a  moisture  content  of  up  to  50%. 


Table  VIU  Pwmdepar  ■ 

Cable  Poot 

A»h,  wUte-wd   40 

CecUr,  whitMd   SS 

Cheetnut  ,   41 

Cyp»   SO 

Fir,  DoeglM  ipruce.   82 

Hr,  eastern   26 

Elm,  white   46 

Hemlock  ,   29 

mckory     49 

Locust  ,,  4S 

M»pte,h«ri   4S 

Hsple,  whita   83 

Oak,  cbflstDut   64 

Oak.  Uve   69 

Oak.  rod,  black   41 

Oak,  wUte   46 

Fine,  OragoD....:   88 

Plae,  led   80 

Fiae,iriilte   » 

Pine,  yellow,  kmffJaaf   44 

Pine,  yellow,  ahort-teaf     88 

P<q>Iar     SO 

Redwood.  CaUfwiiIa     20 

Spniee,  wUt«,  blai^   27 

Wabat,  black  88 

Wafanit,  iridte   SO 


17.   Stmctoral  Stooe 

Kinds.  The  nutst  important  stones  from  the  viewpoint  of  the  engineer 
may  be  dlTided  into  granite,  limestone,  sandstone  and  tag^.  Marble  ahould 
jdao  be  tnduded,  altho  it  really  comes  under  UnMetone. 

Clasilflcttion.  Stone  may  be  classified  according  to  geological  position, 
chemical  composition,  and  physical  structure.    See  Sect.  3. 

Compressive  Strength  and  Weight.  These  values  vary  widely  for  the 
same  material,  clepcndine  upon  methods  of  testing,  and  quality  of  the 
stone.  Table  IX  <36)  givra  average  valuen.  For  further  data  see  (1),  (IQ) 
and  <27). 

Table  IX 


Kind 

FomdsiMr 
CaUo  loot 

SpedAc 
(ttavity 

Ultimate 
Comprearion 

PouitdB  per 
Square  Inch 

170 

2.72 

16  000 

170 

2.72 

6  000 

150 

2.40 

8  000 

170 

2.72 

10  000 

186 

2.96 

20  000 

GaANm  is  the  stroagegt  and  moat  durabla  of  the  bulldliig  atonaa.  It  may  be 
quatiled  with  aaaa,  altlwugh  It  b  hard  to  woA.   It  la  oad  for  (onadatkMi^  bniMfaga. 
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ROCKS 
1.  Rock-Fonning  MittertlB 

Doflnltions.  A  mineral  is  an  inorganic  chemical  compound,  dt  rarely 
dement,  possessing  diaracteristic  physical  properties,  such  as  crystal  form, 
deavage  and  behavior  with  light,  electricity  and  heat.  A  rook  is  any 
mineral  or  aggregate  of  minerals  which  forms  an  essential  part  of  the  earth. 
A  rock  must  therefore  appear  in  relatively  larfce  amounts.  Each  species 
of  rock  should  be  so  established  as  to  he  fairly  uniform  in  texture  and 
mineral  compomtion,  but  variability  in  both  is  always  to  be  expected. 
Species  of  rock  often  shade  insensibly  into  one  another. 

Socks  are  Clsssifled  into  three  great  groups:  igneous,  sedimentary  and 
nwtaiDorphic.   The  unraous  rocks  have  crystallised  from  a  highly  heated, 
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mdten  state,  iUnstratcd  by  the  lava  streams  of  volesnoa.  The  bedihen- 
TART  rocks  embrace:  (1)  rocks  formed  of  fragments  of  older  rocks;  (2)  re- 
mains of  living  orgaDisms,  and  (3)  precipitates  from  solution  in  the  few 
cases  where  they  are  abundant  enou^  to  be  an  essential  part  of  the  earth. 
The  HBTAKOBPHio  ToUa  are  those  igneous  and  sedimentary  originds  which 
have  undergone  suoh  serious  changes  from  geological  lapcoseos  as  to  have 
their  orif^nal  characters  disguised.  Doubt  may  arise  as  to  what  they 
onoe  were,  bo  that  they  are  advantageously  grouped  by  themselves. 

The  Minerals  of  flie  Igneons  Rocks.  The  chemical  compounds  which 
most  frequently  appear  in  the  miner^  of  the  igneous  rocks  are,  in  order, 
silicates,  oxides,  sulphides  and  oQe  phosphate.  The  silicates  are  practically 
all  salts  of  the  following  three  silicic  acids:  H^SiOf,  H^SiiO*,  and  UiSiiOs. 
Since  siLioa,  SiOi,  is  the  acid  radical  of  each,  those  igneous  rocks  which 
have  a  hii^  peroentags  of  siliea,  6S  to  80,  are  called  addk;  white  those 
which  are  low,  30  to  50,  are  called  basic,  because  the  bases  are  rdatively 
alMUidant;  intmnediate  percentages,  50  to  66,  embrace  the  medium  rocks. 
The  gross  composition  of  the  outer  rocky  crust  of  the  earth,  as  estimated 
by  F.  W.  Clarke,  Chief  Chemist,  U.  S.  Geol.  Survey,  and  as  given  under 
A,  Talide  I,  is  that  of  a  medium  igneous  rock.  The  average  composition 
calculated  from  many  thousands  of  analyses  of  igneous  rocks  1^  H.  S. 
Washington,  of  the  U.  S.  Geol.  Survey,  and  as  ghno  under  B,  in  TaUe  I, 
is  practically  the  same: 

TaUs  I.— Average  Chemical  Camporttiwi  of  Recta 


A 

B 

A 

B 

A 

B 

SfOi.... 
AhOi... 
FeiOi... 

S9.85 
U.ST 
S.68 

68.24 
16.80 
8.88 

FeO... 
MeO.. 
CaO... 

8.86 
8.TT 
4.81 

8. ST 
8.84 
6.22 

N«iO.. 

KiO. 
HjO... 

8.29 
8.02 
2.06 

S.M 
8.16 
1.43 

The  rook-forming  silicates  which  are  highest  in  silica  are  orthoclase 
widi  64.7%,  and  albite  with  68.6%.    No  igneous  rock  oould  therefore 
exceed  68.6%  silica  without  containing  free  silica.  The 
addio  roG^  therefore,  often  contain  free  silica,  cryatal- 
liied  aa  quarts. 

QnartE.'  (Sp.  Gr.  2.66)  Compoittioii,  BlOt.  Wh«  avBtalUnd. 
quartx  ooeun  in  double  rix^dded  pytamidi^  as  In  Fig.  1;  «  in 
corroded  portions  of  the  aanw;  or  in  bregidar  indlvldna}*,  Color- 
leas,  smoky,  pale  blue,  or  milky 
white.  Glasiy  in  appearanoe.  No 
deavage.  Not  scratched  with  a 
knife.  In  light  ooloni  roola  with 
abundant  Mdspar.  Prismatic  quarts 
does  not  appear  In  the  igneous 
loeks;  <»ly  in  vains  dapodted  from 
sdution. 

'  Feldspars  are  tits  mostabundant 
and  InqMCtaat  eompmenta  <rf  Ignsoua  rodn.  Thv 
art  dlvUlde  into  two  great  varieties,  orthodase  and 
ptBgiodaae. 

Oitfaodase.    (Bp.  Gr.  2.67)  CompodUon,  KAlSiiOi, 
also  written  by  doubUn£,  so  sa  to  fepnaant  the  components  aa  determined  by 
analyds:  KiO,  AWH  laOi;  SIOi,  64.7%:  AbOi,  18.4%;  K*0,  16.9%.    To  bqhm 
artaot  Marf>  nplaesB  the  KiO.   CryMal  (arms,  as  In  Figs.  S  and  8;  also  in  eonoded 
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Fig.8.  Ortbo- 
dass  Carls* 

bad  Twin 


D'giti;e<;  by 


GoogU 


Art.  I 


Rock-Forming  Minerals 


87 


pvtioDB  of  the  mB»t  and  in  fangular  Individmb.  Raddkh.  white,  gncBkh.  Two 
(Bod  dnvsgea  meetiBg  at  a  rifht  an^  one  pnily.  Other  tntniM  frrapilBr.  Only 
Mntebed  with  vary  bard  atod.  Chl^  in  light  colored  rock*,  of  which  it  may  b»  tha 
chief  eompoDent.  Alters  with  lo«  <rf  KiO  and  SiOi  to  kadinite,  2HiOi,  AliOi,  2SiOj. 
By  ita  altaratioD  to  eotloldal  lEaolinite,  orthodaae  eontributOB  to  tlie  bond  of  macadam. 

nafiodaM  (Sp.  Gr.  2.62  to  2.1S)  ii  the  name  of  a  group  of  Mdapmn  embracing 
albite.  NaAlSbO*  or  NaiO,  AltOi,  6SiOfa  anorthite,  CaAliSitOi  or  CaO,  AlfOt,  2SiOi, 
■ad  aO  iBtmsdiata  mixtoiaa  ot  tha  Mm*.  <d  wUefa  oUgodaae  with  ]^«doa>liuu>t 
■lUte^  and  labradocfta  with  pwHinwrinant  anortUta  an  the  moat  Impeitaiit. 

Tkbla  IL — CoMporitiiwi  of  flii^odue  Feld«pan 


SlOi 

AbOi 

CaO 

N%0 

68. 6 

19.6 

11.8 

66.7  ■ 

21.4 

'2!4 

10. G 

67.8 

27.1 

9.0 

6.8 

43.1 

86.8 

20.1 

Theaaaiyaea  bt  ntMe  n  enirfiate  the  praaeneaof  albtte  In  theaddk  rodn:  of  oUgi»> 
dHolntbeaeidicandmediuin;  of  Ubradorite  in  the  medium  or  baaie,  and  of  anorthlto  in 
the  bade.  The  [riagiodaaea,  when  eryatalliaed,  have  forma  somewhat  reaerobUng  Fig.  2; 
tixy  are  alao  ctKToded  and  iir^ular.  Albite,  aa  the  name  imf^iea,  is 
anally  wUta;  the  othera  are  white,  gray,  reddiah,  brown  and  gran. 
Two  good  deavagaa  mnating  at  a  vttbly  oblique  angle;  one  deania 
bee  la  naoally  mariied  with  fine  paraUel  abriatiaM  (eae  Fig.  4)  wUdi 
may  require  a  good  tena  for  Identification  and  whldi  ia  the  chief  dlatfaio- 
tion  from  orthodaae.  Other  fraetnrea  irregular.  Only  seratehed  with 
nry  hard  ateeL  Id  both  light  and  dark  colored  roefca.  Alten  to 
kaoUnlte  by  kaa  of  NaiO;  lahradortte  and  anorthite  yield  eaWta  m 
mil.  AH  tha  plaglodaaea  are  TahtaHa  aompoMOtt  of  watcr4M)iii>d 
macadam;  the  addle  odbb  on  weathering  devdop  et^hridal  kaoUnite  lor 
tiw  bond;  the  baaic  odm  yield  in  addition  caldte,  likewiae  good  for  tba 
bond.    The  beet  rocliz  for  contain  tabradorite. 

The  Micaa  (Sp.  Gr.  2.70  to  8.00)  conatitute  a  group  of  minerala  aD 
marked  by  a  perfect  deavage  along  which  they  wplit  into  leaveo  ot 
indefinite  thtnneaa.  They  are  all  Mlta  of  H«SiO(.  and  are  varying  mix- 
tnrea  of  KAlSiO*.  HAlSiOi,  HguUi,  dSiO*.  MgiFet  and  SSlOt.  Sodhim  and  caldmn 
either  fail  or  are  very  anbordinata  in  the  micaa.  The  light  ecriored  micaB,  oootain. 
ing  cbieAy  KAISO*  and  HAlSiOi,  are  called  iroacoviTB,  or  aometimea  potash  mica. 

They  are  doady  related  to  orthodaae  in  compoaitiim.  The  dark  colored 
micai^  rich  in  magneaium-becring  rotrieculea  are  eaUed  Bionra,  or 
aomatfanai .  magnaaia  mica.  When  well  cryatalliaed,  both  mnaeovita 
and  biotitcliave  tba  form  of  aomewhat  irregular  hexagonal  prima.  They 
tar  more  frequently  appear  in  Irregular  acalee  and 
ahredfl.  Muaeovite  is  eolorleaa,  gray  or  pale  green; 
Motita  ia  deep  brown,  green  or  bUdc  Both  are 
■cratefaed  by  the  thumb-«aO  or  with  a  eopper  coin. 
Huaeovlte  aa  an  ori^nal  mineral  la  Ilmitad  to  the 
graaitaa  among  the  igtteoua  rocks,  Biotite  may  appear 
in  igneouB  rocks  of  all  compodtlons.  The  alteratkn  of 
OTthodaae  undv  tliermal  watcfs  often  produces  fine, 
acaly  secondary  mnseovit^  called  aerldta.  The  micaa 
are  not  good  eomponanta  of  rodn  ussd  In  macadam, 
becaase  of  the  alippery  nature  of  tbdr  deavage  Hakea.  They  prevent  effective  liond. 
Ia  rdativdy  amall  amount,  their  influence  ia  alight. 

Tha  PymaMias  (Sp.  Gr.  8.10  to  8.60)  are  all  salts  of  HiSiOi,  and  range  from  simjde 
dlcatea  of  magnasia  and  Una  to  vary  compUeatad  ones  containing  alumina,  ferrous 
■ad  fafrie  iron,  minpwn  and  aoda;  potash  Is  Uddng  hi  pynaeass.   Tba  pyroxenaa 
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In  ths  roeki  used  for  rf^r^Amm  are  diiedy  the  com[dai  rillestM  known  u  Augfte.  The 
pyn»en«e  crystalUxe  In  fomu  like  Figf.  6  and  6  and  develop  eight-eided  prinne,  bat 
are  abo  fat  insular  individuals.  They  all  have  a  prlamatle  cleavage  with  idanea 
meetbig  tMWly  at  a  right  mngie,  87°  to  93^  Colors:  green,  brown,  or  black.  Scratched 
iritii  a  knife.  While  the  pyroxenes  do  not  entirely  fail  in  the  acidic  rocka.  they  ara 
much  more  ptomiaent  in  the  medium  rocka,  and  reach  a  predominant  ptdat  in  the 
basic.  They  are  valuable  componenta  of  macadam,  because  they  withstand  wear 
fairiy  wdl,  and  afford,  on  weathering,  ealcite,  hydrates  of  inm,  and  a  hydrated  silicate 
of  magnesium  and  ircm,  called  chlorite,  which  presumably  has  colloidal  propertiea. 

The  Amphiboles  (Sp.  Gr.  2.90  to  8.60)  are  all  salta  of  HiSiO^  and  are  cloady  paralM 
with  the  pyroxenea  in  com  position.   They  differ  from  them  in  crystal  form,  as  shown 
by  Vig.  7.  baiBK  usually  dz-dded  priami.    They  also  appear  In  Ir- 
^..'^Ni^    regular  indivlduab.   lliey  aO  have  priBiiiatfe  deavage,  with  planei 
/i-T--^     meeting  at  neariy  120"  Cl24''-66«).    See  Fig.  8.    Thto  contrast  In 
the  angle  of  deavagn  with  the  nearly  90"  of  the  pyroxenea  is  the  only 
way  of  diatingujshing  the  minMals  in  the  hand  qwdmen.  Colora: 
irsen,  brown  and  Uaek;  most  often  blade   Seratdiad  bya  knife.  Th« 
dark  amphlbole  of  complex  comporition.  convqwnding 
to  augite  among  the  pyroxenes,  IB  called  horablcnde. 
The  amphibolee,  chiefly  the  varied  homUende,  appear 
in  igneous  rocks  of  all  compoaltiona,  but  they  are  least 
frequent  in  the  baaalta.   Atnphibolea  are  valuable  com- 
ponents of  macadam,  and  ara  extrcntely  tough.  Tbey 
weather  as  do  the  pyroxmea. 

OUrlne  (Sp.  Or.  8.80  to  8.80),  the  <nily  remaining 
mineral  of  the  first  order  of  importance  in  the  igneous 
rocks,  is  a  salt  of  H^iOt,  the  bases  being  magneria 
and  ferroufi  Iron,  in  varying  proportions.  Irregular  individuals  are  more  common  than 
shaped  ffiystala.  Color,  olive  green.  No  good  deavage.  Only  scratched  with  a  fQe. 
(Xivine  appeaia  In  the  baik  roeki,  and  In  them  is  a  dtaiaeteriaUe  and  wid^mad 
eompoMnt. 

Many  Minor  Sflicates  are  found  in  the  Igneoua  rocks,  of  which  only  a  few  nauM 
will  be  given.  The  group  of  the  feldspathoids,  embtaeing  minerals  related  to  the 
Iddspan,  eotbraeea  nephaUte  Imidte  and  melflite.  Thdr  rodta  ara  too  ran  to  ba 
dweribod  in  a  work  (or  csgineers.  There  are  some  silica  tea  vUA  an  microocople 
and  widely  distributed,  such  as  zireon,  tltanlte  and  garnet. 

Magnetite,  FeO,FeiOi,  Is  a  black,  opaqtie,  heavy  mtn«al,  which  in  smaO  irregular 
Individuals  seldom  fails  fai  any  Igneous  rock,  but  la  rarely  in  quantity  deeaMng  smoua 
attention.  It  may  be  fntercrystalUzed  wttii,  or  associated  with.  Dmenite,  FeO.TlOi, 
and  is  then  deaeribed  as  titaniferous  magnetite.  The  sulphides,  pytite,  FeS^  and 
pyrrbotite,  FeiSt,  are  also  widespread  In  small  parUdes.  By  "M'"*^  tbay  develop 
ferric  hydrate  and  may  help  the  bond. 

Apatite,  the  phoephate  and  chloride  of  lime,  is  a  minute  component  of  ewjr  kind 
of  igneous  rock,  but  In  such  small  tjuantities  as  to  be  negligible^ 

No  other  mfnnals,  original  in  the  Igneous  rocks,  merit  serious  attentloD  from  U^k- 
way  ngineers,  altho  thera  ara  of  eourae  a  large  number  of  rara  eomponmta. 

The  Minerals  of  the  Sedimentary  Rocks.  When  the  isneous  rocks  dis- 
integrate,  they  contribute  their  iindecompoBed  iniDcrals  and  their  alteration 
producta  to  the  sedimentary.  Quartz,  which  is  very  resistant  to  change, 
m,  therefore  found  as  the  commonest  mineral  in  the  fragmentai  sediments. 
With  it  are  aaaociated  feldspars,  and  to  a  far  less  degree  the  dark  ailicatee. 
The  feldspars  undergo  alteration  by  the  loss  of  their  allralies  or  alkaline 
earth,  so  that  kadinite,  2HiO,  AliOt,  2SiOi,  results,  uid  at  times,  tree  silica. 
The  darkest  silicates  change  to  chlorite.  2HjO,  2MgO.  (AliOi,  FetOj)  SiOt, 
a  green  scaly  mineral.  The  basic  feldspars  and  the  calcareous  pyroxenes 
and  amphibolea  yield  ealcite.  No  further  descriptions  need  be  given  of 
quartz,  the  feldspars,  and  the  otlier  minerals  which  while  still  undecomposed 
enter  the  sediments.  They  appear  in  irregular  grains,  but  are  otherwise 
like  the  components  of  igneous  rocks. 
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KaoUnite  (Sp.  Gr.  2.40  to  2.60).  Compositioa.  2HiO,AliOa,2SiOi:  SiOi,  46.60%; 
AfaOi,  39.57%:  OK),  13.93%.  When  pure,  it  u  found  in  minute  white  eeelte;  aoft; 
■Bctoous;  ^utic  It  i>  often  mixed  with  eonuntnuted  qusrti.  fannliq;  kaolin.  The 
mfaiaal  Is  addoin  tem  by  itadf,  but  enten  Into  the  muds  and  finer  aadhnaDte  wUdi 
Mttle  in  Btm  water.    See  Art.  8. 

Flint  and  Cbert  are  tamm  of  nliea,  SIOi,  predi^tated  from  eolutkm.  Tbey  are 
taae,  almart^aaBy  in  appeeranoe,  harder  than  steel,  and  break  with  a  curvlnf  frae^ureu 
They  oeenr  eithv  as  rounded  nodulea,  flint,  or  as  very  iiresular  streaka  and  mi^Wi. 
Aart,  usually  in  limeetooe  w  dalk.  They  differ  from  quarta  in  not  being  definitely 
ayetalOne,  never  ahowing  any  crystal  form.  Color:  black,  reddish,  or  ahadea  of 
pay.  nint  and  dwrt  occur  in  cnormoua  amount  in  many  Umeatone  lormations,  ma- 
ally  rendvfatg  the  rock  undees  for  building  or  ccmant-inaklng  puipowi.  Vben  the 
nhible  BmeetoDe  weathers  out,  the  flint  lemafai^  forming  beda.  flint  b  aiamillime 
Md  aa  road  metal,  but  its  very  low  eRDSntlllg  value  and  habit  of  bnaUag  with  hard 
Aarp  edgM  are  againat  ita  uee. 

Cafcito  Gr.  a.70).  Cwqwaitlan,  CaCX)*:  OaO.  U%;  COi,  44%.  It  to  oftn 
Wowtcly  minded  with  MgCO*;  aaaily  scratdied;  deavea  In  rhombohedrooa;  white, 
UuMi.  brownish;  efferveseea  viih  nearly  all  adds,  eepedslly  when  powdered.  Calelta 
ta  the  basis  of  limestones  and  ia  a  widespread  and  important  minwaL  Because  of  Iti 
mgj  Bolnlillity  and  redepodtion,  caleite  supplies  a  valuable  bond  in  macadam. 

Dobnnite  (Sp.  Gr.  2.80  to  2.90).  Composition,  CaCOi,MgCOi:  CaO,  30.48%; 
UgO,  21.72%;  COi,  47.86%:  CaCOi,  54.86%:  MsCOi,  46.66%.  It  is  a  Uttle  hsrdw 
than  caldta,  which  tt  otherwise  doaely  restmbles.  Cleaves  in  rhombohedrona.  Color: 
whitB.  pink,  pearly.  Effwescea  with  hot  add.  Powdo-  is  more  easily  afleeted  thui 
■oUd  piaeea.  Dolomite  often  constitutes  ratire  strata,  but  all  transitions  from  pure 
eddte  to  pure  dolomite  are  found.  The  feeble  or  hot  effervescence  Is  the  beet  die- 
tiaetiaD-    In  mawuiam  It  Biq>plieB  a  bond,  much  as  does  caldt& 

b  the  eedtmentary  rodc^  we  also  find  gypaum,  anhydrite,  rodt«alt,  eoal,  and 
Kvwsl  fauna  o(  iHlm  or  faydtated  dfea  other  than  quarts  etc,  but  acne  of  thaaa 
i^nla  an  iniwrtnt  In  h^way  work. 

Miiurals  of  th*  MotamoiVUe  Rocks.  WiHi  the  poinble  ezoeptiui  of 
oUvme,  all  tbe  nuiMrale  of  the  igneous  iDCks  and  also  the  bwlinite,  oaldte 
and  dolomite  of  the  aedimentariea  appear  in  the  metamorpliic  rocks.  There 
are  abo  some  additional  silicatos  a^i  follows; 

Garnet  (Sp.  Gr.  8.00  to  4.00)  Is  reidly  a  group  of  minerals  of  whldi  almandlte,  8FeO, 
iyJtJSSOt,  is  charactKlstie  of  the  gnsisssa  and  schists;  and  gTvssulaiite,  8CaO, 
AbOi.3^0i,  at  the  erystalllne  Umeatonee.  Very  hard,  not  scratched  with  steel. 
Color,  red  and  brown.  Often  well  CTystalUaed.  Of  small  importanoe  In  my^^^y*" 
becatiae  of  its  rarity. 

Chlocits  dSp.  Gr.  2.60  to  2.80)  is  re^  the  name  of  a  group  of  hydrated  sOleatea 
of  magneoium,  aluminum  and  fM1«  inm.  Two  eommon  mdeeules  are  2HiO,2HgO, 
iMh^lOt,  and  2HtD;8HgO,PtaOt,aOt.  ChU^  is  green,  often  scaly,  aoft,  and  to 
the  ordinary  alteration  product  vi  pyroxeaea,  ampfaib«riea  and  bioUt& 

Serpentine,  2H/>,SHgO,2SiOi,  sometimes  with  FeO  re^dadng  part  of  the  MgO. 
(Jreen,  red  or  Inttwn;  nuuaive  to  flbroua;  soa^  to  the  fed.  Its  hardncM  varies  bom 
my  soft  to  a  gnule  acratdwd  with  dlffleul^  irith  a  knifa  Derived  frrat  <divln«  and 
tbe  ferro-magnsdan  nrnnenso  and  amiAlbolfla  by  alteration  which  Is  beltevad  to 
take  iriaee  quite  far  bslow  the  earth**  surfaae.  Both  diloitte  and  serpentine  are 
soft  minerals  nadar  waar,  and  powder  to  a  al^very  mass,  as  do  all  rldtly  r—g™*" 
■ninenls. 

Besidea  tbe  minerals  mentioned  there  are  a  large  oerlaa  ef  others  snA  aa  epMnte^ 
ttanrdita,  andaludte,  siUimanlte,  cyanite  and  scapoUte,  wbldi,  while  not  inta«|aant  In 
netamorpfale  rodi^  ate  not  aoflldently  genwal  to  ili— ii  m  menttoo. 

S.  ^eous  Rocks 
Tflztore  of  a  rook  means  the  relative  sizes  of  the  component  grains  or 
oyatalB.   When  the  crystals  are  visible  to  the  nal»d  eye,  and  all  of  about 
equal  aiae,  the  texture  ia  called  qranitoid,  because  charaoteiisti«a^  ilhis- 
trated  by  oommoa  granite.   A  «ynoaym  is  granular.   Hie  granitoid  tfoture 
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varies  from  extremely  coarse  in  the  pegmatites,  to  fine  grained  varieties. 
Tbe  crystals  are  about  the  same  size,  about  as  long  aa  broad,  and  usually 
shapeless  and  irregular.  When  granitoid  texture  becomes  so  fine  that  the 
unaided  eye  cannot  detect  the  individual  components,  and  can  only  recognlM 
a  fine  grained  mass,  tbe  texture  is  called  FBumc.  The  mioroacope  shows 
that  lelaitic  rocks  have  the  same  minerals  as  the  ooarser  igneous  rocks, 
but  they  become  extremely  small.  Felsitic  texture  results  from  a  quick 
cooling  of  the  molten  magma,  while  the  granitoid  is  the  product  of  very 
slow  cooling  at  great  depth  beneath  the  surface.  Often  after  commencing 
to  crystallize  in  depth  and  under  heavy  pressure,  and  producing  a  crop 
of  large,  well  formed  crystals  of  feldspars,  quartz  and  dark  silicates  which 
swim  in  the  still  fluid  mass,  the  magma  is  forced  upward  to  or  toward  the 
surface  and  finally  solidifies  quickly  under  slight  pre&- 
sure.  The  older,  larger  crystals  are  thus  caught  in  a 
felaitic  mass.  The  t^ture  is  then  called  porphtkttic. 
The  large  crystals  are  called  phbnocbtsts,  or  visible 
dystals.  The  folsitio  portion  is  called  the  ground-mass 
(see  Fig.  9).  Even  in  coarse  granitoid  rocks,  feldspars 
may  grow  exceptionally  large,  and  give  a  porphyritic 
aspect  to  tbe  rock,  which  may  then  be  called  por^ 
pl^ritic  granite,  or  granite  porphyry.  In  the  very 
quick  chill  of  the  eruptive  rock,  even  volcanic  auss 
may  be  formed,  entirely  analogous  to  blast  furnace 
dag.  The  glass  may  contain  phenocrysts  washed  up 
from  depth,  giving  a  porphyritic  rock,  with  glassy  ground-mass.  Should 
tbe  eruptive  outbreak  be  explosive,  both  soUd  and  molten  looka  ore  blown 
to  fragments,  and  distributed  over  wide  areas,  giving 
fbaquental  igneous  rocks.  The  following  five  text- 
ures are  important:  glassy,  felaitic,  porphsritic,  grani- 
toid, and  fragmental. 

Ignsous  rocks  depend  for  bond  upon  the  manner  at  inter- 
locking  o(  oomponsnt  cryitsla  (we  Fig.  10),  a  strength  sudt 
MM  ia  derived  in  carpentry  from  dovetailing.  Sedimentary 
rocks  depend  for  bond  upon  tbe  quality  and  arrangement  ot 
a  cementing  matwlal  diatributed  between  and  among  tbe 
gralriH.  No  such  material  exiatB  [n  ignaoiuroeka.  In  Fig.  11, 
the  graina  are  shaded,  the  cement  is  shown  in  black,  and  the 
voids  or  pores  in  whrte. 
Igneous  Rocks  are  CUssifled  according  to  their 

composition  and  texture.  Rocks  having  about  the 
same  chemical  and  mineralogical  composition  con- 
stitute a  FAMiLT.  Within  each  family,  the  rocka  at* 
named  according  to  their  texture.  Table  III  presents 
a  condensed  statement  of  the  most  important  familiea 
of  igneous  rocks.  The  families  are  arranged  from 
left  to  right  in  the  order  of  acidity,  and  the  average 
silica  content  of  each  ia  expressed  in  percentages  at 
the  bottom  of  each  column.  The  textures  are  ar- 
ranged from  top  to  bottom,  in  order,  from  glassy  to 
fragmental.  No  exact  classification  can  be  assigned 
to  a  glass,  because  by  definition,  no  minerals  have 
It  is  enough  to  classify  them  as  a^id  or  basic  glassM.  The 


Fig.  10.  Gray  Granite. 
Maine 
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formed,  

fragmental  texture  is  likewise  a  special  case,  for  the  particles  Wown  out  are 
themselves  of  very .  variable  texture,  tho  usually  feWUc  or  glassy.  The 
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other  textures  from  felaitic  to  gramtoid  compose  bd  imbroken  aeries,  each 
type  grading  insensibly  into  the  next  succeeding  type. 

Identiflcatioii  of  Igneout  Rocks  by  Use  of  Table  III:  Examine  the  rock 
in  the  following  stepti:  (1)  Note  ita  texture;  glassy  or  crystalline;  the 
presence  or  abHence  of  ground-mass.  (2)  Determine  its  minerals;  (a)  the 
dominant  feldspar,  (b)  proactice  or  nlwcnce  of  quartz,  (c)  the  chief  dark 
mineral,  biotite,  hornblende,  pyroxene  or  olivino.  The  texture  places  it 
in  one  of  the  horisontol  eolumna,  in  Table  III,  and  the  mineral  content 
determines  the  family,  see  vertical  column,  to  which  it  belongs.  (3)  Name 
the  rock,  denoting  both  its  texture  and  composition,  as  Rhyolite  Porphyry, 
Gabbro,  etc.  For  discussion  of  diabase,  trap,  see  Art  2.  (4)  Now  look  for 
decay  products,  kaolin,  chlorite,  rust  stains,  etc,  and  for  any  structural  weak- 
nesses, cracks,  poor  interlocking,  etc. 

Mineral  Asso^tioni  that  aid  in  detenninlng  igneous  rocks: 

1.  Auglte  b  very  nre  in  gtanttss  and  cpuuta  dlorltaa.   A  dark,  rad-shipsd  iOkito 

is  probably  homMSBde. 

2.  Hornblende  is  far  mare  common  than  aug'te  in  the  light  colored  rocka  gmmlly. 

5.  Olivine  never  occurs  in  the  same  rock  with  quartz.   A  Ereenlsh  mineral  so  jiiusum 
Is  probably  epidoto,  an  altofatitnt  produA  or  metamorphle  mineral. 

i.  Blotlte  may  oeeur  in  say  and  all  Igneous  rocfca,  its  prnssnes  does  not  detemlne 
the  ra^   It  Is  probably  most  ridily  abundant  in  the  diorltes. 

6.  If  orthodase  In  a  rock  is  pink,  all  the  orthodase  will  commonly  be  pink.  The 
white  feldspar  associated  ia  probably  ptaciodaae. 

6.  If  ortbodaae  is  white.  sU  the  orthodaae  will  be  wUte,  as  well  as  the  plsgtodasei 
Great  difficult  Is  encountered  In  distinguishing  the  feldspars,  and  naralBg  Uw  rodt, 
Occnirence  of  Igneous  Rocks.  All  magma,  or  molten  rock  solution, 
must  rise  from  unknown  depths  in  the  earth's  interior,  and  must  (1)  cither 
reach  tho  surface,  forming  surfaoe  flows  and  aah  beds,  or  (2)  lodge  some- 
where in  the  earth's  crust  in  some  fissure  or  cavity.  Rocks  of  type  (1)  are 
called  sxTRtrsivis  or  volcanic  and  those  of  typo  (2)  are  intrusive  or 

PLUTONIC.  The  rela- 
tions of  the  various  types 
of  intrusive  and  extru- 
sive igneous  bodies  are 
shown  diagranunaticslly 
in  Fig.  12. 

The  invading  magma 
forms  s  great  ofaanber  for 
Itsdt,  poariUy  by  bnaking 
off  and  abaarUng  or  ntelt- 
Ing  Uie  country  rodi  thru 
whidi  it  rises,  for  the  Utter 
la  almost  never  diaplaced  or 
crumpled  at  the  edges  of 
the  great  Igneous  body.  Such  great  igneous  msaa  Is  called  bathouth.  It  may  be 
hundreds  of  miles  In  extent,  and  no  bottom  ia  known  for  any  laatbditfa.  Prom  the  top 
of  the  batholith,  smaller  aubaidiary  ehambets  arise,  filled  also  with  molten  matter. 
These  are  called  stocks  or  bosses,  and,  like  the  batholith,  often  (ail  to  displace  or 
crumple  the  rocka  tbey  penetrate.  Neariy  all  quarried  granite  for  structural  material 
is  talcen  out  of  atocks  or  batholitha.  Theae  great  masses  offer  oonditiona  of  slow  cod- 
ing and  stsady  prenure  under  vast  loads  <4  overiyjng  rocks,  eondudng  toward  uni- 
formity and  coaraeoM  of  grain  In  the  resulting  rock.  From  these  larger  msise, 
snail er  bodies  may  penetrate  the  strata  thru  flasuies,  or  along  natural  ptanes  of  wsak- 
nesi  like  bedding  planes.  If  these  sheet4ike  intrunvea  are  paralld  to  the  bedding, 
they  are  called  sius.  If  they  eut  the  Ijedding  of  the  country  rock,  tbey  are  called 
DIEBS.  Thera  is  no  eaaential  ^fferenee  between  a  dike  and  a  Ml,  and,  as  the  diagram 
shows,  a  dike  may  beeoiae  a  sDI,  or  a  rfD  a  dike  by  changing  Its  dirsetlaD.   If  a  bugs 
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I  ilM  to  iHW  ths  Mrfua^  It  laar  V"*^  *P  tt*  vrcriyiBi  aCnta  fai  a  dcMM- 
Bke  upUtt.  Tb»  igiMoai  maw  woold  ludriy  momMa  a  pbao^nvwi  kiit,  Ijrlng  on 
its  Hat  bee.  It  im  called  a  laooouth.  The  Haorjr  Mountalna,  of  UtJ^  and  the  Ortia 
Uountaiiu  of  New  Meuco  an  ezamplee  of  taacoHtha,  <rf  which  there  are  a  oumber  in 
the  nunmtalnoua  West.  Thru  a  dike,  or  thni  a  eirralar  verticid  pi pe-Ilke  opening;  In  the 
rock.  Ian  may  reach  Uie  nirfaoe.  That  whi^  wdls  out  and  mm  on  the  surface  is  a 
lAVA^iiOW.  Gasee  Mcaplng  vldaotly  from  the  mapna,  ma  pranure  is  released,  may 
oat  op  «ut  amouttta  of  fracmental  rook,  both  <rf  lava  itaelf  and  of  the  country  rock 
tian  wUeh  it  riaea.  Thve  ^Jactad  fnfBuata  faO  to  earth,  the  heavier  Uocka  near  the 
wt,  where  they  bvfld  a  volcanic  oonb  arooMt  the  opening.  The  flow  partidee  fall 
larther  »way,  often  very  many  aflaa  dlataot;  they  often  fonn  beda  of  vast  extent,  and 
In  places  are  uaed  as  road  maCal.  Thay  Conn  dndwy,  diiaty  joada  -mbm  dry,  and 
muddy  ones  when  wet. 

The  Glasaea  are  aeldoin  impwtant  to  the  hSchway  engineer  because  <rf  their  Ihuitsd 
eecanence.  They  <rften  appear  ae  layen  of  vari^e  tbicknew,  with  day  at  ash  park 
infi,  wherv  later  cniptJoDs  have  poured  out  upon  <ridcr  flows.  They  are  much  qillt 
sad  jointed  vertieaUy.  Sometimei  denae  and  ^aasy,  called  obsidian.  Or  the  maaa 
may  have  ben  blown  full  of  snail  bubble  holaa  by  expanding  laaaa  iriten  the  man 
MBltqiiid.  rnwn an  arilad  pBBitoa lAn  tte bobblH an  vwy  noaU,  fdrmfnc a  1^ 
nA-both,  and  aeoria  irbm  the  vmIbIm  an  «oaiM  aad  tUA-wallad.  Pundee  fa  mon 
enmipon  in  aeid  rocks,  scoria  in  basic  rodca.  The  rocks  are  unsatisfactory  as  road 
uHtaL  Obddians  break  into  knife-aharp  diipa,  harder  than  steal,  and  wttli  no  eament- 
iag  vahw.  The  vaitoular  tods  an  of  light  weight  and  peat  poraatty.  Undw  tr^Be^ 
thay  beat  down  into  a  do*  wbkfa  fa  irrftatiBg  when  dry.  and.  aapadaUy  bi  bade 
variatfaa,  wy  atWv  and  nd  iriM  Dtt.  They  an  oaed,  bowaw.  In  eataln  Tnkaiik 
MpoBi farraad  nataL. 

Tb»  Sbyonto-Onudtfl  Vasaitf  (8p.  Gr.  2.50  to  2.60) .  Rhtolitb  msrrm 
and  FOBFHntEES  are  usually  light  colored  massive  rocks.  The  grouDd-maas 
ia  usually  too  fine  grained  to  analyse  with  the  naked  eye,  but  phenocryats 
of  orthodase  and  quarts  are  commonly  present.  The  ferro-msgnesian 
nuDcraifl  are  generally  few  and  small,  with  biotite  commoner  than  hornblende. 
When  quarts  and  ortbodase  phenoorysta  are  abundant,  the  rock  is  callet^ 
qoarU  poiphyiy  {see  Fig.  11).  Weatliering:  Fnah  rook  in  Yery  resistant 
to  wcsUuring.  'Yields  kaolin  and  quarti  stained  with  inm  ozidea.  Oe- 
eurreuce:  Common  in  the  mountainous  West,  the  Black  HiUs,  Yellowstone 
Park,  Leadvillfi,  Colo.  Bhyolite  tuffs  are  quarried  for  building  stone  along 
the  Front  Range  of  Colorado. 

Granites  (8p.  Gr.  2.55  to  2.86)  are  the  commonest  of  the  igneous  rocks. 
They  are  usually  evenly  and  equally  crystalline.   The  eiystala  are  quite 
■hapelesffbecause  of  mutual  interference  while  form- 
ing from  the  magma.    Often  the  larger  orthoclase 
crystal*  approach  a  definite  shape,  and  then  the 
rock  is  pofphyritio.   If  the  tn^m*  was  fair^  mo- 
tionleas  during  eiyatallisatioD.  the  crjrstalB  St  them- 
selves hito  earh  other  in  an  tnteriocldng  dovetailed 
stnictare  (see  Fig.  10).    The  quarti  is  the  last 
min^al  to  crystallise,  and  so  assumes  the  moat 
shapeless  form  of  all,  filling  the  interstices  between 
the  other  crystals,  and  binding  the  mass  together. 
Sometimes  there  is  movement  of  the  magma  during 
ck»ing  phaaee  of  crystallisation.    This  streaming  mg.  ig.    Oranlte,  Poorly 
Itfoduoes  a  banded  appearance  like  gneiss.   The    Intertoeked  and  nnniwniri 
ndea  and  hornblende  fai  suoh  a  rock  tuids  to  Uein 

ritsets.  The  crystals  do  not  interlock  so  perfecUy  (see  Tig.'  13).  The 
staengtli  of  a  granite  depmds  more  upon  the  degree  of  interloaldng  than  upon 
the  qoalities  <rf  the  minerals  contained.   A  granite  like  Fig.  13  WestehestOT 
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Gnudto,  N.  T.,  oc  Yonkeim  Onein,  K.  T.,  muld  be  quite  unfit  for  pavinc 
Uocks  or  macadam,  tho  sdeoted  material  ia  good  for  building  purposBB. 
StrcakjB  of  pegmatites  are  common  in  the  granite  of  some  regtons.  -  Rock 
of  this  type  is  usually  rejected  for  building  purposes.  Biotite  is  the  com- 
monest dark  mineral.  Hornblende  increases  in  the  darker  gray  granites. 
MuBoovite  is  common  in  the  lighter  colored  varieties.  Small  amounts  of  the 
micas  do  no  harm,  but  the  rock  is  weakened  structurally  by  larger  amounte, 
or  by  the  arrangeineut  of  the  mioas  into  liiyam  or  laminae  in  gnowud 
varietiefl.  Weathering:  Quarts  expands  and  contracts  under  temperature 
changes  twice  as  much  as  does  orthodaae.  The  sutures  of  a  poorly  inter- 
locked rock  will  open  up  and  admit  water  whose  freezing  aids  disintegra- 
tion. Orthoclase  is  softer  than  quarts,  so  that  under  abrasion  the  rock 
keeps  a  rough  surface.  Orthoclase  altera  readily  to  kaolin  or  clay.  Only 
'fre^  unaltered  granite  should  bo  used.  Occurs  in  large  masses,  stocks 
and  batholiths.   See  Art.  19. 

Pocmatttw  are  usually  dikes  <d  giast  graotta.  Eeeaping  aolationa  from  the  gnat 
Pirf"***  bodies  penetiate  the  country  rock  and  there  precipitate  tbm  ml&eral  mmttar 
bnMgfat  up  in  sidutltM),  forming  quite  the  largeet  oystals  known  in  igneoiu  radce. 
These  mienw  are  well  tnteriodrad,  but  tb»  deavage  of  the  largo  arystal  numca  laDdem 
them  too  «e*k  structurally  to  be  of  OM.  Occ—ionefly  tb«y  are  used  for  coaerete 
xgKregBte,  in  regions  of  unsuitable  roeka.  TUs  Is  done  at  Waterbury,  Conn.,  by  ex- 
cluding the  very  micaoeous  parte  of  the  di^  Oeeurrcnee:  CommOQ  fn  an  riant  erjra- 
talline  metamorpUc  regioaa,  such  aa  the  older  Appalachian  Prarinee  and  the  New 
England  Highland,  and  the  old  erystalUnea  «rf  the  far  Weet. 

Trachyte-gyentta  Famllj  (Sp.  Gr.  2,27  to  2.66).  Thase  reeks  an  rathv  ubiisobI 
BO  that  the  highway  engineer  has  little  cause  tor  studying  then.  The  typical  trmchytee 
resemble  the  rhytrfUea,  but  lack  free  quarta.  Orthodaae  Is  dominant,  often  componng 
■Jjnort  the  entire  rock.  Theoe  are  the  moet  add  tiadiytea  known;  SIOi,  65%.  With 
Inereaae  in  honblwde  and  pyroiene,  they  grade  toward  rocks  ae  baaie  ss  the  basalts, 
and  as  dark  In  eotor.  Weathering:  Aa  In  all  porphyritic  rocks,  the  phenoeryats  eorae- 
*  tftnea  weather  before  the  ground«iatB  riwwe  much  alteration.  Usually  botii  alter 
together.  More  ka«din  and  less  quartz  result  from  weathering  than  ia  Uw  ease  with 
the  rhyotitoB.  Occurrence:  As  surface  flows,  trachytes  ooeur  in  the  Black  HEUs, 
Custer  County,  Colo.,  and  Crazy  Mountains,  Mont. 

The  Syenites  resemble  the  granites,  but  are  somewhat  more  friaUe,  laddng  quarts. 
OrtbocUae  ia  dominant,  but  add  plagiodaae  is  almost  always  present.  With  Increase 
of  plaglodaae,  the  syenites  grade  into  the  dioritea.  Homblnde  ia  the  moat  common 
dark  mineral,  but  biottto  Is  also  often  preaeat.  ^tozene  appeaia  in  the  dariner  rarie- 
ties,  but  pyroxene-rich  ayenitas  are  rare.  Unweathnod  syenite  with  well  Interlocked 
oyatala  malraa  excellent  stnietural  material,  concrete  aggregate  and  good  macadam; 
leas  bvorable  for  paving  blodm.  Weathering:  Fddapars  alter  to  kaolin,  hornblende 
to  dilorite,  but  weathering  is  slow  if  the  quarried  rock  is  freah.  Oceorrenee:  A  larga 
boss  near  Montreal.  Canada,  and  large  dikn  and  knoba  near  Little  Rock,  A^  Tha 
High  wood  Mountains,  Montana,  yield  the  most  notable  exam  plea,  but  many  smaUar 
dikes  are  known. 

Dadte-Quartz-Diorite  Family  (Sp.  Gr.  2.60  to  2.60).  The  dadtas  resemble  tlve 
rfayditea,  except  Uiat  the  plagiodaae  is  the  dominant,  often  the  only,  feldspar.  Mor« 
biotlta  and  hornblende  are  uaually  developed  than  in  the  rhyolites.  The  identiflca- 
tion  of  the  rock  depends  vpon  the  determination  of  the  tddapar,  and  thia  la  only  poa- 
dble  if  phenociyBtB  are  present.  Texture  la  felsiUc  to  porphyritie,  often  cellular  in 
surface  Bows.  In  their  weathering  quaUtiea  and  suitability  for  engineering  work  the 
dadtes  reeembie  the  rhylmtes  (aee  Art.  6).  Occurrence:  As  flows  and  dikes  in  the 
CordiUeimn  regiMi  and  South  America. 

Quartz  Dioiites  doedy  reaemble  the  granites,  into  whldi  they  grade  with  the  in- 
crease of  Mthodase.  Plagiodaae  is  dMninant.  Hornblende  and  UoUts  are  the  com- 
moncat  dark  mbierala.  The  tezture  is  granitoid,  and  the  rod(s  behave  like  graoltea 
for  aU  ptactiesl  purposes.  Oeeurrsnoa:  In  the  Cortlandt  SeriSB  near  PednddU,  N.  Y.; 
many  loeallUn  in  the  New  Bntftand  Tf't*t'f"l',  in  TeDowitoiie  Park  and  the  Stana. 
Far  leM  eomman  than  gruttai. 
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ABderito-Diorite  Punilr  <Sp.  Gr.  2.60  to  2.90).  The  anderita  proper 
mre  surface  flows,  cellular  or  mMsive,  and  feUdtic.  Unless  phenocrysts  arc 
pnKDt,  it  is  often  impossible  to  tell  them  from  trachytes,  into  irhicb  they 
grade  with  incteaee  of  orthoclasc,  but  they  usually  contain  more  dark 
miDerals  than  the  felsitic  rocks  hitherto  described.  The  absence  of  quarts 
and  the  dominance  of  plagiodase  serve  to  identify  them.  Hornblende  is 
tha  ounmoiiMt  dark  mineral  bat  faiotite  ie  abundant.  I^nnene  appears  in 
the  mam  baaio  varietiea,  and  by  its  increase  the  andesifes  grade  into  aui^te- 
andeaites,  or  trap.  The  entire  ground  mass  is  often  made  of  small  but 
visible  interlocking  rods  of  plagiodase  and  hornblende  or  pyroxene.  Pheno- 
(T^Trts  of  hombleDde  in  long  shining  black  rods,  and  large  phenocrysts  of 
ETsy  plaffioclaao  are  common.  Porphyritic  varieties  are  umiatly  dike  rocks. 
As  coarseness  of  grain  increases,  the  andesites  pass  insensibly  into  the 
dioritee.  Strength:  Massive  varieties  are  touip^  and  hard  if  unweathered, 
and  are  exodlent  rocks  for  macadam  and  concrete  aggregate.  Weathering: 
The  homUande  altera  to  chlorite,  the  plagjoclase  to  kaolin,  and  both  alter- 
atkma  yidd  seoondary  silica,  and  calctte.  Under  traffic  good  oemoitinB 
qoslitieB  jm  devdoped.  Occurrence:  Ydlowstone  Park;  many  peaks  in 
Ctrtocado,  Mt.  Hood,  Mt.  Shasta,  and  other  great  cones  d  the  CmeaAb 
Range;  many  other  parts  of  the  mountainous  West. 

DioritM  are  granitoid-textured  rocks,  whose  chief  feldspar  is  plagiodase, 
and  whose  chief  dark  mineral  is  hornblende  or  biotite  or  both.  By  addition 
of  orthodaae  they  grade  into  syenites,  but  their  closest  relatives  are  the 
OABBBOS.  from  which  th^  differ  in  having  (1)  usually  a  lighter  colored, 
more  acid  plavodase,  and  (2)  boroUende  instead  of  pyroxene;  but  eveiy 
intermediato  composition  oeeurs,  from  typical  diotites  to  typical  gabbros. 
It  is  often  eztreoMly  dlflleult  to  distinguish  them  in  hand  specimens,  as 
bocnbleoide  is  hard  to  tell  from  auidte.  Strength:  When  well  interlocked 
and  fresh,  diorites  are  extremdy  tough  and  disable  gray  speckled  rocks, 
and  are  sold  under  the  name  of  granite.  They  are  as  ill  suited  as  syenites 
for  paving  Mocks,  but  for  macadam,  concrete  aggregate  and  structural 
material  they  are  well  suited.  Quarry  conditions  are  similar  to  those  of 
panitee  (see  Art.  19).  altho  Uie  rock  quality  is  often  more  variatde. 
Wlsathmng:  Hie  feM^MUS  kaolinise,  and  tiM  homUende  changes  to  efak>- 
rile,  but  the  two  nunerals  rarely  alter  at  the  same  rate.  The  took  Is  ndned 
when  rither  chief  constituent  decays.  Usually  the  hornblende  alten  first, 
but  otiva  the  reverse  occurs.  It  is  impoanUa  to  determine  beforehand 
which  mineral  will  weather  more,  except  by  examining  weathered  outcrops. 
Caicite  and  secondary  silica  are  further  products  of  deci^,  furnishing  bond. 
Ocrurrenoe:  As  Urge  intrusive  bodies,  dieets  or  stocln,  often  associated 
with  gabbros.    In  the  Cortlaodt  Series,  New  York;  Mt.  Davidson,  Nevada. 

The  Attgite-Andedte-GabbrD  Family  may  be  treated  for  brevity's  sake 
with  tbe  BiuiAiAKii.mK>-oABBBO  gtoop.  The  rocks  differ  chieBy  in  the 
prsssncn  w  afaseooe  of  olivine.  They  oft«i  occur  assodated  together,  even 
ia  the  aame  intninvo  mass.  Unless  the  ohvine  crystals  are  visible,  it  is 
often  impossiUe  to  distinguirii  the  fine  grained  varieties  without  the  micro- 
scope. Surfoee  flows  of  basalt  (8p.  Gr.  3.01)  are  usually  vesiinilar  if  thin, 
but  thick  flows  are  commouly  very  dense  except  near  tbe  upper  surface,  where 
the  escaping  gases  fill  them  with  bubbles,  and  make  a  ecoriaceous  sone. 
Tbe  low  melting  point  of  these  rocks  enables  them  to  freeze  so  slowly  that 
the  magma  can  ciystaUise  even  when  a  surface  flow.  Glassy  texture  is 
seldiHn  seen  ezo^t  as  crusts  upon  flows,  or  as  so  >ria.  Olivine,  if  present, 
is  one  <4  tbe  fint  mioerals  to  orystaUise,  and  ttl  green  glasqr  phenocrysts. 
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usually  Bhqpdaas.  are  easily  recognised,  even  in  felsitio  b&aaltfl.  It  tlten 
readily  to  serpentine,  a  dull  green  earthy  or  fibrous  maas.  The  felsitic  types 
are  sometimes  mistaken  for  black  Umeetone  in  band  specimens.  Basalt  is 
heavier  and  far  harder  than  Umeetone,  which  can  be  easily  cut  with  a  knife, 
and  besides,  baaalt  usually  shows  a  few  typical  igneous  phenocrysts,  olivine, 
ptagioclase  or  augite.  The  plagiocLase  often  crystallises  while  the  rest  of 
the  rock  remains  liquid,  and  thus  attains  perfect  crystal  form.  These 
plagioclaw  crystals  are  long  lath-«haped  rods,  which  lie  unoriented,  in  every 
posuble  position.  The  pyroxene,  and  olivine,  if  present,  crystallixe  later, 
and  form  shapeless  cryBtoJs  filling  in  the  space  among  the  feldspar  rods. 
The  whole  rock  is  therefore  something  like  concrete  in  structure,  but  the 
crisscrossed  interlacing  rods  of  pla^oclase  involved  in  the  pyroxene  which 
is  almost  as  hard  as  steel  gives  unusual  strength  to  the  mass.  Such  a 
structure  is  called  nuBASic.  Soe  Fig.  14:  A  represents  plagioclase;  B, 
pyroxene;  C,  olivine;  the  black  is  magnetite.  Dibp 
basic  rocks  (Sp.  Gr.  2.60  to  3.03)  may  have  the  com- 
position of  a  basic  diorite,  with  much  hornblende 
present,  or  of  a  gabbro,  or  of  an  olivine  gabbro. 
Their  dystals  may  be  so  amaU  that  the  loeks  are 
felaitie,  or  aa  large  as  an  inch  in  length.  The  finer 
grained  diabases  are  the  strongest,  and  are  those 
used  under  the  name  of  trap. 

Gabbros  differ  from  diabases  in  having  the  even 
granular  texture  of  normal  granitoid  rocks.  It  is 
impossible  to  give  a  description  to  cover  them,  for 
Fl(.  M.  DlabMe  ^^^y  are  the  most  variable  of  igneous  rocks.  Almost 
any  one  of  their  minerals  may  in  varieties  be  the 
mincipal  constituent  of  the  rook.  Increase  of  plagioGlaae  brings  a  variety 
that  is  almost  pure,  gray  labradorite  plagioolase.  Great  areas  of  tiiis 
rock  are  found  in  ea9t«m  Canada  and  iha  Adirondacks;  smaller  maasea 
occur  near  Lake  Superior  in  Minnesota,  and  in  the  Laramie  Mountains, 
Wyoming.  With  increase  of  pyroxene,  to  the  practical  exclusion  of  plagio- 
clase, the  gabbros  grade  into  the  pj^xenites.  The  peridotites  repre- 
sent an  olivine-rich  extreme  variety.  The  recognition  of  a  gabbro  must 
depend  upon  the  naming  of  the  component  minerals.  The  plagioclase, 
when  present,  is  always  basic,  usually  gray  in  color.  The  dark  minerals 
are  essentially  pyroxenes  with  or  without  divine.  Biotite  is  common,  and 
hornblende  not  rare. 

Strasfth:  Whan  tnmh,  well  interlocked,  and  not  too  eoarMly  erystaHhte,  the 
gabbros  are  satUaetory  ior  all  road-buSdinx  purpaaee.  The  dlabaaie  varietiea  called 
tnp  are  among  the  best  of  metals  for  heavy  traffic  roado,  but  are  to  be  avoided,  as  » 
nile,  for  light  traffic  by-^tiads.  In  weathering  the  pyrozeneB  and  olivine  yield  serpen- 
tine, which  in  turn  breaks  down  into  soluble  and  cementing  materials,  magnesite, 
limonite,  caldt«,  secondary  oiliea.  Tbe  plagiocUns  yidd  carbonates  and  kaolin,  and 
secondary  sSica.  Tbua  the  cementing  power  of  the  gabbro  group  is  very  high. 
Varieties  too  high  in  olivine  are  to  be  avoided,  but  the  best  types  ars  also  tbe  com- 
monest. Occurence:  In  dikes,  luga  rills  and  large  intrusive  miMis  Evm  large 
surface  flows  may  be  diabssie  in  tbeir  central  portions,  aa  in  Uie  Orange  Moont^a 
of  New  Jersey,  or  the  great  surface  flows  of  the  Connecticut  Valley.  The  surface 
flows  and  nils  crack  into  vertical  column*  as  they  cool,  tor  the  cooling  surfaces  are 
the  top  and  bottom  faces  of  tite  sheet.  This  vertical  jt^ting  causes  the  rock  masses 
to  develop  neariy  vertical  dUb.  often  showing  a  fhited,  eoluranar  stntetun,  well  dis- 
played In  tiM  basalta  of  the  Columbia  River  Flatsau.  tin  trap  slisetB  of  New  Jansy,  of 
Caps  Blomidon  In  Nova  Seotia,  and  a  boat  of  otiw  oeeurranees.  Tbe  vertlesl  deav- 
agfl  Is  aapplenwDted  by  a  horisootal  system  of  joints  wbkh  often  enrrs  and  tatsrsset 
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w  — dUMr,iillttliit  Uw  rock  fato  bcri«oBt«l  Iw^fca  niiw.  Qunytiw  b  thw 
mdmd  compantlwly  omMy,  and  the  roA  eu  be  obtained  In  rim  wmvwiienfe  for  tlw 
cnriMT,  but  not,  m  *  rale,  fn  good  dfanension  Uocks.  OUvine,  eryataUfzlng  eariy  in 
the  liqaSd  macme.  may  dnk  thra  the  licpiid,  and  come  to  rest  in  a  la;er  or  xone  <rf 
eooceotnUed  olivine  cryatala  near  the  bottom  ol  (be  latrurive  body.  Becauae  olivine 
allm  mo  readSy  to  aarpentine,  thla  pait  of  the  toA  la  weak,  and  murt  be  mnUai 
m  qnnylag.  Gabbroe  form  the  etntral  man  of  the  Adlroodaeka,  and  occur  along 
l^ke  Ei<4Mrior,  in  the  Cortlandt  Seriea  near  Peekaldll,  N.  Y.,  and  near  Baltimore. 
Fatdwi  are  known  in  the  Now  En^and  Highland.  Basalt  and  diabaae  are  far  more 
common  than  gabbro  proper.  Tbe  Triamie  trape  Include  a  nries  ol  isolated  patcb« 
on  the  aaateni  tbon  of  the  Bay  of  Fmidy,  Cape  Blomldon,  in  the  Connecticut  Valley, 
the  PaHaartw  and  Watdntng  Hountains,  in  eastern  New  Jersey,  at  Cornwall,  Pa., 
RMmood.  ¥«..  and  Deep  Riw,  N.  C.  (Art.  14,  Fig.  61.  black  areas),  around  Lake 
Avalar,  fuerially  on  KewMuaw  Point,  and  Thand«  Bay.  Tbe  vaet  baaalt-Uva 
flova  vfakh  ionB  tha  CohnaMa  Blm  Plateaua  an  amoi«  the  greataat  in  the  worid. 
flaaAzCU. 

8.  Sedimentary  Rocks 

Compoaltioo:  Sedimeots  are  (1)  fragments  of  other  rocks,  broken  apart 
by  weathering,  (2)  precipitatea  from  solution,  (3)  the  remains  of  the  hard 
parta  ot  animiib  and  pUnts,  or  (4)  any  mixture  of  the  first  three  classes. 
Moat  sediments  contain  two  distinct  and  essential  eiemente:  (1)  The 
ffains  or  partidea  which  give  the  rock  its  naine;  and,  (2)  the  eement  or 
binder  that  bolda  the  particles  together. 

The  osum  an  (rf  three  lypes:  (1)  They  may  be  fragments  of  predating 
rocks  of  any  type.  See  Arts.  2  and  6.  The  decomposed  products  of  the 
weathering  of  other  rocks  may  be  transported  by  wind,  streams,  waves 
or  glaciers,  or  any  combination  of  these  agents.  The  smaller  grains  are 
usually  sorted  out  from  the  larger,  and  the  size  of  grain  that  comes  to 
rest  in  a  given  place  is  apt  to  be  uniform,  according  to  the  strength  of  the 
transporting  agent  at  that  place.  See  Art.  11.  The  dominant  minera's 
are:  Clay,  kaolin,  in  the  fiiMst  grained  rocks;  quarts  and  feldqpar  in  the 
ooaraer  sediments.  Minor  materials  are  hornblende,  biotite,  muscovite 
and  eomminuted  limestone.  ^2)  Tbe  grains  may  bo  shells  or  their  frag- 
ments, including  corals.  Nearly  all  groups  of  waterliving  organisma,  plant 
and  animal,  contribute  to  these  deposits.  With  these  may  be  mingled 
day  and  sand  derived  from  the  land.  (3)  Precipitated  rocks  need  not  be 
cmsiderrd  in  a  book  for  engineers.  Gypsum  and  salt  deposits  are  the 
commonest  examples. 

Tbe  BiKnBR  or  cehbnt:  Too  much  emphasis  cannot  be  laid  upon  tbe 
importance  of  the  Under.  The  strength  of  tbe  rock  depends  wholly  upon 
bow  ft  is  bound.  The  weak  St.  Peter  sandstone,  made  of  resistant  quarts 
grains,  almost  lacks  a  binder.  Bluestone,  made  of  weaker  grains,  well 
bound,  is  one  of  the  strongest  of  rocks.  The  binder  may  be  one  of  three 
typee:  (1)  It  may  be  part  of  the  sediment.  Clay  and  iron  oxide  deposited 
with  the  larger  grains  may  form  a  strong  cement  under  suitable  pressure. 
This  is  the  case  with  many  brownstones,  tho  carbonates  and  silica  play  a 
part.  (2)  It  may  be  introduced  matter,  brought  into  the  sediment  by  per- 
colatias  waters,  and  precipitatod.  Lime  carbonate,  silica  and  iron  carbooato 
■IB  the  oomnumest  examples.  Silica  usually  precipitates  as  quarts.  In 
aandrtlones,  this  quarts  is  built  upon  tbe  primary  quarts  grains,  enlarging 
them  unUl  they  meet  each  other  and  form  an  interlocking  crystalline  mass, 
like  an  igDeous  rock.  Tho  strong  Potsdam  quartiite  is  of  this  type.  Lime 
nrbooate  cnrstalUses  very  readily  in  the  inteietioea  of  the  sediments,  and 
fl»stnHic  but  soluble  l»iukr>  Any  mixture  of  binders  may  occur.  (3)  The 
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binder  may  be  wholly  internal,  produoed  a  flhemieal  reorganisation  of 
the  sediment,  which  some  cement  is  set  free.  The  binder  of  limeatonea 
is  lamely  derived  from  the  aediment  itself,  by  solution  and  recrystallixatioa 
of  lime  carbonate.   Type  3  may  to  eome  extent  acoompany  types  1  and  2. 

QaaaiflcatiiHi  of  SadimentarT  Rocks:  Sediments  are  classified  acoordins 
to  texture,  composition  and  mode  of  oiigiQ.  Rocks  precipitated  from 
aqueous  solutions  are  called  HTDSoa&Hic;  salt,  gypsum  and  some  limestones. 
Rocks  produced  by  living  organisms  are  called  bioqenic.  These  are  chalk, 
infusorial  earth,  coal,  most  Umestoaes,  etc  Rocks  produced  by  igneous 
activity  are  called  ftroobnic.  The  igneous  rocks  are  the  ultimate  source 
of  all  sedimraite.  Any  of  these  rocks  may  be  broken  into  frasmenta  by 
weathering  procesaes  or  by  dynaoio  force.  The  fragmental  materials  con- 
stitute the  great  balk  of  sediments,  called  the  cubticb.  The  dastict,  how- 
vnr  derived,  may  be  classified  as  shown  in  Table  IV. 


Table  IV.— The  Clastic  Sedimentary  Rocks 
Uhconboudatbd  SBHmms 


Coans, 
Angular 

Coarse, 
Worn 

Medium 

Fine 

Very  Fine 

Tahi&  and 

ISDd^ 

mstarials 

Volsanle 
bagmaBts, 

Fault 
cmahsoiMa 

Gravd 

CUy-galli 

C<mdandahaU 
dapooiU 

Qoartx 
wnds 

Arkoaie 

/ 

Ume-sands 

Silt,  flae  and 
dayey 

WldB 

Clay,+ 
carbonats 
mixture 

Reek  flour, 
Voleanle 
duet. 

Loom 

Clay. 
Marl,  and 
lime  muda 

CBBMIBD  <m  iNDUBAiaO,  POUUMO  ROCK 

Talus 
braedas 

Volcanic 
brecdaa 

Fanh 
braeelaa 

Conglommtea 

(various) 
Quartz  con- 

glomeratea 

Coqidna, 
Cotsl  rag 

Sandstones, 

Arkooee. 

Blueatonea 

lime 
Mndrock 

Sfltekms 
diBles, 

Itoeirita, 

Shaly 
■mdstOBes, 

Sandy  and 
clayey  lime- 
stones 

Various 
fins  grained 
and  dialy 

FOdlB 

Clay  ahale 
Mail, 
Ume  mud- 
J  rook 

Conglomerates  are  little  used,  except  oceasioaally  as  building  stone. 
When  the  pebbles  are  quarts  with  silicious  bindinn,  the  rook  is  very  strong 
and  hard  to  quarry  or  dress.  It  may  break  along  joints  and  bedding 
planes  into  usable  blocks.  The  pebbles  may  be  of  any  material,  limestone, 
■hale,  granite  grains,  feldspar,  etc,  and  the  lander  may  vary  exteemdy, 
both  in  quality  and  amount.  When  the  binder  does  not  fill  up  the  inter- 
stices between  the  pebbles,  the  rock  is  very  ptmnis,  and  may  hold  great 
amounts  of  ground  water.  Sand  grains  are  often  minted  with  the  pebMea. 
and  help  to  eliminate  pore  space. 

In  Sandstones  (Sp.  Gr.  2.00  to  2.78)  the  grains  are  commonly  quarts,  often 
with  some  feldspar.   When  the  fddspar  grains  are  abundant,  the  rock  is  cdled 
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Fis.  16.  CrawMdiac 


Plf.  IB.  Potadam 

Qaanxtte 


ABKOSB.  The  familiar  brownstoQes  of  Connecticut.  New  Jersey  and  Penn- 
sylvania are  arkoeee.  Mica  Salces  are  oommoo,  and  the  rock  spUts  easily 
aloQK  beds  where  mica  is  abundant.  Clay  is  often  present,  especially 
in  fine  Rnioed  sandstones.   Such  rocks  are  usually  thin  bedded,  srading 

into  shale.   In  marine  sandstones  the  fossil  shells    — 

are  very  common.  The  lime  carbonate  of  these 
has  often  leached  out,  leaving  cavities  that  may 
seriously  weaken  the  rock.  The  thickness  of  the 
licd  limits  the  sixe  of  the  blocks  that  can  be  ex- 
tracted, some  beds  being  4  ft  thick,  but  a  1-ft 
bed  is  usually  called  thick.  Cross-bedding  (see 
Fig.  IS)  is  very  common,  and  is  sometimes  called 
false  bedding.  When  cross-bedding  is  prominent, 
the  rode  mqr  weather  out  and  split  along  these  slanting  planes,  and  so  be 
unfit  tor  use.  The  degree  of  weakness  'will  depend  larg^  upon  the 
character  of  binder  present, 

Qticmite  (Sp.  Gr.  2.60  to  2.70)  is  a  sandstone  with 
quartz  grains,  and  a  binder  of  precipitated  silica.  The 
rilica  builds  itself  on  to  the  primary  grains,  enlarging 
them  until  t^ey  meet  and  interlock  firmly.  Fig.  16  shows 
the  Potsdam  sandstone,  a  typical  quarteite,  with  inter- 
locking, secondary  silica  filling  interstices.  The  rock  is 
nearly  as  strong  as  granite.  It  quarries  in  flat  blocks, 
favorable  for  masonry.  It  makes  very  poor  macadam, 
as  it  is  hard  and  brittle,  with  very  low  cementing  power. 
The  name  quartzite  is  also  applied  to  a  strictly  metamorphic  rock,  which 
for  practical  purposes  behaves  like  the  type  here  described. 

Blaestone  ts  a  gray,  green,  bluish  or  purplish  bedded  rock  consisting  of 
i!7anular  fragments  of  older  metamorphic  rocks,  aurh  as  slates,  with  less 
quartz,  and  occasional  feldspar  grains.  In  the  interstices,  clayey  matter 
and  silica  have  recrystallized  into  a  fine  dense  aggregate  of  quartz  and  flaky 
sericite  and  chlorite.  Pore  space  is  thus  greatly  reduced,  and  all  the  grains 
slightly  enlarged  by  addition  of  ralica  to  their  surfaces,  so  that  they  form  a 
finnly  interlocking  mass,  almost  as  strong  as  a  granite.  Bluestone  resists 
weathering  and  abrasion,  is  vety  tough,  and  has  good  cementing  value.  It 
quarries  in  flat  slabs  usable  for  flag,  curbs  or  building  stone,  according  to 
thickness.  The  coarser  grained  varieties  are  the 
strongest,  as  the  finer  grained  rock  contains  clay. 
Some  bedding  planes  in  the  rock  are  rich  in  pjaty 
Inotite  and  hornblende.  These  planes  look  darker, 
and  are  lines  of  weakness  along  which  the  rock  may 
be  qdit.  They  are  called  reeds  (see  F^g.  17,  AA). 
See  abo  Art.  19.  Pebbles  of  quartz  do  not  seriously 
injure  the  bed,  but  little  balls  of  clay,  claygalls,  are 
often  preaent,  and  these  weather  out  readily.  Rock 
containios  them  idiould  not  be  used,  except  for  light 
baffic  macadam. 

A  Und  of  sandstone  is  made  when  ignrmn  fragmentals, 
vdeanie  aah  beds,  become  cenwDted  togetber.   Tlieae  rocks 

are  uUeuiuly  variable  as  to  both  texture  and  atructure.  The  comnuKMit  binder  la 
<aldt&  Tbey  are  qnarried  for  bufldfaig  stones  on  the  C<donulo  Front  Ranee,  and 
ttmwhen  in  tha  West.  Moat  aaadatatm  ara  pnvnia  either  beeauae  of  oricinal  votda. 
Dot  miad  by  csnieBt,  or  tasaMas  <rf  the  laaditng  out  <rf  the  soluble  binder  or  iraliia. 
la  Wig.  11,  pafaa  are  diadad,  onaDt  la'  bladi,  and  voids  or  pores  are  white.  Sand- 
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stones  form  gimt  fnawToIii  of  underground  wmtar,  and  •mhm  working  in  ■edlmMitu-y 
rock  raclona,  MiKineer  muat  esrefully  look  for  BWpiM  ajnong  Mnditone  bed*. 
BluMUme  ud  quutzite  usually  have  the  least  poraatty. 

Shale  (Sp.  Or.  2.40  to  2.80)  is  typirally  «  clay  rock  that  cleaves  readily 
parallel  to  the  beddinK.  Sand  and  lime  carbooata  are  almoat  always 
present.  With  increase  oi  either,  the  rock  srades  into  ahaly  sandstime  or 
shaly  limestone.  Iron  salts  and  magnesium  carbonate  are  common  im- 
puiitiea.  Sbale  weathers  into  clay  with  impurities  as  Dotod.  It  makes  a 
poor  macadam,  but  ailidous  varieties  are  much  used  for  li^t  traffic  roads. 
Clay  shales  with  little  lime  present  are  often  used  in  Iniekmaking;  nerer 
for  concrete  aggregate. 

limestonet  (Sp.  Gr.  2.35  to  2.87)  are  extremely  variable.  Their  com- 
position may  be  nearly  pure  calcium  carbonate.  Magnesium  carbonate, 
iriiich  is  nearly  always  present,  may  increase  to  practically  the  exclusion 
ol  CaCOt.  but  usually  not  beyond  the  proportions  for  dolomite,  with  MgCOk. 
45.65%.  Clay  and  nlica  are  almost  wv6t  absent;  either  or  both  may 
increase  to  such  notable  amount  that  the  rock  grades  into  shale  and  sand- 
stone. Silica  may  appear  as  sand  grains,  or  as  flint  or  chert  in  nodules  or 
irregular  streaks  up  to  1  ft  in  length.  Other  common  impurities  are  iron 
carbonate  and  sulpludee,  carbonaceous  matter  and  gypsum.  The  grains  may 
be  particles  of  structureless  lime  piud  or  minute  shells;  larger  shells,  corals, 
etc,  or  their  fragments;  pebbles  of  limestone;  grains,  crystals  and  masses  of 
all  the  impurities  named.  The  cbhbnt  is  almost  always  calcite.  Texturevaries 
from  fine  grained  dense  mud  rocks  in  thin  or  tiiicfc  beds;  thin  granular  sand  lime 
rooks,  dense  or  porous,  usually  made  of  fosnl  fragments;  to  ooatse  d antics, 
such  OS  shell  rocks,  coral  rag,  or  conidomerate  made  of  limestone  pebbles. 

Structure.  Clay  bearing  varieties  are  usually  shaly.  Beds  range  to  several  test  In 
tMekneas,  <rften  very  regularly  bedded  and  Jointed.  Chert  in  s^l  streaks  does  not 
prevent  easy  quarrying  for  masonry,  but  lar^e  diert  raaases  cause  irregularities  in 
bedding  and  in  weathering  qualltlea.  PNoolating  waten  often  dinolve  Umestones. 
forming  caverns  of  eztremdy  variable  shapes  and  sisca.  See  Art.  12.  Hard,  dense 
limestones  are  good  rocks  for  all  purposes,  except  maOdam  for  very  heavy  tralBc 
ixiads.  They  teve  lair  IimhImmsb.  latlMr  low  hardiMM,  and  asoillant  esnwatlng 
qualitias.  Cberty  llmestoDS  makas  good  road  metal,  the  hard  flint  with  low  caoMnt- 
ing  qualitiea  being  bonded  by  the  limcatane.  Struetivea  under  water  should  not  bs 
built  of  limestone,  nor  should  limestone  aggregate  be  used  in  eoneraCe  ezpoaad  to 
eithN  running  watw  or  ground  water,  because  of  the  ready  aolubiUty  ol  the  rock. 

4.  Mettmorphic  Rocks 

Metamorphic  rocks  indude  the  slates,  schists,  gneisses,  serpentinss  and 

marbles. 

Sate  (Sp.  Gr.  2.50  to  2.80)  is  a  strongly  cleaved,  fine  grained  rock,  derived 
from  shale,  thru  the  agency  of  great  prcaeuro,  at  considerable  depth  below 
the  surface.  The  shale  tended  to  deform  slowly 
under  the  stress,  and  to  develop  a  very  perfect 
cleavage  at  right  angles  to  the  direction  of  the  streos 
(see  Fig.  18).  The  clay  material  was  in  part  re> 
cryatallised  to  form  minute  mica  flukes,  all  lying 
parallel  to  the  slaty  cleavage.  The  cleavage  ia  not 
Pig.  18.  Slaty.Cleavsga        ^  related  to  the  original  bedding  of  the  shale. 

Slates  are  fairiy  hard  and  tough.  They  are  used 
to  make  lif^t  traffic  macadam.  They  pack  well,  and  have  good  cement- 
ing qualities,  but  ultimately  yield  much  mud  and  dust.  Slate  is  usrieag 
for  any  other  road  making  purpose.    Shales,  slates,  clayey  sasdstonea, 
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dialy  limoatonea  and  fine  gnuned  iipieoiu  roclu  will,  under  great  pnonire 
and  lieat,  recrystalliso  into  schist  of  many  varieties. 

Schists  are  more  thoroly  cryBtallised  tiuin  slates,  and  tiieir  crystals  are 
usually  visible.  Tbey  coimist  chiefly  of  cJcavable  minerals,  mica,  horn- 
blende, or  chlorite,  I^'ing  with  thoir  prominent  cleavages  parallel,  giving 
the  rock  a  fine  cleavage  or  foliation  called  scHiSToarrr.  Granular  quarts 
and  feld^Mir  are  present  in  variable  amounts.  When  garnet  and  staurolite 
are  developed,  they  never  lie  in  parallel  dieots,  but  are  scattered  quite 
independently,  of  tite  rock  cleavage.  Schists  when  fresh  and  firm  are 
aometimea  used  as  structural  material.  They  must  never  be  set  on  edge, 
but  must  be  laid  with  the  planes  of  schistoaty  faoiisontaL  Schists,  in 
Hcathering,  tend  to  split  into  flat  sheets,  as  well  as  to  disintegrate  into 
Srains  and  flakes.  They  are  not  to  be  uaed  for  aggregate,  TPfvudftm  or 
paving  blocks. 

Gneiss  (Sp.  Gr.  2.62  to  2.92)  is  coarse  grained,  thoroly  crystalline,  con- 
tains much  feldspar,  and  is  streaked  or  banded,  due  to  the  parallel  arrange- 
mrat  of  the  mica  and  hornblende.  Differs  from  schist  in  that  it  usually 
hiB  eoanet  grains,  greater  feldspar  content,  and  less  perfect  cleavage. 
The  commonest  guoissos  rcsemUe  granites  in  their  texture  and  composition, 
but  gneisses  may  be  derived  from  any  coarse  grained,  feldspathic  rock, 
sedimentary  or  igneous.  The  feldspar  and  quartz  are  often  granulated, 
due  to  crushing  pressuree  during  metamorphism.  The  parallel  streaks  of 
cteavable  minerals  are  not  always  planes  of  weakness.  Gneissee  are  often 
excellent  structural  material,  and  the  stronger  varieties  have  been  used 
■ucce«fuUy  as  concrete  aggregate,  altho  the  practice  is  not  to  be  recom- 
mended. Gneisses  are  never  used  for  pacing  blocks,  and  shoitld  not  be 
med  for  macadam. 

Marble  (Sp.  Gr.  2.08  to  2.85).  limestones  recrystalliie  under  great 
pressure  and  heat,  to  form  marble,  which  is  usually  a  thick  bedded,  or 
aaaasive  rock,  formed  of  interlocking,  shapeless  ciyatals  of  calcite  or  csLdte 
and  dolomite.  Quarts,  brown  mica,  amphiboles,  pyroxenes  and  olivine 
are  oft«t  present  in  variable  amounts.  Tlie  rock  m^tee  fairly  good  struc- 
tural matfflial,  but  like  other  limestones  alwaj'S  should  be  used  above  the 
waterline.  Fine  grained,  well  interlocked  marbles  may  be  used  as  aggt^ 
pite  or  macadam,  under  conditions  similar  for  those  described  for  Umestones. 

TIsif  Mss  <8pw  Gr.  2.72)  Is  a  eosoiilez  of  hydnus  riUcatss,  difefly  of  Hg  and  Va, 
Tkaodeiiroa^asfoUews;  HgO.  38%;  and  FmO>,  7%;  810)^41%;  BK», 
12%;  variable  amounts  of  AliOi  and  CaO.  Its  color  is  luiully  grsenUi.  ^le  rock 
k  always  eemplsxiy  jointed,  and  the  fracturea  are  often  Btiekensided  and  potiahed, 
thns  leudaiiuc  the  maaa  very  w«sk.  When  the  fracturea  are  cemented  toxetbw  by 
CBrboaate  ot  magiMsia  or  caldum.  the  rock  may  be  lalriy  strong.  Fibrous  varieties 
a>d  varietiea  wiUi  a  ruddy  fAmty  deavage  are  lyimmfwi.  It  -weathera  readily,  yielding 
cvbonatea  or  Ca  and  Mg,  with  silica,  day  and  limonlte.  Thus  good  bonding  qualt 
Uh,  bat  almost  no  other  good  can  be  expected. 


To  Estimste  the  Weight  of  Stone:  (1)  In  bed  rock  before  quarrying, 
Bultiply  the  qiecnfic  gravity  of  the  rock  by  62.4  lb  to  find  die  w^ght  per 
en  ft,  or  by  1684.8  to  find  the  weight  per  cu  yd.  (3)  Crushed  stone  con- 
tains about  35%  voids  when  all  aus  are  mixed,  and  from  45  to  48%  when 
screened  into  s^jarate  sizen;  sand  contains  36  to  40%  voids.  The  following 
taUe  is  quoted  frun  Gillette,  see  (4): 
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Table  V. — ^Weights  of  Rock,  Solid  and  Bnikan 


Weight, 

WBhiht  in  Poukos  phb  Cu  Yd  when  Voids  ake 

Sp.  Gr. 

Dfif  Cu 

tTA 

30% 

357o 

40% 

457t 

fiO% 

 — 

2  2 

3704 

2693 

2408 

2222 

2037 

1862 

2  3 

3872 

2711 

2617 

2323 

2130 

1986 

2.4 

2828 

2626 

2424 

2222 

2020 

2  5 

4209 

2946 

2736 

2626 

2315 

2106 

2.6 

4S77 

3064 

2346 

2626 

2408 

2189 

2.7 

4U6 

3182 

2956 

2727 

2500 

2273 

2.8 

4714 

8300 

3064 

2828 

2693 

2367 

2.9 

4882 

3418 

8174 

2929 

2686 

2441 

3.0 

6061 

3&36 

3283 

3030 

2778 

2626 

8.1 

6219 

8653 

8392 

8131 

2871 

2609 

3.2 

6888 

3771 

3502 

3232 

2963 

2694 

8.3 

6666 

3889 

3611 

3333 

3066 

2778 

8.4 

6724 

4007 

3721 

3434 

3148 

2862 

8.5 

68W 

4126 

8880 

3636 

8241 

294? 

6.  Petrographlc  Methods 

Petrograpbic  methods  are  the  most  subtle  methods  yet  devised  for  examin* 
ing  rocka.  A  small  sample  of  the  rock,  as  firm  and  sound  aa  can  be  obtained, 
is  ground  on  a  revolving  lap  until  a  thin,  flat  sliver,  pfilished  on  both  tfdes 
is  obtained.  This  is  mounted  in  Canada  balaam  on  a  glaas  alide.  Tho 
rock  slice  is  so  thin  that  light  readily  posses  thru  the  minerals.  The  slide 
is  then  examined  imder  a  poIurLdng  microscope.  Not  only  can  all  minerals 
and  their  relative  proportions  be  recognized,  but  the  shape  of  crystals, 
manner  of  interlocking,  degree  of-alteration  and  decay,  presence  and  arrange- 
ment of  cracks  and  cleavatees,  and  pores,  can  all  be  distinctly  aeen.  A 
state  of  internal  strain  in  the  rock  mass  can  be  detected  in  polarised  light. 
Defects  which  neither  hand  lens  study  nor  standard  rock  tests  will  detect, 
such  as  a  state  of  internal  strain  in  tiie  rock  mass,  are  revealed.  It  costs 
50  cents  to  have  a  rock  section  cut,  and  not  more  than  ^  hr  to  study  it. 
Even  in  the  fidd,  a  rock  may  be  polished  on  one  face  by  holding  it  to  the 
flat  of  a  grindstone,  and  afterward  smoothing  it  on  an  oil  stone.  Keep  the 
surface  wet  with  or  water,  and  study  it  in  a  good  light  with  a  hand 
lens.  The  shape,  arrangement,  interlocking  mineral  cleavage,  and  cement- 
ing material,  wOl  all  show  up  fairer  well. 

6.   Rock  Weathering  and  S<Ab 

Weathering  is  the  destruction  of  rack  by  reason  of  physical  and  chemical 
changes  that  take  place  near  the  surface.  Erusion  is  the  removal  of  rocka 
or  their  decayed  products  by  wind,  waves,  streama,  glaciers,  gravity,  etc. 
Physical  changes  involved  in  weathering  are  collectively  called  disinteqiia- 
TION.  The  result  of  disintegration  is  simply  the  breaking  down  of  the  solid 
rock  into  fragments  or  grains  of  its  component  primary  minenls.  Chemical 
changes  involved  in  weathering  are  collectively  called  decoupobition. 
The  minerals  are  altered  chemically  into  materials  wholly  different  from 
the  original  minerals  of  the  rock.  Usually  rocks  suffer  both  disintegration 
and  dccompomtion  simultaneously,  but  disintegration  to  some  extent  may 
preoode. 
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IMriat^ntton.   Heat  oaiues  some  mmerals  to  expand  more  than  others. 

expands  more  than  ortitoolase.  and  quart*  more  than  dther. 
'When  a  rook  is  ccn^pofled  of  aeveral  different  minentla,  heat  and  oold  tend 
to  make  them  pull  apart,  and  gradually  open  up  minute  fraeturee  betweeo 
the  Knifu.  Water  enters  any  crevioea  in  tiie  rook;  bedding  or  schistoaty 
pbnea,  deavaeea,  cracka  of  minerals,  pores  or  the  crevicee  caiued  by  tem- 
peratuft  changes.  If  such  water  freezes,  it  expands,  exerting  a  force  of 
mm  than  1  ton  per  sq  in,  and  so  tends  to  pry  the  grains  apart.  The  daily 
heating  and  cooling  of  the  -whole  surface  of  ibo  rock  mass  causes  it  to  pull 
away  from  the  interior  rock  whose  temperature  remains  uniform.  In  arid  re- 
poos,  vast  masses  of  rock  are  broken  up  by  scaling-off  of  the  surface.  Wind, 
stnama,  traTes  and  ice  have  little  abrasiTe  effect  upon  rockSr  but  they  an 
nsoaHy  armed  with  grains  or  pebUes  which  they  drag  acroas  or  drive  against 
rode  surfacce,  and  thus  scrape  them.  This  is,  of  c»urse,  a  method  of  eroaon. 
In  arid  regions,  near  sand-dunes  and  along  beaches,  wind  armed  with  sand 
graina  is  a  powerful  agent  of  rock  deetnictton.  Roots  of  plants  enter'crevioes 
in  rocks,  and  growing  there,  wedge  and  even  lift  the  rocks  apart. 

Decomposition.  Oxygen,  carbon  dioxide  and  moisture  in  the  air  attsfk 
rocks  slowly.  Descending  ground  waters  carry  these  gasee  in  solution, 
together  wiUi  sulphuric  acid,  organic  acids,  carbon  dioxide  and  salts,  all 
Qbtamed  from  the  soil.  All  these  reaffnits  attack  roek  minerals.  The 
dominant  reactions  are  called  hydration,  carbonation,  (nidation  and  solution. 

^dntkm  is  the  denJetd  eombinatimi  of  water  ^th  roin««]  msttv  to  form  hydroui 
acwpoiinds.  Orthodaae  takes  up  water  forming  kooUnite,  and  freeing  sflics  and 
fotadt.  The  potssh  roscts  with  the  COi  pieemt.  See  CABBONAnoN.  Ortbodasek 
UUISbOa -(-2H«0 -l-COi  -  KaidlBite.HtAl^iOi -HEiCOi +4ffiOi.  The  kaoUnlte 
ii  pore  or  tSM.y  imm.  The  potaarium  earbonate  is  gntdoidly  diMolTed  out  The 
Micm  ia  partly  leaded  out,  but  may  precipitate  as  quartz,  chalcedcmy,  etc  The 
placiocLMes  yield  kaolin,  nliea  and  carbonates  of  sodium  and  ealdum.  Henoe  the 
bondfaic  cpujity  bi  macadam  of  the  lim&-baaring  basic  plagiocLsMS  exceeds  that  of 
flrthnrian  and  add  plagiodaaB.  Hydrati<m  of  hornblende  and  the  pyroxenes  jrlelds 
hydrous  aflkatea,  diltnite  or  serpentine  or  both.  Silica  freed,  and  carbonates  aia 
famed.  OUvine  hydrates  rather  readily  to  aer pen  tine.  Hydration  results  in  an  io- 
oeaee  in  vahmie,  sad  the  products  are  alwiqrs  softer  than  the  original  nUnnsL 

Csihonalion  h  the  anion  of  a  base  with  the  COj  radical.  CO*  divolved  In  water 
toms  KCO),  which  attacks  snicate  mineiala.  forming  carbonates  of  the  contained 
ndiiim,  potanium,  magnesium  and  iron,  and  liberating  siHca.  These  carbooates  are 
hi  part  removed  fa  solution  and  in  part  prsefpitated.  Carbonation  increases  the 
origiBal  bulk  by  IS  to  60%.   It  aeeompanlss  hydiation. 

OxidatioB.  The  asnmptlon  of  oxygsu  is  practically  — f*™!  to  the  iron  in  znin- 
enia  limonits  and  hemstits  are  formed.  Sulphides  d  iron,  like  pyrite.  yUd  upon 
oxidatian,  sulphuric  add,  which  furtlwr  sttTuHtff  minsnds.  BoAs  mndi 
pyrite  should  be  avoided,  espedslly  for  eonerets  work. 

Sotatfoo.  s'""^  sH  of  the  products  of  decompodtlon  are  aomeiAat  aolubte. 
(M  the  mddea  fonidBg  the  common  rock  minerals,  AhOi,  FbiOj,  SlOt  yidd,  in  vsathsr- 
isc  rdativdy  InsdnUe  eompoonds.  Hence  day.^ron  oxides  and  sand  are  cmmnoD 
cBd-produets  of  rock  decay.  KiO,  NsK),  CaO,  MgO  and  FeO  yield  relativdy  sduble 
eompooads,  whidh  are  leaebed  out.  Solution  tinis  redueee  rode  bulk  more  than 
the  ioenase  eaased  tqr  other  rsBetions.  Roeks  an  aolidde  la  proportioa^as  they  coof 
tain  much  or  little  of  the  soluble  ■slt-prodadng  oxidsa.  Hcnos.  limsatetiss  are  very 
aabicct  to  aolBtiCB. 

SOILS 

7.  CltHiflcalloa  of  Soils  and  Generil  Data 
SoO  in  general  is  the  mantle  of  loose  material  overlying  solid  roek.  It 
is  the  product  of  dinntegration  and  decomposition.    The  upper  finer 
vained  layer  which  supports  plant  life,  is  mixed  with  humus  derived  from 
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tiw  decaying  vecetaUe  matter,  and  is  called  the  nit  proper.  Tha  bubsoii. 
underlies  the  soil,  and  is  the  lew  thoroly  weathered  part,  which  does  not 
contribute  much  to  the  support  of  plant  life,  and  generally  contains  no 
organic  matter. 

Sedeotary  and  Transported  Soils.   Soil  which  remains  exactly  in  the 
same  position  in  which  it  first  formed,  ia  called  sedentary  »«>il;  and  soil 
which  is  removed  by  erosion,  and  deposited  in  some  other  place  ia  called 
transported  soil.    These  are  subdivided  by  Merrill  (10)  as  follows: 
Residual:  Ilesiduary  gravels,  sands,  clays,  etc. 
Cumulose:  Peat,  muck,  and  swamp  soils  in  part. 
Colluvial:  Talus  and  cliff  debris,  avalanche  materiaL 
Alluvial :  Modwn  alluvium,  marsh  and  swamp  depomta. 
Aeolian:  Wind-blown  material,  sand-dunes,  adobe  and  loeas 
in  part. 

Glacial:  Morainal  material,  drumlins,  eskers,  etc. 
A  Residuary  SoU  may  be  recogoiaed  by  the  following  criteria:   (1)  It  is 
of  finest  grain  at  the  top,  and  becomes  increasingly  stony  downward,  until 
it  passes  gradually  thru  mixtures  of  rock  and  soil  into  bed-rock;  (2)  it  con- 
tainB  pebbles  or  fragments  of  the  bed-rock  only;  (3)  it  is  chemically  and 

mineralogically  akin 
to  the  bed-rock,  since 
all  its  constituents 
have  been  derived 
directly  from  that 
bed-rock,  except 
what  is  contributc^d 
by  decaying  organ- 
isms. See  Fig.  19. 
Within  the  glaciated  area,  residuary  soils  are  rare,  because  the  glacier 
stripped  off  the  weathered  matt«r  in  its  path.  South  of  the  glaciated 
area,  residuaiy  soils  are  dominant.  Feldspathio  igneous  rocks  yidi  heavy 
clay  soils,  yeUow  to  red,  with  varying  percentages  of  iron  and  silica  content. 
The  basic  igneous  rocks  yield  lighter  soils  of  dark  color,  hiRh  in  iron,  lime 
and  phosphates;  their  variable  cliiy  content  ia  derived  from  all  the  aluminous 
minerals,  feldspars,  amphibolcs  and  pyroxenes. 

GndsMS  give  aoUs  reaentblinK  those  of  eomapondins  iKoeoua  rocks.  Mics-Bchista 
yiald  lesn,  suidy,  micaceouB  boUh.  Hornblende  and  chlorite-achiata  give  aotls  like 
tboM  of  the  basic  igneous  rocks.  Conglomerates  disintegrate  to  form  graves,  if  th^ 
pebMw  are  of  resistant  material.  Sandstones  yield  lean,  light  sandy  soils,  increadng 
la  day  in  arkodc  varieties.    Shales  weather  into  heavy  day  soils.  .See  Art  8,  CLAY. 

limestonee  very  commonly  carry  clay  or  nliCK,  or  both,  as  iinpuriti<!s  (see  Art.  3), 
and  BO  yield  variable  mixtures  of  these  materials  when  the  lime  carboratc  disaolvea 
out;  usually  a  rich,  fertile  soil,  but  often  forming  espedaUy  tenacious  muds,  like  the 
CTuabo-muda  of  the  Black  Prairies,  Alabama  to  Texas.  Many  such  clays  slake  and 
CTumble  upon  drying,  so  that  in  the  road  they  are  objectionable  whether  dry  or  wet. 

CoUuvial  SoU.  All  creep  and  wash  material  on  hillsides  (see  Fig.  19) 
are  called .  colluvial  soils  when  th^  have  moved  far  enough  from  their 
posiUons  as  residuary  soil  to  mix  with  material  derived  from  other  strata 
(see  Art.  8).  In  this  sense  they  are  very  widespread  and  composed  of  soil 
mingled  with  rock  fragmenf.s  of  as  many  kinds  an  there  are  different  forma- 
tions in  the  hill.  Because  the  finest  materials  were  originally  on  top,  and 
because  the  finest  particles  are  easiest  to  move,  the  hillside  may  become 
covered  with  a  continuoua  layer  of  clay,  altho  only  part  of  the  bed-rock 
yields  clay  soil.    This  fact  is  of  importance  in  estimating  the  possible  clay 
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content  of  a  hSU  and  in  conditioning  ground  water  movraaentB  (sm  Art.  12). 
Talub  slopes  are  coUuvial  soiU  st  the  foot  of  cliffs  (see  Fig.  10).  They  conotst 
of  angular  fragments  of  the  cUff  rock,  ranging  from  small  pebUes  to  great 
tiJbcks.  The  upper  part  is  steeper  and  rockier  than  the  lower  slopes,  where 
long  weathering  and  creep  movements  have  often  covered  the  slope  with 
MiiL  The  base  of  the  slope  is  very  often  the  locus  of  tnaoy  springs  and 
marked  seepages,  while  the  higher  parts  are  porous  and  dry.  L«ndahde 
and  avalanche  material  are  composed  of  soil  and  rock,  or  of  rock  alone. 
AH  odlavial  soilB  are  aubject  to  slide  movementa.  See  Art.  13,  for  defini-- 
tim  and  diacUBsira  of  creep,  slides,  etc.  Talus  slopes  can  be  recognised  by 
tbrir  form,  a  steep  concave  slope  of  30**  to  40°  at  the  foot  of  a  diff.  HiU- 
■de  eolluvial  soils  are  expectable  on  any  bill  slope,  and  can  be  recognised 
in  a  section  by  their  confused  commingled  character,  in  contrast  to  the 
wderly  gradations  of  residuary  soils;  also  by  surface  evidences  of  slumping 
and  creep.  In  the  stream  valleys,  the  eolluvial  soils  abut  against  or  some- 
times grade  into  alluvial,  stream  carried  soils. 

AUnvial  Soils  are  the  flood-plain  and  delta  dcposite  of  rivers,  and  the 
alluvial  cones  built  by  mountain  streatna  emerging  into  the  plain.  See 
Art,  11. 

Aeolian  or  wind-blown  soils  include  dune  sand  and  part  of  the  loa«^  and  an  eom- 
moa  in  tbe  MiasiMippi  Valley.  Dunes  are  hills  of  blown  aand,  found  alo&g  bnerlMia 
ud  in  arid  sections.  Tbe  wind  often  Uowa  tbe  sand  from  one  aide  ot  the  dune  and 
dnps  ft  on  the  other,  so  that  the  whole  done  moveaalowlytormrd.  HSghwayi  aztd  nil- 
neds  an  aometinwe  buried  under  the  moving  dune*.  They  can  sometlmw  be  fixed 
by  planting  them  with  suitable  graases. 

Loess  is  a  fine  grained  very  compact  aoil  of  day,  silica  and  carbonate  partldea, 
put  wind-blown,  part  water-laid,  that  formed  in  the  MiaaiaBippi  Valley,  central  Bn- 
npm,  IbHda  and  China,  during  or  Joat  after  tbe  (facial  period.  It  may  be  eooddsnd 
a  d^r  for  the  hishway  engineer's  purposes.  It  is  recognized  by  iU  inwiahls  surfaee 
poritian,  its  definite  geographical  distribution,  its  uniform  fine  grain  and  great  eom- 
[nrtnres.  so  that  ft  ftmns  vertical  dlffs  when  trrached  by  stnams.  Its  dspth  Tsiiia 
fna  8  to  over  160  ft  In  the  MiasiHppi  Valley. 


Definitions.  Light  soii^  are  soils  found  cosy  to  plough,  not  necessarily 
li^t  in  color  or  weight.  Heavy  soils  are  tough,  tenacious  clay  soils  diffi- 
cult to  plough.  Tbe  term  does  not  refer  to  specific  gravity.  Habdpam 
means  ei^ier,  (1)  a  very  dense  subsoil,  such  as  tough  clay,  or  (2)  a  cemented 
layer  in  the  soil,  whoe  ground  waters  have  precipitated  a  loc^  Under  of  silica, 
carbonates,  iron  oxides,  etc  or  (3)  dense,  clayey  facial  drift.  Htmns  is 
the  carbonaceous  matter  pioduced  by  decaying  organisms.  Mold  is  the 
light  spongy  humus  resulting  from  the  decay  of  leaves,  etc,  in  forests;. 
Mock  is  a  fine  grained,  usually  black  matter  found  in  swamps,  and  consists 
of  Sne  transported  silts  mingled  with  much  carbonaceous  matter  from 
decaying  vegetation;  muck  also  means  soft  silt  spread  out  by  on  over- 
flow^ic  river  upon  its  flood-plain.  Loam  is  a  sandy  or  clayey  soil  mixed 
with  humus.  Siur  conrists  of  naturally  deposited  mineral  particles  that 
may  lack  the  colloidal  qualities,  plasticity,  etc,  of  clay,  but  are  too  fine 
grained  to  class  as  sand.  Silt  will  pass  a  200-mesh  sieve.  It  usually  con- 
tains much  clay,  and  generally  need  not  bo  distinguished  from  clay.  Silt 
is  found  in  the  flood-plain  deposits  of  large  slow  rivers,  and  in  their  deltas, 
tbe  clay  content  being  largely  washed  out  and  carried  further,  but  the  silt 
yields  clay  upon  weathering. 

Sand  and  GnTeL   There  is  no-scientific  basis  for  a  line  of  demarcation 


8.  Special  Sdl  Types 


106 


£iigine«iiig  Geology 


Sect.  3 


between  nnd  and  gravel,  ot  between  sand  and  silt.  Gravel  oonsiati  of 
pebbles,  generally  more  or  leas  rounded,  either  of  mineral  or  rock  fragments. 
The  ooDUQonost  miaeial  pebble  ia  of  quarts.  But  pebbles  of  fcranito, 
gnebe,  quartsite,  chert,  sandstone,  lintestone,  slate,  shale,  etc,  occur  abun- 
dantly undOT  suitable  conditions.  SimilaHy,  aaods  are  known  whose 
grains  are  gypsum,  coral  shell  or  limestone  paitidea;  magnetite,  garnet 
and  other  hard  and  heavy  minerab;  rock  fragmenta,  which  are  tbemaelves 
of  complex  mineral  compofiition. 

The  dividing  Une  between  sand  and  gravel  must  be  drawn  on  a  baiia  of 
sixe  of  grain.  The  V.  8.  Bureau  of  Soils  has  adopted  the  folkiwing  sliea: 
Fine  gravel.  2  to  1  mm  (0.08  to  0.04  in);  sand,  1  to  0.05  mm  (0.04  to  0.002  in) ; 
cl^below 0.005 mm (0.002 in).  In  1915 theSpecial Committeeon "Materiala 
for  Road  Coniitruction  "  of  the  Am.  Soc,  C.  £.  and  Committee  D-4  "  Stand- 
ard Tests  for  Road  Materials"  of  the  Am.  Soc.  Test.  Mat.  advocated 
the  adoption  of  the  following  basis  for  differentiation  between  gra^'el,  sandt 
silt  and  clay:  Gravel,  particles  retained  on  a  lO-mesh  sieve,  standard  Am. 
Soc.  Test.  Mat.  opening  1.85  mm  (0.073  in);  sand,  particles  passing  a  10- 
mesh  sieve  and  retained  on  a  200-me8h  sieve,  standard  Am.  Soc.  Teat.  Mat. 
opening  0.0673  mn^  (0.00205  in) ;  silt  or  clay,  particles  passing  a  200-inedl 
8iev«. 

daj  ifl  not  a  mineral,  but  a  very  fine  grained,  usually  plaatie  mud;  a 
mixture  of  particles  of  many  different  minerals  in  various  atagea  of  de- 
composition. Clay  base,  pure  clay  or  kaolinite,  H4Ali!^iOt.  is  the  mineral 
that  gives  plasticity  to  the  mixture,  but  pure  clays  are  very  rare.  Sand, 
lime  carbonate,  magnesium  carbonate^  dolomite,  siderite  (iron  carbonate), 
and  limonite  (iron  hydroxide),  are  the  commonest  Impurities,  but  feldspar, 
mica  flakes,  hornblende,  pyrite,  gypgum  and  marcasite  and  their  decom- 
position products  may  be  present  in  varying  proportions. 

Kttolinite  contains  SiOt,  46.509f;  AltOi,  39.67%  HiO,  18.n8%.  The  nearer  a  clay 
approkchn  this  eomposlUon,  the  more  refractory  and  lighter  colored  it  becomes. 
CaO,  KtO,  NaiO.  FeO  and  MgO  act  as  fluxes,  lowering  the  tetnperaCuraa  <A  Incipient 
vftrifleattoD.  If  their  warn  exceeds  10%  ot  the  day,  the  mixture  h  too  fudble  to  use 
■B  brick.  Ries  (12b)  giv«a  the  followliig  aztmBaa  and  avanfea  (Or  tba  eontest  of  the 
Bioie  variable  Ingrsdlenta  In  briek-dayi. 


Minimum 

Maximum 

Averaje 

84.850 
0.126 
0.024 
0.020 
0.170 

90.887 
32.120 
16.380 
7,290 
16.320 

39.270 
6.310 
1.618 
1  062 
2.768 

Ferric  Oxide  

IJme  

Testinc  of  Clays.  In  the  Add,  the  idasUdty  may  be  roughly  determined  by  motding 
wet  day  with  tba  fingers.  Experience  anaMaa  one  to  form  reliable  judgments  by 
this  means.  Pieaenee  o(  coarse  sand  b  shown  by  pulverising  dry  day  with  the  fingers 
and  feeling  the  hard  aand  Kralns.  To  detect  fine  sand,  a  little  day  ia  taken  in  the 
mouth,  and  the  grit  la  easily  fdt  with  the  teeth.  Any  weak  add  added  to  dry  day 
will  eauae  efferveaeenee  ff  much  eatdum  carbonate  ia  preaent.  Red,  gray  or  green 
odor  is  imbably  due  to  Iron,  but  gray  and  bladi  usually  soggeat  carbiwi  as  wdL  S«d- 
phidcs  are  often  detected  by  their  hnmy  color  when  the  day  Is  rubbed  to  powdw, 
and  studied  thru  a  hand-lena.  The  amdt  of  burning  sulphur  ia  noted  when  a  Bnlphid»< 
bearing  day  ia  rubbed  briskly  between  two  pieces  of  ateel.  The  preaenee  of  concre- 
tkns  or  day-doga  and  day-ironetone  must  be  earefully  looked  for  U  the  day  is  to  be 
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aaed  fv  brick.  A  euueraUonsry  nr  m  pebbly  day  Emmtlly  ibould  be  rejected.  Better 
material  w  almoat  alwaya  available  by  looking  farther.  Finer  teota  are  made  in  the 
laboratory  by  subjecting  (mm plea  of  the  day  to  physical  teeta  aod  by  bumiriK  mmplea 
in  kilns.  Samples  from  different  parts  of  a  given  day  bank  Bhould  be  used,  to  teat 
the  uniformity  as  well  as  the  quality  of  thp  day.  The  practical  teats  are  better  than 
dtefnieal  analyao.  Many  valuable  clays  ere  not  plastic,  but  those  with  good  bonding 
qualitiM  ar«  of  value  (or  roads,  briek  and  tUe.  Eckd  calculates  that  daya  weigh  from 
M  to  1S5.4  lb  per  eu  ft,  a  fair  average  being  120  lb  for  day  in  the  bank. 

OayB  19  CUued  as  (1)  residuary,  and  (2)  transported  claya.  Residuary 
days  result  from  the  weathering  of  any  rock  beariDK  clay  or  alumiQoua  miner- 
als, such  as  feldspar,  hornblende,  pyroxenex  and  micas.  The  general  character 
of  the  clays  resulting  from  various  rock  types  have  been  stated  in  Art.  7. 

Occurrence  and  Recognition  of  Clay  Deposits.  Residuary  clays  are  not 
stratified,  and  are  apt  to  be  of  limited  extent,  and  to  become  more  rocky 
downward,  grading  into  bed-rock.  This  is  not  always  true.  Limestones 
often  end  rather  sharply  against  their  overl^'ing  residuary  clays,  tho  a 
belt  of  rott«n  limestone  usually  forms  a  transition  zone.  C'laya  may  grade 
downward  into  usable  shales;  clays  of  the  Atlantic  Coastal  Plain  are  often 
themaelves  the  bed-rock.  The  deptb  of  all  residuary  clays  deposits  is 
variable  and  the'  character  changes  with  depth.  Exploration  with  the 
Kfound^auger  or  by  test  pits  is  necessary.  Outcrops  of  shale  on  hillsides 
weather  readily,  giving  a  soft,  slippery  slope  covered  with  clay  and  shale 
chips,  while  harder  rocks  Ukt!  sandstones  stand  out  as  ridges.  The  down- 
slumping  of  weathered  clay  may  hide  the  outcrop  of  other  rocks  lower  down, 
suggesting  the  presence  of  more  shale  than  is  actually  present.  The  dip 
and  strike  of  every  outcrop  should  be  plotted,  and  a  structural  cross-section 
of  the  hill  drawn.  Tho  shales  will  probably  have  the  same  dip  as  the  sand- 
rtoQCB  and  limestones.  If  the  cross-section  shows  clay  beds  of  workable 
ihicknea?,  these  should  be  carefully  explored  by  means  of  test  pita  or  borings, 
for  the  shale  may  have  sandstone  or  limestone  partings  that  would  render 
it  unworkable  for  brick  clay. 

Tranaported  Clays.  Within  the  glaciated  region  (see  Art,  14,  Fig.  68) 
transported  clays  are  found  in  drumlins,  boulder  clay,  or  till,  glacial  lake 
deposits,  and  the  clay  terraces  along  rivers.  Drumlins  may  be  at  once 
recognised  by  their  form  (see  Art.  9,  glacial  deposits).  They  have  been 
opened  for  road  material  but  not  for  brick.  Till  is  much  used  for  roadway 
earth  and  fill  but  never  for  brick.  Clay  terraces  and  lake  deposits  furnish 
enormous  masses  of  brick  clay.  Any  hill-cn- 
doeed,  broad,  flat  area  within  the  glaciated 
regioo  may  be  examined  for  clay.  The  centers 
of  such  depoaita,  out  from  (he  former  lake 
shores,  are  more  apt  to  carry  clay,  the  borders 
being  sand  and  gravel.  A  layer  of  sand  often 
overlies  the  clay.  Clay  terraces  (see  Fig.  20) 
are  found  along  many  rivers,  especially  within 

the  ^aeiated  region  or  along  streams  continu-  „  rracw 
ing  southward  away  from  the  glaciated  area,  erraces 
or  along  northward  flowing'tributaries  of  glaci- 
ated streams.  For  their  mode  of  origin  see  Art,  9,  olacial  deposits,  and 
Art.  11.  Some  terraces  are  of  sand  and  gravel,  and  the  clay  terraces  may 
contain  streaks  of  coarse  sediment.  If  a  terrace  proves  to  be  gravel,  ter- 
races of  the  same  elevation  will  probably  be  gravel  also.  The  same  holds 
true  of  clay.  To  explore  a  brick-clay  prospect,  borings  or  test  pita  should 
be  put  down  along  lines  laid  out  50  to  100  ft  apart,  and  the  vertical  sectioo 
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in  each  hole  plotted  to  scale  along  a  natural  profile,  bo  that  series  of  detailed 
oectiona  are  conatruoted.  Shale  outcrops  and  clay  terraces  are  veiy  favor- 
able deposits  to  work  because  their  quarries  are  easily  drained.  If  sand 
or  gravel  underlies  the  clay,  the  quany  ia  sometimes  drained  hy  diBSUiB 
wells  thru  to  the  porous  bed. 

9.   Glacial  Drift  and  Swamps 

Glaciera.  A  mass  of  ice,  fed  by  a  permanent  snowfield,  slowly  moving 
across  a  land  surface  is  colled  a  glacier.  The  enRineer  need  recognize  but 
two  types:  (1)  Continental  glaciers;  aiid  (2)  alpine  or  valley  glaciers.  A 
coDtinental  Racier  is  an  ioo  sheet  broad  enough  to  cover  a  large  part  of  a 
coQtinent  to  such  a  depth  as  to  override  all  but  the  highest  mountains.  An 
alpine  or  valley  glacier  descends  from  a  snowfield  on  the  side  of  a  peak,  and 
moves  as  a  long,  narrow  tongue  down  n  valley. 

Erosion.  Glacial  ice  freezes  fast  to  all  loose  material  encountered,  soil, 
sand  and  jointed  rock  that  may  be  dragged  out  of  place;  theac  materials, 
carried  along  by  the  ice,  may  scratch  and  cut  the  rock  surfaces  over  which 
they  are  draKged.  Both  bed-rock  surface  and  carried  pebbles  are  worn,  striated 
rod  polished.  A  fine  dust,  called  rock-flour,  mode  of  very  minute  particles 
of  fresh  unalterated  minerals  is  the  ultimate  product  of  this  grinding. 

Tilla  and  M orainei.  All  materials  carried  by  the  glacier  will  be  deposited. 
The  ice  melts  as  it  moves  toward  warmer  regions,  and  drops  the  material 

carried  in  an  imassorted  heap, 
composed  of  boulders,  pebblra, 
sand,  clay  and  rock-flour,  called 
till.  Heaps  or  ridges  or  sheets 
of  till  are  called  moraines.  The 
rolling,  very  irregular  hills  of 
the  terminal  moraine  (Fig.  21) 


Iilg.  21.  Terminal  Monfne 


render  cutting  and  filling  always  necessary,  and 
generally  very  considerable.  The  boulders,  some- 
times 10  ft  or  more  thick,  commonly  1  to  3  ft,  are 
both  strewn  on  the  surface  and  distributed  irregu- 
larly thru  the  till  (see  Fig.  22).  The  gravel,  sand 
and  clay  occur  as  mixtures  of  extremely  variable 
texture  and  Quality.  The  groat  boulders  must  often 
be  broken  up  by  hand,  or  by  blat^ting.  They  may 
be  used  for  road  metal  or  aggregate  when  of 
favorable  quality.  The  smaller  boulders,  up  to  8 
in,  can  be  used  as  gutter  linings,  etc.  Sand,  ob- 
tained by  nfting  the  till,  always  containB  clay  and 
rock-flour,  but  is  perfectly  usable  for  pavement 

block  cuduons,  earth  road  sur- 
faces,  ete. 

Ontwaah  Plains.  Water  washes 
out  sand  and  clay  from  the  ter- 
minal moraine,  and  spreads  it 
forward  in  a  sort  of  allu\'ial  fan, 
gently  sloping  away  in  front  of 
the  moraine.  This  is  the  outwash 
apron,  or  outwash  plain  (see  Fig.  23).  The  flat  southern  plain  of  Long  Island 
is  the  outwash  of  tlie  terminal  moraine  that  forms  the  east- west  range  of  hilla. 


Ffg.22.  TUI 


Fig.  2S.   Outwash  Plain 
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DntaiBns.  TTie  loe  abeet  may  contain  excess  of  plastio  clay,  especially 
when  passing  over  a  shale  region.  Just  as  an  overloaded  river  forma  shoala, 
ao  does  the  glacier  deposit  material,  and  by  overriding  it,  smooth  it  into 
the  shape  of  long,  elliptical 

hiUa.  called  drumlins  (see  Fig.   

34) .     There  is  usually  a  bed-  -~ 
rock  ooro,  upon  which  tba  day  -^j^--^ 
WM  plartcfed.    Oeeasionally  ."^-t— ^ 
the  dmmlin  is  almost  Mtiiely  Tig.  tt.  DmniUne 

Toek.  The  day  contains  boutd- 

en  and  sand,  and  has  never  been  used  for  brick,  tho  often  for  fill  and 
road  material.    Valleys  between  drumlins  are  badly  drained  and  swampy. 

Kames.  Water  from  melting  ice  may  be  so  heavily  charged  with  dfibris 
that  it  rapidly  builds  a  low  mound  or  heap  of  sand  and  gravel,  roughly 
stratified  and  croas-bedded.  This  is  a  kame,  and  may  lie  either  within  or 
behind  the  terminal  moraine.  Karnes  may  be  built  as  ddtas  into  lakes 
foRned  along  the  margin  of  the  retreating  ice.  In  this  case,  Hifey  may  be 
fiat-toi>ped,  and  of  eonrideraUe  extent,  and  are  cidled  kame  deltas  or 
delta  kamcs. 

Ksin«e  may  be  Recognized  (1)  by  ttuiT  form,  as  they  ore  smaller  and  less  ImKular 
m  a  rale  than  moraines,  sometimes  Oat-topped,  and  witb  digitated  Crontal  ahapes  in 
tk*  ease  of  ddta  hassaii  (Z)  by  thslr  grai^Iy  quaHty,  seen  oo  itoapor  skva^  vbsre 
ensp  baa  torn  apart  the  gnsi  eow,  or  wfaaie  streams  have  cut.  Thuy  are  composed 
o(  aa&d,  gravel  and  aiiall  boaMM%  eddom  over  8  in  in  diameter.  The  tieqaeot  shift- 
itv  t<  the  cbannd  of  the  stream  that  made  the  de- 
posit has  caused  a  rairid  alteraation  of  Urn  toxtwe  <rf 
the  sadfaiMiit.  Gravd  alternates  Vitb  fine  sand.  The 
wbalB  Is  eompledy  erase  bedded  (seeFlg.  25).  Finer 
day,  SBvell  as  larger  boulders  is  gaaerally  absent,  bat 
day  is  presant  in  some  parts  of  the  larEer  ddta  kames. 
KuMs  are  a  great  aoureo  of  gravd  and  sand  which  is 
obtafaied  nmuUy  by  sifthif,  or  by  worldng  edected 
bads  at  snttaUe  material.  The  sand  la  sharp  and 
makes  good  aggregate.  The  rounded  pcbbka  have 
been  also  used  as  aggregate  In  some  Important 
works,  evBD  where  trap  wovdd  have  been  avallaUe.  as 
la  many  t^way  and  hli^my  improvefnwte  in  eastmn  New  Jersey.  A»  ksmes  are 
very  pervknv,  tbay  are  gODerally  ununble  aa  material  for  dama.  Perched  water- 
tablM  sotnstlm—  occur,  eapedally  fa  ddta  Irsmns  Usually  the  chief  se^wgea  are 
doBg  tbe  base  of  the  kame. 

StrMnu  maj  devdop  un<^  the  mdting  ioe.  lli^  transport  and  deposit 
bum!  and  grav^  and  when  the  ice  melta,  these  stream-beds  remain  as  long 
sinaouR  ridges  called  kskkbs.  Th^  are  an  important  aouree  of  sand  and 
gravd. 

Lakes  dndop,  eaped^y  during  the  retreat  of  the  idsder.  (1)  BaahiB  are  formed 
hdwteii  the  noniiM  ridge  sad  the  retnating  iee  lobe.  Tbew  may  bold  wats  for  a 
tfeas^  bat  the  lakes  tend  to  diaappear  as  retreat  conthmoa,  and  natural  outlets  are 
nssil  I  li  ml  (2)  Toogiwe  of  ice  may  dam  a  stream  valley,  and  form  a  lake,  which  div 
appears  when  the  mdting  of  the  iee  lobe  frees  the  outlet.  (3)  Penoanent  dame  of 
^ttt  may  back  up  the  watora  of  a  stream  and  fcHin  a  lake,  whose  waters  ipill  out 
whet  ever  they  may.  The  pdnt  of  egren  may  change  many  times,  if  one  wall  of  the 
lake  be  the  iee  ebeet,  or  if  the  eaith'a  crust  be  warping  during  the  retreat  of  the  ice. 
flodi  lakes  will  dlssppear  when  the  ouUet  has  devdc^ed  a  deep  enough  ehannd  to 
drdn  the  lake.  The  Orsat  lAkes  are  of  this  type.  Uany  great  lalraa  have  sheady 
dii^tpaarad.  (4)  Lakes  oeeupy  natural  depreeaionB  in  the  drift.  <a)  Ori^n^  htdknn 
■sy  bs  fis  mil  by  the  acddsatsl  pfaMlag  vi  moraine  ridges  so  as  to  endose  a  htrilow. 
M  A  Uetk  of  Im  may  be  boried  in  the  norshM  or  hsme  as  part  of  the  dspoaib 
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WhHi  It  mtttai  the  Mdimaots  dump  down  around  the  hoDew  It  Imvm,  (arminc  • 
■tsqt-Kded  dopnMkm  which  will  hold  wmtor  il  its  linins  ia  ImpervtouB.  Thii  is  a 
Kwnu  Hou  utd  tbo  lalce  !■  a  Ksnu  lucb.  I^Ocea  of  typm  (i),  (2),  and  (3)  ars 
CTaneMieDt,  and  more  of  them  havo  dinppeared  than  now  remain.  Straama  dia- 
d>arsing  into  them  were  richly  laden  with  <Ubii>. 

Lake  Deposits  were  formed  of  debris  washed  into  the  lajce  by  atreams 
or  waves.  At  the  stream  moutha,  deltas  were  built,  and  bars  and  beachea 
were  formed  along  the  lake  shores,  while  liner  particles  settled  farther  out, 
forming  notable  clay  deposits.  Today  the  dry  lake  bottoms  appear  as  flat 
areas  encloied  by  hills,  and  trenched  by  the  valleys  of  post-glacial  streams. 
The  larser  8ta«anu  have  often  carved  Oat  temces  at  several  levels  below 
the  original  lake  bottom.  Many  gravel  and  sand  pits  arc  opened  in  the 
delta  and  shore  deposits,  while  the  clay  masses  toward  the  lake  center 
furnish  brtok-days.  A  surface  layer  of  sand,  thinning  toward  the  lake 
centn,  often  covers  the  clay.  Roads  do  not  usually  follow  the  level  top, 
but  the  later  stream  trenches  so  as  to  avoid  bridging  the  latter.-  With  the 
lake  deposits  may  be  grouped  the  clat  terracbs  formed  in  narrow 
lake  waters  along  the  marginB  of  tongues  of  etagnaat  ice  in  large  river 
vimeys,  such  as  the  Hudson.   These  are  much  used  for  brick  making. 

SomiiuuT.  Glacial  deposits  were  thus  of  three  types:  (1)  Ice  deposits, 
moraines,  drumlins;  (2)  ice  and  water  deposits,  kames,  e^ers;  (3)  water 
dcpoaita,  outwash,  lake  deposits. 

ComUnatloa  of  Typea,  Retreat  ot  the  glader  may  form  a  lake,  in  wbldi  take  rilta 
and  days  may  be  laid,  and  Into  which  kames  from  the  ice,  and  deltas  from  the  abore 
may  be  buQu  Then  a  temporary  rsadvanoe  of  the  (lacier  may  cover  the  whole 
with  flheet-tOl,  or  avm  boSd  monlnal  ridges  upon  It.  KanMa  and  dnmlinB  may 
also  be  covered  with  aheet^tilL  Several  advaneea  and  retreats  are  frequently  ao 
recorded,  all  as  minor  pbaaea  of  a  general  retreat.  Theae  facts  i^ve  rise  to  con- 
dfttooB  locally  vary  puling,  and  often  of  great  fanpoftanee  to  the  engineer.  Burled 
vaUeya  of  pragladal  strMuna  are  agtramety  eommon  in  reglooa  of  thidc  drift.  Thay 
are  tar  more  interesting  to  the  civil  engluaia  than  to  the  highway  engineer,  and  no 
extensive  treatment  of  them  is  neoenary  here.  They  are  favofaUe  to  the  eount- 
tration  of  underground  waten,  mo  that  if  a  highway-cut  trenches  such  a  ywBtSf  to 
bebiw  water  level,  very  trouUeaome  aaepagea  may  be  encountered. 

Water  in  Moraiajd  Drift  The  tiU  ia  always  more  or  less  pervious,  but 
usualb^  contains  enough  clay  to  be  relatively  water  tight  in  large  mnssns. 

so  that  it  forms  effective  walls  for  teaervoits 
and  lakes.  Pervious  till  may  contain  streaks 
of  impervious  clay,  irregularly  distributed, 
as  shown  in  Fig.  26  by  M.  L.  Fuller.  Mor- 
aines may  hold  water:  (1)  As  lakes  and 
swamps  in  depreasions;  (2)  as  perched  water- 
f^^^i&'^lSm^^miS  tables  where  <lescending  ground  water  en- 
FigiM  counters  a  buried  clay  streak;  and  <3)  as 

seepage  along  the  contact  between  the  drift 
and  the  rock  floor  upon  which  it  rests.  In  making  road  outa  thru  monune 
country,  all  these  souroea  of  water  may  give  trouble.  Lakes  must  usually 
be  skirted  altho  swampe  and  small  lakes  niay  be  crossed  on  filL  They 
Ere  usually  not  deep,  but  their  depth  Is  exceedinidy  variable.  Perched 
water  tables  give  elevated  and  troublesome  seepages,  sonietimes  caus- 
ing clay  slides.  It  is  usually  sufficient  to  cut  well  back  from  the  road 
as  the  cutting  lowers  the  ground  water  level,  and  may  eETeetivriy  drain 
the  seepage.  Streama  heavily  overloaded  with  sediment  from  the  melting 
ice  deposited  the  excess  load  upon  their  valley  floors,  thus  building  the  fioor 
hitler.   This  filling  up  of  gUdated  valleys  backed  up  the  water  of  thdr 
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tributaries,  and  foroed  these  also  to  deposit,  even  when  the  tributaries 
drained  nefont  that  bad  not  been  glaciated.  Later,  all  such  streams  cut 
down  thru  these  deponts,  leaving  parts  of  them  staading  as  flatr-topped 
terraoes  (see  Fig.  20)  composed  of  clay,  sand  and  gravel  in  variable  propor- 
tions. 

Swamp  DepMdts  may  be  one  of  the  following  tyi>es:  Peat,  consiflting 
of  tightly  compacted  masses  of  sphagnum  moss,  which  grows  layer  over 
barer,  the  newer  plants  overlying  the  old;  reeds,  fmu  and  swamp  grasses 
in  heavy  bifts;  and  tree  and  ebruh  roots  and  stumps,  in  all  stages  of  decay, 
which  in  some  swamps  predominate  over  all  other  materials;  ahetia  and 
thor  fragments,  fonning  layers  of  marl  out  in  the  center  where  lake  con- 
ditions prevailed  for  a  time;  diatomaceous  earth  formed  under  Bim^ar 
conditions;  fine  sediments,  which  have  been  washed  in  and  entangled 
in  the  vegetable  mat.    These  in  various  combinations  occur  giving  many 


(b)  Salt  Water  Hush 

Fig.  27 

types  oi  fresh  water  swamp.  The  peat  and  other  dense  vegetation  often 
torm  a  floating  mat  overlying  depths  of  stagnant  water  (see  Fig.  27a).  Fine 
sediments  and  decajdng  organic  matter,  saturated  with  water,  and  covered 
with  a  mat  of  growing  plants,  may  form  treacherous  quicksuids.  Highway 
embankments  sometimes  sink  out  of  sig^t  when  built  across  seemingly 
atroog  swamp  surfaces. 

Ildal  Salt  Usnhes  (see  Fig.  27b)  differ  in  many  ways  from  fresh  water 
swamps,  but  may  offer  somewhat  similar  difficulties  to  the  highway  engineer. 
The  depth  of  swamps  can  be  tested  by  simply  pulling  down  a  sharp  iron 
rod.  Their  character  is  tested  by  driving  down  a  pipe,  and  obtaining  a 
com,  but  the  iwiniplnn  are  very  much  compressed. 

PHYSICAL  OEOLOGT 

10.  F<dd8,  J(dnts,  Faults 

The  stmotures  described  in  this  article  are  to  be  expected  in  all  rocks 
having  a  definite  laminated  or  bedded  structure,  including  gneisses,  schists, 
■lates,  and  all  the  sedimentary  rocks;  as  well  as  igneous  bodies  of  sheet-like 
Ibnn,  dikes,  dUs  aod  sorfaoe  flows.   For  simplicity,  the  sedimentary  nomen- 
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clature  will  be  employed  in  thig  discussion.  Let  the  block  diftgram  (see 
Fig.  28)  be  so  oriented  that  the  horiaontal  edges  of  the  block  lie  east  and 
west,  north  and  south.    The  strata  composiDg  the  western  part  A  of  the 


block  lie  horuontally.  They  illustrate  the  Htructurcs  of  plains  and  plateaus. 
The  eastern  two-thirds  of  the  block  represent  folded  strata,  with  much  of 
the  folds  eroded  away. 

Dip.  The  inclination  of  a  tilted  stratum  is  called  the  dip.  It  is  the 
angle  lacludod  between  the  tilted  bed  and  the  horizontal;  and  is  described 
in  terms  of  the  angle  of  tilt  and  the  direction  toward  which  the  bed  slopes 
down.  Thus  the  dip  of  stratum  k  (see  Fig.  28).  is  30°  Eaat.  The  dip  ts 
measured  by  means  of  a  clinometer,  which  con- 
sists of  a  protractor  from  whose  center  hangs  a 
pendulum.  The  protractor  is  set  with  its  straight 
diameter  parallel  to  the  dip  (see  Fig.  29)  and  the 
angle  of  dip  is  read  by  means  of  the  pendulum. 

Strike  is  the  direction  traced  by  the  dipping 
stratum  when  intersected  by  a  horizontal  plane. 
It  would  be  the  line  of  outcrop  of  the  bed,  if  the 
earth's  surface  were  horisontal.  Strike  is  read  with 
the  compostt,  in  terms  of  angular  departure  from 
north.  Thus,  in  Fig.  28.  the  strike  of  the  outcrop  of  lb  is  North  21"  East. 
The  figure  shows  that  beds  with  very  difTerent  dip  may  have  the  some  strike. 

Axis,  Limb,  Anticline,  SyocUne,  Monocline.  The  central  line  of  a  fold  is 
called  the  axis  (see  Fig.  32,  aa).  The  sides  or  flanks  of  the  fold  are  called 
the  limbs.  An  anticline  is  a  fol:l  formed  by  upward  arching  of  the  strata 
(see  Fig.  28  B).  A  syncline  is  a  trough-like  fold,  whose  beds  are  bent  down- 
ward (see  Fig.  28,  C).  Monocline  is  a  convenient  term 
to  denote  strata  dipping  in  one  direction. 

Variatioos.  Folds  are  almost  never  symmetrical.  The 
dip  is  usually  steeper  on  one  side  of  the  axis  than  on  the 
other  (see  Fig.  28).  One  limb  is  often  longer  than  the 
other.  The  axis  is  rarely  straight,  for  the  fold  aa  a  whole 
follows  a  sinuous  course.  The  axis  is  seldom  horizontal, 
but  inclines,  and  the  angle  of  its  inclination  from  the 
horizontal  is  called  the  pitch  (see  Fig.  30A).  All  folds 
at  the  surface  of  the  earth  are  eroded.  Mountains  and  valleys  depend  nut 
on  their  structure,  but  upon  hardness  of  rock.  Thus,  in  Fig.  28,  it  and  n 
ore  monodinal  mountains,  c  is  an  antichnal  mountain,  «  ii  a  synclinLl 
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mountain,  6,  d  and  /  are  monoclmal  valleys,  A  is  an  Bnticlinal,  and  m  a. 
QTQcluial,  valley.  There  is  no  synonomy  between  anticline  and  mountain, 
syncline  and  volley.  A  hard  rock  of  gentle  dip  develops  during  erosion  a 
gentle  slope  on  the  dip  side,  where  the  softer  beds  were  washed  away  from 
i(a  surface,  and  a  steep  slope  where  ita  uptilted  edge  jute  out.  Such  a  moun- 
laut  ia  called  a  cubsia  (see  Fig.  28,  k). 

Thm  an  TIitm  Comimm  MetluxU  of  SoMng  Folds.  1.  Thb  Dip 
If  VXB<H>.  Take  the  dips  of  a  giveo,  leoosnuable  stratum  at  several  suc- 
oesBve  oatcrope,  as  in  Fig.  28:  (a)  If  the  dips  incline  away  from  each  other, 
■s  in  B,  the  fold  ia  an  antldine;  (b)  if  the  dips  incline  toward  each  other,  as 
in  C;  the  fold  is  a  ^^cline. 

2.  Thb  Succbssion  Mbtbod.  Determine  the  relative  age  of  two  or 
more  recognisable  beds  or  formations.  Then,  in  Fig.  31,  let  (1)  be  the 
oldest  (lowest  rock  formation) ;  (2)  the  middle; 
and  (3)  the  youngeet  (highest).  Figs.  28  and 
31  ahoir  that  (1)  in  eroBsiiv  ooded  anticlines, 
the  oktest  bed  occupies  the  axis  of  the  fold, 
and  the  suooenion  in  going  from  margin  to  axis 
to  margin  is,  from  younger  to  older  to  srounger; 
(2)  in  crossing  an  »oded  syncline,  the  youngest 
bed  occupies  the  axis,  and  the  succession  is 
from  older  to  younger  to  older. 

3.  Thb  Tofooraphic  Expression  or  the 

Eroded  Fou>.  This  is  eq>ecially  useful  when  the  fold  pitches.  A  pitching 
anticline  erodes  to  a  parabola-sliaped  outcrop  pointing  with  the  pitch.  A, 

Fig.  30.  A  pitching  syncline  erodes  to 
a  parabolic  outcrop,  the  apex  pointing 
oppoate  the  pitch,  B.  If  the  rocks  are 
of  alternate  hard  and  soft  beds,  a  very 
common  case,  then  (1)  the  anticline  weath- 
ers into  a  parabola-shaped  outcrop  hav- 
ing the  steep  slope  on  the  inside  of  the 
curve,  the  gentler  slope  on  the  outside; 
and  (2)  the  Qndine  haa  the  steep  dope 
on  tbs  outside  and  the  gentle  dope  on  the 
inside  ctf  the  curve.  Bee  Fig.  32.  This 
method  is  especially  useful,  not  only  in  the  field,  but  in  determining  struc- 
ture by  means  of  topographic  maps. 

To  Determine  the  Relative  Ages  of  Beds:  (1)  If  one  bed  is  clearly  seen 
to  overlie  another,  the  upper  bed  is  the  younger.  This  method  is  not  ap- 
plicable with  confidence  because  of  the  overturning  of  folds  in  regions  of 
ocmiptex  folding  and  faulting.  (2)  Fossils,  which  are  remains  or  impres- 
mma  of  organisma  in  the  ssdimentaiy  rodia  anoften  definitely  character^ 
istie  of  a  given  age,  and  the  rrfative  ages  of  strata  can  be  detenmned  by 
identifying  their  fossil  content.  (3)  If  the  pitch  of  a  fold  be  recognised, 
the  younger  beds  are  always  encountered  successively  in  waUdog  toward 
the  direction  of  pitch.  The  older  beds  are  alw^v  met  with  in  going  away 
from  the  pitch.  This  rule  holds  whether  the  fold  be  antiolinai  or  synclinal, 
and  is  e^Mcially  useful  in  complex  countries. 

.Joints  are  the  cracks  or  fractures  that  traverse  rocks.  They  are  present 
hi  all  rocks  of  the  earth's  crust.  They  generally  exist  in  somewhat  orderly 
srstems,  so  that  groups  of  joints  ruddy  panllel  to  each  other  may  be 
MDSDiaed  in  three  ajrsfema:  Two  sets  of  intensoting  joints  approxiniately 
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▼enioai,  and  b  group  approximately  hoiuontal.  They  are  most  numerous 
near  the  surface,  and  tend  to  die  out  downward,  bo  that  Urger  blocks  are 
encountered  in  depth.  They  Bxe  a  ooatrolliog  factor  in  all  quarrying 
operations,  for  the  shape  and  siie  of  availaUe  blocks  are  determined  pri- 
maiily  by  the  joints. 

OeoadoDaUy  iointa  sra  placed  with  great  regularly,  eqMdally  In  Igneoos  nxta,  or 
thick  bedded  sedimentary  rocki,  thus  permitthig  the  eztraetlan  of  wcU  shaped  dinini- 
■ion  blocks.  Irregularity  of  system  la  the  rxile,  bowevcr,  and  few  exposures  of  rock 
are  fit  tot  building  stone  quarries,  even  wben  of  the  proper  rock  quali^.  Regular  and 
tavctaUy  qiacsd  jofaita  are  a  cooditioiL  wtwUy  ewsntiri  to  good  buildtaig  stooe  quar- 
ries, but  Imgular  and  nuinsrous  Jclats  are  fafwable  to  eztmctkiB  of  nek  tor  onAlag. 
Jobts  bdlttste  movonsnt  of  ground  waten,  and  h.nee,  the  wssthering  of  lods. 
They  reduce  the  cohesion  of  rode  nuuses,  and  tsvor  landdides. 

Sheetiag  in  Gnm'tee.  A  system  of  nearly  hmisoDtal  joints  tebdhig  to  be  psnUltl 
to  the  hill  surface  traverses  most  workable  grsnite  miisns  In  the  quarry  these  Johrts 
appear  to  divide  the  rock  into  Sat  ahssts;  but  the  frmetores  curve  slightly  and  inter- 
Bsot  each  other,  so  that  the  sheets  are  lens-ahsped.  The  bnpoftsaee  of  the  lentieular 
form  lies  in  the  fact  that  ss  the  lensss  ovetUp.  the  thin  edge  trf  one  Iks  upoD  the  thicker 
pert  of  snother.  giving  the  quarry  rock  a  vsrisble  tbkknees.  Thus,  large  and  small 
Uodn  may  be  extracted  at  will.  As  s  rule  the  shssU  are  thinnest  near  the  top  of  the 
quany.^ 

A  Fault  is  the  displacement  of  rocka  along  a  fracture.   Several  types  of 
faulta  are  illustrated  in  Figs.  33  and  34.    It  is  not  neoeaaaiy  for  the  U^way 
engineer  to  solve  s  fault,  as  to  amount  and  direc- 
tion of  displacement,  but  it  is  necessary  for  him  to 
know  some  of  their  effects,  and  be  able  to  rect^mie 

 ,  -      their  presence.    Only  matters  of  importance  to 

h.-ly^.~~_-^'  ~  ,'x  highway  engineer  will  be  treat«d.    The  rocks 

"  "    --"  ■       "  '  in  a  fault  sone  may  be  polished  and  striated  by 

Fig.  S8.  Normal  Fhult  the  gliding  of  the  rock  surfaces  during  displace- 
ment. Thisis  called  BLiCKStrsiDma.  Not  only 
is  the  plane  of  principal  dii^aoemMit  aliekensided ;  many  adjacent  pUoea 
of  minor  movement,  parallel  to  the  main  fault  plane,  are  usually  poUahed 
alflo.  Faulting  often  cnuhee  and  shears  the  rocka 
in  the  plane  of  greatest  movement.  The  crush 
«ONB  may  vary  from  a  few  inches  to  100  ft  or 
more  in  width.  It  may  also  be  accompanied  by 
many  minor  parallel  displacements,  often  slicken- 
sided.  The  fault  plane  may  be  filled  with  a  very 
liue,  unctuous  clay-like  material  called  aoDOB.  It 
may  be  washed-in  day,  or  findy  ground-up  rock,  F|f.84.  nnastftnlt 
due  to  extreme  cruahing,  or  weathering  products 

in  the  fault  plane,  or  any  mixture  of  these.  The  fault  sone  favors  the  move- 
ment of  ground  waters,  and  thus  extensive  weathering  of  rock  in  the  upper 
part  of  a  fault  cone  and  precipitation  of  material  deeper  down  an  to  be 
expected.  When  the  fragments  in  the  crush  sone  have  been  cetzMnted  to- 
gether, they  form  a  rock  railed  favlt  breccu. 

Pram  the  above,  it  is  seen  that:  <1)  Faults  are  very  favorable  to  '■"■'HIdfw 
(2)  estenrive  soepagee  are  to  be  looked  for  along  fault  xones,  e«>edslly  in  tunneling 
<3)  rock  along  fault  sonee  ia  apt  to  be  weathered  and  stained,  and  unfit  for  use 
(4)  dimension  blocks  cannot  be  obtained,  ss  a  rule,  amr  faults;  (S)  rocks  weak- 
ened by  faulting  give  great  trouble  In  tunnding,  and  may  require'  very  careful 
timbering. 

Faults  may  be  Recoguzed:  (1)  By  obsarving  the  disidaeemsnt  of  the  nekt,  ihUt 
b,  taflurs  of  beds,  dlks^  etc,  to  match  on  ths  two  sides  of  a  flssore;  (2)  hr  Milkmi 
Mm.  criMh  lonss,  breeds.  day«oags  filUiig,  etc;  (8)  by  topogiaphk  (Mma,  waA 
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M  the  fantt  MUp.  or  eUff  due  to  dispUeeawnt,  or,  if  it  haa  been  wballjr  erodad 
wwmy,  as  b  eammaoljr  the  cue,  (a)  valleym  may  develop  aloog  the  weak  roek  euMed 
Iqr  buItlRi.  and  tliMa  valleya  often  cut  acroai  tba  rtrika  of  the  rad^,  <b)  dUb  dne  t« 
votaop  ot  bard  rock  may  be  abruptly  oSaet  by  taolta,  aa  ahom  in  Fig.  86.  Sea  alao 
Arta.  15  and  16.  VaQ^  devalop  aktos  tbeae 
aa  in  (a),  gttog  aa  eaay  grada  op  the 
Roada  and  raDnadi  are  frequently  lo- 
OD  Utaaa  lault  Unea. 

11.  Streftms 

Tonne  RiT<n>  upon  a  newl>'  uplifted  or 
a  mountainous  surface,  develop  the  foUow- 
inx  characteriatica:    (1)  A  deep  narrow  36 
Tslley,  V-ahaped  in  croes  section,  the  river 

occupying  the  whole  of  the  vaUey  floor;  (2)  aa  steep  a  gradient  as  the 
top<w^>hy  permits,  and  as  rapid  a  flow  as  tiie  gradient  causes;  (3)  falls 
awi  rspids.  -where  the  river  passes  from  a  hard  rock-bed  to  one  ot  softer 
rock;  (4)  lakes  and  swamps;  (5)  usually  a  very  irregular  course. 

Examplca  of  luch  streams  are:  The  Niagara  River  aystem  with  the  Gnat  lAkea, 
tails,  raptds,  and  gorge  along  ta  ooune;  the  C^umbia,  Snake  and  Colorado  Riven 
■nd  their  brancboi',  neariy  all  mountain  atreams.  Young  otreamB  afford  practically 
all  the  water  power  in  the  worid.  Their  narrow  deep  valleya,  their  lakes,  and  their 
I  ~i«Hy  limited  watar^dwde  make  them  eaay  to  dam  and  control  for  water  supply. 
The  aoUd  rode  floors  of  moat  young  atreama  are  favor&ble  to  the  location  of  bridge 
plara.  The  rapid  current,  especially  if  the  river  Is  wide  or  deep,  may  give  trouble, 
vneUmsa  Deeding  to  be  crowed  by  a  sin^e  bridge  span.  Roads  along  the  aides  are 
liiiilsllji  liable  to  creep,  landslide  and  seepage  nuiancee,  and  neeessltata  the  most 
snaM  study.  See  Art.  12  and  IS. 

Mature  Rivers.  Given  time  enough,  the  young  river  will  (1)  cut  down 
iu  valley  bed  until  it  has  just  sufficient  slope  to  flow,  and  (2)  will  widen 
ita  valley  floor  by  undercutting  its  banks,  until  the  mature  river  presents 

the  following  characteristics:  (a)  A 
broad  open  valley,  with  gently  sloping 
sidea;  (b)  a  comparatively  gentle  and 
regidar  gradient;  (o)  a  meandering 
course,  in  which  the  size  or  radius  of 
the  meander  curve  bears  a  general  con- 
stant relation  to  the  volume  of  the 
stream;  (d)  a  flood  plain,  floored  with 
alluvium,  and  often  swampy;  (c)  natu- 
ral levees,  aa  desrribed  below;  (f ) 
shoals  and  bars;  Oe)  cut-ofTs  and  oxbow 
lakes;  (h)  a  well  developed  systein  of 
tributaries. 

Meanders  and  Crosiriags.  The  river 
undermines  the  concave  or  outside  bank 
of  a  meander  (see  Fig.  36,  A  and  F), 
causing  falls  of  material,  which  the 
stream  zradually  erodes  and  carries 
away.  Thus  the  meander  ia  enlarged 
gradually  (see  Fig.  36,  dotted  line). 
The  undercutting  continues  downstream 
bom  the  metwder  curve  along  the 
same  bank.  Roads  located  on  the  un- 
dercut bonk  are  subjeot  to  destruction. 
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Mpeeially  in  time  of  high  water.  They  should  Mther  avoid  nmoing  too  oloae 
to  the  bank,  or,  as  this  is  very  often  impossible,  should  be  protected  frcxn 
uixtoreuttins.  The  bank  may  be  faced  with  cobbles.  Riprap  too  heavy  for 
the  rivw  to  displaoe  may  be  dumped  along  the  foot  of  the  bank.  The  bank 
may  be  faced  with  brushwood  or  piling,  or  sodded  with  tou^  stout  graas. 
Bank  protection  is  a  complex  subject,  and  the  engineer  is  referred  to  the  ex- 
cellent work  of  Thomas  and  Watt  (14)  for  details.  The  channel  is  deepest 
and  the  cuirent  strongest,  near  the  undercut  bank,  (see  Fig.  36,  arrows).  The 
opposite  or  convex  bank  of  a  bend  is  the  soene  of  d^x)sition  by  the  rivw.  As 
the  meander  enlarges,  the  entire  river  ohannd  shifts,  moving  both  outward 
and  downstream,  ae  ahown  in  Fig.  30,  dotted  Unas.  The  convex  bank  is  thus 
built  or  added  to,  while  the  concave  bank  is  being  eroded.  As  two  adjacent 
meander  curves  enlarge,  they  approach  each  other,  until  only  a  narrow 
neck  of  land  separates  them.  This  isthmus  may  be  broken  thru,  and  the 
river  then  runs  directly  across  the  neck;  the  aliandoned  channel  remains 
as  a  meander-shaped  oxbow  ukb  (see  Fig.  37,  A).   This  is  only  one  of 


the  river's  course  between  two  bends  is  therefore  called  the  crossino.  It 
is  shallower  than  the  bends,  and  tends  to  develop  shoals.  Bridges  are  often 
built  at  crossings. 

Deports.  The  transporting  power  of  running  water  varies  as  the  sixth 
power  of  its  velocity.  Thus,  if  its  speed  be  doubled,  its  carrying  power 
will  be  increased  64  times,  and  a  slight  diminution  of  rapidity  will  cause 
the  immediate  deposition  of  sediment.  The  beds  of  young  hiUside  streams 
are  commonly  floored  with  gravel  and  boulders  which  they  can  only  roll 
along  in  time  of  freshet.  Such  gravels  are  often  available  for  road  making 
in  the  main  valley  below.  When  mature  rivers  in  broad  valleys  overflow 
their  banks,  they  drop  their  coarsest  debris  close  to  the  bank,  where  the 
speed  was  first  checked.  Silt  is  carried  farther,  and  laid  down  along  the 
flanks  of  the  valley  floor  in  quiet  water,  away  from  the  main  channel. 
This  happens  repeatedly,  so  that  the  coarse  deposit  near  the  stream  is 
built  up  into  a  ridge  or  retaining  wall,  higher  than  the  rest  of  the  valley. 
This  ridge  is  called  a  natural  ustbb  (see  Fig.  37,  B  B).  In  parts  of  the 
southern  Misrissippi  valley,  roads,  raiht>ad8  and  bouses  are  built  on  the 
natural  levee,  for  the  rest  of  the  flood  plain  is  swampy.  In  general,  flood 
plain  deposits  are  alternating  beds  of  gravel,  sand,  silt,  clay  and  plant 
remains,  stratified  and  often  cross-bedded.  They  form  level  lands,  well 
adapted  to  highways,  and  their  variable  character  makes  it  often  possible 
to  open  gravel  and  sand-pits,  develop  local  clay  beds,  etc,  for  road  materials. 
The  lower  courses  of  long  river  valleys  lack  the  ooarsor  grained  dfitnria. 


Fig.  37 


the  methods  by  which  mature 
rivers  shift  thdr  channels,  and 
the  change  often  produces  seri- 
ous economic  effects.  In  pass- 
ing from  one  bend  or  meander 
into  the  next  bend,  the  river 
that  was  undercutting,  say,  ita 
left  bank  must  now  erode  ita 
ri^t  bank.  Thus,  the  entire 
current  must  cross  the  river 
from  the  left  undercut  bank 
where  it  was  ooncentrated,  to 
the  right  bank,  (see  Fig.  36, 
arrows).    The  straight  part  of 
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Tbe  delta  U&dB  of  the  MiHieappi  and  the  Colorado  Rivan,  for  eiample, 
eontain  only  the  finest  lOts.  Rock  for  road  nujcms  must  be  brought  from 
a  diatanoe  to  such  places.  Bed-rock  often  Uee  vecy  deep  in  a  mature  river 
TBlley,  and  the  altuvium  forma  the  only  available  baae  for  bridge  piers. 
This  is,  hovever,  often  dense  and  well  compacted,  but  quioksauda,  slippery 
day  beds  and  copious  movements  of  ground  water  are  all  to  be  expected. 
For  bridges  of  any  size,  deep  wash  borings  should  be  taken  to  test  the  ground. 
PiUng  is  not  infrequently  used  in  soft  or  swampy  ground.  In  planning 
nods,  it  is  always  wril  to  cross  stream  valleys  at  right  anides  when  possiUe. 

AUnial  Cmm.  A  young  stream  emergiag  alwupUy  upon  a  plain  or  larger 
Tslley  finds  its  speed  cheeked,  and  so  drt^  sediment.  It  thus  builds  up 
a  ooDe-shaped  dump  heap,  sloping  outward  from  the  mouth  of  tiie  young 
stream's  canyon.  The  coarsest  debris  forms  the  apex  of  the  cone,  and  the 
finer  ailts  are  washed  out  to  the  margins.  The  stream  often  sinks  thru 
the  coarse  gravels,  and  vanishes,  only  to  re-issue  at  many  springs  where 
it  percolates  down  to  the  finer,  more  impervious  silts  at  the  mi>retn«.  This 
deposit  is  called  an  alluvial  cone. 

Deltas.  Rivers  entering  lakes,  seas,  or  larger  streams,  may  deposit 
ibeir  load  so  as  to  form  a  flat-topped,  croBs-bedded  deposit  called  a  delta. 
The  Btraam  breaks  up  into  miaco*,  diverging  channels  oa  the  delta,  and 
aadi  builds  a  finger-Uke  extension  of  the  delta.  But  waves  and  shore 
cmrenta  may  greatly  modify  the  typical  delta  form.  The  materials  will  be 
floazant  near  shore,  and  in  the  stream  channels;  finest  farther  out,  and 
alons  the  bottom.   See  also  Art  9,  qlacul  dbpoutb. 

IS.  Undetground  Waters 

Onmnd  Water  is  the  ynia  .which  sinks  into  the  earth  and  moves  thni 
oaelcB  and  pores  in  sidl  or  rock. 

TTnderground  Reservoirs  are  cavities  holding  water.  They  include: 
(1)  Pores,  due  to  original  space  between  grains,  gas  bubbles  in  volcanic 
surface  flows,  pores  made  by  solution  or  by  washing  out  of  fine  partic^les 
from  among  coarser  grains;  (2)  cracks,  due  to  joints,  faults,  rock  cleavage, 
mineral  cleavage,  bedding  and  ecfaistosity  planes;  and  (3)  caverns  resulting 
from  removal  of  rock  matter  in  stdutioB.  Any  w^er-bearing  stratunc  or 
fissure  is  termed  an  aquifer. 

Movemeitts.  Ground  water  moves  thru  the  pores  in  the  roeks,  aad 
okuig  all  fissuTM  or  cracks.  It  moves  more  rapidb'  thru  larger  cracks, 
larger  ptxes,  stral^ter  pores;  and  more  slowly  thru  thinner,  smaller  or 
more  tortuous  openings;  faster  thru  sheet-like  cracks  than  thru  tube-like 
pMes.  It  moves  relatively  faster  on  steep  slopes  and  when  nearer  the 
surface  tiian  thru  level  lying  material  or  when  deeper  in  the  earth.  The 
water  moves  first  directly  downward,  until 
a  depth  is  reached  at  which  the  earth  is 
saturated.  This  is  called  the  oroond  watbr 
Lsrwh,  O.  W.  L.  In  region  A  (see  Fig.  38), 
it  moves  more  rapidly,  and  the  Q.  W.  L.  is 
lower.  In  B  it  moves  more  slowly,  and  so 
piles  up.  Thus  the  G.  W.  L.  roughly  follows 
the  contour  of  the  hill.  The  arrows  give  not 
only  the  direction  of  movement,  but  their 

iaagth  is  proportional  to  the  q>eed  of  the  Row.  Along  impervious  surfaces 
there  is  a  lateral  movement,  even  if  the  surface  is  horisont^   In  Fig.  38, 
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spring  or  seepage  will  develop  at  S.  The  direction  of  flow,  primarily 
controlled  by  gravity,  fa  influenoed  also  by  (1)  the  dip  of  porous  beds, 
(2)  the  preeenoe  and  arrangenieDt  of  impervious  layers,  (3)  the  position 
of  joints,  tubes  and  other  fairly  open  passagewaya,  (4)  the 
arrangemeDts  of  grains  in  a  bed.  Most  sand  grains 
have  a  longer  and  a  shorter  axis.  When  deposited,  they 
tend  to  lie  with  their  longer  face  hoiisontal  (see  Pig.  30). 
Thus  they  offer  faiiiy  continuous  horixontal  paasagea  for 
the  water,  but  render  verUcal  movement  difficult.  Since 
ground  water  moves  faster  in  open  fissures  than  in  small 
tortuous  porea,  any  open  crack  will  drain  the  water  out  (tf 
the  porous  mftttra*  surrounding  it.  The  G.  W. 
L.  is  lowered  locally  by  such  drain.  Thus  a 
swamp  can  be  drained  by  cutting  ditches  in  it. 
Road  cuts  on  hillsides  lower  the  G.  W.  L.  in 
their  neighborhood.  Fig.  40  shows  original  Q, 
W.  L.  at  a.    The  cut  and  fill  lowered  the  O.  W. 

L.  to  6,  and  the 
drain  lowered  it 
to  c    Joint  and 
fault  planes  facili- 
.  tate  ground  water 
movements,  and  become  great  avenues  thru 
•which  the  water  moves.     In  regions  of 
oiyBtalline  rocks,  as  in  Maine,  these  cracks  are  a  considerable  source  of 
water  supply  (aee  Fig.  41  by  M.  L.  Fuller). 

Ponwitr  of  8tii4  and  OraveL  Beds  of  gravel  and  and  have  80  to  60%  pore  space, 
and  readily  pvmit  the  paange  of  water.  Gravd  tianamlti  water  sbout  36  times  as 
fast  MM  does  fine  sand.  The  finer  th«  KTsin  of  the  aedltnent,  the  slower  ii  the  mova- 
mant  thru  it.  A  fairly  ooarae,  pure  aand  will  permit  irouiid  water  movanMnta  mora 
than  100  times  aa  r«pid  aa  are  poaaible  thru  aand  mixed  with  day.  In  the  Add,  tha 
aniDaat  of  watv  that  cu  drain  away  thru  s  ^v«d  soil  wiQ  dejiend  not  so  much  on 
the  percent  of  voids,  as  on  the  r^tive  sizes  of  sraln,  and  the  quantity  of  each  >ixa 
pnsant.  But  the  alope  of  soil,  the  proximity  of  ponda  or  streams,  feeding  the  soil  by 
seepage,  the  presence  of  aome  easy  avenue  of  escape,  lilte  a  cut,  are  unong  the  many 
modifying  Influencea.  Sctilicbtar  has  measured  flows  aa  rapid  aa  96  f t  per  day  in  the 
sandy  soil  of  southern  Long  Island,  the  average  near  the  surfsce  being  6  to  IS  ft  per 
day.  But  no  given  figures  can  lie  taken  as  a  guide  except  for  the  place  where  th^ 
weie  obtained.  Gravda  and  dean  aands  can  be  n^arded  as  veiy  porous  subataDeesw 
daya  aa  impwvious,  and  other  raixturea  Judged  by  Huir  observed  behaviors. 

Pofoaiiy  of  Rocks.  Sandstones  and  conglomerates  are  often  porous,  even  to  tlie 
extent  of  1S%  of  their  bulk.  Shales  and  days  are  even  mOTQ  porous,  but  their  pores 
are  ao  very  smdl  lud  tortuous  that  water  movonents  In  them  are  very  slow.  Hence, 
days  are  ranked  aa  Impervious  material.  But  shales  and  dates  are  strongly  deaved 
and  jointed,  and  may  eontabt  much  water  moving  thru  these  larger  openings,  except 
when  these  become  choked  with  day.  limestOMS  are  usually  dense,  but  may  be 
porous,  eepedaUy  in  certain  granular  and  ahsU-rodE  varieties.  Wster  in  limestones 
moves  along  Joints  aad  bedding  planss.  Thsse  erevieea  become  enlarged  by  solution 
(isee  Fig.  44).  Chaansis  like  little  valleys  branch  scnas  bedding  snrfacss.  In  time 
the  eavitka  may  enlarge  until  great  caverns,  like  Mammoth  Cave  are  formed.  The 
cavities  may  eollapee  under  load,  causing  settling  of  bridge  piers,  etc  In  limestone 
eountriea  the  rock  should  be  explored  lar  evidence  of  cavities  before  building  any 
heavy  structure.  Drilling  should  be  reaorted  to  in  the  eaae  of  very  large  foundationa, 
but  for  small  structures  a  study  of  the  outcrops  will  probably  reveal  any  serious  weak- 
tteas.  Crystalline  rocks,  igneous  and  metamorphie.  contain  mter  only  in  their  fracture 
planes.  Their  pore  space  Is  usually  very  smalL  Marbles  are  rarely  parous,  but  are 
subjset  to  soluUoa  aa  are  llmeatonas. 
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Seepage*  -A.  seepage  ie  the  quiet  emertcence  of  water  along  some  rather 
extensive  line  or  surface,  as  contrasted  with  a  spring  whose  water  emerges 
from  a  EUif^e  spot.  The  term  also  refers  to  movement  of  water  beneath 
the  surface,  as  the  seepage  from  soil  into  a  lake  or  stream.  Ground  waters 
move  downhill,  and  concentrate  in  valleys,  so  that  the  G.  W.  L.  is  often 
nearer  the  surface  in  the  valley.  But  the  reverse  may  be  true  if  the  valley 
is  deeply  filled  with  very  porous  alluvial  deposits.  A  swamp  develops  when 
the  O.  W.  L.  is  just  at  the  surfaee.  The  surfaoe  stream  in  the  Talley 
may  have  cut  its  trench  down  to  or  below  the  G.  W.  L.  In  this  ease,  the 
general  movement  law  provides  that  the  ground  water  will  seep  into  the 
river,  increasing  ite  flow.  If  the  river  has  not  cut  to  G.  W.  L.,  the  river 
water  tends  to  sink  into  the  ground  to  join  the  ground  water.  The  river 
ii  then  veiy  apt  to  be  intermittent,  flowing  only  in  times  of  great  supply. 
Similarly,  lakes  and  ponds  m^  ^ther  feed  the 

KTOuud  water  body,  or  be  fed  by  it.  according  to  _^        —     w»mw^ ^ 

the  relative  levels  of  late  and  G.  W.  L.  (see  Fig.  42).  -  ■•--^^^^^^^r- 
Ground  water  moves  thru  porous  material,  and  along  — " 

impervious  matter.   Hence,  seepage  may  occur  wher-  Fig.  4!t 

ever  an  impervioua  bed  crops  out  on  the  downslope 

aie.  Underneath  a  cover  of  transported  soil,  especially  glacial  drift,  the 
.ZTound  water  will  often  concentrate  along  the  impervious  bed-rock  surface. 
Seepage  will  occur  where  this  surface  slopes  downhill,  and  is  laid  bare  by 
natural  or  artificial  cuts.  The  amount  of  seepage  depends  upon  rainfall, 
depth  of  soil,  slope,  area  involved,  etc.  Seepages  develop  where  porous 
sand  is  underiain  by  impervious  days.  Often  the  presence  of  ^e  cU^  is 
revealed  by  the  numerous  seepage  springs  arising  from  the  contact.  In 
clay  pita  these  often  give  trouble.   See  Art.  8. 

Springs  are  classified  as  artesian  bpbinos,  which  rise  to  the  surface 
under  head,  forced  upward  by  the  pressure  of  confined  ground  waters, 
descending  from  higher  levels;  and  oravitt  bprinqb.  those  which  simply 
issue  where  the  exposure  of  a  water-bearing  stratum  gives  upon  the  surface 
(see  Fig.  38).  They  have  also  been  classified  as  bkkpaqe  sprinob,  tdbular 
SFRiNoa  and  nssuRB  sprinob.  Seepage  eprings  are  merely  those  seepages 
wlucb  iasue  from  a  small  definite  area.  The  water  will  follow  any  irreguUr- 
ities  that  chance  to  form  natural  channela  in  the  surface  along  which  the 

water  moves,  such  as  clay  or  hard  rock, 
^'"j^''^'o^iS5>s.  emerge  at  a  d^nite  pt^nt. 

^"^3^ *P"''8s  (see  Fig.  43)  are  formed 
ViP^'^  ^        ways:   In  loose  sediments,  clay 

*i.-..,«iiW<.>^..i  -':o  o^.^^'ii:^.^^    particles  of  clay,  forming  a  tubular  pass- 
Fig.  43  age,  which  may  either  be  hollow,  or  con- 

tain loose  sand  and  gravel.  These  pasa- 
agiee  may  be  very  long  and  have  many  branches.  Tubular  solution  passages 
may  be  formed  in  limesfamee  in  the  manner  described 
above  (8eeFig.44).  Fissure  springs  occur  wherever 
a  joint,  fault  or  other  natural  rift  gives  upon  the  sur- 
face at  a  point  below  the  water-level  in  that  fissure 
(see  Fig.  41). 

Where  a  Hifhway  Cut  breaks  Into  water-beariDg  ttratet  '•C-  44 

nepage  devalops  aa  follows:  (1)  The  cut  may  inteneet  the 

G.W-L.  of  the  mQ  (mb  Fig.  40).  The  G.  W.  L.  ia  at  once  lowered  in  the  nelKh- 
borhood  of  the  cut,  and  water  will  taep  out  on  the  surface.  Ditches  and  underground 
ride  dralM  will  take  eare  of  the  water;  (2)  a  deep  cut  In  sandMones,  medaUy  U 
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the  (Up  is  toward  the  road,  and  1(  the  nndBtoae  is  confined  between  beds  of  itn- 
p-!fviou8  shale,  may  devdop  damafini  aeepages.  The  narrow,  abeet-like  nolutkm- 
ot  ritlw  in  llmMbnuB  «r«  tu  more  nnmaroua  than  the  great  ea'nran;  the  water 
movements  in  both  are  quite  the  moat  rapid  known  for  underground  watera.  A  road 
C'lt  may  trench  one  of  theae  under xraund  waterways,  and  liberate  a  stream  of  water 
fjr  which  a  special  draiaway  may  hava  to  be  built.  See  Fig.  44.  Water  in  gladal 
drift  is  treated  in  Art.  9. 

Gronnd  Waten  Nett  tbn  Sofftce  nuy  Fraeze,  makiog  a  cnut  of  ice 
some  feot  beneath  the  nirface.    But  where  th^  G.  W.  L.  lies  deeper,  say, 

higher  up  the  hill  (see  Fig.  45),  the  freea- 
inz  may  not  take  place.  If  now,  the  G. 
W.  L.  be  raised,  the  water  under  the  ice 
crust  will  be  pressed  upon  by  the  greater 
height  of  the  water  column  in  the  unfroaen 
part.  This  will  cause  an  upward  hydro- 
'  static  pressure  under  the  ice  crust  in  the 
Fig.  46  valley  below,  po-haps  under  the  road- 

bed. If  the  crust  melts,  or  fraeturea, 
water  will  rise  under  pressure  to  the  surface.  There  is  no  cure  for  this  con- 
dition save  to  provide  carefully  for  the  underdrainage  of  the  roadway  by 
any  standard  method.  The  filled  broken  stone  trenches,  V-drains,  etc, 
are  adequate  to  carry  off  the  water  and  relieve  the  pressure. 

Clay  Soil  over  Rock.  Fig.  46  shows  residuiU  coUuvial  soil  or  clay  surface 
covering  creeping  down  a  hill.  Ground  waters  move  readily  thru  broken 
rock  of  subsoil,  confined  between  clay  soil  above,  and  solid  bed-rock  be- 
neath. Under  ordinary  conditions,  water  will  not  rise  in  the  roadway,  but 
when  atomu,  melting  snow,  etc,  have  raised  the  G.  W.  L.,  water  will  develop 
head  or  preaaure  under  the  subgrade,  rising  thru  the  somewhat  fren-  open- 
ings afforded  by  the  broken  stone  roadway  and  by  the  faet  that  the  ahallow 
roadway  cut  has  removed  the  clay 
cover.  A  deep  dratoing-trench  with 
tile  or  broken  stone  at  the  hitl-side  of 
the  highway  (see  Fig.  46)  suIvba  the  diffi- 
culty. A  V-drain  is  not  necessary. 
The  same  problem  will  arise  in  a  glaci- 
ated country  if  a  fairly  impervious  clay 
glacial  soil  overlies  a  sloping  rock  EUI^ 
face,  along  which  seepage  may  take 
place  either  thru  sand,  or  rock  joints.  Fig.  4S 

or  even  upon  the  hard  rock  aurfoce, 

where  concentration  of  ground  waters  will  wash  out  finer  particles  and 
make  passages  for  itself. 

Reed  of  Roadway  Drainage  is  also  indicated  by  visiUe  springs,  dry 
gullies,  which  hold  mter  in  time  of  freshet,  close  isoximity  to  water  bodies 
whose  level  may  rise  and  change  the  G.  W.  L.  Undnvdrains  ue  not 
required  on  all  hillsides;  the  entpneer  must  study  the  questions:  (1)  Haa 
the  cut  penetrated  below  the  G.  W.  L.,  and  (2),  is  the  G.  W.  L.  likely  to  riae 
enough  to  injure  the  roadway  unless  underdrained? 

13.  Landslides  and  Related  Phenomena 

Few  geologic  conditions  are  a  more  constant  problem  to  the  highway 
engineer  than  the  possibility  of  slides.  Only  thoae  ^pes  moet  likdy  to 
affect  highway  work  mil  be  discussed. 


L.ooQle 


Art.  13 


Laodslides  and  Related  Phenomena 


121 


Heiin's  ClassificRtion  of  Slidfli,  trandated      Riea  (13),  follows: 

Hovementa  in-  f    I  Soil  iliiM 

volvinc  il«tritai  { 

{  II  Earth  riidw  <rf  gtwtw  BWtaftari*  am  (1) 

HownoDte  bmdvinc  [  III  Rock  lUpa 
nlidrock  | 

[  IV  Rock  falk 

V  QM^MMUtd  lUdn  witfa  nqwet  to  Aanelw  ind  aiovwMdi  of  natarUi 
VI  UnehwriM  and  cpwdal  i 


General  Conditions  AfFectlng  LudiUdee.  Internal  conditions:  (1)  Phys- 
ical oonditioD  of  the  rocks;  (a)  cniahing  strength  of  large  masses  of  the 
material  involved,  (b)  tensile  strength  of  large  masses  of  the  material 
involved,  (c)  strain  conditions  in  the  rock  mass,  (d)  cohenon  of  the  rock 
masaes,  (e)  presence  of  soft  layers,  either  as  beda  of  sediment  or  the  filling 
of  joints  and  fault  planes;  (2)  structural  conditions,  folding,  faulting, 
jointing;  (3)  topographic  condiUons,  oversteep  hiUaides,  cliffs.  MacDonald 
(22)  states  th^  both  (la)  and  (lb)  vary  riioording  to  the  stmgth  of  tiie 
small  component  masses,  the  character  of  the  jointing,  the  character  of  the 
bedding,  and  the  fault  conditions. 

External  conditions:  (1)  Amount  and  character  of  ground  water,  its 
distribution  and  movements;  (2)  readjustment  of  atreasea  within  the 
mountaina;  (3)  earth  tremors  set  up  by  earthquakes,  blasts,  passage  of 
railroad  trains,  etc;  (4)  freesing  of  water  in  rock  openings,  and  wedging- 
off  of  rock  maaeee;  (S)  undercutting  by  streams,  or  overstoepening 
artificial  excavations;  (6)  heavy  structures,  as  bridge  piers,  adjacent  to  the 
excavation,  and  other  minor  causes. 

Usually  there  are  a  series  of  doiriy  cumulative,  remote  caosee,  such  as 
long  weathering,,  undermining,  overioading,  ete,  which  continue  until  a 
critical  point  is  reached,  when  some  more  immediate  cause  may  start  the 
sliding.  Shock  due  to  blasting  is  a  less  efficient  cause  than  is  usually 
behoved,  unless  the  blasting  be  right  against  the  slide  material.  Under- 
mining or  overateepcning  and  overloading  are  causes,  not  only  important 
in  nature,  but  also  are  produced  artificially  in  engineering  work.  Water- 
soaking  is  the  most  widespread  of  external,  immediate  causes,  aince  most  of 
the  recorded  slides  have  occurred  after  heavy  rains. 
Orersteepealng  and  Overloading  are  of  especial  importance  in  highway 

work.   An  ooavation  removes  the  side  support  of  the  standing  rock  mass, 

and  substitutes  atmoaphwic  pressure  for  the 

preasure  or  support  of  the  mass  removed. 

Thereupon  stresses  develop  in  two  directions 

fsee   Fig.  47),  a  downward,    and  b  hori- 

xontally  toward  the  cliff.    Both  stresses  are, 

of  course,  due  to  gravity.   The  arrow  c  may 

represent  the  resultant  of  the  two.    If  the  Fig.  47 

shearing  foroe  e  is  greater  than  the  cohesion 

of  the  mass,  a  slide  will  occur.  MacDonald  (22)  calls  the  angle  between  t}ie 
Clearing  force  e  and  the  vertical  a,  the  angle  of  shear  angle  of  pull.  A 
mote  nearly  correct  expression  of  the  stresses  is  shown  in  Fig,  48,  in  which  FF 
bounds  the  mass  which  will  slide,  separating  along  the  fracture  FF;  B3B, 
th?  original  profile;  CCC,  the  deformed  profile,  juat  before  sliding;  and 
the  amwa,  tbe  d«lQrmativ9  strNses,  ai  modified  from  MacDonald  (22). 
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Soft  rocks  may  actually  bend  and  deform  under  the  pressures,  so  that  tho 
crest  of  the  cliff  may  sink,  the  face  bulge  forward,  and  even  the  bottom  of 
the  excavation  may  swell  or  bul^  upward  before  the  slipping  begins. 
MacDonald  calls  the  loae  within  which  this  deformation  may  happen  the 

EXCAVATION  oEroRHATioN.  It  varies  with 
the  height  of  the  cut,  character  of  rock. 
'  planes  of  weakness,  slope  of  original  sur- 
face, ground  water,  etc.  The  angle  or 
AEBT  ia  the  341  gie  at  which  loose  matter 
can  stand  without  sliding.  It  is  often 
30°  to  35°.  Tho  ANOLE  or  buub  is  the 
angle  at  which  a  given  mass  will  start 
sliding.  It  is  measured,  like  dip,  in  degrees 
departure  from  the  horizontal  and  depends 
VIe-  48  upon  all  the  complex  conditions  discussed 

in  this  Article. 

Tjta  I.  Creep  is  a  dow  nstnral  downward  movement  of  loose  matwtal  on  fci^^t*^, 
and  is  under  Type  I.   Altho  slow.  Us  uaivenal  praaenee  and  asrioas  nmae- 

quencM  make  It  the  moat  important  slide  movement  which  hishway  enginecn  nuat 
eonaider.  Cauaea.  (1)  When  water-eoaked,  the  loose  matt«r  is  heavier,  better  lubri- 
cated and  more  pUatie,  and  tenda  to  slip  slowly  down  hiU.  (2)  Freennc  watw  ex- 
pands in  the  soil,  and  lifta  up  and  wedges  apart  the  pebbles  and  partidea.  The 
frost  mdu  and  seeps  away,  leaving  the  s(m1  mass  in  a  spongy  condition.  It  soon 
packs  down  again,  but  every  parUde  will  aettle  a  little  downhill  from  where  It  lay 
before  the  frost.  (3)  Po^Mlating  cround  water  disKdvea  material  fnit  of  the  aoD  and 
loose  rock,  inereasinK  the  porosity,  and  ths  subsequent  aettling  or  packing  of  the  porous 
msaa  always  moves  the  matter  a  little  down  alope.  (4)  Springs  and  seepages  wash  out 
particles  (see  Art.  12  and  Fig.  43).  The/  also  smooth  the  gliding  surfaces,  and  in 
many  ways  promote  creep.  Creep  may  bend  over  tbe  upturned  rock  strata  to  a 
depth  of  10  ft  or  more,  so  as  to  reverse  tha  dip,  and  rimvdate  folding  (see  Art.  12. 
Fig.  46).  Very  large  maasBo  may  be  moved,  exerting  great  pressure.  Highways  laid 
along  tiie  talus  alopes  of  cliffs,  or  on  the  creep  material  of  hUlaidea  are  moved  with 
tbe  creeping  mattw.  Tracka  and  pipe  lines  are  displaced.  At  Virginia  City,  Nov., 
m  the  alopes  <rf  Mt.  Davidson,  the  flrst  water  noains  had  to  be  built  with  long  tele- 
■ooping  jirfnts  to  sllow  tar  stretehlng  la  ereqt.  Near  Field,  B.  C,  the  Canadton  BaetSe 
RaUroad  trade  fai  hum  time  to  tims  disiriaeed  by  ereeptng  ol  the  tsluB  dope  on  wfaidi 
It  is  bulit.  Retidnlng  waits,  atrlpplng  away  of  loose  material,  or  widening  of  tlie  ex- 
cavation may  be  necessary. 

Type  n.  Earth  and  Clay  Slides  are  sudden  and  rapid  movements.  The  primary 
oonditiooa  are  usually:  (1)  A  considerable  auperincumbent  wright;  (2)  a  dope,  whMi 
need  not  be  steep;  and  (3)  the  saturation  of  some  clayey  layers  wiUi  water,  so  as  to 
lubricate  the  sliding  surface.  Clay  slides  occur  not  only  on  mountain  ddas,  but  bt 
valleys  wliere  day  terraces  stand  above  river  levds,  as  slong  the_  CoaneBUeut  and 
Hudson  Rivers.   A  steep  slope  is  not  a  neoeasary  condition. 

Type  m.  Rock  Slides  are  the  type  most  frequently  msntioiied  In  taxt-booki  on 
engineering.  Rodt  didea  are  conditioned  by  bedding,  deavage  or  flrfnt  idanes  dip- 
ping toward  the  excavation,  and  may  occur  on  a  small  or 
large  scale,  slong  highway  or  quarry  cuts.  It  may  t>e 
necessary  to  cut  the  excavation  slope  to  colndde  with  tbe 
Itedding  idaaes,  as  shown  in  Fig.  49.  Failure  of  bridge 
I^sis  may  be  caused  by  rode  dips,  if  ttie  rocks  under  the 
pter  foundation  dip  streamward,  and  conbdn  interbedded 
shals  or  day  nwmliers.  Tlie  pier  overloads  the  rock,  whidi 
dides  upon  the  lulirifated  surface  of  tlie  wet  day. 

Type  IV.  Rock  Falls  may  occur  on  any  steep  rock  face, 
U  tlie  conditiona  atated  in  the  beginning  of  this  Article  are  favorable.  The  falb  re- 
etvded  have  almost  dl  bem  conneeted  with  excavaUon  of  some  sort,  such  as  mining, 
tsQroad  eutUng.  nndereutting  by  streams  or  sea^wavas.    The  excavation  eausas 
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onrateepeniiiK  sad  removal  of  support.  Heavy  raiua,  fnwt,  sad  ottthquskee  an 
•monc  the  other  recorded  external  ckubm,  while  jointo.  faulta,  day  gouKe,  weak  beds 
and  steep  aurfaees  aie  reeogmzed  internal  eauaea.  At  Frank,  Alberta,  in  1908,  a 
maaa  of  rock  about  oiile  square  sad  over  400  ft  thick  t^,  snd  the  danger  of 
farther  fslla  have  made  advlaable  the  ranoval  of  the  town  of  Frank.  The  Im  Piu 
dde  in  Culebra  Cut,  wham  20  000  eu  yd  of  rock  were  diaidaoed  akmg  fault  pIsBas 
Ubsicated  by  seepage  is  aaother  example.  A  highway  built  along  the  foot  of  a  dUf 
fa  always  in  danger  from  rock  falls. 

Type  T.  Rock  FaUa  may  Deacend  upon  Loose  Material  and  start  the  latter  riiding . 
Compound  alidea  present  no  more  com|A«x  problem  for  the  engineer  than  do  the  types 
riready  conadered. 

Table  VI. — Slopes  to  Adopt  at  OUferent  Depths  for  Deformable  Rocks 


DvTH  or 
Excavation 

1  Meters 

C 

D 

E 

F 

0 

33 

10 

60 

40 

30 

20.0 

12.0 

7.0 

6.0 

66 

20 

41 

33 

25 

17.0 

10.8 

6.1 

4.2 

SS 

30 

36 

28 

21 

15.4 

9.8 

6.6 

8.6 

131 

40 

82 

26 

19 

14.4 

8.6 

6.2 

8.2 

164 

60 

29 

22 

16 

18.6 

8.0 

4.9 

2.8 

197 

GO 

26 

19 

14 

12.7 

7.6 

4.6 

2.6 

230 

70 

24 

18 

13 

12.0 

7.2 

4.4 

2.2 

M£ 

80 

28 

16 

12 

11.4 

6.8 

4.2 

2.0 

205 

90 

SI 

15 

11 

10.8 

6.6 

4.0 

1.9 

128 

100 

80 

14 

10 

10.2 

5.2 

3.9 

1.8 

Explanation  of  Table  VI.  MaeDoosId  (22)  has  devised  a  Ubie  of  slopes  tlMt  an 
cafe  (or  various  grades  of  weak  rocks,  with  allowance  for  jolnt'ng  and  sbMring.  The 
Sfilrea  given  in  lettered  columna  are  to  be  read  with  the  words  'on  10"  underatood. 
Thua,  "60"  reada  "alope  of  80  on  10."  (A)  Soft  and  weak  aandatonee,  shalea,  few 
IhiMiilimei  and  tuffs,  which  will  deform  alowly  under  great  preaaure.  Deformation 
td  auch  roda  Laa  eauaed  aweQIng  ground  in  coal  minea.  (B)  The  same  rocka  as  A, 
but  with  medium  shearing  and  jointing.  (C)  The  aame  rocks  as  A,  greatly  sheared 
and  jtrinted,  or  dipping  toward  excavation.  (D)  Soft  volcanic  day  rocka,  bedded 
triable  tuff,  lignitie  shales,  with  high  water  content.  Fine  to  medium  grained.  The 
rocks  have  a  m'n'mum  of  fissuring  and  bedding.  (E)  The  aame  rodn  as  D,  but  with 
the  jointing,  fiaauring  and  bedding  of  average  raeka.  Moet  of  the  alidas  In  Cotebtft 
Cut.  Panama,  have  oceumd  in  rocks  of  riaaaai  D  and  E.  (P)  Any  ntrandy  soft 
rocks  that  are  moefa  crushed  and  rendered  dlppery  by  ground  water,  talaoas  days, 
etc.    Bather  stronger  than  ordinary  creep  materiaL 

In  some  <ssn  ft  will  prove  eoononical  to  cut  the  slope  back  In  terraces  of  modarate 
bci^it.  each  higlMr  temes  farttier  bade  thaa  ths  one  baknr,  inatead  of  making  on 
tingle  dope. 

14.  General  Structure  of  the  United  States 
The  ITew  EnsUnd  Prorince  (see  Fig.  50,  A)  consists  of  ancient  crystalline 
Kchista  and  gneisses,  very  complexly  folded  and  faulted.  These  are  cut 
by  large  and  small  igneous  intnuions  of  many  different  ages,  some  pre- 
codinK  the  period  of  metamorphism,  othera  of  later  date.  Hence  New 
Kn^and  is  a  great  source  of  granite.  The  complex  structure  is  la  part 
reason  for  the  irregular,  rolling  topography  of  routided  hills  risitig  gradiudly 
toward  the  northweet  to  about  3000  ft.  Patches  of  more  recent  rocks  are 
infolded  or  infaulted  in  the  eryatallinee,  and  develop  special  topographic 
and  aoil  etuditions.   Tbn  Boeton  Ba^n,  Al,  >b  an  infaulted  patch  of  soft. 
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caleareotis  shales.  At  Narragaiiflett,  A2,  ia  an  infaiiltdd  patch  of  coat 
bearing  shalea.  Both  of  these  have  conditioned  a  flat,  low-lying  country 
whose  principal  relief  is  due  to  bills  of  glacial  drift.  Two  great  north  and 
aoulh  valleys,  the  Connecticut  and  the  Houaatnnio,  have  developed  along 
the  strike  of  belts  of  weak  rock  downfaulted  into  the  crystallines.  The 
Coonccticut  valley  lies  for  100  miles,  on  a  l>eU  of  shales  aad  arkoses,  dipping 
eastward,  sbiking  north-south,  and  so  developing  long,  low  ridges  and  flat, 
wide  valleys.  Rising  above  this  level  are  intrusive  and  extrusive  sheets 
of  diabase,  which  develop  striking  north  and  south  ridges,  locally  called 
mountains,  auch  as  the  Holyoke  Range.  These  are  a  great  source  of  trap; 
brownstone  is  quarried  from  the  arkoses  (see  Fig.  50,  black  area).  The 
Housatonic  valley  ia  an  infaulted  belt  of  Uinestoae,  and,  like  the  Connec- 
ticut, has  developed  a  flat,  broad  lowland  between  Ttigb  ridges  of  crystallines. 
It  is  an  isolated  part  of  the  Newer  Appalachians.  The  soils  of  New  Eng- 
land are  mainly  glacial.  Several  minor  moraines  cross  it,  drumlin  areas 
and  kames  are  common,  and  boulder  till  is  the  widespread  sheet  soil.  Along 
the  Connecticut  and  Housatonic  and  Cheir  larger  triliutaries,  idluvial  soils 
dominate,  and  very  notable  clay  and  gravel  terraces  are  developed.  Swamps 
and  ponds  are  extremely  common. 

The  Older  Appalachians,  B,  are  continuous  with  the  western  New  England 
Highland,  and  consist  of  crystalline  schists,  gneisses,  marbles,  and  plutonio 
igneous  rocks.  They  form  a  rolling  cotintry  which  is  rather  sharply  divided 
into  two  levels,  a  higher  level,  Bl,  forming  the  Hudson  Highland  and  the 
Bfaie  Ridge  country  of  the  south,  and  a  lower  level,  B2,  forming  the  Piedmont 
Flatesa.  The  strike  changes  where  the  rocic  crosses  the  Hudson  River, 
bom  north  and  south  to  northeast  and  southwest.  All  the  granite  quarries 
in  tike  eastern  States,  south  of  Storm  King  on  the  Hudson  River  are  in 
this  province.  Being  ihe  oldest  rocks,  they  are  in  places  covwed  up  by 
younger  sediments,  which  break  the  continuity  of  the  province.  From 
eastern  New  Jersey  southwestward  a  series  of  red  and  gr^  shales,  arkoses 
ind  cong^meratee,  tike  those  of  the  Connecticut  valley,  occupy  a  down- 
warped  bamn  covering  the  Piedmont  cirstaUines  (see  Fig.  50,  black  area). 
These  sediments  weather  into  a  broad  lowland  diversified  by  low  ridges  of 
sandstone,  quarrud  lar  brownstone.  The  sediments  are  cut  by  great  In- 
tiuaions  of  diabass,  and  include  several  surface-flow  sheets  of  basalt,  most 
of  which  strike  ami  dip  with  the  sediments.  They  form  prominent  ridges, 
breaking  the  lowland.  Hie  E^iKsadea  intrusive  is  a  great  source  of  trap 
rock.  Soils  in  the  northern  part  are  glacial,  including  many  lake  and 
terrace  deposits,  the  soun^  of  excellent  brick  clay;  but  south  of  the  glacial 
limit,  deep  residuary  soils,  grading  into  alluvial  soils  in  the  valleys,  are 
dominant. 

The  Adirondack  Mountains,  C,  are  a  part  of  the  Laurentian  otdland  (4 
Canada,  CI,  consisting  of  gnrisses,  schists,  and  marUea  cut  by  granites, 
syenites,  and  gabbros.  The  weetem  portion  is  a  rolling  upland  of  rounded 
hflls  and  deep  vallejrs,  all  ^aciated.  The  eastern  part,  higher  and  more 
nigged,  is  a  group  of  fault  blocks  whose  very  steep  vaUeys  are  formed  1^ 
erosion  along  fault  lines,  and  have  a  pronounced  trellis  pattern  (see  Art.  15). 
The  highways  follow  these  valleys,  and  so  are  built  upon  talus  slopes,  alluvial 
bottoms,  and  along  terraces  formed  at  the  close  of  the  glacial  period. 

The  Hewer  Appalachians,  D,  lie  west  of  the  Older  Appalachians  and 
eoDmat  of  shale,  sandstone,  limestone,  and  conglomerate  in  the  order  of 
kbuodanee  'named,  overlyins  the  crystallines  of  the  Older  Appalachians. 
IgDsous  rocks  are  almost  whdly  abaent,  but  quartsite,  bluestone  in  New  . 
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York  and  Pennsylvama,  and  limestone  are  quarried.  The  rtrata  are  folded 
in  Ions,  parallel,  pitching  folds  striking  2(f.  to  40°  east  of  sOTth,  but  tumiog 
nearly  eastward  in  Pennsylvania.  The  eroded  edges  of  the  sandstones 
and  conglomerates  form  the  mountains,  paralleled  by  stream  valleys  on 
shales  and  limee tones  between  parabola-ahaped  ridges  (see  Fig.  32)  and  are 
developed  on  many  pitching  fuids.  All  folds  are  overturned  toward  the 
west  (see  Art.  16,  F^g,  60) ;  they  are  very  often  faulted,  typically  by  a 
fault  lying  parallel  to  the  fold  axis,  with  the  eastern  limb  upthrown  (see 
Fig.  60).  The  streuns  have  developed  a  very  striking  trellis  drainage 
pattern  (see  Art.  IS,  Fig.  57).  T^e  Isfger  streams  cut  gaps  tlmi  the  moun- 
tains along  which  all  important  highways  of  the  province  pass.  The 
easternmost  rocks  of  this  province,  just  west  of  the  Older  Appalachian 
crystalline  belt,  are  shales  and  limestones  of  great  thickness,  complexly 
folded.  These  have  weathered  out  into  a  fertile  valley  30  miles  wide, 
which  follows  the  strike  of  the  rocks  thru  New  York  south  to  Alabama, 
and  is  called  the  Great  Appalachian  Valley,  Dl.  The  valley  is  not  drained 
by  one  river,  but  by  a  number  of  separate  streams,  among  them  the  Hudson 
north  of  the  Highlands,  the  Shenandoah,  Cumberland,  and  Tennessee. 
Soils  are  mainly  residual,  varying  with  the  bed-rock.  Alluvial  soils  occur 
in  the  large  stream  valleys,  but  are  of  limited  extent  as  compu«d  with  the 
flood-plains  of  equal  streams  in  1^  Plains  Regions.  Glacial  soils  are  com- 
mon in  the  northern  part,  where  extensive  terrace  and  lake  deposits  futniah 
l»iGk-<;lay,  sand,  and  gravel. 

The  Appalachian  Plateaus,  E,  He  west  of  the  Newer  Appalachians,  and 
are  simply  the  same  rocks,  without  the  folding.  The  folds  of  the  Newer 
Appalachians  die  out  westward,  leaving  the  rocks  horizontal  (see  Art.  10, 
Fig.  28).  The  plateau  has  developed  a  bold  scarp  which  looks  down  upon 
the  ridges  of  the  folded  Appalachians  to  the  east,  and  ia  called  the  Allegheny 
Fhmt,  Cumberland  Escarpment,  etc.  The  province  includes  the  Catekill 
mountains,  El,  a  mass  of  sandstones,  eonidomeratea,  and  sbalee;  the 
Allegheny  Plateaus,  E2;  the  steep,  rugged  hills  of  West  Virgima  and  eastern 
Kentucky,  which  are  mmply  a  plateau  strongly  dissected;  the  Cumberland 
Plateau,  E3,  in  Tennessee  and  southward.  All  these  membem  have  neaiiy 
horizontal  strata,  shales,  sandstones,  and  limestones.  A  few  low  anticlines 
have  brought  soft  limestone  to  the  surface,  whose  weathering  has  developed 
a  rich  clay-covered  lowland  surrounded  by  the  high,  sandstone-capped 
plateau.  These  depressions  are  the  Blue  Grass  Country  of  Kentucky, 
E4,  and  the  Nashville  Basin  of  Teuneeaee,  E5.  The  northern  part  of  the 
provinoe  has  been  glaciated,  and  here  till  ia  the  dominant  soiL 

The  Coastal  Plain,  F,  begins  in  Mexico,  bordering  on  the  Gulf  of  Mexico. 
It  crosses  the  Rio  Grande  about  160  miles  from  its  mouth  and  continues  aa 
a  \stoeA  belt  around  Uie  Gulf,  narroning  up  the  Atlantic  to  Long  Island, 
beyond  which  its  continuity  ia  broken,  and  only  isolated  patches  of  its  rock 
appear.  The  rocks  are  soft  shales,  clays,  sands,  gravels,  and  limestones, 
the  last  increasing  southward.  The  beds  dip  very  gently  seaward,  bo  that 
the  harder  ones  develop  low  cuestas  facing  inland.  The  stream  pattern  is 
dendritic  and  all  the  vidleys  are  broad  and  open;  the  general  coimtry  is  very 
Iflvd.  As  these  rocks  overlie  the  Piedmont  crystallinea.  the  rivers  develop 
rapids  in  passing  eastward  from  the  Kedmont  to  the  soft  coastal  plain  rooks, 
and  the  intcrprovince  boundary  is,  therefore,  called  the  Fall  Line.  Phil- 
adelphia, Raleigh,  N.  C,  Camden,  N.  J.,  Columbia,  S.  C,  Augusta,  Go., 
Macon,  Ga.,  Columbus,  Ga.,  Montgomery,  Ala.,  Tuscaloosai  Ala.,  are 
important  cities  located  on  riven  at  the  Fall  line. 
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The  Attuitic  ComM  m  far  xnith  m  Cape  Battana  haa  bean  recently  mihtaatti  and 
tbn  dishUy  ra-upUftMl.  SuboHrsenee,  tbendore,  eo&dltioaa  that  many  riv«r  vallaya 
have  been  drowned,  maldnf  baya.  The  Hudaon  and  Ddaware  Rivera,  and  CheHpeake 
Bay  mr^  atirikini  ezamplaa.  Bars  of  sand  have  built  up  outaide  the  ragged  coeat  line, 
miiombat  the  bays.  Many  riven  have  tides.  Salt  manbea  fringe  much  of  the  o«ut, 
sad  the  recently  Ufriifted  part  of  the  sen  bottom  from  Maryland  aouth  haa  many  swampi 
ndtakea. 

The  AUnvial  Plain  of  the  MisslBaippi.  south  of  Cairo,  111.,  is  20  to  50  miles 
broad  and  600  miles  loqg  excluding  the  Great  Delta,  Fl,  F2,  whose-greatest 
length  is  ISO  miles.  It  is  bordered  by  steep  blufFs,  the  eastern  ones  capped 
by  loess.  The  valley  is  a  flat,  swampy  lowland  of  sood,  silt,  and  clay 
aotls,  occupied  by  countless  oxbow  lakes  and  their  swampy  remiuuits; 
(josaed  by  low  ridges,  the  natural  levees  of  present  rivers  and  abandoned 
flannels.  These  and  a  few  long  strips  of  the  original  upland  of  the  region 
form  the  natural  highway.  The  average  fall  of  the  river  is  about  1,2  ft 
per  mile.  The  entire  lowland  is  subject  to  occasional  Soods,  due  to  breaking* 
of  the  natural  levees,  but  the  levees  are  being  strengthened,  banks  protected 
and  swamps  drained,  so  that  floods  are  now  far  less  frequent  and  destructive 
than  formerly.  Sand-clay  roads,  commonly  built  upon  the  natural  levees, 
•re  the  dominant  type. 

Soils  at  the  Coastal  Plain,  (t)  On  Long  Island  two  terminal  morunee 
form  east  and  west  lines  of  hills.  The  flat  southern  plain  is  outwash,.  be- 
yood  which  are  wave-built  sandbars.  (2)  Residuary  soils,  chiefly  clayey 
loams,  cover  the  rest  of  the  plain,  except  (3)  and  (4).  The  limestone  areas 
have  developed  rich,  sticky,  residuary  clays,  as  in  the  Black  Prairies  of 
Geor^a,  Alabama,  and  Mississippi.  (3)  The  Lafayette  formation  overlies 
the  IMaia  over  areas  aggregating  200  000  sq  miles.  It  is  dominantly  gravel 
and  sand  in  the  valleys,  clay  and  nit  on  the  divides;  usually  a  light,  porous 
ioam.  (4)  Overlying  the  Lafayette,  or  sometimes  resting  upon  the  Plains 
strata,  is  a  finer  sand  and  silt  called  the  Columbia  formation;  usually  forms 
a  porous,  fertile  loam,  seldom  over  a  lew  feet  thick;  occurs  only  along  the 
Atlantic  Coastal  Plain. 

The  Prairie  Plains,  G,  lie  between  the  old  Lake  Supwior^Tanada  crystallines 
on  the  north,  the  Coastal  Plains  and  Osark  Uplift  on  the  south,  the  Great 
Plains  on  the  west,  and  the  Appalachian  Plateau  on  the  east.  The  boun- 
daries are  indefinite.  The  rocks  are  all  sedimentary:  Shales,  much  lime- 
stone, and  some  sandstone;  the  last  two  are  the  most  serviceable  for  all 
purposes.  Conglomerates  and  crystalline  rocks  are  almost  wholly  lacking. 
Glaciation  reaches  its  fullest  expression  here.  The  older  ice  invasions 
have  left  sheets  of  now  deeply  dissected  boulder  till,  separated  by  layers 
of  pest,  lignite,  and  stratified  drift  formed  in  interracial  periods;-  but 
the  last  two  advanoea  have  built  the  moraines  (see  Fig.  60,  broad  dotted 
streak),  and  only  within  the  area  covered  by  theee  ice  sheets  are  foimd 
the  Ufiea,  swamps,  dnimlins,  kamee,  and  other  conspicuous  topographic 
expreemons  of  ^aciation.  The  ice  moved  southward  hi  the  form  of  lobes 
or  tongues,  and  so  built  loop-shaped  lines  of  moraine  around  each  tongue. 
As  the  ice  retreated,  halting  at  places,  new  loops  were  built  within  older 
ones.  Kames  of  bedded  sand,  gravel,  and  clay  abound  both  in  and  near 
the  moraines.  Great  drumlin  areas  occur.  Outwash  plains,  1  or  2  miles 
wide,  fringe  the  moraine.  Myriads  of  lakes  and  swamps  occupy  depressions 
in  drift.  SouUi  of  the  tominal  moraine,  partly  covering  tba  older  drift 
and  the  un^aeiated  areas,  is  a  fine,  compact,  calcareous  silt  oallwl  loess 
(see  Art.  8).  Because  it  wss  largely  irind-blown  in  a  r^km  of  westerly 
winds,  it  is  usually  thieker  in  the  Talleys  and  on  the  eastern  sidn  of  sUeatns 
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and  hills,  averaging  10  ft  thick,  but  reaching  60  ft  or  more.  It  is  an  im- 
portant soil  in  western  Illinois,  eastom  Iowa,  and  Miasouri.  It  follows  the 
Missouri  and  Platte  Rivers,  and  the  eastern  bluffs  of  the  Mississippi  nearly 
to  their  mouths,  weathering  into  vertical  cliffs.  Thus  the  soils  are:  (1) 
Glacial,  boulder  till,  kamea,  drumlins,  etc,  including  outwash  plains;  (2)  lake 
deposits  and  shore  deposits;  (3)  loess  and  dune  sand;  (4)  residuary*  soils 
in  the  driftlees  area,  Gl,  and  the  region  south  of  the  limit  of  glaciation; 
(5)  the  alluvial  soils  of  the  flood-plainB  of  great  rivers.  Broad  lake  d^xwats 
furnish  clay  and  sand  soils;  one  extinct  great  lake,  G2,  lay  in  North  Dakota 
and  Minnesota  and  northward  into  Canada;  the  present  Great  Lakee  were 
onoe  larger  and  their  old  bottoms  are  bordered  by  shore  beaches,  long  level 
ridges  of  sand  and  gravel,  forming  natural  highways  called  ridge  roads. 

The  Central  I.owland  of  New  Tork,  G3,  is  a  belt  of  weak  rocks,  shales, 
limestones,  and  less  sandstone,  striking  cast  and  west  and  dipping  gently 
'south.  It  fonpa  a  broad  open  lowland  with  low  cuostoa  facing  northward. 
The  cuestas  continue  westward  thru  the  Groat  Lakes  region,  forming  the 
Boarp  over  which  the  Niagua  River  falls.  They  are  a  source  of  crushed 
and  structural  limestone  for  western  New  York  and  beyond.  The  soiIb 
■re  chiefly  facial;  many  hundreds  of  drumlins  have  developed,  eq>eeially 
in  parts  underlain  by  shale.  The  Finger  Lakes  are  i^acially  deepened  in 
river  valleys  dammed  by  moraines. 

The  Ozark-Ouachita  Provinces,  H,  are  a  continuation  of  the  Appalachian 
Provinces,  reproducing  all  the  dominant  features  of  the  latter.  The  Oua- 
chita Mountains,  HI,  are  folded  mountains  of  sandstone,  shale,  and  lime- 
stone, eroded  to  give  parallel  and  zigzag  ridges  like  those  of  the  Newer 
Api>alachian8.  The  Arkansas  Valley  north  of  the  Ouachita  Mountains  has 
a  very  similar  structure,  but  the  ridges  rise  to  only  800  ft.  The  Older 
AppfUachians  are  represented  only  fay  isolated  patches  of  crystalline  rocks 
like  the  S^nite  Knob,  Little  Rock,  ATk.,  and  the  granites,  diabases 
and  gabbroa  in  the  Arbuckle,  H6,  and  Wichita,  H7,  Mountains.  North  of 
the  folded  series  lies  the  Ozark  Plateau,  H3,  capped  by  cherty  limestones. 
The  rocks  were  slightly  updomed  and  then  eroded  to  form  a  flat-topped 
uplift  about  1500  ft  above  the  sea.  The  almost  horizontal  strata  dip 
slightly  westward  and  southward  around  the  dome,  forming  a  gentle  slope 
called  the  Springfleld  Plain,  H4.  The  southern  member  of  the  Plateau 
is  higher  and  more  rugged,  capped  by  thin  sandstone.  It  is  called  the 
Boston  Mountains,  H5.  The  soils  are  chiefly  residuary,  and  vary  with  the 
bed-rock.  The  chief  soil  of  the  Ozark  Plateau  is  a  very  porous  chert,  derived 
from  the  limeatone.  I^imestone  is  the  chief  road  metal  of  the  region ;  im- 
portant syenite  quarries  are  located  at  Little  Rock. 

The  Lake  Superior  Highland,  I,  includes  several  irregular  areas  of  old 
crystalline  rocks,  complexly  folded  and  faulted;  scfabts,  gneisses,  quartzites, 
slates,  associated  with  granite,  gabbro,  diabase,  and  many  other  igneous 
typeH,  both  intrusive  and  extrusive.  Erosion  has  reduced  them  to  ranges 
of  low  hills.  Glaciation  has  covered  the  lowlands  with  drift,  so  that  over 
lartte  areas,  no  bod-rock  ia  exposed. 

The  Great  Plains,  J,  are  composed  of  sedimentary  strata,  which  dip 
e  '■icrally  eastward  very  gently.  The  surface  is  not  strictly  a  dip  sloijc,  but 
nil  erosion  surface  bevelling  the  strata  nearly  parallel  to  the  dip.  The 
surface  slopes  eastward  from  6000  ft  at  the  Rocky  Mountain  front  to  about 
1000  ft,  merging  into  the  Prairie  Plains  and  Coastal  plains  Pro\'incea.  The 
rocks  are  shales,  sandstones,  and  limestones,  some  of  them  only  slightly 
indurated.   The  simple  picture  thus  presented  is  locally  modified  as  follows. 
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(I)  Along  the  Rocky  Mountain  front  the  strata  an  abruptly  upturned  and 
the  steeply  dit>ping  edges  of  hard  sandstone  and  Umeatone  form  ridges 
aUed  hogbacks,  parallel  to  the  Rooky  Mountain  Uplift.  (2)  The  Blaok  Hills. 
Jl.  are  a  dome  of  ancient  granite  and  schist,  pushing  up  the  Great  Plains 
itmta.  The  eroded  edges  f4  the  upturned  hard  mtiimtirtw  lonu  hogbaek 
ndffM  running  oonoentri<»lly  around  the  central  dome.  (3)  The  Bighorn 
Mountains,  K2,  are  a  long  range  of  old  oryrtal  linee  pushed  up  thru  the 
Hditnentaiy  rocks,  upturning  them  to  ftxm  hogbacks  along  the  eastern 
front.  Weet  of  tlra  range  the  plains  .continue  until  again  upturned  by  other 
Rocky  Mountain  ranges.  Near  the  mountain  border  in  Montana  great  vol- 
canoes have  burst  thru  the  plains,  forming  the  Highwood,  Cnuy,  and  othw 
nountfuns. 

The  chief  soil  ^rpesare:  (1)  Gladal  soils  only  In  the  n(»them  part,  without 
a  well  defined  terminal  moraine;  (2)  loess  al<ng  the  Mfauuit  and  Flstte 
Rivers;  (3)  sand-dunee  covering  24  000  sq  miles  in  oratral  Nebtsdm  and 
smaller  areas  occurring  in  Kansas;  (4)  readuaiy  soils  from  broad  day 
shalcfl  and  from  sandstones;  (5)  alluvial  soils  along  the  large  rivers.  The 
light  rainfall  is  the  chief  reason  for  the  lack  of  forests.  Upon  the  western 
part  of  the  Great  Plains  sediments,  lies  a  thick  mantle  of  sand  and  gravel, 
stratified  and  in  part  cross-bedded,  which  was  washed  out  upon  the  plains 
from  Uie  Rocky  Mountain  mass.  These  deposits  cover  enormous  areas. 
Tbeir  surface  Ike  se^nvl  hundred  feet  above  that  of  the  Great  Plains  so 
they  are  named  the  High -FlainB,  J3,  They  end  westward  at  the  ho|^]«ek 
fine,  aiul  eastward  terminate  in  a  ragged  scarp,  yvry  much  dissected,  ab- 
npQy  overiooldng  (he  Great  Plains.  The  Llano  Gstacado  of  Texas,  J4,  is  a 
part  of  the  High  Hains.  Soil  of  the  ffigh  Kaina  is  very  porous,  ssndy, 
and  dry,  subject  to  very  rapid  erosioa  by  cloudbuista  and  floods,  e^>ecially 
where  there  is  little  vegetation  to  bold  the  soil  hi  {daoo,  Deq)lr  gottied, 
arid  country  called  Bad  Lands,  J2,  are  thus  caused. 

The  Edwards  Plateao,  J5,  lies  in  western  Texas  east  of  the  Peooe  River. 
Its  surface  continues  that  of  the  High  Plains,  but  it  is  a  true  plateau  capped 
a  limestone  500  ft  thick.  The  plateau  is  daaply  ilissiiiiiliiil  and  cmds 
eastward  in  a  ragged  scarp  looking  down  upon  the  prairie  lands  of  Texas. 
West  of  the  Pecos,  blocks  of  the  Edwards  Plateau  are  tflted  by  fault  movo- 
ments,  so  forming  a  part  of  the  Trans-Pecoa  Province.  The  plateau  soil 
is  residuary  flint  and  limy  clay,  wooded  only  along  streams. 

Rock;  Moostains,  K,  consist  essentially  oi  a  series  of  north  and  south  trend- 
ing ridgee  caused  by  upwarping  of  great  anticlinal  folds  of  old  crystalline 
.  rocks,  granitee,  gneisses,  and  schists.  The  Laramie,  K3,  Front  Range, 
K5,  Medicine  Bow,  K4,  Bighorn,  K2,  and  some  other  rangee  have  their 
steeper  slope  to  the  east,  and  here  tiie  exoeaJvp  npwaiff  has  caused  the 
fold  to  pass  in  i^aoee  into  great  upfaults.  The  Great  Flafais  strata  were 
steeply  upturned  by  these  uplifts.  Cleariy  the  top  of  the  uplifted  range 
was  formerly  coated  with  the  Qreat  Plains  aedimenta,  and  some  mountun 
blocks  still  retain  remnants  of  them.  The  sediments  are  found  on  the 
gentler  western  slopes  of  the  Bighorn,  Laranue,  and  Medicine  Bow  ranges, 
and  form  extensive  lowlands  of  essentially  Great  Plains  type  west  of  the 
ranges  named.  Some  of  the  northern  rangee,  like  the  Lewis  and  Livingston, 
consist  themselves  largely  of  sediments,  guartsites,  slates,  limestones,  only 
■lightly  folded.  The  Lewis  Mountains.  Kl,  in  Montana  have  been  thrust 
eastward  by  great  faulting,  over  and  upon  the  Great  Plidns  strata.  Hence 
the  latter  are  not  upturned,  and  here  there  are  no  hogback  foothills.  The 
plaiDa  end  afanqttly  at  the  foot  of  a  motintain  zoHi  4000  ft  hi^  Some 
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parta  oi  Aa  nnflBs  m  largely  made  up  of  BUifaoe  flovm,  like  tha  rhyoUte 
plateaus  of  Yellowattme  Parle  Separating  the  nortbem  lansea  are  deep 
valteyo,  at  least  partly  due  to  faulting  and  eroaioa  along  faul^linea.  They 
are  called  trenches.  Most  have  been  somewhat  deepened  and  remodelled 
by  glaciers.  They  trend  north  and  eouth,  but  some  run  into  others,  and 
streams  find  a  way  east  and  west  thru  gaps  in  the  ranges,  so  that  all  drain 
east  or  west.    The  valley  systems  thus  iorm  the  natural  highways. 

Koad  Mstntensiice  is  rendered  especially  dlfflcnlt  by  the  M  owing  condltiotw,  vhkb 
are  not  luUorm,  but  may  occur  In  any  comUnaUon;  (1)  Lalna,  usually  retaiiMd  by 
drift  damo,  occupy  many  d^rearions  In  the  valleys.  (2)  StrmiEa  all  have  Steep 
Eradieat  and  may  flow  (a)  per^mially,  when  fed  by  aeepMgs  or  heavy  rainfall  and  when 
flowinc  cat  impervious  bottom;  (b)  intermitteDtly,  if  small,  or  in  arid  n«ioM,  or  upon 
porooi  bottom.  0)  TributariM  buOd  ddtas  or  alhivial  fue  oat  upon  ^  floor  of  the 
main  abeam,  somatbiM  oven  ''■"■"■'■g  up  the  latter.  (4)  Oroond  water  entnnWrnw 
saturates  the  soU  to  the  surface,  forming  soft  peat  swampe  called  muskeg.  Seefwge 
In  the  soils  on  the  slopes  is  sometimee  so  great  as  to  form  patches  of  muskeg  hi^  on 
the  slopes.  <5)  Soils  cm  the  alopes  are  always  creeping  and  IsndsUdes  of  great  magni- 
tuds  are  not  uneonuncm.  Cuttinc  away  some  of  the  creep  material  above  a  road, 
perhaps  cutting  It  back  In  terraces,  or  building  a  rettdning  wall  against  the  eat  bank, 
may  render  tbe  mass  more  stable.  Besides  the  riiding  of  matter  from  above^  tfae 
roadbed  itsdf  may  be  carried  downhill  slowly  by  creep  or  rapidly  by  sliding.  In  ^ther 
case,  some  parts  will  move  faster  than  otbcra,  disjointing  tbe  roadbed.  There  is 
apparently  no  cure  tttr  this  trouble  if  the  road  must  be  built  on  talus  slt^ns.  (6)  Great 
vartaHoas  in  stream  flow  and  ground  water  level  are  to  be  expected,  and  t  III  an  wUl 
increase  the  chances  of  sliding,  besidee  directly  dsinsging  the  roadbed. 

Enclosed  between  the  ranges  are  a  number  of  open,  level  regions  colled 
PARKS,  K7,  K8,  K9,  and  others  not  shown  in  Fig.  50.  They  are  floored  in 
part  with  soft  sedimentary  rocks  and  in  part  ttith  waste  washed  down  from 
the  mountains  rising  abruptly  around  them.  The  patches  of  Great  Plains 
strata  enclosed  behind  ranges  such  as  K6,  may  possibly  be  analogous  in 
structure  to  the  parks.  The  surface  of  K6,  called  by  Fenn^non  the  Rooky 
Mpuntain  Basin,  is  only  relatively  smooth,  being  broken  by  many  crystal- 
line masses  rising  thru  the  sedimentary  floor.  Alpine  glaciers  have  carved 
the  OTests  of  the  higher  ranges  as  far  south  as  northern  New  Mexico, 
forming:  (1)  Stuirp,  angular  Alpine  peaks;  (2)  deep  bowl-shaped  basins  at 
the  glacier  head  on  the  mountain  sides,  most  of  which  basins  now  contain 
lakes;  (3)  deep,  steep-aided  U-shaped  gorges  where  glaciers  descended  stream 
valleys;  (4)  tributary  streams  wUch  usually  enter  the  main  valley  high  up 
on  the  wall,  casoading  down  to  the  valley;  (5)  moraines  and  long  trains  of 
outwash  in  the  glaciated  valleys,  which  are  now  often  occupied  by  lakes. 

ColtuttUa  and  Snake  River  Plateaas,  L.  Upon  a  rugged  part  of  the 
Rocl^  Mountains,  composed  of  schists,  gneisses,  granites,  and  old  lavs 
flows,  there  poured  out  a  great  auccession  of  surface  flows,  chiefly  basaltic, 
with  some  rhyolite,  until  all  the  lower  ranges  were  buried  beneath  the 
lava  floods,  the  higher  mountains  rising  like  islands  above  them.  The 
flows  did  not  all  occur  at  once,  but  long  periods  of  quiescence  permitted 
lakes  to  form  on  the  lava  surfaces.  Thus  abnd  and  clay,  as  well  as  ejected 
ash  beds,  lie  between  lava  flows,  and  in  tiicse  marked  seepages  occur. 
The  Snake  and  Columbia  Rivers  have  out  gorges  from  100  to  6000  St  deep 
thru  tbe  basalts  and,  in  places,  thru  the  older  crystalline  rocks  below. 
Tbe  basalt  shows  marked  columnar  jointing  and  weathers  out  in  vertical 
cliffs  with  flat,  level  tops.  The  plateau  surface  is  as  a  whole  very  level, 
but  is  broken  by  gorges  cut  into  it,  and  by  local  folds  in  the  basalt,  form- 
ing hills,  and  by  mountains  of  the  old  crystallines  rising  above  it.  The 
most  oonapiouoiia  of  tiiese  are  the  Blue  Moimtains,  formed  of  old,  strongly 
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folded  sediments,  cut  by  grest  mnatM  of  igaeouB  rooks.  Tba  deep  oarved 
raUeys  an  floored  -with  alluvium. 

The  floilfl  of  the  plateau  region  are:  (I)  Voloanio  ash  and  dust,  very  porous, 
varyins  in  tiiickiwss  from  a  few  feet  to  500  ft  or  more,  which  fonos  desert 
aoila;  (2)  windblown  Boila  of  very  fine  grain,  somewhat  like  loess,  making 
riwp  contact  with  the  basalt  beneath,  and  varying  from  25  to  fiO  f t  in 
thickness;  (3)  floodplain  and  terrace  soils  along  larger  valleys,  such  as 
the  terraoee  of  the  C<dtm)bia  River,  which  are  chiefly  aand  and  gravel; 
(4>  residuary  soils  upon  the  basalt  in  favorable  places,  which  are  dark, 
rieh.  rather  light  whIs. 

TIm  Great  Basin,  M,  ia  a  region  so  enclosed  as  to  drain  inland  into  lakes, 
of  draining  to  the  sea.  The  rocks  wore  broken  by  faulting  into 
a  nambw  (rf  uptilted  bloeks  which  trend  generally  north  and  south.  In 
the  Baata  tegkm  proper  these  tilted  fault  blocks  form  very  steep  mountain 
rangsa  down  which  course  rapid  intermittent  streams,  building  alluvial  fane 
oat  onto  the  floor  of  the  valleys.  Broad,  flat  plains  of  sand  and  silt  are 
tfaOB  buOt  up,  and  many  streams  sink  beneath  the  porous  soil.  Towaxd 
the  norUi,  the  blocks  are  buried  beneath  the  Snake-Columbia  River  lava 
flows.  Toward  the  east  and  southeast  the  fault  blocks  are  less  tilted,  and 
here  form  vast  pbiteatis,  which  are  the  High  Plateaus  of  Utah,  atandinfc 
one  a^va  the  othw,  rising  eastward  to  9000  ft.  They  are  separated  by 
bold  searps,  due  more  to  differential  vtoaon  than  to  faulting.  The  Basin 
was  once  occupied  by  great  lakes  up  to  1000  ft  deep,  of  which  Great  Salt 
L^e,  Provo  l«ke.  Pyrunid  L^e,  and  many  others  in  Utah  and  Nevada 
are  ramnants.  The  drying  up  of  these  salt  lakes  has  left  fine  grained, 
alkali  dsKrt  aoilB.  The  Gnat  American  Desert  in  Utah,  Ml,  is  the  bottom 
of  the  greatest  of  these  lakes.  Beaches,  bars,  and  deltas  of  gravel  and  sand 
mark  the  old  shores. 

Arisona  Hithlands.  The  block  faulting  of  the  Great  Basin  is  repeated 
in  the  Arisona  Highlands,  tho  on  a  smaller  scale.  The  blocks  trend  north- 
west and  southeast,  continuing  across  the  border  into  Mexico.  The  rooks 
aie  sandstone  and  limestone,  resting  upon  old  granites  exposed  by  the 
upf suiting.  Many  of  the  blocks  are  capped  by  lava  flows.  Toward  the 
northeast  the  sedimentary  xochs  increase,  and  the  blooka  becoming  leas 
atad  pass  into  the  Colorado  Plateaus.  Rainfall  is  very  li^t,  and  the  ank 
is  largely  the  products  of  disintegration  (see  Art.  6) ,  washed  into  the  vallejrs, 
which  thus  become  waste-filled,  san<^  deserts. 

The  Traas-Pecos  Highland,  P,  somewhat  resembles  the  Great  Basin  and 
Arisona  Highlands  provinces,  the  ranges  being  chiefly  tilted  fault  blocks 
trending  a  little  east  of  north  and  rising  2000  to  4000  ft  above  a  general 
lowland  at  about  3500  to  4500  ft.  Volcanoes  and  intrusive  masses  also 
form  oonqneuous  uplands.  Soils  are  waste  from  the  mountains  raiudly 
xariwd  down  in  time  <rf  freshet  and  either  forming  extensive  flats  of  deeort, 
or  rolling  oountry  tiavened  hy  litbt  canyons.  Rainfall  is  v«y  li^t,  and 
forests  lacking. 

The  Colorado  Plateana,  Q,  are  a  very  complex  group  of  large  fault  blocks 
which  have  suffered  very  little  tilting.  The  rocks  are  sedimentaries  of 
almoet  every  type  and  aggregating  over  10  000  ft  is  thifiknesa,  overlying 
aneisafc  tilted  sediments  aad  still  older  granites  and  gneisses.  The  level- 
lying  higher  sediments  form  a  series  of  plateaus  separated  by  scarps  de- 
reloped  by  erosion  along  north  and  south  fault-linee.  Across  these  plat- 
fonna  the  rivers  have  cut  gorges,  of  which  tba  Grand  Canyon  of  the 
CoEorado  is  the  moat  famous.   The  plateau  tops  are  very  level,  and  are 
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divnsified  by  volcanoes,  surfaoe  florre.  and  theb  dismetod  remnants.  North 
of  the  Grand  Cansron,  Ql,  are  a  series  of  plateau  levels  standing  one 
above  the  other,  each  higher  member  lying  auccessively  farther  north, 
flach  level  is  determined  by  hard  capping  sandstone,  limestone,  or  basalt. 
This  group  constitutes  the  High  Plateau  of  Utah,  Q2. 

The  Cascade  Range,  R,  oonsiata  of  two  distinct  rock  groups:  (1)  Anoent, 
oomptezly  folded  secUments,  schists,  quartsites,  and  limestones  cut  by 
many  intrusive  rocks,  and  dominantly  acid.  (2)  Upon  this  mass,  aiter 
uplift  and  deep  erosion,  groat  volcanic  florrs  were  poured  forth,  and  a  series 
of  gigantic  volcanoes  were  built,  chiefly  of  andesites.  Mounts  Shasta, 
Soott,  with  Crater  Lake,  Jefferson,  Hood.  Adams,  Ranier,  and  Baker  are 
among  the  most  famous  of  these,  rising  3000  to  4000  ft  above  the  oldo- 
nuHutain  mass.  The  entire  range  has  been  profoundly  carved  Alpine 
daaisEs,  giving  ragged  peaks,  deep  U-dmped  gorges  and  innumerable  rouikd, 
bowl^ihaped  daeier  heads,  now  occupied  by  lakes.  Northward  into  Canada 
the  oidee  rooks  ct  the  Caaoade  Range  continue  as  a  low,  broad  platform 
about  3000  ft  hi|^  lacking  the  younger  volcanic  rocks.  South  of  the  40th 
parnllet  the  younger  eeries  dies  out  also,  but  the  old  crystaUines  merge  into 
the  Sierra  Nevada  Range.  The  soils  in  the  higher  valleys  are  coarse  and 
bouldery,  becoming  finer  lower  down  and  merging  into  the  vast  alluvial 
soils  of  the  lower  valleys  (see  p&cinc  VAUxra).  The  rainfall  is  60  to  150  in 
per  year.  Three-fourUis  of  it  fidls  between  November  and  May;  hence  the 
Cascades  an  densely  wooded. 

The  SlMra  Nevada  Range,  8,  runs  boxa  about  the  40th  parallel  soutli 
to  about  the  35t3x.  It  is  a  block  of  complexly  folded  mlca^hists,  clay 
elates,  and  limestones,  strildng  generally  nor^  and  south,  invaded  by 
TOst  masses  of  granites.  After  uplift  and  erosion,  surface  flows,  chiefly  of 
andesite  and  basalt,  were  poured  out,  filling  the  river  valleys  and  diverting 
the  streams.  The  block  was  then  uplifted  along  a  great  fault  at  its  eastern 
base,  thus  developing  a  steep  scarp  facing  eastward  over  the  Great  Basin, 
and  a  gentler  slope  westward,  down  into  the  Great  Valley  of  California. 
The  block  is  ovn-  300  mjlea  long,  25  miles  broad,  and  about  9000  ft  hi|^ 
"Wiik  the  uplift,  the  main  streanu  deepened  Uieir  valleys  into  canyons  and 
^aciera  descended  from  iho  higher  peaks  and  scoured  the  upper  parts  of 
the  main  stream  valleys  to  U-shaped  troughs,  such  as  the  Yosemite,  Tuo^ 
lumne,  Yuba,  Mokelumne,  and  Feather  Rivers.  The  valley  floors  are  seldom 
level,  and  their  soils  vary  extremely  in  depth  and  texture.  Roads  follow 
the  main  valleys  throui^  the  mountains,  but  it  is  often  found  that  the  I 
deep,  rocky  gorges  are  less  entiy  hij^vays  than  are  the  ridges,  which  often  ! 
are  comparatively  smooth. 

Coast  Rangei^  T.  The  oltmpio  HOUMTAiira,  Tl,  south  <tf  Puget  Sound 
resemble  the  Cascades.  They  conmst  of  large  volcanoes,  built  above  a 
idatform  of  old  schists,  which  rise  6000  to  8000  ft  and  are  densely  forested 
up  to  7000  ft. 

South  of  the  Columbia  River  Ue  coast  RAlfOBS,  T2,  composed  chiefly 
of  sandstone,  shale,  and  volcanic  rocks,  riaiag  1200  to  1700  ft,  uplifted 
along  a  fault,  with  the  ateep  scarp  facing  eastward  over  the  Willamette 
Valley.  They  are  cut  into  several  units  by  westward-draining  streams  that 
cross  them,  forming  important  highwm^  Unks  between  the  valley  and  the 
coast.  The  intermittant  ujdift  of  the  coast  during  mountain-building  has 
t^ma  it  a  toraced  tona. 

The  KU1U.TH  xouMTAZNB,  T3,  are  not  paraUd  to  the  eoast,  but  are  a 
vray  complex  group  of  ran  gee,  some  lying  east  and  west   The  group  forms 
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&  gnat  platform,  2000  to  SOOO  ft  high,  sloping  generally  seawud.  They  eut 
off  the  WilUunetto  Valley  from  the  Sacramento,  mod  abut  against  the 
Sierm-CaBoade  Ranae,  from  iriiich  tkney  are  wparated  by  a  nainnr,  tortuous 
vaUey,  wed  as  a  railroad  bi^way,  between  tiis  Great  Valley  <tf  Cslifomia 
and  the  Willamette.  The  rocks  are  schists,  limestones,  and  igneous  rocks 
complexly  folded  and  faulted,  resembling  the  structure  of  the  Sierra 
Nevsdaa.  The  entire  region  north  from  the  Klamath  Mountaine  lies  io  the 
belt  of  westerly  winds  and  so  has  a  veiy  heavy  rainfall.  Dense  foresta, 
fall  rivets,  swampy  valleys,  etc,  are  important  correlated  features. 

The  oOABrr  ranocs  or  caufobnu,  T4,  are  not  qiiite  parallel  to  the  coast, 
but  traod  more  west  of  north  than  does  the  coast.  Thus  th^  are  auccea- 
BTdy  truncated  against  the  ooast  line,  forming  a  seriee  (tf  pramoatoriea, 
the  valleys  between  them  forming  bays,  among  which  are  San  Flrandaoo, 
Monterey,  and  San  Luis  Bays.  The  mountaina  are  chiefly  sandstones 
and  shales,  uplifted  along  great  fault-lines.  The  most  prominent  of  theae 
ii  the  San  Andreas  fault,  or  rift,  traced  as  a  marked  depression  for  190 
miles.  Movement  is  still  in  progress  along  these  faults,  causing  earthquakes. 
The  coast  itflelf  is  terraced  because  succeseive  uplifts  have  raised  the  wa^e- 
cut  benches,  but  the  moat  recent  movement  ma  downward,  aubmargiiig 
some  valleys,  such  as  San  Francisco  Bay. 

The  ooBDiujcaur  tau^b,  U,  a  wries  of  valleyB  doe,  not  to  erosion,  but 
to  warping  and  faulting,  separate  the  Caecade -Siena  Ranges  from  the 
Coast  Rangea.  Pusst  Sound  and  the  Willamette  Biver  and  smaller  riven 
occupy  the  northttn  valley,  171.  More  debria  was  brought  down  from 
the  Cascades  than  from  the  lower  coast  ranges.  The  CtJumbia  River 
rrosBon  the  valley  to  the  ocean,  cutting  thru  both  Cascade  and  coast  ruigee. 
The  rocka  of  the  valley  are  sandstones,  shalee,  and  assodated  volcanic 
rocks  liica  those  of  the  coast  ranges.  The  soils  are;  (1)  A  series  of  alluvial 
fans  built  out  from  the  mountain  canyons,  composed  of  coarse  gravel  and 
sand  near  the  head,  and  of  floe  silts  farther  out  on  the  slopes;  (2)  coUuvial 
talus  alcQiea  along  the  mountain  foot,  diiefly  on  the.  ooast  range  aide;  (3) 
otenaiva  flood-irfain,  delta,  lalm  and  even  marine  depoHtta,  cbaaBy  of  Bne 
giain.  on  the  vi^ley  floor;  (4)  limiSaX  deposits. 

The  OBKAT  TALLXT  OT  cALiToaNiA,  U2,  is  duo  to  f  auBing  and  warping,  by 
which  the  coast  ranges  and  Sierras  were  upraised  about  the  depressed 
area.  It  is  about  400  miles  long  by  50  wide.  San  Francisco  B^  con- 
nects the  valley  at  its  middle  point  with  the  ocean.  North  of  the  bay, 
the  Sacramento  River  drains  the  valley,  while  the  San  Joaquin  drains  the 
southern  half.  Both  streams  empty  into  the  bay.  The  streams  descending 
the  Stem  Nevada  Uock  have  built  their  alluvial  deposits  forward,  filling 
the  Taller  from  the  east  westward,  aiul  fordns  both  the  Sacramento  and 
the  San  Joaquin  Rivers  to  the  western  side  of  the  valley.  The  valley 
Boor  is  thus  a  nearly  Ifivel,  alluvial  plain.  Extensive  swamps  border  the 
river.  The  San  Joaquin  breaks  into  a  number  of  channels  in  its  swampy  bed. 
Some  of  the  Sierra  streams  have  buDt  a  large  fan,  cutting  off  the  southern 
end  of  the  valley,  which  now  holds  the  swampy  Lake  Tulare. 

The  TALLET  OP  BOUTBaRN  CALiTORNiA,  U3,  IS  a  long,  triangular  area, 
lying  south  and  west  of  the  San  Bernardino  Range,  T6.  A  low  mountain 
range,  the  Santa  Ana  Mountfuns,  T8,  divides  it  into  a  seaward  coastal 
plain  and  inner  valley  about  300  ft  above  sea  level,  deeidy  covered  with 
ins  aUuvhun  from  the  San  Bernardino  and  other  mountains.  The  climate 
■I  dry  and  hot,  and  the  stream  volume  variable.  Still  farther  south,  beyond 
the  flan  Jadnto  Mountains,  begjus  anotfwr  snat  vaUey  submerged  south- 
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ward  to  form  the  Gulf  of  California.  The  Colorado  River  has  built  a  great 
delta  of  fine  silt  across  the  uorthera  end  of  the  Gulf,  enclosing  a' salt  lake 
which  has  almost  dried  up,  forming  the  Solton  Sink  and  Imperial  VaUey, 
lyiog  below  sea  level.  Tha  shifting  of  the  Colorado  River  aerosa  the  delta 
caused  flooding  of  the  Imperial  Valley  in  1891,  and  from  1905  to  1907  the 
river  broke  thru  to  the  valley  several  times  along  inigatioa  canals.  The 
chief  difficulties  are  offered  (I)  by  the  peculiar  topography,  a  great  river 
difloharpng  across  the  conical  surface  of  the  delta  fan,  (2)  by  the  fineness 
of  the  silt,  and  (3)  by  the  absence  of  bed-rock.  Southern  California  lies 
in  a  belt  of  light,  variable  winds,  and  hence  lacks  a  heavy  rainfall,  except 
in  the.  winter.  The  soils  are  largely  alluvial,  washed  from  the  mountains 
and  built  out  as  fans  into  the  valleys,  hence  coaraest  near  the  mountains, 
whore  too  the  ground  water  level  is  deepest.  Some  of  the  valleys  are 
rather  swampy,  but  as  a  rule  this  is  not  met  with  south  of  the  35th 
parallel. 

HAPS 

16.  Use  of  Topographic  Maps 

Contour  Haps  are  issued  by  the  U.  S.  Geol.  Survey.  For  each  state  an 
indez  map  is  printed,  showing  exactly  the  areas  for  which  topographic 
sheets  have  been  issued.  The  maps  can  be  obtained  from  the  Director 
of  the  U.  3.  Geol.  Survey,  Washington,  D.  C,  at  a  cost  of  10  cents  each. 

The  Scales  eommonly  employed  In  tbeSe  abeets  are  1  to  62  SDO,  oeariy  1  In  to  1  mile, 
contour  interval  20  ft,  40  ft  in  lonie;  1  to  126  000,  H  in  to  1  mile,  eontour  interval 
20,  60,  or  100  ft;  1  to  260  000,  >^  in  to  I  mile,  eontour  interval  100  or  260  ft.  Other 
mkIm  are  occasionally  employed  for  special  purposes. 

The  Canadian  Geo).  Survey  issues  an  admirable  map,  1  to  62  600,  in  26-ft  contours, 
in  three  colon.   Large  scale  contour  maps,  topograpbic  and  geologic,  are  Ifsued  with 

reports  on  Isolated  districts  of 
special  Interest.  Many  of 
these  sheets  can  be  had  sep- 
arately.  Maps  without  con- 
tours, on  the  scales  of  100 
miles  to  1  in  and  8  milss  to  1 
in  are  available  for  large  aress. 

Profile  Plotting.  It  is  often 
necessary  to  plot  a  proHla 
along  the  route  of  proposed 
highways,  showing  the  slope 
of  the  land.  Method.  (1)  j 
Figure  out  the  rcSatioB  be-  I 
tween  the  horiaontal  scale  and 
the  contour  interval.  If  the 
co-itour  interval  be  20  ft,  and 
the  scale  1  to  62  600,  the  space 
to  allow  on  the  proflte  would 
be  figured  thus:  20  ft  -  240 
in.  240  in  scaled  at  1  to  ^ 
500  =>  240  -h  62  600  =  0.0038 
is.  Or,  240  in  in  nature  equals 
0.0038  in  on  the  map  at  the 
scale  stated.  0.003S  la  about  0.004,  or  about  1/25  of  a  space  on  I/IO  En  coordinate 
paper.  (2)  I^y  out  on  the  map  the  line  along  which  the  profile  is  desired.  (3)  On 
a  piece  of  coordinate  paper,  l/lO  in  is  moat  convenient,  choose  a  boricontal  bsse- 
Uoe  at  about  the  lowest  altitude  encountned  along  the  profile.  <4)  Lay  the  co0rdi- 
nate  paper  along  the  plotted  line,  and  bring  down  the  points  where  the  contours  cross 
the  Uae,  aa  indiestsd  in  Big.  62.   Place  a  dot  eiaetlr  in  Ihie  with  each  eoatour  at  a 
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haiEht  kbore  the  ham  line  proportionate  to  the  altitude  of  the  contour- line.  (6)  Connect 
tkMB  dots  by  a  eontinuous  line.  In  Fig.  61,  the  interval  is  100  (t,  and  tbe  rale  I  to 
125  000,  hence  the  aaaigned  vertioJ  space  per  contour  interval  is  0.0096  in,  or  about 
O.I  ttt  a  apace  on  coOodinate  paper.  It  ia  often  convenient  to  exaggerate  the  vertical 
•tale  to  render  the  slopes  more  easily  visible.  This  can  be  done  by  multiplying  the 
eqnivalent  of  the  contour  interval,  0.0096  in  in  Fig.  61,  by  any  convenient  factor. 
A  proportional  divider  ia  a  moot  convenient  instrument  to  use  for  this  work.  To 
avotd  exccaaivn  distortion  (see  Fig.  61,  2),  the  horixontal  scale  may  also  be  multi- 
pliad:  I  lira  ill  I  w  the  licriwiDtal  distance  on  the  map  between  each  two  sueeeasive  con- 
loois  along  the  profile  line;  lay  off  thia  distance  twice,  three  timaa,  etc,  oa  the  coOrdi- 
nate  paper  as  a  horizcmtal  distance,  so  that  all  COTitour4inee  sppesf  in  the  section 

three  times,  etc,  as  far  apart, 
horiaon tally  as  they  do  on  the  map. 
Where  the  proposed  highway  line 
bends,  simply  plaee  the  paper  In 
the  new  position,  continuing  the 
prafBe  in  the  new  direction  exactly 
fron  where  the  old  one  left  it. 
Uark  the  point  of  departure  plainly 
bya  vertical  line  and  auitaUe  legend. 

Map  Seading.  The  contours 
■re  crowded  close  together  on 
■teep  slopes,  and  axe  wider  apart 
on  geotle  slopes.  The  features 
that  may  be  read  from  topo- 
graphic maps  may  be  grouped 
as  physiosrapbic  and  structural 
features. 

Ptarnocrapbic  Featnreg.  The 
direction  in  which  a  river  flows 
is  iiidicat«<l  in  two  ways.  The 
coDtoursalwayB  bend  up-stream 
in  croonng  the  river  (see  Fig. 
S2A).  Id  rounding  a  curve,  the  riVer  always  undercuts  the  outside 
bank,  or  concave  bank  (see  Art.  11).  It  continues  this  undermining 
some  distance  down-stream  alonK  the  same  bank,  evea  after  the  curve 
has  been  passed.  The  crowding  contours  show  the  steep  undercut 
bank,  and  the  down-stream  prolongation  of  it  points  the  direction  of  the 
Sow  (see  Fig.  52,  arrows).  This  method  is  especially  apphcable  in  reading 
mspe  on  which  no  contour  crosses  the  river  in  the  entire  length  of  river 
shown  on  the  map.  A  meandering  river,  surrounded  by  a  flat  region,  with 
very  few  contours  in  it,  may  be  assumed  to  be  a  mature  riv6r  with  a  flood- 
plain.  Therefore,  the  soil  is  silt  and  sand  with  little  bed-rock.  If  the 
fiver  shows  shoals,  especially  if  its  gradient  is  fairly  steep,  the  water  is 
muddy.  Terraces  are  shown  in  the  flat  flood-plain  area  by  the  crowding 
of  a  few  contouTB  in  lines  somewhat  parallel  to  the  stream  (see  Fig.  20), 
especially  in  places  just  down-stream  from  a  jutting  promontory  of  hard 
rock.  The  terraces  contain  either  clay,  or  gravel  and  sand,  and  may  be 
worth  while  investigating,  as  well  drained,  convenient  quarries  can  be  de- 
veloped here.  Higher  terraces  are  apt  to  be  gravel,  lower  ones  clay,  but 
this  is  not  a  rule.  In  glaciated  countries  wc  find  marked  irregularities  of 
drainage  pattern,  with  swam  pa.  lakes,  and  soraetimes  deep  gorges  where  the 
stream,  displaced  from  its  valley  by  the  glacier,  has  cut  a  new  valley  fur 
a  distance  thru  solid  rock.  Very  numerous,  irregular  small  hillocks,  with 
irregular  depreasions,  swamps  and  lakes  among  them,  are  morainol  drift  or 
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Fl|.  58.   Terminal  Monbw 


till,  and  tboreforo  deep  soUb.  Fig.  53  shows  a  terminal  moraine  near  Plain- 
field,  N.  J.,  in  which  the  black  areas  indicate  Ukee,  and  dotted  areas, 
swamps.  The  beginmng  of  the  outwash  plain  is  shown  by  the  simple  con- 
tours along  the  eastern  border.    Flat-toppod,  low  hills 'in  the  same  region 

are  delta  kamea.  Drumlins  are  ellipti- 
cal, smooth  hills,  all  elongated  in  a 
parallel,  nearly  north  and  south  direc- 
tion, and  not  infrequently  twinned, 
that  is,  two  dnimlins  fused  side  to 
side.    Swampa  are  aIwa>-8  aasociated. 

Structural     Features.  Strike. 
Ridges  on  the  map  are  almost  always 
elongated  in  the  direction  of  the  ctrike, 
and  the  ridges  are  of  harder  rock 
than  the  valleys  <8ee  Fig.  54).  Dip. 
A  dipping  hard  bed  will  develop  a 
cliff  along  its  upward  projecting  edge. 
See  Art.  10,  Fig.  28,  Jfc.     The  soft 
beds  underlying  it  are  washed  out, 
undermining  the  hard  bed  and  keep- 
ing it  steep.    A  gentle  slope  develops 
on  the  dipping  face  of  the  bed,  where 
the  overlying   softer  sediments  are 
washed  off  from  the  surface.    Thus  one  is  able  to  read  the  dip  of  strata 
on  the  contour  map;  Fig.  51  shows  cliff  A  dipping  west,  cliff  B  dipping 
east.    FoLDB  may  be  read  by  observing  opposite  dips  or  by  studying  the 
parabolas  traced  by  the  outcrop  of  a  pitching  fold. 
See  Art.  10,  poujs.  Fig.  32;  also  Fig.  64  where  A  ia 
an  anticline,  and  B  a  ayncline,  both  pitching  eouth. 

Faults.  The  loUowing  criteria  help  one  to  read  fault!  on 
■  map.  A  difl  i*  abruptly 
oStet.  For  liutance,  a  north 
and  aouth  difl  will  suddenly 
be  discontinued  in  the  direct 
line  of  the  strike,  but  will  be 
seen  some  distance  east  or 
weat  of  ttie  diaeontinued 
outcrop,  and  wQl  tontinue 
in  the  attend  po«tlon  with 
a  strike  paralld  to  the  Ant. 
The  place  of  oflaet  is  the 
locus  of  a  fault,  and  the 
upthrown  block  is  set  hack, 
in  the  direction  toward 
which  the  rocks  dip  (see 
Art.  10,  Fig.  36).  A  valley 
cuts  abruptly  mertm  the 
strike  of  the  rocks,  often 
cuttinc  several  parallel 
ridges.  The  valley  may 
be  devdoped  on  the  weak  rock  in  the  fault  crush  zone,  hut  such  a  valley  does  not 
prove  taultlnK. 

Stream  Pattern.  In  regions  of  horisontal  strata,  plains  or  plateaus,  the 
same  rock  n'ill  form  the  floor  over  large  areas.  The  streams  therefore 
encounter  equal  rock  reaistanco  in  all  directions,  and  so  develop  a  very 
symmetrically  branched  tree-like  or  dendritic  pattern  of  stream  arraog&- 
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meat  (sM  Tig.  66).   Where  either  folding,  tUdng  or  blMk-faulting  has 
caused  a  decided  dip.  the  streanifl  enc»unter  alternate  hard  and  soft  beds. 
Tbey  tend  to  Sow  down  slopes  at  right  angles  to  the  strike,  and  concentrate 
in  master  streams  which  Bow,  for  the  moat  part, 
parallel  to  the  strike,  and  develop  a  right-angled 
Ire  Ilia  pattern  of  drainage  system  (see  Fig.  56), 
as  in  the  newer  Appalachians.    Thus  the  stream 
pattern  suggests  rock  structure. 

16.   Use  of  Geological  Maps 

Hie  U.  S.  Geol.  Survey  does  not  issue  sepa> 
rate  geological  maps,  but  publishes  with  folios, 
bulletins,  etc,  colored  maps  showing  areal  geology, 
economic  geology,  soils,  artesian  water,  and 
structure  seotioos.  Except  the  last,  these  are 
printed  upon  the  topographic  contour  map.  No 
qwcial  dip  symbol  is  used. 

Horizontal  and  Vertical  Strata.    The  outcrop  Fig.  66 

of  a  borixontal  stratum  is  parallel  to  the  con- 
tour-lines; and  like  them,  bends  up-stream , 
in  every  valley  (see  Figs.  67  and  58,  AAaa). 
The  outcrop  of  a  vertical  stratiun  may 
cross  a  stream  valley  without  deflection, 
BBbb,   and  unless 
it  be  a  markedly 
harder    or  softer 
rock,    may  cross 
the   country  inde- 
pendently   of  the 
fit-  57  contours.  In  stream 

valleys,  a  stratum 
dipping  up-atream  shows  a  V-sbaped  outcrop  point- 
ing up-streanit  which  is  more  broadly  open  than  the 

Vol  the  contour- 
lines.  CCcc.  If 
the  dip  is  down- 
stream, the  V- 
shaped  outcrop 
points  down- 
stream. DDdd.  Gently  dipping  strata 
give  broad  outcrops;  steeply  dipping' 
strata,  narrow  ones  (see  P^g.  69).  If 
beds  dip  westward,  higher,  that  is, 
younger,  formations  will  be  met  with 
in  going  westward;  the  dip  is  always 
toward  the  higher  beds. 

The  dope  of  the  Und  wOI  obviously  vary 
the  width  of  the  outcrop  indepeodeDtly  of 
either  dip  or  thicknees.  In  level  itratm  the 
width  of  outcrop  is  greeter,  the  (entler  the 
dope.  If  the  dip  is  with  the  dopo,  the  out- 
crop wfll  be  broader;  if  against  the  slope, 
narrower.     It  ia  slwaya  wise  to  Attribute 
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dHtngM  in  width  of  outcrop  to  chtnfH  in  dip  and  MiriHa  dope,  imthirtiiu  to  dungs 
in  thieknM  ot  tbe  bed,  tor  tUdaicn  i>  as  n  rule  far  Icaa  variaUe  than  dip  and  dope. 
In  drawing  atnieture  oeeUoni,  try  to  plot  with  conatant  tblclcnw;  this  efTort  will 
awvs  aa  a  good  qualitative  guide  to  the  angle  of  dip.  But  the  thickneei  is  variable, 
and  tlw  entire  map  muat  be  carafully  searched  for  evidenoea  of  thia  variatioo.  To 
determine  the  Uilelaieai  of  beda:  (1)  Simply  plot  the  dip  and  width  of  outcrop  upon 
an  aeeurata  proaie  of  the  aurfaee.  The  thicfcncw  wffl  be  the  dlatanoB  acroai  the  bed, 
normal  to  the  dip  (soe  Fig.  69).  (2)  On  a  map  or  in  the  fleld,  if  the  dtp,  surfaoe  dope 
and  width  of  outcrop  are  known  and  (a)  the  land  surface  is  horizontal;  tbe  tbidEneaa 
m  sine  <d  dip  timea  width  of  outcrop;  (bj  the  surface  dopes  with,  tbe  dip,  not  aecea- 
aarily  paralH  with  the  dip;  tbe  Uiidmeas  ie  width  of  outcrop  iineasured  along  the 
dope  timn  ilae  of  tbe  dlfferaice  lietween  tbe  angle  of  dip  and  the  angle  of  dope; 
and  (o)  the  aurbee  dopea  omxiaite  to  tlie  dip;  the  thidmesa  is  width  of  outcrop  tlmea 
jbut  of  the  sum  of  angle  of  dope  plus  angle  of  d  p.  In  cooatruetiag  sections  from 
TJ.  S.  GeoL  Survey  maps,  this  method  ia  not  applicable,  as  the  dipa  are  not  given. 
But  a  thoughtful  eonstderatioa  of  all  the  r«^tians  above  set  forth  will  enable  the 
ord«  of  magnitude  of  the  dip  to  be  eetimated  very  faiily. 

Angular  Unconformity  is  shown  by  abrupt  divergnooe  of  strike,  the  pattetiia  of  two 
adjoining  areas  being  markedly  unl  ke.  But  confusion  may  ariee,  for  sudi  divcrgenoe 
may  be  caused  in  three  distinct  ways:  (1)  By  stratigraiA'e  unoonform'ty,  where  an 
older  series  of  roeka  is  overiain  by  a  mudi  younger  aeriea  of  difforaot  dip  and  strike, 
and  both  aerlee  are  aaposad  at  the  iortaee.  (2)  By  igneous  ntnisions,  wbne  an  older 
aeries  of  aedimenta  are  cut  by  younger  Int-udve  missns,  whose  exposora  at  the  aur- 
tace  doea  not  at  aD  follow  that  of  tbe  sedimeots.  But  the  shape  of  tiie  igneooa  out- 
trop,  as  dikea,  round  neeka  or  stoefcx,  etc,  appearing  thru  tbe  slaewhere  eoatfainoua 
sediments,  gives  a  due  to  tliis  rdation.  Beaidea,  tbe  rdative  age  of  the  intnidona 
is  usually  stated  in  the  marginal  legend  of  the  map,  (3)  By  laidta,  which  bring  to- 
gether strata  iriiidi  do  not  matdi.  These  are  always  marlced  by  some  symbol  upon 
the  mapw  The  upthrown  dde  always  brfap  lower,  older  roda  to  the  surface  ovar 
agalnat  younger  roeto  on  tbe  downthrow  side  (see  Fig.  69).  The  diaraetsr  of  a  foU  la 
moat  readUy  determined  by  means  <rf  the  euceesdon  In  which  the  bade  outcrop  aenm 
the  map.  Thus  in  Fig.  69  the  succession  is  from  higher  beds  at  the  mar^  of  tiks  fold, 
A,  to  lower  at  the  axis  to  hl|^ur  again,  indicating  an  antitUne. 

To  Plot  A  Structure  Section  (see  Fife.  69) :  (1)  Note  the  sequence  or  aae 
of  the  rocks,  as  given  in  the  marginal  lesend  of  the  map.  (2)  Carefully 
'study  the  entire  laa^  determinini;  the  structure  means  of  all  sugBestive 
data,  topograi^ic  aad  geologio.  Note  if  any  beda  thin  out  or  are  miaring 
from  some  one  part  of  the  map.  Mark  out  in  dotted  lines  the  axes  of 
folds,  and  show  by  arrows  the  inferred  dips.  Mark  in  some  way  the  up- 
throv  and  downthrow  sides  of  faults.  (3)  Plot  a  surface  profile  along  the 
desired  line  of  section.  (4)  Place  a  dot  on  the  profile  exactly  where  each 
formation  outcrops  along  the  section.  (5)  Plot  in  the  inferred  dipe,  and 
connect  them  underground,  comtdeting  the  inferred  folds.  Oorreet  the  dipa, 
and  depth  of  fold,  if  they  are  so  drawn  as  to  cause  unlikely  variations  in  the 
tbickneea  of  the  beds.  Test  thickness  by  plotting  at  every  outcrop,  and, 
if  the  inferred  thtekness  vaitea  too  much,  look  for  possible  errors  in  reading 
the  dip. 

QUAKRYINO 

17.   General  Cimsiderations  Relative  to  Quarrjring 

The  highway  engineer  may  have  to  open  and  operate  small  temporary 
quarries  for  local  supply  during  the  buildiaR  of  a  highway.  In  large  con- 
tracts ho  may  have  to  open  and  operate  quarries  for  long  periods  of  time, 
extracting  structural  material,  cnished  rock,  paving  blocks,  curbing,  etc. 
The  requiates  for  successful  work  ue:  (1)  Suitability  of  rock  type  and 
quality;  (2)  available  quantity;  (3)  favoralile  condititAis  for  extonction; 
(4)  proximity  of  the  quarry  to  the  place  where  rock  is  to  be  used;  {6)  reason- 
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able  ooat  of  obtfuiiing  it,  including  (a)  strippiiis  of  overburdm,  (b)  disposal 
of  waste,  (c)  length,  grade,  and  methods  of  haul. 
Stnictnret  Inflaeneiiic  tbtf  Development  of  a  Quarrr.   The  fractures 

traversing  rocks  may  be  Bummorized  as  bedding,  lamination,  flow  structure, 
joints  and  sheet  structure,  and  rock  cleavage.  The  planes  of  weakness 
along  which  rocka  may  1)e  conveniently  split  may  be  summarized  as  bed- 
dioKf  cleavage,  reeds,  rift,  and  grain.  Fractures  limit  the  sisc  and  shape 
of  the  blocks  that  can  be  extracted.  Dimension  blocks  cannot  be  taken 
from  a  quarry  having  closely  spaced  joints,  but  such  conditions  are  favor- 
idile  to  extractkm  of  rock  for  the  crusher. 

bvcLiNATiON.  In  horizontal  or  gently  dipping  rocks,  the  quurymaa 
may  select  the  beds  he  wishes  to  work,  taking  out  thick  or  thin  blocks  as 
he  pleases  over  large  areas.  The  amount  of  material  availaUe  is,  in  uniform 
rocks,  practically  unlimited.  In  steeply  dipping  rocks,  all  beds  must  be 
taken  out,  whether  useful  or  not,  with  the  risk  of  great  waste  if  the  beds 
are  not  uniform  in  quality.  Or  the  rock  may  have  to  be  mined  out,  a 
pneeea  too  costly  for  the  highway  engineer.  Other  questions  that  must 
be  considered  in  the  6eld  are  as  follows:  How  many  beds  possess  favoraUe 
structure  and  quality?  How  long  is  the  strike  along  which  the  quality 
does  not  change,  the  distance  from  the  road  become  too  great,  the  over^ 
burden  ezeeasive,  property  rights  prohiMtiTe  of  operation,  nor  tlw  outcrop 
come  to  an  md  because  a  stream  or  a  fault-Una  cuts  it  off?  Foldihg,  aade 
from  its  connection  with  dtp,  may  limit 
quarry  operations  by  bringing  unfavor- 
able rocks  to  the  surface.  Only  a  4evt 
■ui^gestive  examples  can  be  given.  Each 
fekl  occurrence  presents  a  distinct 
problem.  In  the  anticlinal  hill  (see 
Fig.  GO  m«.'^£ed  from  (7)),  site  A  is  bad.  Fig.  60 

ns  the  face  «ill  soon  teach  the  infolded 

sandstone;  ate  B  is  better  tiian  A,  giving  broader  dut4»t>p,  gentler  dip, 
and  permttting  easier  methods  of  extraction.  Displacement  of  rocks  along 
a  TACLT  may  bring  some  wholly  unsuitable  rock,  into  the  place  of  the 
workable  rock  (see  Art.  10.  Fig.  33).  Such  a  quarry  must  end  at  the  fault- 
line.  Overthrust  faults  have  often  pushed  unworkable  rocks  over  upon 
the  desired  rock,  and  so  increased  the  overburden  (see  Art.  10,  Fig.  34). 
The  shearing  and  crushing  invoh'ed  in  faulting  often  renders  fm possible 
the  extraction  of  structural  Mocks,  but  favors  development  for  crusted 
rock.  The  extensive  fault-shattering  in  many  cement  limestone  quarries 
along  the  Hudson  Valley  docs  not  prevent  their  being  profitably  worked. 
The  rock  may  be  weathered  along  a  fault  zone,  and  so  be  unfit  for  road 
metal.  Or  the  fault  zone  may  have  been  rehealed  with  some  soft  mineral, 
as  calcite.  The  healed  zone  is  often  unfit  for  engineering  purposes.  Fault- 
planes  are  often  favorable  to  landslides,  and  their  presence  thus  adds  to  the 
danger  of  quarrying.  See  Art.  13.  Other  important  general  conditions 
an  the  topography,  overburden,  drainage,  supply  of  water  and  power,  availar 
^  ility  and  cost  of  suitable  labor. 

IB.  IhYestisatioiig  PrelimliuiT  to  QuanTing 
PreUminary  Stndiea.    Neglect  of  thoro  preparation  for  fidd  work  will 

inevitably  cause  loss  of  time  and  money  in  the  field. 
LrmATUaB  bearing  on  the  r^km  abould  be  studied.   Nearly  every  state  In  the 

Union  hma  pnUkbed  a  report  An  its  stons  sad  qusrrias  as  well  as  a  pmtal  geolozlcal 
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rump  of  tha  Mste.  Mart  of  tben  reports  eui  be  obtahmd  bm-oe  at  a  tunnfaial  9omt, 
by  writinc  to  tbe  Direetm-  of  the  Gedogicml  Survey  of  that  stkte.  The  U.  S  Geol. 
SorvcT  bM  publiabed  a  wealth  of  literature  aarvieeable  to  the  purpose.  In  both  tbc 
■tate  and  national  survey  bulletina  the  names  and  ehuacteristicB  ol  the  Individual 
quanfest  or  the  roek  conditioni  and  quarries  by  countiee,  are  dtsd  and  described. 

ObolooIcal  Maps  ol  the  regicKi  should  be  studied  and  outcrops  of  faviwable  rock 
In  favorable  rituations  noted.  Qnm  ■eeUwis,  showing  the  structure,  thickness,  and 
rations  of  the  beds,  should  be  carefully  prvpmA.  Very  conunonly  a  large  scale 
ttqMBraphic  map  of  a  regton  has  been  pablished,  but  no  large  seala  geological  map. 
In  this  ease,  the  general  formation,  sequence  and  diaracter  of  the  rocks  can  be  ntid 
from  the  small  sole  geologtcal  map,  and  detailed  structure,  such  as  strike  ud  dip, 
local  feld^  faults,  etc.  bUy       read  from  the  topographic  sheet.  See  Arts.  IB  and  16. 

The  Tentattre  Flan  of  Operation  of  the  qnsn?  should  be  prepared.  All  ol  the 
preconceived  Ideas  are  to  be  hdd  ready  for  modlflcaUon  when  actual  Add  studies  are 
nuule. 

Field  Studiei  or  Prospecting.  In  general,  any  steep  hill  other  than  one 
of  glacial  drift  may  be  tentatively  asBumed  to  contain  hard  rock.  The 
en^neer  must  study  the  form  of  the  hill  and  note  any  signs  of  its  beine 


The  dip  should  be  taken  on  all  outcrops  and  plotted  on  a  surface  map.  A 
cross-section  should  be  constructed,  to  show  the  structure,  succession  and 
thickness  of  the  rocks.  Upon  the  plan,  too,  must  be  plotted  the  dip  and 
strike  of  the  joint  systems. 

Aa  a  practical  suggestion  of  wide  applicability,  the  following  quotation  is  condensed 
from  Snider  (24):  Another  ray  favoiable  location  for  a  quarry  and  erusher  site:  The 
top  of  the  liill  stands  aboat  100  ft  above  the  railroad  track,  and  a  little  creek  crosses 
the  track  at  right  an^es  just  nwth  of  this  hilL  The  bed  <rf  this  creek  would  make 
an  excellent  location  for  a  switch  and  for  the  erusher.  The  quairy  eould  be  oper- 
ated by  gravity  and  still  have  a  face  of  60  to  80  ft  high,  and  a  lengOt  of  several  rods. 

Weathered  Rock  outcrops  differ  from  fresh  rock  within  the  hill  in  the 
following  features:  Jointing,  slaty  cleavage,  and  tendency  to  check  or  split 
into  chips  are  usually  developed  to  a  maximum  on  weathered  outcrops. 
Rocks  tend  to  split  into  thin  sheets  along  the  bedding  planes.  Harder  and 
softer  beds  show  up  in  strongest  contrast.  Chert,  sand  layers,  and  even 
clay  layers,  in  limestone,  being  less  soluble  than  the  rock,  stand  out 
clearly.  They  axe  sometimes  inconspicuous  in  fresh  rock.  Decay  products 
of  the  rock  can  be  faMy  well  judged.  Especially  in  drift  covered  regions, 
one  must  be  alert  to  distinguish  bouldera  from  outcrop.  Boulders  are 
usually  somewhat  rounded.  Rock  in  place  ^pears  ansular  and  jointed. 
Outcrops  occur  on  the  steeper  faces,  in  bieds  of  streams,  and  in  artificial  cuts. 

The  Fresh  Sock  within  the  hill  may  be  expected  to  be  more  massive, 
less  jointed  and  cracked,  firmer  and  harder,  and  usually  of  darker  color 
than  on  the  weathered  outcrop.  Thicker  and  larger  blocks  are  extracted 
na  quarrying  proceeds.   This  ia  not  invariably  the  rule.    If  extensive  de- 


fig.  61 


merely  capped  with  hard 
rock  which  protects  a 
great  maas  of  soft  ma- 
toial  below.  The  pres- 
ence of  water  conveni- 
ently situated,  the  prox- 
imity of  the  hill  to  a  line 
of  transportation  or  to 
the  highway  on  which  the 
quarry  product  is  to  be 
used,  are  important  fac- 
tors in  rapid  preliminaiy 
selection   (see  Fig.  81). 
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TdomMnt  lor  Blniotural  matwial  ia  intended,  ocm  boringB  dunild  Always 
be  taken  and  the  nmples  subjected  to  petrosraijiio  amninaUon  and 
phjraieal  teets.  Fnusturea  utd  planes  of  makneae  invuibk)  in  appareotiy 
■ound  rock  may  thus  be  detected.  Test  iHta  ^mhiM  alwaya  be  dug  to 
freah  rock,  even  when  a  temporary  road  quarry  ia  to  be  opened. 

The  Coat  ot  Core  Bortnx  mica  with  the  type  of  drill  and,  the  j*—***—  of  the 
rock.  tb«  depth  of  tb«  bole,  and  tOMoy  local  eooditiooa.  Shallow  ahot-driU  boka  andv 
100  ft  east  from        to  $SJO  pvft.  98to»6parftfaaUr  mym^gK. 

Qnantity  Anllable.  If  beda  are  thick  and  of  uniform  quality,  the  dip 
will  be  the  chief  factor  controllins  the  quanta^  avaUaUe.  If  the  roeka 
are  hoiisontal  or  slightly  inclined,  the  supply  is  practically  unlimited.  This 
is  eommonly  the  case  in  plateau  recions,  and  in  large  igneous  bodies  like 
the  Hudson  Palisades,  Maine  granites,  or  the  Cdumbia  River  basalts.  In 
steeply  dipping  rocks,  where  the  engineer  does  not  intend  to  mine  the 
rock,  the  quantity  available  will  depend  upon  a  complex  of  factors,  as 
already  indicated  in  the  paragraph  on  dip.  The  unifoAni^,  the  thiwfcnftff 
and  the  overburden  are  among  the  important  factors. 

A  rock  SMB  to  be  highly  wlabte  in  quality  bi  the  weathwi  ontor^  dwilM  be 
njeeted.  em  If  {ofng  fartitcr  cntaOs  mom  tKpenM,  nnlen  aonM  eady  foUowed,  ma^-n 
bcde  promiae  enough  suptdy  for  the  parpoaa  in  hand,  and  bettor  material  Ilea  at  a 
profalbitiva  dlatanee.  Agafawt  the  looger  haul  from  a  better  quarry  must  be  reek- 
•ned  the  ymr  a»lons  ccat  at  mb— Iyi  waste  material  in  Oim  variabla  roeka,  tfas  ase> 
labor  it  antid^  and  tbs  dHBeidty  of  J^twhig  of  wiale.  No  mla  can  bs  gina  to 
gidde  the  dulse  ki  sndt  cssbs.  Ilw  foOowfaig  augg«atiTs  p'^r'r*'  is  eoDdenasd 
froat  Snidv  (24),  "The  Bunton  formation  eonaiata  of  an  upper  and  a  Iowh-  limeetoM 
and  middto  shale  member.  Aa  tt  is  umially  ateeply  tflted,  the  differential  weatbering 
of  tbcea  three  members  produeea  two  narrow  ridgee  and  an  faitervenfaig  valley.  GitlKr 
of  the  Huston  limestone  members  would  be  suitable  tor  road  msterial,  but  as  neither 
has  a  thicknea  of  over  40  ft,  and  as  it  alwayi  outcrops  near  the  Viola  Umaatooe,  which 
k  of  good  qnalfty  and  800  to  500  ft  thick,  tba  latter  will  almost  oartalnly  bs  vssd  tat 
ptsfaisttee  to  the  Hunton."  A  simple  davfes  In  the  eaae  of  steeply  dtp^ng  strata  li 
to  qnany  along  the  strike,  keeping  to  the  tntenp  of  a  favnaUo  bsd. 

Ortflrarden  or  top  is  the  cover  of  soil  and  unusable  rock  above  the  work- 
able stone.  As  it  is  rarely  profitable  material,  the  stripping  must  be 
economically  done.  A  thick  overburden  aometimea  cannot  be  removed, 
and  the  desired  rock  ia  mined  out  from  under  it.  Thick  cover,  whether 
to  be  stripped  or  not,  will  prohibit  quarrying  unless:  (1)  The  material  mined 
is  ao  vahuble  as  to  pay  for  the  extra  cost,  as  in  cement  or  marble  qtiarries; 
(2)  the  overburden  is  itself  valuaUe,  as  for  brick  or  lime. 

Common  ovarburdea  materials  ara  mad,  day,  stril,  and  tree  stomps,  facial  drift, 
wsathered  aad  broken  bed-rock.  Sandy  woUSm  are  uaually  friaUe,  but  when  mixed 
with  day  are  apt  to  be  tough  and  hard.  Gladal  drift  preoenta  every  variety  of  material 
from  loose,  (riaUe  aoUa  to  hardened  boulder  day  that  will  stand  up  in  a  vwtkal  difl 
vlMB  Uaatad,  as  la  the  Chleago  Canal  cut. 


Plan.  It  ia  important  that  a  definite  plan  of  developmoit  be  fully  de- 
cided upon  before  the  quarry  is  opened,  even  tho  it  be  a  tem[>orary  opening. 
In  any  quarry:  (1)  The  position  and  form  of  the  working-face  must  be 
decided  upon;  (2)  a  place  must  be  adected  for  a  dump,  and  the  methods 
of  waste  diqxMal  be  considered;  (3)  the  floor  shouM  be  so  placed  as  to  drain 
naturally,  as  water  annoyances  have  closed  many  quarries;  (4)  all  rock 
movemente  should  be  with  gravity,  down  to  the  quarry  floor,  down  to  the 
eruaher  or  dresni«  shed,  down  again  to  the  transporting  agency.  If  the 
vnny  is  to  be    penmtnent  mterxirise,  the  form  of  the  quony  when  fully 
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developed  must  be  minutely  planned  beforehand.  For  detailed  descrip- 
tions refer  to  (5) . 

Location.  Quarries  should  have  hillside  locations.  Hill  tope  and  level 
ground  are  generally  to  be  avoided.  In  level  landi  the  quarry  is  sure  to 
develop  into  a  pit-like  cut  in  which  water  accumulatea.  On  hillsides,  the 
quuiy  floor  can  be  so  hi^  that  it  will  drBia  naturally;  the  waste  and 
overburden  can  be  dumped  below  the  quarry  floor  level;  the  CTUsber,  eto, 
may  be  further  down  the  slope.  See  Fig.  61.  The  quarry  is  opened  by 
(1)  stripping  off  a  convenient  area  of  overburden,  (2)  securing  a  working 
quarry  face.  This  may  be  done  by  bla^sting  down  the  front  of  the  rock 
cliCf  along  the  line  that  is  to  bo  the  face,  or  by  runoing  a  trench  into  the 
rock  and  then  widening  the  trench.  Graded  approaches  should  be  built 
with  the  first  waste  material.  Stripping  in  smaJI  quarries  is  done  with 
pick  and  shovel  and  crowbar.  AVheet  barrows,  horse  carts,  or  small  rail 
care  are  used  to  transport  the  material.  Blasting  will  be  found  ecownmcBl 
in  looaemng  tough  or  frozen  soil.  Deep  blasts  are  commonly  used  when 
steam  diovela  are  employed.  The  hand  work  costs  an  average  of  25  to  30 
cents  per  cu  yd,  but  the  cost  is  the  resultant  of  many  variable  elements. 
It  is  advantageous  to  strip  a  considerable  area  at  a  time  rather  than  to 
strip  piecemeal  as  quarrying  progresses.  Stripping  in  permanent  quarries 
is  often  done  during  the  winter  months,  when  regular  work  is  suspended. 

Dumping.  Many  quarries  have  been  ruined  by  unwise  methods  of 
disposal  of  waste.  The  dump  must  not  be  placed  so  as  to  impede  future 
development.  Dumping  down  the  (jUBrry  face  is  always  bad  practice. 
Waste  may  be  used  to  build  graded  roads  leading  up  to  the  quarry  floor, 
the  cniidier,  and  to  the  main  highway  (see  Fig.  61) ;  or  the  engineer  may 
decide  in  what  direction  he  will  develop  the  quarry  face  and  then  dump 
waste  systematically  at  the  opposite  end.  The  amount  of  waste  varies  not 
only  with  the  overburden,  but  with  the  method  and  purpose  of  the  quarry- 
ing. In  many  smaller  quarries  for  structural  blocks  the  rock  is  loosened 
by  blasting  and  the  larger,  irregular  fragments  are  cut  into  dimension 
stone.  This  method  is  cheap,  but  wasteful,  as  less  than  a  fifUi  of  the 
quarried  stone  reaches  market.  Unless  the  smaller  pieces  can  be  used 
for  crushed  rock,  they  must  bo  disposed  of  as  dump. 

Development  of  the  Quarry  Face.  Greenwell  and  Elsden  (5)  classic 
quarries  as  (1)  eon^e  face  quarries  with  elevated  floor,  (2)  benched  quairies, 
with  one  face  above  another,  (3)  open  pit  quarries,  (4)  mines  or  underground 
quarries,  and  (5)  combinations  of  any  of  these.  Only  elasBes  (I)  and  (2) 
need  be  considered  here.  A  large  quarry  face  and  a  large  quarry  floor  are 
desirable.  The  face  may  be  extended  along  the  strike  as  far  as  conditions  of 
rock,  topography,  and  property  rights  permit.  A  long  quarry  face  has  many 
advantages.  The  height  should  be  moderate;  COftisconvcnientforeasyand 
rapid  extraction,  and  120  ft  should  be  a  maximum  in  most  rocks ;  but  special 
conditions  in  large  developments  may  make  far  greater  heists  advisable. 

When  the  height  b  great  it^BW^  to  work  the  qusny  fn  tsmoH  (sse  Fig.  61).  Esdi 
terrace  hu  Ha  own  woTking.(aee  of  etmvenlent  heijht.   The  top  t«rrace  Is  worked 

tuck  into  the  hill,  and  the  eutttng-back  of  each 
succeeding  lower  t«nace  is  no  timed  u  to  keep 
pftce  with  the  topmast.  Many  gangs  can  thus 
attack  the  quarry  f^ce  Himultaneously.  The 
method  is  espedally  advisable  in  deep  Hand  and 
day  quarries.  Similarly,  a  very  long  quarry 
taee  may  be  broken  into  a  aeries  of  short  Ikees, 
Pig.  6S  each  sueeeasivefam  being  offsatfron  the  a^p 
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joining  {kee,  u  bhovn  in  Fig.  6S.  The  dmnber  A  ma  deretoped  ftnt,  and  is  so  worbed 
H  to  keep  alvrayB  in  advance  at  B.  mnd  so  on.  Thu  ia  a  v«ry  advantageoua  method, 
aDowbtg  many  gancs  to  attack  tlw  faee  Mpaiately,  and  alvays  mpo^Of  two  (rae 
Emm  of  rode  for  each  unit  of  the  quarry.  Ia 
lus»  quarriee  the  two  methods  may  be 
flomUned.  aa  tbown  in  Fie.  63.  Smne  of 
the  beat  orxanisMl  quarrias  fa  the  worid  are 
devdoped  by  this  toetbod.  Fig.  64  shows  • 
torraoed  quarry  of  amphitheatre  pattent) 
with  concentric  terraces,  each  with  a  line 
of  trade  leadinc  down  an  incline  to  the 
qnairy  entrance.  Thl«  type  la  used  in  de- 
Tdopfaw  larft  sand  pits.  The  sinsle  bee 
quarry  developed  alons  the  strilce  is  a  v«y 


common  type  In  road  buHdJnK,  espedally  when  the  ensineer  haa  a  portable  cruaher. 
Yet.,  tbo  this  is  one  of  the  simplest  types  of  quarry,  al!  that  baa  been  aaid  of  ehoJce 
■sd  darelopmait  of  the  site  Is  applicable. 
In  ntseply  dliq;toE  rocks  It  Is  often  advisable  to  qnany  on  the  dip  dope  aUe,  so 

that  the  quarry  faee  Is  ^  dip  the  bsds. 
Heavy  dwrgea  of  powder  are  put  Into  holes 
at  the  base  of  the  quarry  face.  The  sntlie 
bright  of  the  rock  faee  is  toosstted  alouE  tlte 
bedding  planes,  and  stides  into  the  quarry, 
leanfaif  afaliMt  the  waU  <see  Fiff.  «K  (20). 
rig.**  The  toossMd  nutteiU  eao  than  ba  brokMi 

up  by  hand  or  by  KnaH  efaartea,  waeUnt  at 
the  bottom  of  the  rilde,  which  thua  feeds  down  hito  the  quarry  ontH  it  la  ussd  up. 
In  trap  rock,  the  effective  dip  for  quarrying  purpoan  la  the  dip  of  the  joint  planaa, 
and  this  is  always  apt  to  be  steep.  BUatbiK  near  the  quarry  face  loossns  up  not 
ibeeta  of  rock  but  pillar-like  eolunma  that  fall  in  Ueeks.  As  a  nto  it  It  not  wtaa  to 
fiM  the  quany  bo  that  the  beds  <Up  into  the 
hiU  from  the  quarry  face,  or  where  tbe  bods 
overhans  the  quarry  [aee,  as  riiown  in  Fif. 
66.  This  elves  a  vecy  stable  quarry  faee,  Ixit 
uay  require  tliat  rode  be  lifted  out  of  its 
plaee  flg*!"^  gravity.  In  very  mu^  ftae- 
tared  roeka,  quarried  only  for  broken  stoDS^ 
tlie  dip  is  of  leas  Importance.  There  are  tem- 
porary roadaide  qtiarries  opened  in  a  hard, 
aiBdous  shale,  in  which  the  rock  wsa  so 
stron^y  diected  that  tlm  dip  couM  not  be  reoogniisd.  Another  method  ia  l>y  un- 
dwmlning.  Clay,  wnd,  or  soft  rode  Is  mined  out  from  baneatb  a  roA  msss  ontfl  Ota 
rode  fsDs.  Somsttnwo  the  andsnnlnMl  nnas  is  iarrsd  off  by  csploslTse  as  aocn  w 
aada  dcnntop  around  It.  This  Is  a  Aeap  method  wUdi  has  ben  uced  b  K-^^ 
and  Frmnee.  It  ia  used  on  a  large  scale  In  Saxony,  but  its  uae  to  cause  large  rock 
faUs  Is  dangeroua.    It  is  a  very  little  used  in  America. 

Costs.  The  nnga  of  cost  in  many  [dants  Is  from  66  to 
80  cents  per  cu  yd.  Cruohs  d  trap  eoata  76  to  96  cents  pa  cu  yd 
at  tbe  quarry. 

Eztrtctioa  of  Dimension  Blocks.  The  beds  of  a  sedi- 
ment, or  the  sheets  of  granite,  must  be  thick  and  the 
joiatfl  widely  and  regularly  spaced  to  permit  the  de- 
velopment of  a  quarry  for  dimension  blocks.  Only  such 
methods  as  a  hichw^^  eogioeer  might  have  to  apply 
in  obtaining  Mocks  for  engmeering  masonry  will  be  de- 
scribed. 

1.  The  block  may  tie  worlrod  out  with  levers  and  crowbars,  if  It  be  of  eonvenlsat 
rise  snd  separated  by  joints  from  the  parent  mass. 

2.  The  block  may  be  far  too  large,  or  may  be  free  only  along  certain  plsaas. 
Ths  shnpiwt  nothods  for  spUtdag  It  «8  ant  (a)  By  maans  ol  ptags  and  fwtbsn 


Fig.  66 
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Fig.  67.  Fine  utd  VaatlMn 


(aee  Pif.  67).  The  pine  fi  a  flat  atMl  mdce  P.  The  (eatben  PP  are  two  piaeea  of 
■ted  cut  aa  mtical  aeetiona  of  a  cyUndw,  eoQTez  on  ana  face  and  flat  on  tbe  other. 
The  feathen  are  pUcad  in  a  drill  hole,  their  convex  mirfaees  fltthic  the  hole,  their  flat 
facee  togetlw.   The  plug  i>  drivoi  between  them,  ao  as  to  push  them  apart.  Shallow 

hate  ar»  drilled  in  tbe  rode  aloic  the  Udb  of 

f     f   f   break  dwirad,  and  pluei  and  feathen  ars 

P^t^^       yl!raT4if.^  /\    I^aced  hi  each.    Great  care  k  taken  to  set 

thoDa  pnfsctly  parallel  to  each  other,  ao  that 
they  all  atren  the  rock  in  the  aame  direetioa. 
The  ntmoat  eara  xoust  be  taken  to  diiva  the 
ptufi  with  exactly  equal  toree,  orinc  light  tape 
an  along  the  line.  The  rode  apUta  off  dean 
and  true,  with  a  I.at  face.  Holee  ^  to  K  in  in 
diaowter  by2Hto  6  hi  deep  and  6  to  Sin^iatt 
wm  aplit  granite  6  ft  thick.  Suehhote2>ito 
S  In  deep  will  apUt  granite  S  ft  thkk.  Saoditone  umially  requirea  deeper  bote  than 
doea  granite.  Hdea  fai  granite  by  2  M  In  can  be  drilled  in  6  min.  It  taken  about 
1  mfat  to  Ht  the  plug  and  feathers.  A  good  workman  can  drill  and  plug  80  hdea  in  8 
winking  hr.  With  a  pneumatic  plug  driller,  250  holee  can  be  drilled  in  a  working  day. 
(b)  A  more  wasteful,  but  much  need  method  of  getting  hlocka,  la  aimidy  to  Uaat  out 
mBMrin  and  riadge  them  Into  shape. 

Bedded  Sandstonaa  and  Bhieatoaaa  wsj&K  readily  aloog  bedding  pUnca,  givtaiK  Oat 
I^tea  euitaUe  ioe  flagatma.  niidier  platai  can  be  uaed  for  curbing  or  for  atructunl 
material.  The  ilaba  are  called  lifts  by  tbe  quarrymra.  There  a  e  uaually  two  aeta 
of  vertical  jolnta  in  a  good  blueatooa  quarry,  one  [airly  paralM  to  the  strike  and  eaUed 
strike  jcrinta  or  dde  seams,  tbe  other  IntenaeUng  neariy  at  right  ai^te.  and  ao  called 
dip  iotaita  or  hsidsra.  Theae,  and  tbe  t>«M*^  planea,  detennioa  roughly  tbe  size  and 
■h^M  ol  tiw  mti.  Qnaniad  rock  daba  oftaa  tend  to  iipUt  paralld  to  the  bedding  into 
thinner  sheets;  thus  a  stone  quarried  tor  curb  may  spUt  Into  oonunon  flagstone.  The 
plane  <rf  wknaas  alODg  whfeb  tbe  parting  oeeora  is  called  a  read  tea  Art.  8,  Fig.  17). 
When  quarrymen  wiah  to  qilit  a  rode  Into  thmner  alabe,  they  adirt  a  vMUa  reed  and 
attack  it  with  plugs  and  feathers,  or  simply  with  wedgea. 

Ib  Onnite  Qtuuite  tlura  an  aaually  at  teat  tbraa  vatana  of  iofaita,  two  naarly 
verttel  and  tntetaaetliig  at  nriooi  an^ae^  and  one  apiwaadiing  tbe  boriaoatal.  but 
often  doped  parallel  to  tbe  dope  of  the  hO.  ThU  tet  Johiting  has  a  different  causey 
and  ia  called  tbe  sheet  structure  (aee  Art.  10).  The  sheetings  are  uaually  closer  to- 
gether near  the  surface  than  at  greater  depths.  Tbe  three  Jdnt  syatams  divide  tiM 
granite  Into  blocks,  wbieb  can  be  wedged  or  banad  out,  ca  looaened  by  judicious  Uaat- 
Ing  and  split  with  plug  and  featbera  to  desired  aise.  Solid  granite  blocks  are  traversed 
by  idanea  of  weakness  along  whldi  the  rode  may  be  easily  split.  There  are  eitbw  two 
or  three  sets  of  sueh  intersecting  idaneo  c  Ued  Um  rift,  tbe  grain,  and  the  head,  reepec- 
tivdy.  Tbe  rift  is  the  irfane  of  greateat  eaae  of  ajditting,  the  head  that  of  leastease. 
Tbeoe  idaaea  are  due  to  flat  sonea  of  gas  or  liquid  inelusiMia  in  the  quarta,  and,  to  a 
lesser  degree,  in  tbe  fddspar,  and  to  minute  hairilne  fracturea  and  laulta  that  foCow 
theaeaoBea.  The  rodr  can  be  qiUt  aadly  along  these  planea  Into  flat-dded  blocks,  but 
an  atteaapt  to  faraak  a  gtaalte  UmIe  in  any  otbv  direction  results  hi  ao  irregular  Iraetut*. 
The  rift  ia  of  utmost  fanportanoa  in  tbe  maldng  of  paving-blocks.  A  fairiy  Sne  grained 
massiTS  granite  with  wdl  devdoped  rift  and  grain  interseeting  at  right  an^ea  la  r»- 
quired,  and  not  all  quarries  yidd  auch  rock.  The  skilled  workman 
can  reeocnte  tbe  rUt  and  gnin  diraetlona,  and  by  judicious,  light 
blowa  wttb  a  diarp  edged  hammer  deaTSS  the  ro^  Into  tbe  n- 
qnirad  shape.  The  block  most  have  four  flat  faoea,  so  that  a  doee- 
jolnted  pavement  can  be  laid.  Hraiee  the  rift  and  gr^  must  form 
tbeee  ddea  (see  Fig.  68). 

Blasting  should  be  done  with  blaek  powder.   High  eqdodvea 
are  apt  to  diattw  tbe  rock,  often  teving  mieroaoopic  waalrni—na        Fig.  68 
even  in  apparently  aolid  materid.    Road  metal  ennbed  from  rock 
looaened  by  dynamite  blasts  is  said  to  disintegrate  more  readily'than  when  the  dower 
exidosivea  are  uaed.    Joveite  exjdodea  more  slowly  than  dynamite,  and  poBetratas 
farther  into  the  rock.    Ita  use  ia  stron^y  recommended  by  Gillette  (4). 
DaBgrn.  Aooocding  to  Graenwdl  asd  Ebden  (fi)  mora  aeddanta  in  quante  are 
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iM  to  rode  btlb  thu  to  ur  otiur  eMiM.  C«raUMB«M  in  mdng  bxpMtm  !■  tha  ant 
Mst  tatfle  Kxiro*  of  Mdclant. 

Borrow-Pits.  Flat  laadfl  usually  have  deep  mila;  hillside  soib  ore 
shallower,  and  apt  to  be  stony.  Little  gullies  are  apt  to  have  thin  aad 
bouldery  soils.  In  glaciated  countiy,  hills  may  easily  be  wholly  made  of 
drift;  soil  depths  must  be  judged  by  recogniziuE  sheet  till,  moraine,  kame 
fonna,  «tc.  In  all  caaea,  if  much  material  is  needed,  the  depth  may  be 
a^Umd  hy  dnring  down  a  rod  in  mvmi  places  iiata  It  strikM  bed-Took 
or  boulder. 

Not*.  The  «uthof»  gr»tefully  acknowledge  thrir  tWp  indabtwlnM  to  PnAnor 
Chatfaa  P.  B«rk«y  and  PrafeMor  Douglj*  W.  JoluMoa  for  TsloabU  infonDsttoc  and 
Mp  in  the  pnpaiatba  ot  tbim  McticsL 
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LOCATIOlf 

1.  General  Coosideratioiu  Relative  to  Location 

A  General  Study  of  the  Conditions  underlying  the  proposed  highway 
construction  or  improvement  should  first  i-o  made,  and  certain  basic  facts 
eatablisbed  as  a  foundation  from  which  lo  proceed.  If,  for  instance,  the 
ways  and  means  iBwided  are  for  the  general  improvement  of  the  traffic 
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facilitifis  of  a  state,  questione  of  iocatioa,  aa  well  as  many  others,  require 
differeot  determinatioiis  tbao  io  tbe  case  of  an  aptvopriation  for  the  oon- 
stniction  <a  impioToniaQt  of  a  ma^  highway  for  the  purpow  of  oonuectiiig 
two  important  points.  In  the  former  caw,  it  wilt  be  advisable  to  tak« 
carefully  into  account  the  exiating  traffic  facilities,  such  aa  railroads,  and  to 
avoid  injury  to  their  operatioDS  hy  too  closely  paralleling  them  wiUi  Im- 
proved roads,  thus  duplicating  the  trafiSo  facilitiee  thru  one  narrow  section 
instead  of  supplementing  the  mdstiug  faciUties  for  traffic  by  the  development 
of  highwi^  tributary  to  them,  and  thru  territory  lacking  in  sufficient  ways 
for  transportation.  In  the  case  of  an  individual  highwfqr  connecting  two 
two  points  it  may,  on  the  other  hand,  be  moot  appropriate  to  strive  for  the 
utmost  economy  in  both  first  cost  and  maintenann  along  lines  identical 
with  those  lutderlying  the  eeooomie  location  of  a  railwayundwlike  oonditionB. 
SunSariy,  different  solutions  of  the  questions  as  to  location  an  possible 
within  varying  conditions  surrounding  the  work.  See  SeotB.  6  and  7,  and 
Art.  15. 

The  General  Principles  Concerning  the  Locations  of  Sghways  ore  sim- 
ilar at  least  to  those  affecting  the  location  of  railways,  and  for  an  extended 
exposition  of  these  principles,  reference  may  be  had  to  Sects.  6  and  7,  and 
(12).  As  regards  the  sdection  of  odsting  highways  for  improvement, 
which  is  the  far  more  usual  work  of  the  highway  engineer  in  this  matter  ot 
location,  the  more  general  principleB  as  are  suggested  above,  and  refaned 
to  as  noted,  will  apply,  and  they  should  be  recognised  even  more  fully  than 
they  have  been  in  many  cases.  It  should  further  be  always  remembered  that 
the  limitations  imponed  by  engines  and  can  running  on  rails  are  much  nar- 
rows and  more  severe  than  in  the  cases  of  tbe  more  flexiUe  vehicles  using 
roads  and  streete.  The  latter  find  far  less  objection  to  undulating  lines  and 
grades  such  as  may  be  desirable  on  a  road  for  many  leaaons.  For  discusskuiB 
in  this  oonneotion,  see  (10),  (21)  and  (22). 

2.  Lines:  Cvrres  and  Taii(eilti 

Improvements  in  the  lines  o<  Exi sting  Locations  riiould  be  made  when 
practioaUe  but  with  discretion.  Hence,  in  considwing  the  possibflitiea 
for  suoh  changes,  certain  facta  affecting  their  desirability  should  dso  be  con- 
sidered. In  tbe  original  location  of  highways  and  in  the  improvement  of 
existing  roads  and  streets,  an  unfortunate  tendency  has  frequently  existed 
for  straight  lines  and  right^ui^e  turns  at  almost  any  cost.  In  urban 
districts,  the  disadvantages  of  one  or  both  to  the  street  authorities  and  to 
traffic  may  seem  to  be  outweighed  by  the  advantages  to  the  adjAeent  prop- 
erty, but  even  this  is  not  always  really  the  fact,  especially  in  readential 
aectiona  where  curved  lines  coordinating  with  or  related  to  the  contour 
lines  may  produce  results  infinitely  superior  to  those  from  a  rigjd  gridiron 
systwn.  Oa  roads,  tangents  and  simple  curves  in  the  line  are  neither  at- 
wi^rs  desirable  nor  advantageous  in  the  end.  While  tangsats  and  right 
angles  in  highway  lines  may  seem  to  be  beneficial  to  the  adjoining  property 
beunise  of  the  opportunity  they  give  for  placing  rectangular  buildings  on 
the  property  with  the  least  waale  of  ground,  or  for  plowing  in  strai^t 
lines,  their  disadvantages,  such  as  the  tracking  of  vehicular  traffic,  the 
encouragement  of  improper  high  speed  between  turns,  the  danger  to  traffic 
at  the  sharp  turns,  the  monotony  of  aspect,  the  excessive  grading  frequently 
required,  and  possibly  other  effects  should  be  carefully  conddered.  See 
(43a),  (fiSc),  (58d)  and  (58g). 

Iiong  Bsiy  dure*,  with  even  oeoaslonal  reverse  curves  uid  a  reduced 
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mazinium  curve,  are  almost  alwiQrB  preferable  fm  roadi  to  tansentB  whh  a 
hitler  mii.'xiiTnifn  curve  at  the  tum  between  them,  eQwdally  if  other  ad- 
rantacea,  auch  aa  reduced  gradee,  or  better  drainage,  better  foundatians, 
beUar  protection  from  wind  and  snow  drifts,  reduced  noaintenance  cost, 
better  shade  and  teas  dancer  to  the  traffic  can  probably  be  had.  As  regards 
tana,  it  should  be  remembmd  that  while  hu-ge  motor  can  can  be  turned 
without  baoking  within  a  drole  of  leas  than  60  ft  in  fUameter,  and  most, 
if  aot  all,  motor  trucks,  within  one  somewhat  leas  than  80  ft  in  diameter, 
to  do  so  requires  more  care  and  slower  speed  than  it  would  be  practicable 
to  expect  in  rounding  a  comer  in  the  highway.  It  is  advantageous  in 
establi^ing  the  line  of  a  road  to  secure  radii  as  much  greater  than  50  ft 
as  tWBCticaUe  for  the  necessary  turns  and  generally  to  make  them  not  less 
than  150  or  :inu  ft.  In  this  eonnection  see  Art.  15,  (20d),  (30),  (57),  (62) 
and  (63). 

Straii^  linM  ea  Roadi  dionld  not  ordinarily  be  secured  at  the  expense 
of  aaerifidttg  tnea  or  othw  like  objects  of  value,  unkns  a  careful  b^anee 
of  onisideratioos  makes  soeh  a  sacrifice  necessary.  The  importance  and 
value  of  trees  and  like  growth  for  nsthetic,  as  weU  as  for  such  ordinary 
eooaderations  as  shade,  wind-breaks,  eflfects  on  temperature  conditions, 
etc,  is  just  beginning  to  be  appreciated.  On  the  other  hand,  aogles  and 
tarns  should,  as  far  as  possible,  be  evidently  necessary,  that  is,  an  apparent 
reason  for  them  will  do  much  to  excuse  their  existence  and  forestall  the  other- 
wise ready  objections  to  them.  Other  apparent  reasons  being  lacking  for 
an  angle  in  t^  line,  the  making  of  it  at  an  intersection  will  do  much  to 
relieve  critioiBm. 

iBtoTMctioM  must  bo  investigated  and  considered  most  carefully  espe- 
cially in  view  of  the  recent  and  possible  increase  of  speed  general  on 
bi^ways.  See  (58c).  Angular  intersections,  especially  rectangular  ones, 
are  dangerous,  particularly  if  the  view  from  one  highway  to  the  other 
is  in  any  way  obscured.  In  such  cases  and  where  the  number  of  v^cles 
cTOflsing  the  intersection  is  great,  police  regulation  of  the  traffic  at  the 
intersectinn  is  almost  always  a  necessity  in  order  that  frequent  accidents 
may  be  prevented,  and  if  anything  like  effective  use  of  the  existing  streets 
is  to  be  had.  If  curvilinear  intemeotions  can  be  arranged,  and  what  is 
known  as  the  hotakt  83'stem  <rf  trafflo  at  the  inteiaection  aiqwoaebed 
ae  secured,  not  only  will  the  dangers  to  the  traffic  be  decreased  and  the 
neeeasity  for  police  regulation  materially  diminished,  but  also  the  efficiMicy 
of  the  existing  highways  as  such  will  be  increased.  See  (43b).  Possibil- 
ities for  improving  the  location  of  the  lines  of  the  highways  at  the  intersec- 
tions should  be  thoroly  examined.    In  tihis  connectiou  see  (10)  and  (68c). 

A  View  of  the  Importance  of  Proper  Location  compared  with  that  of 
the  other  items  of  highway  improvement  may  be  had  by  reference  to 
(29b)  and  (42).  Th^  autluirs  point  out  that  in  expending  bontnred 
money  fw  highway  improvement,  the  authoritiee  in  charge  should 
distinguish  carefully  between  the  permanent  and  perishable  features  of  the 
hi^way,  and  that  alignment,  drainage  structures,  foundations  and  grades 
should  be  looked  upon  as  permanent  features  and  expenditures  for  them 
in  the  light  of  investments.  If  these  features  therefore  do  not  come  up 
to  certain  standards,  it  will  bo  poor  economy  to  spend  money  on  transitory 
improvements  on  top  of  them,  such  as  surfacings,  which  must  be  maintained 
at  considerable  expense  from  year  to  year  and  ultimately  be  renewed,  espe- 
cially if  confliderabte  expense  and  bouUe  are  gone  to  in  making  the  sur- 
facings as  pomanent     possible.   The  advocates  of  relatively  permanent 
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surfaoee  oonteod  that  such  crusts  or  pavements  will  have  a  coostderabie 
value  aft  foundatioQH  for  other  surf adngs  after  the  expiration  of  their  own  life 
as  a  wearing  surface.  This  is  undoubtedly  true  if  the  alignment  and  grades 
of  the  highway  are  satisfactory  at  that  time.  Otherwise  the  old  pavement 
will  constitute  a  difficulty  in  the  way  of  proper  resurfacing  and  be  a  Liability 
rather  than  an  asset.  The  added  cost  of  ri^t^f-way  in  grading  necessary 
to  make  the  location  the  beat  obtainable  may  be  offset  to  some  degree  by  the 
value  as  a  foundatioQ  of  the  old  pavement  at  the  apiration  of  its  life  as  a 
Biufaoing.  Hewes  (42)  gives  as  averags  fisuiee  frtHn  a  study  of  224  nontiono 
of  road,  the  followiDj  division  of  coat: 


TVpe 


Drainue 
snd  Gramag 
Pntsent  of 
Totil  CoBl 


Paving 
Percent  of 
Total  Cost 


GraveL soft  wide  

Wst»-booBd  mscartsiti,  IS  ft  wide 

BitUmilMUa  mmvmAmm,  15  ft  wide,  , 


41.16 
36.89 
26. «S 


68.86 
68.11 
78.16 


The  importance  and  desirability  in  any  case  of  increasing  the  percentages 
in  the  first  column  of  figures  and  decreasing  those  in  the  second  coltmin  of 
the  above  is  evident.  Especially  will  this  be  the  case  where  the  funds  pro- 
\>ided  are  borrowed  because  in  that  case  the  expenditures  arc  really  from  the 
community's  capital.  If  the  exx)enditures  are  made  from  the  annual  tax 
levies,  they  may  be  said  to  be  from  the  community's  incoue.  The 
greater  importance  of  expending  capital  for  only  those  investments  which 
may  be  regarded  as  permanent  and  profitable,  and  the  desirability  of  cotifin- 
iag  expenditures  for  transitory  benefits  to  incomes,  each  in  so  far  as  may  bo 
practicable,  needs  no  argument  here. 

3.   Availability  and  Character  of  Materials 

The  CMnparativfl  Availability  of  Suitable  Materials  for  the  foundation 
or  the  highway  struotures  will,  where  opportunity  offers  a  chance,  affect 
the  general  looatioo  or  the  particular  location  of  a  section  of  highway.  The 
location  of  t»  road  along  one  side  of  a  valley  where  suitable  stone  for  its 
crust  is  readily  obtainable  is  likely  to  be  preferable  to  a  location  disadvanta- 
geous to  such  sources  of  supply.  Other  things  being  equal,  the  location  of 
a  road  over  a  stratum  of  gravel  or  sand  will  be  preferable  to  its  location  over 
clay  or  over  a  bog.  Consideration  of  all  such  matters  is  necessary  and 
important. 

The  Character  of  the  Materials  Available  for  construction  will  necessarily 
have  to  be  known  and  studied  in  order  that  wise  decisions  in  their  sclecUon 
or  avoidance  may  be  made.  Records  of  tests  will  often  be  available,  as 
in  the  cases  of  broken  stone  from  established  plants.  In  other  cases  especial 
tests  may  have  to  be  made  on  the  materials  being  considered,  before  pro- 
ceeding further  with  some  of  the  preliminary  conaiderations. 

4.   .Esthetics  and  Local  Environments  as  Affecting  Location 

Appearances  and  Suitability  to  Local  Baviroaments  have  often  been  given 
too  little  consideration  in  the  determination  of  the  locations  of  roads  and 
streets.  Later  the  value  of  proper  consideration  in  such  matters  has  become 
manifest  and  the  lack  of  it  been  regretted.    Frequently  then  it  has  been 
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too  late  to  rearrange  the  location  Batasfaotorily  except  at  proliitMtive  ex- 
pense, and  henoe  it  is  important  tbat  preliminary  investigfUiMi  ahould 
eompriae  special  ooosideratios  on  theas  points.  See  (68c)-  Ab  angles 
ia  the  loraUcm  ahould  b«  made  at  intersections,  or  because  of  snne  evident 
leaaon  for  the  break  in  the  line,  such  for  instance,  as  'a  permanent  object 
tike  a  ledce  outcrop,  a  hiU,  or,  it  may  be,  even  a  large  and  valuabla  tree,  the 
enatence  of  such  reasons  for  an^es  should  be  carefully  noted.  Generally 
^leaking,  the  greater  satisfaction  with  a  location  properly  made  with  con- 
sideration of  the  testhetic  features  as  well  as  of  the  other  controlling  nuUtere 
is  well  worth  the  relatively  small  additional  cost  of  induding  a  proper  coo- 
nderatioQ  for  appearances.    See  (58g). 

Local  Bnvlroiunent  should  be  given  proper  conaderatim  as  to  details 
of  location.  The  proximity  of  a  stream  Ualde  to  sudden  floods  and  depar- 
tqres  from  its  regular  channel  may  necesntate  eonsidcmUe  ezprase  tar  the 
protection  of  the  highway  and  a  location  farther  away  from  the  stream,  even 
if  the  curvature  and  the  length  of  the  highway  be  somewhat  increased,  may 
be  preferable.  A  change  in  the  location  of  a  hifjhway  may  necessarily 
accompany  an  improvement  in  gi^e  if  a  spring  or  other  feature  of  importance 
is  to  be  protected,  or  if  entrances  from  the  highway  to  private  property 
ue  to  be  properly  provided.  The  general  character  of  the  lines  of  a  road 
or  street  may  be  materially  affected  by  the  character  of  the  development 
of  the  adjacent  property.  Curved  locations  are  frequently  more  adapted 
to  resiflential  sections  than  to  commercial  district*.  Consideration  in  this 
matter  must  embrace  not  only  those  of  existing  conditions  but  of  probable 
or  poaaibte  future  conditions  concerning  the  use  of  the  adjacent  property, 

5.   Climatic  Conditions  as  Affecting  Location 

CUinatic  Condi tiona  may  affect  the  decision  as  to  location  where  a  choice 
ia  permissible.  The  avoidance  as  far  as  practicable  of  extremes  of  tempera- 
tures will  reduce  the  effects  on  bituminous  materials  used  in  the  construction 
of  the  road  crust  and  the  expaosion  sod  contraction  in  other  materials.  A 
location  exposed  to  extremes  of  sun  in  summer  and  of  cold  wind  and  snow 
in  winter  it  may  be  desirable  to  abandon  for  another  less  so  but  otherwise 
equally  good.  One  location  may  be  subject  to  greater  and  longer  continued 
moistness  than  another  and  thweby  be  more  or  less  desirable  acccvding 
to  the  character  of  the  foundation,  road  crust  and  other  conaiderationB. 
The  severity  of  frost  action  may  be  less  in  one  location  than  in  its  alternative 
and  this  fact  may  decide  between  the  two.  The  wind  effects  may  vary 
between  two  otherwise  equal  locations  and  all  these  matters  may  materially 
affect  the  expenses  for  up-keep  as  well  as  for  construction.  For  instance, 
on  some  poorly  located  roads,  where  alternative  looations  were  appreciably 
poasiUe,  lance  amounts  have  to  be  spent  each  winter  for  removing  or  break- 
ing thru  mow  drifts,  when  another  location  would  have  avoided  this  necee- 
On  some  of  the  Cape  Cod  nuwls,  located  by  force  of  circumstances 
in  exposed  positions,  the  State  of  Massachusetts,  for  a  number  of  years,  had 
to  pay  annually  from  S60  to  $75  per  mile  for  the  spreading  of  sand  on  the 
roadway,  in  order  to  reptaoe  that  blown  away  1^  the  wind,  and  thus  prevent 
the  ravdling  of  the  maoadam. 

6.  Drainage  and  Foundations  as  Affecting  Locatbn 

Drainage  is  often  referred  to  as  the  most  important  single  consideration 
in  highway  construction  and  maintenance,  and  as  a  general  rule  this  is 
probably  the  case.   Seet.  8  ccmsiderB  the  matter  of  drainage  in  detul, 
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but  the  OBMnl  impottanoe  of  dniiUMpe  and  certain  gsDWal  principles  must 
be  kept  in  mind  in  the  pnliininaiy  cfmnderatiou  as  to  locatitm.  £xoeeBively 

wet  locations  should  be  avMded  as  far  as  practicable  in  order  to  save  expense 
for  both  coastruotioD  and  maintenance.    The  same  may  be  true  under  cer- 
tain conditions  as  regards  locations  inclined  to  be  unusually  dry.  Referenc 
to  an  article  by  Fearnside  (33)  will  give  an  idea  of  the  facts  in  this  mattor. 

Opportunities  for  Drainage  and  the  possible  necessity  for  ditches, 
gutters  and  drains  must  be  carefully  investigated  and  noted  in  the  pre- 
liminary inveatagatioDS.  Water  conies  to  the  highway  in  two  ways,  by 
the  surface  from  stmna  or  other  temporary  souroea  and  by  uudergnmnd 
chonnda  from  adjoining  land.  Part  the  storm  irater  is  prevented  from 
reaching  the  roadway,  and  what  falls  on  the  lattw  is  cwried  away  from 
it  by  ride  ditches  or  gutters,  the  necessary  provision  for  which  must  alwaiya 
be  made.  Side  ditches  and  gutters  may  be  simply  concomitants  of  the 
crown  of  the  roadway  or  they  may  be  especial  provirions  for  emergencies. 
Berm  ditches,  which  are  extra  side  ditches  back  of  the  edges  of  cuts,  are  fre- 
quently advisable  to  protect  slopes  in  excavation  from  washing  out  or  sliding 
and  the  need  and  opportunities  for  their  provision  should  be  investigated. 
One  of  the  greatost  difficulties  in  the  actual  construction  and  maintenance 
of  iughways  is  that  of  turning  the  storm  or  other  water  reaching  the  highway 
off  from  it,  so  aa  to  provide  efficiently  for  the  proper  drainage  of  the  roadway. 
The  property  owners  almost  invturiably  insist  on  discharging,  at  their  own 
oonvenience,  storm  and  ground  water  and  even  waste  water  from  their 
properties  onto  the  highways,  and  this  discharge  increases  with  the  develop- 
ment of  the  property.  On  the  other  hand,  land  owners  generally  object 
strenuously,  and  often  effectively,  to  the  discharge  of  storm  or  other  water 
from  the  highway  onto  their  property,  except  possibly  at  the  natural  water 
courses  where  running  water  is  continuously  present.  The  canying  of  the 
storm  and  ground  water  from  the  highway  itself  along  the  highwt^  to  points 
where  it  can  be  disposed  of,  frequently  necessitates  expensive  construetioD 
or  hi^  oost  for  maintenanoe.  If  to  this  water,  drainage  from  the  adjacent 
property  is  to  be  added,  the  expense  referred  to  may  be  greatJy  increased. 
II  the  water  thtu  to  be  taken  care  of  can  be  frequently  turned  off  the  high- 
way, it  may  be  possible  to  take  care  of  it  much  more  efficiently  than  within 
the  limits  of  the  highway  itself.  The  importance  of  careful  investigations 
in  this  connection  is  great.  For  legal  aspects  of  thi^  subject,  see  Sect.  6, 
Art.  10. 

Sub-Diainage  covers  theprovisions  made  for  taking  careof  the  underground 
waters  or  for  earryhig  water  underground.  In  oil  cases  where  the  road  crust 
itself  is  built  less  than  2  ft  above  the  level  of  the  adjacent  ground,  it  becomes 
necessary  to  consider  the  probable  requirements  for  its  protection,  and  that 
of  its  foundation  or  mihgrade,  from  the  softening  effect  of  ground  water 
especially  when  the  level  of  the  latter  rises  in  wet  weather  to  or  nearly  to  the  ' 
sur&oe  oS  the  contiguous  land.  Undcrdrainage  may  be  imperative  and 
ia  provided  by:  Underdrains,  open  ditches  and  V-drains.  The  choice  of 
method  to  be  used  in  any  case  depends  upon  the  conditions  of  the  case 
itself  and  the  proper  pre-investigationa  regarding  these  conditions  are  im- 
portant because  of  the  possible  effe<!t  of  the  decisions  under  them  on  the 
determination  of  the  location  as  well  as  of  the  grades.    See  Sect.  3,  Art.  12. 

Fonndation*  of  the  Roadway  (see  Sect.  8)  must  ultimately  carry  the  load 
coming  on  the  surfaoe  whether,  by  peculiarities  of  the  road  crust  or  pave- 
ment, the  compressive  strains  are  more  or  less  distributed  by  the  time  they 
readi  the  sulwwie.   The  supporting  power  of  the  foundation  must  there- 
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fore  be  sufficient,  under  the  most  uofavorable  oonditiona  likely  to  occur, 
to  resiat  safely  these  strains.  Bee  (26g).  Heooe,  in  determining  many 
of  the  questions  preliminary  to  construction,  it  is  desiraUe  to  note  the  char- 
acter and  competency  as  a  foundation  of  tlie  material  ovw  which  the  rood 
mist  is  to  be  built;  the  possibilities  of  securing  a  better  subgrade  by  a  change 
in  the  looatiou  or  grade;  or  the  probable  necessity  for  reinforcing  the  natural 
foundation  where  lines  and  grades  will  be  fixed  for  other  reasons.  The  con- 
ditions as  to  the  fotmdationa  for  probable  structures,  suob  as  bridges  and 
culverts  along  the  line  of  the  highway  must  also  be  investigat«d  eepecially 
where  there  is  considerable  room  for  choice  in  the  location  of  the  roadway 
w  its  structure.  In  considering  the  naturally  existing  foundations,  the 
effect  of  drainage  on  them,  when  it  may  be  provided  for  their  improvement, 
■houbl  always  be  taken  into  account.  Questions  of  location  nu  y  be  affected 
by  oonrideration  of  other  details  auch  as  the  character  of  the  surfacing  prob- 
ably availaUe  for  the  roadway  and  the  distribution  of  the  strains  on  the 
foundation  resulting  from  their  pa»9&ge  downward  thru  the  thickness  of  the 
road  crust.  See  (56).  The  posaibiUties  of  arriving  at  an  idea  of  the 
supporting  power  of  the  probable  foundation  materials  by  a  mechanical 
antUysis  of  the  material  with  screens  have  been  suggested  and  some 
researches  were  made  along  this  line  by  McClintock  in  1899-1900.  The 
methods  tot  this  test  have  not  been  standardised  nor  has  general  agreement 
to  the  tiieories  been  exin-essed.  The  Mass.  Highway  Comm.  has  stated 
(&4bl  the  following  conclusian  as  a  result  of  its  experience: 

"The  Commindon  haa  wMmated  that  non-pmrom  diafawd  of  groond  wstar. 
It  their  wont,  will  rapport  a  load  of  about  4  lb  pw  sq  in,  and  having  in  mfatd  then 
llcures.  the  thidoMM  (d  the  brolnn  stem  haa  bean  adjuatad  to  the  traffle.  On  a  road 
boih  of  frasmeBta  of  brokeo  atone,  the  downward  pr— rare  takes  a  Une  at  an  aogh 
of  46"  from  the  hoTiaontal,  and  ta  dbtributed  over  an  area  equal  to  the  aqoare  of  twice 
the  depth  fA  the  broken  atone.  If  a  diviafon  of  the  load,  la  poandt,  at  any  one  point, 
bjr  the  square  of  twlee  the  depth  of  the  atone,  ^vae  a  qoottent  of  four  m  laai,  tbra 
frfU  the  road  loondatloa  be  safe  at  idl  seasons  of  the  year.  On  rand  or  gravel  the 
prtaeure  may  safely  be  ptaced  at  20  lb  per  eq  in.  Acting  on  tUa  tbeoryt  the  llilrhmsa 
ol  ston«  on  atate  roods  varies  from  4  to  16  in,  the  Inaanr  thickneaa  being  placed  ow 
food  gravel  or  aand,  the  greater  over  heavy  clay  and  varying  thidcneaaee  on  other 
Birfla.  In  aaes  where  the  ■urtadng  exceeds  6  In  In  depth,  the  excess  may  be  broken 
■tone,  atoay  gravel  or  ledge  stone,  the  material  used  d^WKUng  entirely  upmi  the  coat, 
ether  being  equally  effective." 

The  same  Commlnion  speaking  of  BANltr  LOAM  aa  a  foundation  material  aaid  (64h) :  ' 
"Generally  apeaking,  if  80%  or  more  of  the  materia)  will  paaa  thru  a  100-meah  eieve, 
the  introduction  of  a  dr^  does  no  particular  good,  the  capillarity  of  the  aoil  being 
ao  great  that  it  will  not  give  out  the  ground  water.  Under  froet  action  the  bearing- 
np  properties  are  very  poor,  and  the  thicknees  of  the  covering  will  have  to  be  increased 
until  the  wMght  ia  distributed  over  an  area  large  enough  to  reduce  the  preasure  to  a 
safe  limiu" 

In  this  same  connection  see  the  report  of  the  Spec.  Com.  on  Bearing 
Valtie  of  Soils  Am.  Soe.  C.  E.  (15b).  As  regards  artifidid  foundations,  for 
an  elaborate  exposition  of  the  theories  underlying  a  formula  for  determining 
thnr  thickness,  see  (64).   See  (26g),  (28),  (32)  and  (34). 


Fotare  Condltiois  cannot  alwayu  be  foreseen  with  accuracy,  but  in  making 
investigations  of  existing  fsot't,  the  posnble  qr  iHX>bable  changes  should 
be  estimated  and  provi^ons  made  accordingly.  It  is  upon  the  accuracy 
of  such  estimates  and  the  sufficiency  of  the  provisions  made  that  the  attain- 
mmt  of  gatWaotoiy  results  primarily  depends.   It  mi^  be  awumed  ia 
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practically  all  cases  that  the  improvement  of  a  road  or  street  will  increase 
its  importance,  probably  result  in  improvemeot  of  the  property  adjacect 
to  a  relatively  high  degree,  and  increase  the  amount  and  severity  of  the 
traffic  to  be  carried  by  the  road  crust  or  pavemeot.  Hence  it  seldom,  if 
ever,  oocuts  tiiat  a  character  of  results  whi<di  wiU  just  satisfy  presBnt  ooDdi- 
tions  most  economically  will  be  satisfactory,  or  even  efficient,  within  the 
early  years  of  the  life  of  such  results.  This  principle  applies  to  consider- 
ations of  location  as  welt  as  to  the  features  of  construction  such  as  the  sur- 
facing itself  and  perhaps  with  even  greater  force  because  of  the  greater 
permanence  of  the  location  of  a  higjiway  when  once  determined  upon  and 
formally  estabilBhed.  Too  much  consideration  of  future  conditions  can 
hardly  be  given  in  all  cases  where  the  location  is  to  be  affected  in  any  way 
by  them  and  decisions,  made  along  alternative  or  varied  lines,  are  possible- 
For  instance,  an  increaae  in  amount  or  in  the  average  speed  of  traffic  may 
argue  for  flatter  curves.  The  devdopment  of  property  along  a  road  wiil 
materially  increase  the  necessity  for  proper  provisionB  for  drainage,  and 
hence,  in  detenninimg  the  dimensions  of  the  more  i>eTmanent  drainage 
structures  and  their  location,  careful  consideration  should  be  given  to  the 
probabiUties  of  the  improvement  of  the  adjacent  property. 

The  Haiatensnce  to  be  Expected  of  Provisions  for  Dnfauife  should  be  conddered 
hi  this  eonneetioni  because  the  location  of  proptf  inlets  and  their  ehantetsr  as  wdl 
SB  tb^  and  the  abss  of  waterw^  Konermlly  will  be  msteiisUy  affected  by  th« 
cfaaracter  of  the  maintenanee  accorded  the  highway  and  its  Btructuras.  If  this  main- 
tenance ia  to  be  prompt  and  effidant,  nidi  ma  may  be  expected  on  many  dty  streets, 
locations  tor  tbe  stnietuies  may  be  srieeted  to  meet  peoiliar  conditioiu  and  a  mini- 
mum iise  may  be  adopted  for  the  waterways.  If,  on  the  other  hsod,  tbe  main tt  nance 
may  be  aqteeted  to  be  intermittent  snd  InafllelcBt,  as  in  the  case  of  many  roads, 
every-  precaution  must  be  taken  to  provide  the  moat  advantageous  loeations  and 
siiea  as  well  as  duuacter  for  the  drainage  atruetores  so  that  tbor  efficiency  may  never 
fall  bdow  a  certain  minimum.  Some  ezpwieiioed  highway  authoridea,  more  or  leas 
eonsdondy  recognising  the  facta  as  above,  lay  down  a  rule  that  no  pipe  culvert  under 
a  roadway  shall  be  built  lea  than  12  In  In  clear  diameter,  no  matter  what  the  drainage 
requirementa  theoretically  are,  becauae  of  the  likdihood  ot  amalter  sized  plpee  beeoming 
obetnicted.  See  Art.  10  regarding  location  ot  outlets  at  dianges  in  grade.  The 
dedslon  as  to  the  Installation,  in  connection  with  the  street  pavement  construction, 
of  catch  basins  or  rimple  inlets  may  affect  some  dedsims  as  to  the  pavement  itself  or 
the  curbs.  A  catch  basin  must  be  so  located  and  built  as  to  permit  its  ready  deaning 
out  at  intervals.  An  inlet  may  not  need  such  prevision  in  its  construction  and  the 
provlaian  referred  to  mar  aOect  tbe  location  of  tbe  structure  and  the  coostruetion 
ot  the  pavement  surfsee  adjacent  to  It    See  SecL  8. 

GRADES 

8.  Considention  of  tiie  ^ect  of  Grades 

Iha  Connectioo  of  Alignment  and  Grade  is  so  intimate  that  their  joiul 
consideration  is  usually  necessary.  In  such  consideration,  the  exigencies 
of  proper  grades  should  generally  be  given  preference  as  far  as  po»aible. 

The  Effect  of  Grades  on  Traffic  should  bo  given  careful  consideration, 
along  with  the  otlier  matters,  to  determine  the  limiting  grades  of  a  highw^. 
A  table,  compiled  by  Herring  (6),  givos  the  results  of  experiments  made 
at  various  times  to  determine  the  for^  required  to  overcome  the'  resis- 
tance to  the  movement  of<a  vehide  along  horisontal  roadways  with  dif- 
ferent surfaces.    See  (7)  and  (9). 

Kednctloa  of  Draft  by  the  Invnrsnwat  tt  the  Koadwsy  Sutece.  The  folloirinf 
results  of  tests  made  on  the  Amee-Nevada  Rood  In  1918-U  before  and  after  improve. 
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mmt  ol  th0  raad  MUfHs  an  glvn  by  Smith  (19).  Di^  to  pnH  1  ton:  am 
Mtvmda  Road  (avonf*  botli  wyi),  all  gndw,  black  sarth,  botora  impiDTMnant^  106 
■>.  after  Improvement,  68  lb,  average  savi&K,  85.6%;  on  Aeom  Hill,  grade  G%,  sand, 
before  improvement,  206.9  lb,  sand  day,  after  Improvement,  139.6  lb,  average  saving, 
St%l  OB  Ofden  Hill,  9.6%  grade,  day,  before  improvMoent,  274.6  lb,  gravel,  aftw 
Bnpravwnent,  208  lb,  average  saving,  24J!%. 

Aa  the  £IIoct  oi  the  Indmatian  is  a  matter  of  Tn«>:tiAiTi^H<-Bi  computaticm  and  may 
be  flKtuad  from  tba  formula:  A  •>  f  +  aW;  where  F  -  force  required  to  draw  load 
OB  lavcl,  a  — '  (ladB  eqiremed  by  a  fraction,  IF  —  weight  of  loads  in  pounds,  K  —  force 
mquirad  to  draw  load  op  indine  in  qusstiou;  Table  I  gives  the  tractive  force  nnnsii 
mxy  to  draw  1  tan  over  the  bast  macadam  on  various  grades  and  also  the  equivalent 
Inctfa  of  oaeh  mile  of  grade  in  miles  of  level  road: 


Rate  of 
laeUnatioD 

Ai^^vrith 

Tractive 
Foroa 

In 
Pounds 

Equivalent 
Letwtbof 

Lev^Road 
inMllea 

of  Grade 

0" 

0' 

0" 

38 

1.00 

0.00 

0 

6 

63 

42 

1.10 

0.20 

linlOO..,  

0 

84 

28 

68 

1.62 

1.00 

0 

42 

68 

68 

1.66 

1.26 

0 

57 

18 

71 

1.87 

l.SS 

1 

08 

16 

78 

2.06 

2.00 

1 

25 

67 

88 

2.30 

2.60 

1 

64 

87 

104 

2.73 

8.88 

1  fa  2ft  

2 

17 

26 

118 

8.10 

4.00 

2 

61 

21 

138 

8-63 

S.OO 

8 

48 

51 

171 

4.60 

6.87 

6 

42 

68 

288 

6.26 

10.90 

Tlw  Effect  of  Width  of  Tire  and  Slxe  of  Wheels  upon  Trtctive  Power  has  been 
LiseoMed  by  Baker,  see  (2). 

ne  Effect  of  a  Steep  Grade  m  Redndng  the  Tractive  Power  of  the  Draft  Animal  fa 
wbHirrl]-  much  greater  on  an  improved  roadway  than  on  an  unimproved  one,  or,  in 
ether  words,  the  load  that  can  be  hauled  up  a  grade  on  an  improved  roadway  is  a 
■nailer  fractlcm  of  that  which  can  be  hauled  over  a  level  roadway  of  the  seme  character 
than  is  the  case  where  an  unimproved  roadway  is  the  one  being  used.    See  (8). 

McCormick  (60)  has  compiled  and  preeented  some  intereatlng  data  from  studica 
of  the  effect  on  the  draft  ot  road  surfaclngs,  grade,  width  of  tire,  and  methods  of  hitcb- 
iag  and  adjusting  Iimiikii  The  results  show  that  the  increasad  draft  required  for 
starttng  a  load  varies  materially  with  the  character  of  the  roadway  and  that  tUs 
teoeaaa  i»  ralativdiy  grentor  oa  tbe  harder  tirw;  that  the  iridth  ol  tire  GMHtnUy 
aSeelB  tbe  draft  tfao  this  affect  may  vary  with  differmt  kinds  of  roadwaya:  that  tha 
•ffset  of  grade  is  independent  of  the  road  surfacing  but  that  relatively  It  is  greater 
Oa  faarda'  and  smoother  the  roadway. 

For  farther  diseuarion  of  rariatance  to  traction,  aee  Sect.  6,  Art  6,  and  Sect.  24, 
AiL     and  «lM  (2),  m  and  (8). 

9.   Establishment  of  Haiimiim  and  Minimum  Grades 

Maximnm  Orada*  should  always  be  established  and  thea  departures 
outside  ai  theao  limiu  permitted  only  in  extreme  oases.  Local  ecmnder- 
atioBs  such  as  topography,  cbaraetar  of  highway,  and  nature  of  traffic, 
will  affect  the  decieionB.  The  smoother  the  roadway  surface,  the  lower 
iboutd  be  the  maximum  fixed.  Maximum  grades  commooly  established 
my  from  4  to  B%.  The  Act  of  Congress  in  1806,  providing  for  the  con- 
•truetkm  of  A  Natioiial  Road,  fixed  the  maximum  grade  aoroaa  the  Alleghany 
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Mountains  at  an  inclinatiott  of  fi*  from  €ba  hcxiiontid,  8.94%.  The  fid- 
lowing  maxima  are  permiBsible  for  the  diff«ent  surfaces  mentioned  when  tiie 

latter  are  properly  constructed. 

Gravel  1  SbeetHMplialt   3  to  6% 

Broken  stone  /  «     1"  /„  Aaph^lt  block   6  to  8% 

Brick  1  ,  .  Woodblock   Sto6% 

Scorubtock  /  *^  Bitumiaoua muwlaiii  

SlUdabrlek                     10tol2%  Ktomliuui  coneiet* J 

Uadfaw nndstoM block.. .    IS  to20%         Cemnt-ooBcrete   6to8% 

Grwilto  block   12  to  16% 

Any  establishment  of  maximum  grades  should  be  tweeted  by  proper 
consideration  of  the  climatic  conditions  and  character  of  maintenance  lilwly 
to  prevail  after  conatrucUon  in  ordM"  thdt  objectionaUe  features,  such  as 
exceesivB  slqiperiness,  m^  be  avoided.   See  (16a). 

MM"*'™  Grades.  Except  on  fills  where  the  roadway  is  so  raised  above 
the  adjacent  ground,  or  where  the  Utter  is  so  sandy  and  porous  that  longi- 
tudinal drainage  of  the  roadway  ia  unnecessary,  a  minimum  grade  must  be 
established  to  prevent  flooding  and  saturation  of  the  road-bed  by  storm 
water.  On  city  streets  where  the  gutters  are  smoothly  paved,  this  minimum 
may  be  as  low  as  0.25%  but  ordinarily  should  not  be  below  0.5%.  As 
the  roughness  of  the  surface  over  which  the  water  is  to  flow  increases,  the 
minimum  should  be  raised,  and  in  all  ordinary  rotul  work,  1%  is  as  small 
as  is  practically  allowable.  Attempts  have  been  made  by  aide  ditching 
to  obviate  the  difficulties  attending  construction  on  grades  below  the  min- 
imum allowable,  but  the  results  are  generally  unsatisfactory.  The  side" 
ditches  obstruct  ingress  to  and  egress  from  the  adjacent  property,  ore 
difficult  to  maintain  in  good  condition  and  occupy  valuable  space  in  the 
tight-of-way.  In  flat  country  where  wide  rights-of-way  can  be  readily 
secured  for  the  roads,  low  grades,  even  nearly  level,  may  sometimes  be  ad- 
vantageously established  and  their  objectionable  features  avoided  by  carry- 
ing the  shoulder  slopes  out  to  such  varying  distances  from  the  center  line 
of  the  roadway  as  will  produce  shallow  ditches  of  sufficient  grade  for  carry- 
ing the  water  to  the  natural  water  courses  or  other  points  where  it  can  be 
disposed  of  properly,  and  the  excavation  so  obtained  may  be  used  for 
crowning  the  subgrade  or  making  the  fills  desired.  For  instance,  if  at  the 
proposed  summit  of  the  ditch  grades,  the  line  of  the  ditch  is  12  ft  from 
the  center  of  the  roadway  and  8  in  below  it,  and  at  the  next  station,  100  ft 
the  ditch  is  18  ft  from  the  center  line,  the  bottom  of  the  ditch  would  be 
14  in  below  the  center  grade  of  the  roadway  with  a  shoulder  slope  of  1  in 
to  the  ft,  or  the  longitudinal  grade  of  the  ditch  would  be  0.5%  greater  than 
the  grade  of  the  roadwior.  Such  ditches  need  not  cause  objectionable 
orosnngs  of  them  to  be  demanded  by  the  adjacent  properties,  and  the 
posnbilities  for  such  construction  should  be  conmdered.  For  discussion 
of  minimum  grades  on  Chicago  streets  see  (67). 


10.   Vertical  Curves 

Changes  in  Grade  should  almys  be  as  gradual  as  practicable  and  grade 
tangents  should  almys  be  connected  by  easy  vertical  curves.  Breaks  in 
grade  lines  should,  wherever  practicable,  be  always  made  on  streets  at 
intersections  and  on  roads  at  intersections  or  turns  or  other  points  naturally 
accounting  for  the  break.  It  being  desirable  to  have  the  eross-soction  of 
the  finished  roadway,  including  the  gutters  or  ditches,  uniform  and  the 
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eatter  or  ditch  gradfls  parallel  to  the  grades  of  the  roadway  itoelf,  ehanged 
ID  the  latter  grades  will  be  imitated  or  followed  la  the  grades  of  the  water- 
wagrs  alons  the  hii^wi^.  Almipt  changes  In  the  grades  of  waterwajw  an 
tmdesirable  because  of  the  difficulties  that  occur  against  easy  and  econom- 
ical maintenance.  The  abrupt  flattening  of  the  grade  of  a  waterway  almost 
invariably  causes  deposits  to  be  made  by  storm  water  carrying  silt  or  other 
guspeuded  matter,  and  the  consequent  obstruction  of  the  waterway.  The 
ataupt  steepening  of  the  grade  of  a  waterway  creates  a  tendency  for  the 
water  to  scour  the  bottom  of  the  waterway  at  the  point  of  change.  To 
provide  protection  against  both  these  tendencies  may  require  expensive 
first  construction  or  excessive  maintenance.  Changes  in  the  grade  of 
watefways  should  therefore  be  made  as  gradual  as  practicable,  and  where 
pooaible  it  is  advlMUe  to  pbui  Uisse  changes  in  grade  so  that  they  will 
occur  at  the  pc^ta  where  the  drainage  is  caught  1^  inlets  or  turned  the 
rosdw^  to  the  natural  water  ooursee. 

Kailroad  Grades  va  Humping.  It  has  too  often  been  the  practice,  in 
establiahing  the  grade  lines  of  sbeets  and  especially  of  roads,  to  lay  down 
ions  tangents  that,  with  the  grading  on  vertical  curves  between  them, 
would  produce  enough  excavation  for  it  to  be  done  at  a  reasonable  figure 
per  cutnc  yard  and  sufficient  in  quuitity  to  make  the  fills  iHvperly,  and  at 
the  same  time  would  keep  the  total  quantity  down  to  iriiat  seemed  to  be  a 
rwifmnaHft  TniniTniim  per  mile  or  unit  of  length.  In  such  cases,  much 
objection  from  adjacent  property  owncre  umially  results  from  the  apparent 
ignoring  in  such  grades  of  con^erations,  minor  perhaps  from  the  view- 
point of  the  hi^way  authorities  but  of  great  importance  from  the  viewpoint 
of  the  properly'  owner.  The  change  of  the  grade  of  a  private  entrance, 
if  only  a  few  inches  in  amount,  necessitated  by  the  railroad  grade  or  long 
tangent,  may  mean  its  resurfacing  at  no  snudl  inconvenience  and  eoat, 
irii^reas  greater  flexibiU^  in  establishing  the  grade  might  have  avoided 
the  conflict  of  interests.  Again,  it  has  often  been  the  practice  in  crossing  a 
steeam  in  a  bottom  to  put  the  grade  of  tiie  roadway  over  the  stream  at  a 
safe  elevation  above  flotids,  maldng  due  allowanee  for  the  crown  of  the  road- 
way, the  thiokness  of  the  toad  crust  and  the  depth  of  the  beams  of  the 
stoucture  carrying  the  road  over  the  streun,  so  that  the  effective  height  of  the 
opening  carrying  the  floods  is  large  enou^,  and  then  to  run  level  or  rising 
gradefl  from  the  ends  of  the  bridge  each  way  to  the  higher  ground  on  either 
side  of  the  valley.  Exactly  the  same  thing  is  too  often  done  in  the  cases 
of  culverts  or  pii>ee.  Vertioal  curves  in  grades  are  seldom  objectionable 
to  b»ffic  unless  too  abrupt,  and  in  the  above  referred  to  cases,  savings  could 
frequently  have  been  effected  in  first  cost  by  dropping  the  grade  either  aide 
of  the  l»idge,  eolvert  or  i^pe  at  least  to  the  height  <A  the  effective  streun 
opMung  so  that  the  fill  across  the  bottom  would  only  have  been  the  min- 
imnm  nenossnry  to  have  the  ddes  of  the  roadway  safoly  above  flood  mark  and 
then  rising  by  proper  vertical  ctn-ves  in  the  grade  to  pass  over  the  structure 
pr  to  the  grades  on  the  hi^er  lands. 

Vertical  Curves  between  grade  tangents,  especially  where  located  at 
the  top  of  a  hill,  should  be  of  large  enough  radius  to  provide  for  a  proper 
line  of  sight  between  vehicles  approaching  each  other  from  opposite  sides 
of  the  hill,  particularly  where  high  speed  motor  traffic  ia  prevalent.  This 
radius  Aoold  not  he  teas  tiian  60  ft  in  most  cases. 
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11.  Astli«tics  and  Local  Environments  as  Affoctfaig  WIdtii 


Contfdentioiu  Other  Than  Those  of  Trafflc  may  aCFect  the  decimons  as 
to  the  width  to  be  provided.  Thie  is  particularly  evident  in  cases  of  park 
drives  and  boulevards.  It  is  aim  important  for  oonsideratlon  where  plant- 
ing spaces  for  trees  and  sidewalks  are  to  be  eBtabliahed,  or  seem  likely  to  be 
desired  in  the  futun.  An  appreciation  of  the  desiraJtHlity  for  various 
reasons  of  trees  along  many  city  streets,  as  well  as  along  country  roads. 
Is  glowing  in  the  United  States,  and  the  exam  pies  set  hy  France  in  this 
respect  are  being  emulated.  See  <68a),  (58^  and  (71).  Proper  regard 
should  be  had  in  the  prdinunaty  oonnderation  for  the  proviakin  of  sufficient 
width  in  the  hi^way  so  as  to  satisfy  future  demands  on  the  space  set 
aside  for  public  purposes,  such  as  tree  planting,  bridle  paths,  {ot>tways,  piim 
and  wire  lines  and  railway  tracks.  It  is  seldom  that  provision  is  made  for 
too  wide  a  highway.  Occasionally  a  case  is  found  where  unnecessary  width 
seems  to  exist,  and  a  narrowing  of  the  highway  width  has  taken  place  in  order 
to  obviate  the  difiBculties  of  proper  maintenance  of  the  unused  portion,  and 
in  order  to  return  to  profitable  cultivation  the  idle  ground.  These  cases, 
however,  ore  rare  in  this  country  and  the  instances  of  too  nairow  U^waya 
greatly  outnumber  those  of  the  too  wide. 

Asthetie  Cmaideratlons  frequently  make  it  demrable  to  increase  the 
width  determined  for  the  roadway  when  this  figure  has  been  properly 
made  from  economical  standpoints.  A  long  straight  roadway  of  a  definite 
width  will  appear  to  be  much  narrower  than  a  short  one  of  the  same  width. 
Sidewalks  where  the  building  line  and  the  lot  line  coincide  may  appear 
inadequate  and  narrow  to  a  far  greater  extent  than  where  the  building  line 
is  set  back  from  the  lot  line  some  distance.  See  (43a).  Lack  of  restrictions  as 
to  height  of  hnilHinga  may  properly  demand  extra  tridth  for  a  street.  Ad- 
ditional width  for  the  beautification  of  park  drives  and  boulevards  will 
depend  upon  the  peculiar  conditions  of  the  case.  The  topography  of  the 
country  traversed  may  have  a  decisive  influence  on  the  determination  of 
the  width,  two  roadways  with  a  reservation  between  them  frequently  being 
provided  across  steeply  sloping  ground,  the  roadways  thus  being  at  different, 
elevations  in  order  to  avoid  offending  in  the  matter  of  appearances  at  leoet 
by  having  either  roadway  depart  too  greatly  from  the  natural  surface  of 
the  ground,  and  also  perhaps  for  decreasing  dangers  to  traffic.  See  (29d) 
and  (58g). 

Local  Environments  or  posstUe  changes  in  Hxeme  should  be  carefully  con- 
sidered in  fixing  the  width  of  highways  and  of  their  roadways.  For  inHtance 
a  former  retail  district,  which  has  changed  to  a  wholesale  district,  can  [xr- 
haps  afford-some  sacrifice  of  the  sidewalk  apace  originally  provided  and  the 
extra  width  thus  obtained  be  put  to  advantage  in  the  roadway.  A  large 
commercial  truck  backed  against  the  curb  will  occupy  about  13^  ft  of 
the  width  of  the  rosdw^,  and  as  these  trucks  are  usually  when  loaded 
about  8  ft  over  all  in  width,  to  provide  for  the  easy  passage  of  two  lines  of 
traffic  between  trucks  backed  up  against  each  curb  would  necessitate  a  total 
width  of  roadway  of  at  least  45  ft  with  proper  regard  for  deoroooee.  See 
(43a).  In  retail  districts,  where  the  pedestrian  traffic  is  of  greater  impor- 
tance, every  effort  should  be  mode  to  accommodate  it,  even  to  .the  extent 
of  narrowing  the  width  of  the  roadway  to  the  minimum  practicable  and  at  the 
sacrifice  even  of  making  the  roadway  so  narrow  that  it  will  become  a  OK* 
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AT  street  permitUng  the  passase  of  vehicles  only  in  one  direction.  See 
(&8d}.  la  reeadential  dwtriots,  on  ample  width  of  roadway  is  often  pro- 
vided at  25  ft  See  (6Se).  The  impratanoe  in  width  detwminatkHu  xA 
emridaing  the  oharaoter  trf  the  diatrict  thni  which  the  street  runs  and 
ita  tendeneiee  to  change  from  one  class  to  another  is  evident.  See  (68g). 
Street  widths  are  generally  stated  as  the  distance  between  property  lines. 
Building  lines  Bometimes  coincide  with  the  property  lines  and  sometimea, 
noie  eepedally  in  residential  aectioDS,  are  con^erably  behind  them.  In 
the  foregoing  figures  r^arding  widths,  no  conaideration  is  bad  of  the 
occupancy  of  the  roadway  by  street  car  tracks,  and  in  establishing  widUis, 
*be  existence  or  probabilities  of  the  entrance  of  street  railways  into  the 
iDjdway  in  queoUoD  sbotdd  ba  carefiiUy  ccmsidered. 

Sabanfaca  Stmcturea,  sudi  as  pipe  galleriee  within  a  street  may  seriously 
affect  the  width  of  the  roadw^.  It  is  desirable  to  keep  such  structures 
under  the  sidewalks  as  far  as  practicable  in  order  that  the  more  serious 
inconvenience  to  traffic  caused  by  the  tearing  up  of  the  roadway  surface 
n  as  to  reach  the  substructures  may  be  avoided.  In  some  instances,  the 
presence  or  possibilities  of  vaults  connecting  with  adjoining  buildings  and 
■CDOstructed  under  sidewalks  by  special  franchise  from  the  municipality  may 
limit  the  location  of  the  mrb  and  Uie  reduction  of  the  sidewalk  space.  See  (27) . 

afy«<iiwg  PUcaa  far  Taaau  frequently  have  to  be  provided  in  small 
towns,  and  this  haa  <rften  been  done  by  paving  a  fairly  ample  roadway  thru 
tbe  center  of  the  street  and  then  leaving  unpaved  the  ahouldeni  or  fianks 
between  the  edges  of  the  road  crusts  tmd  the  curbe  or  gutters.  Where 
this  has  occurred  in  front  of  stores  or  business  bouses  and  animal-drawn 
v^des  have  been  left  standing  for  greater  or  less  periods,  tbe  results  have 
been  obnoxious  from  many  points  of  view.  The  impaved  areas  have 
been  worn  down,  often  dangerously,  by  tbe  stamping  of  the  animals'  feet, 
•0  that  tbey  lequiie  an  exoeasive  espense  for  thnr  maintenance  in  good  oon- 
dMon.  Keeirfng  these  unpaved  aieaa  elean  and  sanitary  under,  these 
eooditions  has  been  difficult  and  expensive  and  the  general  condition  of 
tike  street  haa  usually  been  imaatisfactory.  If  therefore  the  hitching  of 
horse-drawn  vehicles  is  to  be  anticipated  along  a  street,  proper  considera- 
tim  of  the  fact  must  be  had  and  provision  made  for  such  width  and  charao* 
tsr  of  pavement  as  will  eoriile  the  objaotionaUe  features  above  mentioned 
to  be  svoided- 

The  Character  of  the  Shoulders  to  be  provided  along  the  flanks  of  the 
nndw^  will  ^ect  tbe  decision  as  to  the  width  of  the  road  crust.  Where  the 
nad  crust  itself  is  to  be  narrow,  suffidmit  roadway  for  accommodating 
the  traffic  will  have  to  be  provided  \(y  the  construction  of  proper  diouIdcrB 
iloag  the  flaidn  so  Uiat  safety  will  be  had  for  passing  veUcles.  Even 
ahm  the  road  ctiist  is  to  be  of  ordinarily  sufficient  width  to  aooommodata 
peas'nir  traffic,  it  mi^  be  desiraUe  to  provide  further  accommodations 
for  a  portion  of  che  traffic,  such  as  horae-drawn  vehicles,  eq>ecially  where 
the  rMd  crust  itself  is  used  mainly  by  nwtor  vehicles  and  is,  or  becomes, 
niooth  and  perhaps  slippery  on  its  surface.  A  considerable  demand  seems 
to  be  accumulating  Ua  the  provision  of  suitable  side  paths  or  shoulders 
(or  horse  travel  along  Utnndnous  surf  aeea  so  freqiientiy  found  provided 
Ibr  motor  traffic. 

The  Report  of  Oie  Coauaittee  oa  "  Shoolders  for  Omciete  Roads,'*  1914  Nat.  Coat. 
CcBcnte  Road  Bolldiag  (SB).  wUdi  ibaukl  bo  ooaddnad  In  all  casw  as  far  ai  It  vms 
bs  appBealde  ia  eonaection  with  ths  othar  |R>dinih|ary  lnvtst]|stiaBB  ■fleeting  tho 
dMmdasUoa  of  BNrtten  of  widtbf  csntshNd  tiie  ftdlowings 
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"^na  ^  almost  unlvstaal  tandcmcy  In  eoooete  road  eowtnetioa  to  kMp  the 
^tfdtfa  of  eoBOvt*  as  low  mt  practicable  in  onter  to  radues  the  lint  coat  per  ndb  aC 
the  ImproTsmont  of  a  road  hw  come,  in  many  caaw  at  laaat.  a  noslect  <A  proper  con- 
stderaticn  of  the  matter  ol  ahouldsra.  Oft«t  the  neglect  refored  to  has  unquHtion- 
ably  resulted  in  extravagance  and  waste  in  the  long  run  av^  if  it  baa  secured  economy 
In  first  ccat. 

"While  authmticated  rectvds  covering  reaaonable  periods  and  oonceralng  relative 
expense  for  the  proper  maintenance  of  road  crusts  and  of  thouldara  rcapeetivdy  ara 
not  readly  avaUable,  certain  tnstane»  of  soefa  neords  togsthv  ulth  tha  tndlTldiul 
experiences  rristed  by  many  authorities  teod  to  show  that  the  ahouHar  maiBtenance 
coat  may  be  no  inconsiderable  part  of  the  total  maintenance  coat  of  a  modwn  road, 
and  that  it  m^y  often  be  real  economy  to  build  the  road  crust  wider  in  order  to  reduce 
its  aanoal  wiw"*^  'o^  """'"'''"'"g  tiie  shoulders  and  thus  the  total  maintenance  coat 
per  sqoara  yud.  *  *  •  The  actual  width  of  ibe  concrete  roadway  to  be  built  must  ba 
determined  by  tbe  trafHc  conditions  to  be  expected  on  the  road  and  if  these  are  suffl- 
dently  heavy  to  warrant  ao  doing,  it  wHl  probably  be  economical  crften  to  make  the 
coocrete  itself  wide  enough  to  permit  the  i"— '-g  of  two  lines  of  traffic  wholly  on  ita 
snrface  and  without  any  naceMity  lor  either  of  the  paadng  vehlclea  to  travel  off  the 
concrete  onto  the  ahoulder.  On  tbe  other  band,  traffic  and  other  conditioiu  may  be 
audi  as  to  permit  the  greateot  economy  to  be  had  by  making  the  concrete  only  wide 
enough  for  one  line  of  traffic  and  allow  the  occadonal  pamteg  vehicle  to  travel  on 
the  shoulder  for  the  moment." 

The  CompoutioD  of  the  Sboulders  or  the  charactw  of  matnial  forming  the  ahoulders 
may  affect  the  decision  as  to  the  width  of  road  oust  to  be  determined  up<»i.  If  tor 
Instance,  a  good  gravel  is  readily  avaitcble  for  the  ccmstructimi  of  tbe  shouldera,  tlie 
miiiiminii  width  of  road  crust  may  be  built  and  nttanca  plaesd  on  the  shouUers  tfaem- 
sslves  for  sustaining  a  eonsldsrabla  portloii  ef  tha  stnini  eaosed  bjr  tha  psssigt  of 
lelativdy  Infrequoit  traffic  over  Uism.  On  the  other  hand.  If  tile  matttial  avaihible 
for  tbe  shoulden  !■  clayey  in  character,  even  tbe  occasioniJ  turning  out  of  a  vehide 
on  to  the  slioulders  may  result  in  aerioua  damage  to  the  road  cruat  Itself  from  the  track- 
ing of  mud  from  the  diouldera  on  to  the  surface  ot  the  road  ous^  or  from  the  cutting 
flf  ruts  wUdi  wiD  lurid  water  just  along  the  edges  of  the  crart.  It  lua  bean  ohssmd 
that  in  many  cases  of  Utnminous  surfaca  treatmanta,  the  road  emsta  thsmsslvas  have 
best  wrioualy  AmmmfmA,  where  too  narrow  to  prav»t  the  more  or  lem  frequent  pamage 
of  vehldca  out  on  to  the  ahoulders,  by  the  tracking  of  the  mud  from  the  ehoulders  on 
to  the  bituminoua  surface  and  the  snbaequMtt  muUiflcation  of  the  bituminous  material 
In  wet  weather.  With  the  abouldaa  composed  of  fairly  dean  sand,  this  emulmfieation 
Is  not  nearly  as  readily  had,  and  a  greater  amount  ot  traffic  under  such  conditions 
seems  neeeaeary  to  produce  the  same  result   Tbe  width  to  be  estabUsbed 

for  the  road  cruat  will  tberafore  d^tend  to  soiaaaatentupoB  tbe  character  or  compoaition 
of  the  adjacent  shoulder. 

The  Shoulder  Maintenance  to  be  Expected  may  aSeet  the  width  of  the  road  cruat 
to  be  determined.  If  ehoulders  are  expected  to  carry  a  considerable  portion  of  the 
traffic,  their  proper  ra^tenaoce  must  be  assured  in  ardat  to  prevent  exoHslve  damage 
and  maintenance  expenae  of  the  road  cmst,  and  if  sndi  mslntananoe  cannot  for  any 
reason  be  expected  tmm  eareftil  eonaidantiim  ot  all  eondltlana  affecting  it,  then  a  greater 
wldUi  tor  the  road  enist  itself  must  be  detandBed  npon  in  order  to  secure  mttaf actory 
resolta  as  weli  as  aeoBomy  in  the  long  run. 


The  "WUth  ^  Roadway  beyond  a  tntnlwium  iMoeeaaiy  for  lafely  and 
economically  gustaininB  one  line  of  traffic  will  depend  on  the  frequency  of 
passing  veUdes,  and  to  a  certain  extent  at  least  6n  the  character  of  tbe 
vehicles  and  their  rate  of  speed.  The  Special  Com.  on  "Materials  for 
Road  Construction,"  Am.  Soc.  C.  E.  (15a),  has  stated  as  follows: 

"Where  motor  traffic  forma  a  considerable  proportion  of  the  total  traffic  likely  to 
use  the  highway,  tbe  unit  width  of  traffic  lines  should  be  considered  sa  9  or  10  ft  in- 
stead of  7  or  8  ft  as  heretofore,  because  of  the  greater  dearanea  required  for  the  safe 
passing  «l  tbe  units  of  sudi  Zn  view  of  tbe  reomt  constant  and  nqiid  increase 
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of  tnAe  on  Uffawmym,  It  will  be  la  the  iaturt  of  Mofiomy  for  dorifus  on  Ufhwmys 

to  h»  mads  wl^  ptoper  co&Mlclwation     further  IncrMsea."   See  (68e)  and  (71), 

8fal|^  Trsck  RoadwtyB  are  advocated  in  certain  aectiona  by  some  author- 
ItiM  in  order  to  pwmit  of  a  reduction  in  fint  cost  i>er  mile  and  a  consequent 
wider  dirtributioii  of  the  funds  aTail^3le,  thiu  aUowins  perhaps  a  quickw 
demonstration  and  effect  of  the  efforts  for  general  road  improveanent,  but 
it  is  only  rareiy  upon  investigation  that  such  roadways  will  be  found  economi- 
cal  in  the  long  run  and  that  justification  for  thus  distributing  borrowed 
funds  will  bd  afforded.  The  greater  concentration  of  traffic  on  such  roadways 
necessitatee  stronger  construction  of  the  foundation  and  of  the  narrower 
crust  to  an  extent  frequently  offsetting  the  saving  had  from  the  reduction 
of  width,  and  the  cost  of  maintenance  of  the  shoulders  in  these  cases  is 
unavoidably  increased.  The  "'"'""'i*"  width  of  single  track  roadways 
is  Tarioasly  placed  at  8, 9  or  10  ft,  the  latter  figure  ivobaljy  bdng  the  better 
with  proper  consideration  for  fast  motor  traffic. 

Two  lines  of  TralBc  require  not  lees  than  12  ft  in  width  of  roadway  for 
passing,  and  two  vehicles,  even  tho  slow  moving,  generally  occupy  a  greater 
width  than  this  in  clearing  each  other.  Within  limits,  the  greater  the  speed 
of  passing,  the  more  width  is  demanded,  so  that  14  ft  is  about  the  minimum 
which  should  be  provided  for  a  double  track  roadway  for  slow  traffic  and 
18  ft  for  fast.    Some  authorities  insist  that  no  width  of  roadway  between 

10  and  18  ft  is  justifiable,  but  expediency  may  demand  in  many  cases  the 
■dt^tion  of  the  intermediate  widths  for  some  localitiea.   See  (43i0- 

Too  Harrow  RoadweT*  enoourace  the  ooocentmtion  of  traffic  aod  the 
iWvdopmeot  of  ruts  or  at  least  excessive  wear  on  stripe  parallel  to  the 
mater  line  of  the  road  crust,  especially  where  the  shoulderB  are  properly 
provided  with  a  sufficient  slope,  greater  than  the  crown  of  tiie  road  crust, 
and  usually  about  1  in  to  the  ft.  This  concentration  of  traffic  increases 
the  difficulties  and  expense  for  maintenance  and  a  narrow  road  crust  fre- 
quently increases  the  dangers  to  traffic  in  slippery  weather  when  a  skid 
to  the  acrft  shoulder  material  nearby  may  result  disastoously.  The  standard 
widths  in  feet  adopted  by  some  of  the  leading  states  for  road  crusts  have 
been  as  f olJpwB  with  an  inorean  of  width  in  many  i^aoee  because  of  spedid 
eooditionB:  Arisona,  18;  Illinois.  10;  Maryland,  12,  14  and  16;  Massa- 
cbtnetta,  15;  NewYorit,  16;  New  Jersey.  16;  Penn^lvania«  16;  Wisconsin, 
V;  For  a  detailed  discussiott  regarding  the  Illinois  standards  see  (29o), 
and  for  the  Idassachusetts  standards,  see  (54a).   See  Sect.  6. 

A  Determination  of  the  Proper  Width  of  the  roadway  by  calculating  thru 
a  fonnula  from  a  traffic  census  or  estimate  has  been  proposed. 

Graan  (88)  bm  sUted  that:  "One  of  the  polntB  which  it  is  beBoved  fau  been 
BiJaeteJ  io  the  past  Is  the  rdation  of  traffic  to  roadway  width,  eqiedaUy  where  traffic 

11  iknn.  It  aeema  to  the  writer  that  it  la  poarible  to  esUbliab  a  logical,  if  empirical, 
feraola  wUck  woold  be  o(  cMHldeimble  help  at  tinMS  bi  the  aolatioB  at  this  vexatioua 
IiiiiMiMii."  and  be  goes  am  to  propose  a  fonnula  for  a  com  la  wUeh 


wb—  rrepr— Its  the  roadway  uddth  hi  feet  and  X  the  number  of  vphidee."  See  CM). 

Street  mdtha  may  be  affected  by  considerations  other  than  those  of 
Tdkieular  traffic  alone.  In  some  cities,  it  is  the  custom  to  fix  arbitrarily 
a  pcfftioa  of  the  total  right-of-way  for  the  roadway  and  to  leave  the  balance 
for  the  sidewaUcs,  as  w^I  as  to  make  the  width  of  the  total  right-of-way  a 
certain  figure  dependent  upon  the  local  development  of  the  adjacent  prop- 
erty, either  existing  or  seeming  to  be  likely.  Baltimore,  for  instance,  allows 
%ot  Ht»  total  width  of  i^t-of-way  for  the  roadway.   Such  a  method  of 
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determitung  the  width  of  the  roadway  is  not  tUwaya  advisable,  u  it  fre- 
quently reeuLta  in  an  unnecessary  expense  for  construction  and  for  main- 
tenance on  residential  Btreets,  to  say  nothing  of  the  injury  to  the  appearances 
in  such  cases,  and  it  would  be  better  to  fix  the  width  of  the  roadway  to  suit 
the  traffic  conditions,  occupying  as  much  of  the  balance  of  the  right-of-way 
as  might  be  advisable  with  the  paved  footways,  and  leaving  the  remainder 
of  the  right-of-way  for  planting  spaces.  These  planting  spaces  could  later 
be  taken  into  the  footways  or  into  the  roadway  ns  conditions  at  that  time 
justified.  See  (5Se).  For  reddentiiJ  streets  without  street  oar  tracks, 
25  ft  of  width  between  eurbe  will  permit  of  the  ready  paasage  of  a  nnf^e  line 
of  traffic  between  vebiclea  standing  at  each  curb.  With  a  sinf^e  pair  of 
street  ear  rafls  in  the  center  of  the  roadway,  30  ft  between  curbs  is  as  little 
as  will  conveniently  accommodate  the  passing  traffic,  or  provide  space 
for  an  occasional  wagon  being  backed  up  to  the  curb  for  the  delivery  of 
coal  and  Uke  goods.  With  double  car  tracks  in  the  center,  the  roadway 
should  be  not  less  than  40  ft  between  curbs.  Increases  over  these  figures  will 
result  from  special  arrangements  of  car  tracks,  planting  spaces,  bridle 
paths,  cab  stands  and  the  like,  or  because  of  the  needs  of  more  lines  of  traffic. 
Space  for  sidewalks  or  footways  on  the  flanks  of  ^le  roadways  should  pref- 
erably be  provided  to  an  amount  equal  on  each  side  to  not  less  than  one- 
third  the  width  of  the  roadway,  tho  the  whole  of  the  space  may  not  need 
paving  and  part  of  it  may  be  devoted  to  plantations.  This  space,  however, 
should  be  reserved  and  not  be  allowed  to  be  obstructed  by  steps  to  buildings 
or  other  encumbrances  of  a  pefmanent  character.    See  Sect.  7  and  (43a). 

Changes  in  Traffic  Conditions  (see  Art.  16)  may  materially  affect  the 
desirable  width  oS  the  roadway,  even  tho  changes  in  the  width  of  the  high- 
way itself  are  impracticable.  Thru  traffic  imposed  on  a  residential  street 
would,  for  instance,  with  the  more  or  less  frequent  passing  of  vehicles  moving 
at  fair  speeds,  render  the  25  ft  roadway  referred  to  insufficient  in  width. 
The  change  of  a  wholesale  to  a  retail  district  may  cause  objections  to  be 
raised  by  shoppers  against  an  unnecessarily  wide  roadway  to  be  crossed. 
Again  an  unnecessarily  wide  paved  roadway,  especially  if  unshaded  by  trees, 
will  needlessly  increase  the  amount  of  heat  radiated  in  summer  to>residenceff 
along  the  street.  See  (29e),  (47)  and  (58g).  The  possibilities  for  a  change 
in  the  traffic  conditions  of  a  street  must  therefore  be  carefully  considered  in 
connection  with  the  determination  of  its  width  or  that  of  its  roadway. 


Highways  are  BaQt  for  TTse  by  Traffic.  An  engineer  should  not  design  a 
highway  without  considering  the  character  and  amount  of  traffic  the  high- 
way would  be  expected  to  serve  efficiently.    See  (19a). 

The  recommendation  <tf  the  Special  Com.  on  "Materlab  for  Ro«l  CoiiBtructiat," 
Am.  Soc  C.  E.,  in  ite  1918  report  la  tl^  connection,  was  ae  foUom:  "Your  Conmlttoe 
deairw  to  emfdtaslze  the  fact  that  experieace  has  demonstrated  the  value  of  traflle 
cenauaes  taken  both  preliminary  und  sufaaequent  to  the  conetmetioD  of  «  hl^way. 
The  traffic  census  should  be  considered  one  of  the  most  importsnt  variable  faetora  in 
the  aolutioD  of  that  imi>ortant  problem,  the  selection  of  that  type  of  road  or  pavement 
beat  suited  to  local  conditiona  conaklerad  from  both  the  atandpointB  of  economy  and 
elBciency.  In  connection  with  tbe  eensus  returns  on  any  road  should  be  eonaidared 
the  tnJBe  aa  mm  and  parallel  highways,  and  tbe  effect  of  Inpnmment  of  these 
Msfawsysonthetrsffleof  tbaU^iwajrBWuler  oonridvattoa.  Itsboiildaotbetakentor 


See  Art.  15  and  (I4a). 
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13.   General  Consideratioiis  Relative  to  Traffic 


Art.  13 
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Cnutcd  thkC  tb«  bald  return  ot  •  tnfflc  census  should  be  tbe  boI«  bsifs  et  Uw  salMtion 
tt  the  type  of  coMtnictlon  adopted.  The  form  for  ■  trsfflc  census  prapoeed  by  your 
Cwumittee  has  proved  satisfBCtory  and  its  future  use  fs  recommended."  Thla  (orm 
b>i  alsa  been  endoiaed  by  tbe  191S  ConvcDtion  of  the  Am.  Road  Builden'  Ama. 

Traffic  Affects  tbe  location,  lines,  tungents  and  curves  of  b  highway,  its 
grade,  width  and  foundations.  It  affects  the  decision  as  to  the  kind  of 
surfacing  to  be  selected,  its  thickness  and  the  considerattoiui  as  to  smooth- 
nesa.  noiselessness  and  dustiness.  See  (40).  Traffic  also  affesta  the  ebap* 
ncter  and  cost  o{  maintenance.    See  (7). 

The  Invortanoe  of  Properlj  Conddarins  Traffic  on  a  hi^nray  may  ba 
evident  but  it  is  necessary  to  take  into  account  Srst  some  of  the  oomplezi- 
ties  of  traffic  conditions  and  some  propositions  that  have  been  made  con- 
oeming  the  desirable  simplification.  The  traffic  over  a  highway  is  usually 
made  up  of  variout)  tmits,  no  two  of  which  may  be  exactly  alike  in  their 
effect.  For  instance,  the  effect  on  the  roadway  of  a  loaded  two-wheeled 
cart  drawn  by  a  single  animal  is  quite  different  from  that  of  a  pleasure 
vehicle  drawn  by  a  rapidly  trotting  horse,  and  the  effect  of  a  swiftly  moving 
motor  car  is  very  different  from  that  of  either  of  theee.  It  can  be  readily 
seen  that  the  simple  summation  of  the  count  of  vehicUe  passinc  a  given  point 
on  a  highway  will  not  necessarily  give  a  clear  idea  of  tlw  strains  to  whidb 
the  roadway  is  subjected  at  that  point.  Again,  if  it  be  assumed  that  in  any 
particular  case  the  bulk  of  the  traffic  over  a  road  is  made  up  of  horse-drawn 
commercial  vehicles,  and  that  the  effects  of  motors  on  the  road  are  negligible, 
a  simple  count  of  the  traffic  will  not  furnish  sufficient  information,  because 
of  the  variations  in  the  speed  or  distribution  of  this  traffic.  Fot  instance, 
on  some  of  the  roads  adj  acent  to  marketing  sections,  tbe  traffic  is  so  extremely 
li^t  as  to  be  almost  negligiUe  exc^t  for  certain  hours  in  the  day*  when  th» 
teama  carrying  produce  come  in  or  go  out  in  long  lines,  the  slow  moving 
units  following  closely  one  after  the  other  for  a  few  hours.  The  effect 
of  this  traffic  is  quite  different  from  tbe  same  amount  of  taster  traffic  uni* 
formly  distributed  over  the  daylight  hours. 

The  Weight  or  Tonnage  Bans  alone  is  not  a  proper  one  for  comparisons 
of  traffic  nor  does  it  always  bear  a  direct  relation  to  the  effect  of  traffic  on  the 
roadway.  Slow  moving  vehicles  produce  quite  different  effects  on  the  road 
surface  and  demand  different  consideration  than  in  the  case  of  swiftly  moving 
vehicles  such  as  touring  cars.  On  the  other  hand,  it  is  important  to  consider 
the  range  of  the  weights  and  nses  of  the  unitjs  of  traffic  in  determining  some 
of  the  questions  connected  with  highway  design.   See  (II). 

The  Size*  ot  Ae  Wheeb  of  vehicles  using  the  bidiway  nay  be  of  eonslder^ 
able  importaooe  in  the  consideration.  The  tmdency  ot  some  of  the  tdtu- 
minous  pavements  to  shift  into  comigationB  or  waves  under  different  classes 
of  traffic  is  partly  due  to  the  pushing  tendency  of  the  relatively  small  wheels 
either  in  the  direction  of  the  movement  of  the  vehicle  or,  in  the  case  of 
driving  wheels,  in  the  opposite  direction,  especially  when  this  pressure  may 
be  more  or  leas  intermittently  applied  and  thus  reaches  a  periodic  maximum 
from  tbe  more  or  less  rhythmic  vibration  ol  the  engine  and  of  the  load  trans- 
mitted or  accented  thru  the  springs. 

The  Character  and  mddi  of  the  Tires  of  the  traffic  influence  the  effect 
of  the  traffic  on- tbe  hii^way.  Steel  tirea  on  wheels  tend  to  produce  a  de- 
structive effect  by  shock  and  abrasion  on  the  surfacing  material,  and  if  nar- 
row may  oonoentrate  the  load  to  a  considerable  extent.  Elastic  tires  gen- 
anlly  diatribute  the  load  over  a  greater  area  uid  lack  the  tendency  of  steel 
tices  to  pound  or  abrade  the  surfadng  material.    On  the  otiter  hand,  they 
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may  pom&m  a  decidedly  iniurioufl  ftUH^  to  sweep  the  road  mtfaoe  of  its 
fine  material  and  thus  to  permit  the  looeeninB  of  the  coaraer  partidee  or 
the  polishing  of  the  entire  surface  so  as  to  reader  it  slippery. 

Comparisons  or  Estimates  of  Trafllc  should  include  proper  conrideration 
of  the  various  factors  above  mentioned,  and  proper  comparisons  or  estimates 
of  traffic  effects  attempted  by  merely  counting  the  vehicles  of  each  kind 
passing  over  a  road  in  a  stated  period  are  impossible.  Further  they  are 
lengthy  and  unwieldy  and  do  not  permit  of  ready  comprehenraon  of  even  the 
relative  amount  of  traffic.  The  reduction  of  such  traffic  censuses  in  such 
a  way  as  will  permit  oomiMrisoiu  to  be  readily  made  and  a  relation  to  be 
estaUished  in  any  case  betwera  tiie  reduced  figures  md  the  effects  of 
traffic  on  the  road  is  not  only  desirable  but  necessary.  The  method  of 
reduction  in  any  case  need  not  be  exact,  but  it  should  be,  for  the  greatest 
benefit,  one  which  will  have  general  support  by  highway  authorities.  Such 
a  method  has  not  yet  been  adopted.  Exact  accuracy  of  method  not  being 
necessary  for  the  present  at  least,  an  empirical  agreement  ratioosJly  made 
and  of  general  adoption  would  be  a  great  step  in  advaiioe.  Ultimately, 
further  steps  mi^t  be  taken  toward  exactness. 

A  RadncdoB  of  Blj^iway  Censiises  may  be  made  in  two  wajv.  A  salou- 
laUon  of  tonnages,  modified  by  importance  factors  and  related  to  oosts, 
as  measures  in  different  areas,  of  the  combined  efficiency  of  the  roads  and 
the  vehicle  has  been  suggested,  or  severity  factors  may  be  asdgned  to  the 
vehicle  and  endurance  factors  to  the  different  kinds  of  roads,  and  the 
efficiencies  then  oompared  on  importance-tonnage  in  relation  to  the  avwage 
severity-endurance  factor  per  mite.    See  (26j), 

The  British  Uait  of  Tnfle.  adopted  the  Road  Board,  b  the  Brldib  ton.  and  ths 
caleulattaas  tie  based  <m  the  weifbt  of  tbs  baffle  [a  tons  per  yard  of  wMth  per  ysar 
or  per  mile.  The  weight  for  the  unit  of  each  elaaa  of  tniBc  appears  to  have  baen 
obtained  by  mvenginK  the  actual  weightB  of  a  conaldersble  number  each  unit.  The 
British  attineen.  however,  in  making  Uwir  report  <66)  to  tha  8rd  Int.  Road  Congna^ 
stated:  "That  tha  rdatlve  damage  or  wear  due  to  different  Unda  of  v^dea  dependa 
•0  lari^  apOD  other  hctora  tlwn  weight  that  the  details  found  by  applying  tha 
wel^t  i*t!tan  to  the  rcsulta  of  the  oaumerstlon  do  not  Indicate  the  rdative  detsilsd 
effect  in  esdi  caae.  If  the  wdght  ia  to  be  a  measure  of  severity,  we  want  aeparatw 
daaace  for  (1)  traction  enginaa;  (H)  heavy  motor  can;  (8)  ordinary  motor  ears;  (4) 
horae  vehicles  with  tires  of  proper  width;  (6)  bona  vehldes  with  narrow  tires; 
(6)  bicycles.  Generally  the  greater  the  traffic  on  a  country  road,  the  better  ia  its 
dtotributlon,  and  the  amount  of  wear  fa  tberrfore  In  simple  proportion  to  the  amount 
of  traffle.  Undo-  some  eonditiaiis,  over  80%  of  Ihe  vehidas  paming  along  an  18  ft 
rand  may  nss  the  middle  8  ft  ot  the  road,  or  on  a  28  ft  road,  over  70%  may  use  th« 


midte  8  ft." 

Tha  British  Koad  Board  U]^  WeigUa  are  as  fdlows: 

Assumed  Averace 
ClBirifieatioa  ot  VdddM  Weight  hi  TOna 

Ordinary  ^des   0.00 

Motor  cycle*   0.18 

Motor  can  (bidudlng  motor  cabs  and  any  oUwr  motctf  vehicles 

notapedfled)   1.6 

Motor  vans  (oowad)   2.S  ' 

Motor  (Hnnlbusis   6.0 

,    Motor  lorries  (rubber  tiree)   6.0 

Trailers  to  rubber-tired  lorries   5.0 

Motor  lorries  (ateel  tires)   10.0 

Trailen  to  steel>tired  lorries   6.0 

Ught  tracton   S  O 

Tiailwrs  to  light  tractota.   6.0 

TTaetioit  engiiMS   12.0 
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Clairifiaitlaii  <rf  Vddda  Wa^  is  Tom 

Tnilen  to  tnction  engines   8.0 

Ucht  vehidM  (one  hone)   0,4 

Light  vebides  (two  or  mora  bonea)   0.0 

Hesvy  veUdw  (OM  huH)   1.25. 

HMvy  vehJcIn  (two ornton homs)   2.B 

OntoibuMB  (two  or  mora'bMWo)   S-0 

Trmmain  (electric,  ata»m  or  htm,  as  the  cmie  may  be)  

Horace  (led  or  riddra)   0.6 

Cattle   O.S 

Sheep  end  piga   0.1 

Hand^carta  and  banowa  

HcN«es dtaving  v«hkl«  (to  be  calenlated  from aumbar  of  'veUdei)  O.S 

The  French  ITnlt  of  Traflk  b  the  Collar,  being  a  dratt  animal  hameMd  to  a  wafOD. 
For  apedal  studite,  another  unit  per  ton  (1000  kg)  ia  also  uaed,  but  the  tonnage  is 
caleulatad  from  the  coUar  baeb,  and  ordinarily  the  collar  unit  la  the  one  In  use.  A 
very  complete  report  in  the  matter  waa  prceenled  to  the  2Dd  Int.  Road  Cmg.  In  1910 
(SS>.  In  this  report,  reeognitton  Is  gtven  to  the  geitefal  prindples  lieretafore  expnmei 
and  illustratee  their  consideration  and  application  tmder  Flench  cooditiona.  Briefly, 
it  is  stated  that  It  b  not  auffldent  in  order  to  know  the  importance  of  the  tmlBc  at  a 
given  point  to  Icnow  the  total  number  of  collars  passing  tbarai  AH  baffle  ii  not  of 
tbe  aame  coamterdal  value  nor  has  it  the  same  InSuesee  as  to  the  wear  of  the  road 
and  benee  as  to  the  expenee  of  maintenance.  A  large  trudt  or  farm  wagon  heavily 
loaded  has  a  vary  dlffocfnt  action  on  the  road  crust  from  that  c4  an  empty  earrfaga 
Cavalry  huiiw^  animals  going  to  pasture  ot  to  maricet  can  not  In  tbelr  effect  be  Ukaned 
to  bonaa  wliieb  draw  veUdaa.  In  tbe  eariler  eonauaai,  because  of  tbe  recognition  «f 
theae  farts,  catagorlca  tor  the  enumeratlaQ  were  very  numerous,  but  this  eomides 
rIensiflrtiHrfi  was  an  embarraasment.  In  tbe  census  of  1882,  and  thoae  that  have 
loUewvd.  but  five  elaaaiflcationa  have  been  preserved,  tbeae  Ave  "comprehending  the 
different  vehkfaa  whose  aethn  <n  the  loadwayi  seems  to  bt  prmetically  equal  and 
neasondda  by  the  number  of  coUars  noted."  The  flrvt  daaa  embraces  trucks  mad  farm 
wagons  loaded.  The  second  daaa  embra«eo  pobHc  vehides  dealgBed  for  traoaportfaig 
psaengMS  and  their  baggage.  The  third  dass  inchidee  light  vehides,  such  as  empty 
farm  wagons  and  private  vehides.  Tbe  fourth  dese  eompriaae  ■fii^fi*,  audi  as  honas, 
mounted  or  not,  large  cattle,  mules,  etc  The  fifth  dam  comprisee  small  beasts,  audi 
as  alie^.  goats,  and  pl^  In  1908,  for  the  first  time,  attentiMi  was  paid  to  tbe  auto- 
mobile and  these  veUdes  ware  sqtarately  divided  into  Ave  rlamrs  In  the  first,  were 
iadoded  automoUes  with  metallic  tirea,  "which  in  general  are  heavily  loaded,  have 
a  slow  movement  and  produce  the  elfaet  of  wearing  away  the  road  surtaoe."  Tbe 
not  three  categoriea  indnded  reflectively,  automobiles  with  elastic  tires,  motors 
Bet  need,  tmder  tbe  Frendi  eystem,  to  make  a  speed  of  more  than  SO  km  per  hr;  auto- 
mobOae  wbooe  speed  was  less  than  SO  km  per  hr;  and  bicycles  or  velod pedes  propelled 
by  tbe  feet  of  the  rider.  The  fifth  dam  comprieed  motor  cydes  wiietber  having  two, 
three  or  (oar  wheels.  The  report  states  that  "in  order  to  draw  from  the  eeBSUsaa 
eondusioaa  reUtive  to  the  diuge,"  which  "the  maintenance  of  the  road  impoaed  on 
the  public  treaaury,"  it  is  necessary  further  "to  attribute  to  each  element  of  the  trafilc 
•n  importance  whidi  belongs  to  It  from  tbe  vlewp<rint  of  the  destructive  effect  exercised 
on  tb«  road  crust."  To  this  end,  the  total  numbon  stated  by  tbe  count  are  sBodlflsd 
by  coeffldCTts  of  redactl<m  varying  batwean  the  dUTerent  riaaswi,  snd  the  total  at  tbe 
quantittoa  thus  modified  gives  the  figure  of  dreulation  which  is  diaracteristic  of  the 
frequentation  of  the  roads  from  the  viewpoint  of  maintenance  service,  and  the  practical 
measure  <rf  tbe  straina  on  the  roadways.  In  the  census  before  1882,  ^Httfif|t«  aot 
hameeeed  and  small  beasts  were  neglected. 

All  snimals  hamemed  to  a  vehide  carrying  a  load  counted  aa  a  coDar,  and  vehicles 
dreulating  empty  as  H  collar  each,  but  this  was  conddered  unsatisfactory,  and  in 
1882,  and  tlie  auecaeding  censuses  in  1888,  1894  and  190S,  a  collar  was  takan  as  an 
animal  hameased  to  a  loaded  veUde  regardlcsa  of  the  sise  of  tbe  animal  Itsdt.  It 
appeared  {mferabls  to  ^  the  Tshw  of  unltr  fbr  audi  a  edlar  isgai  iHaw  of 
amy  diaadvantags  partleiilariy  acemlng  to  seetfans  whan  small  anfatala  wwe  ussd 
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bttcmuae  In  thoM  aectioiM,  whidi  ue  genermUy  in  motmUiaouB  or  arid  regloDa,  the 
lOadwsyB  ve  exposed  to  other  cauacB  ot  severe  wear.  Collvs  huneeBed  to  public 
vehicles  for  pueengen  were  not  reduced.  The  weigbts  dnwn  by  s  coII&t  in  that 
cmtetory  m»  only  in  truth  about  three-fifthe  <rf  that  drawn  by  a  eoHar  attached  to  « 
vehicle  with  farm  products  or  merchandise,  but  the  ipeed  m  that  of  a  trot  and  an  equal 
load  is  much  more  dcatructive  than  at  a  walk.  For  empty  and  private  vehicles,  altbo 
the  mean  weight  of  these  vehicles  is  three  times  less  than  that  of  the  loaded  vehicle, 
a  coetBcieot  tA  reduction  applied  to  them  it  seems  should  be  more  than  one-third  in 
order  to  take  account  of  the  action  of  the  feet  of  the  horses,  and  also  of  their  apead 
which,  for  a  large  number,  la  that  of  a  trot.  For.  this  classification,  the  coeSdeot 
}i  Is  ad<H)ted.  All  horses  not  harnessed  but  mounted  by  a  rider,  or  loaded  on  ita 
back,  are  considered  as  having  a  weight  equal  to  that  of  s  bameeaed  animal.  Their 
action,  on  the  other  hand,  is  thought  less  destructive  because  it  does  not  exercise  the 
horisontal  effort  to  the  same  extent.  It  is  therefore  considered  rational  to  count 
each  for  a  little  less  than  harnessed  hones,  which  alter  for  >i  in  the  weight  of  a  collar, 
and  it  is  thought  proper  to  attribute  to  an  unhanMsaed  horse,  the  coefficient  i/s-  Thia 
coefficient  is  applied  equally  to  cattle,  which,  the  their  wViBhta  are  not  always  equal 
to  horses,  are  considered  as  having  the  same  wearing  effect  on  the  roadway.  As  ta 
the  bead  of  small  bessCs,  their  w^hts  vary  from  the  mean,  the  latter  being  i,  7  ani 
^  that  at  horses,  but  their  action  on  the  roadway  is  considered  more  severe  because 
of  the  confonnatioa  of  tbeir  feet.  It  is  considered  that  six  of  tlMse  animals  wear  the 
road  as  much  as  an  unbamessed  hons  and  the  eoeffldant  of  ta  therefore  qvUei 
to  each  of  them.    A  summary  <d  French  eoeffldenta  is  as  followi: 

Pint  and  second  categories,  wagons  loaded  with  farm  products  or  rasrchsadiss  and 
public  vehicles  for  passengers,  each  equals  1. 

Third  category,  empty  vehicles  and  private  vehicles,  each  equala  }i. 

Fourth  eategory,  animals  not  hamesaed,  each  equals  1/^ 

Fifth  category,  small  beasts,  each  equals  1/  o- 

A  modification  of  the  above  employed  smce  l&8Sp  applies  to  the  manner  of  counting 
the  number  o(  harnessed  cattle.  When  the  censuses  for  1882  were  taken,  it  was  be- 
lieved necessary  to  reduce  to  one  collar  a  span  of  cattle  because  of  the  light  loaja 
drawn  by  these  animals  in  certain  regions  where  they  are  oHnmonly  employed,  but 
the  rule  was  abandoned  and  a  pair  of  cattle  coun  ed  for  two  collars  when  th'.y  were 
harnessed  to  heavy  loads,  such  as  minerals  and  coal.  In  order  to  avoid  arbitrary 
decisiona  on  the  part  of  the  observers  because  of  this  variation,  It  was  decided  that 
for  the  census  of  1888  and  those  following,  the  real  number  of  cattle  employed  as  draft 
animals  should  be  counted  each  as  one  collar.  Consideration  is  had  by  the  Frendi 
of  the  influence  of  tramways  or  street  railways  on  the  wear  of  the  contiguous  roadways. 
As  a  result,  the  Nat.  Road  Comm.  valued  at  8  i/s  collars  the  mean  dally  dreulatlon  of 
the  tramways  and  street  railways  for  the  census  of  1884,  but  it  e^reidy  reserved  the 
right  to  diange  thia  i:gure  as  might  be  dedded  necessary  later. 

AUTOHOBILES  in  the  centnis  before  1904  had  been  counted  as  a  number  of  collara 
^qual  to  the  proportion  of  the  total  weight  of  theoe  vehidci  to  the  mean  weight  of 
a  one-horse  cart  loaded.  Including  the  weight  of  the  h<Mse,  but  in  view  of  the  Increasing 
importance  of  motor  traffic,  the  NaL  Road  Comm.  prescribed,  •  ministerial  circular 
of  April  27,  1904,  ss  followa:  "nist,  to  determine  the  aumlier  of  eidlan  eciulvalent 
to  automobiles  with  metallic  tirea,  divide  the  mean  weight  expressed  in  tons  of  1000 
kg  by  1.25;  aecond,  automobiles  with  elastic  tirea  shall  be  counted  in  collara  as  follows: 


Motor  cydea.   0.8 

Vahldaa  licensed  to  make  a  speed  of  over  80  km  per  hr   8.0 

Vdiieles  licensed  for  only  a  speed  of  less  than  30  km  per  hr   1.0 

Motor  cycles,  whether  of  2,  3  or  4  wheels,  with  elaatic  tires,  and 

with  the  rider  In  the  saddle   0.06 


By  means  of  these  coefficients  of  reduction.  It  is  thus  possible  to  reduce  the  mechan- 
ically propelled  traffic  to  figures  which  can  be  added  to  the  animal  traffic  alao  reduced, 
and  thru  a  summation,  to  represent  thru  the  collar  unit  the  measure  of  use  of  the 
roadways. 

TONKAGB  was  the  second  object  of  the  censuses,  the  first  being  the  expression  of 
the  dreulation  in  collam  achieved  as  above  described.  The  tonnage  was  valued  accord- 
ing to  the  weights  traaaptnted  eaeh  day  or,  more  generally)  during  the  entire  year. 
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llaaa  ■iil^lili  were  eetabliahed  by  weighing  a  large  eoough  number  of  unite  of  each 
daaiflcstion.  and  ftppUed  to  i  c^lsr  in  each  category.  In  the  eetabUehment  of  the 
neaa  «ai|lita,  em^deration  waa  alao  had  of  the  pwtlon  of  the  total  weight  made  tq> 
by  the  oaeAi)  load,  and  thie  was  obtainad  by  <todoetine  from  the  total  wel^t  the 
daad  weight  of  the  vehicle.  In  the  censuaes  before  that  of  1882,  the  weight  of  traveHen 
waa  included  in  the  useful  tonnage,  but  unce  1882,  the  uaeful  tonnage  has  not  included 
the  If  night  of  paawngen  nor,  on  the  same  prlndple,  of  passenger  motors  with  etaatle 
Uraaand  vdodpadeaearrylDgonly  pasaengers.  Again,  as  regards  animals  not  barnewed 
novinc  ov«r  tbe  roada  and  tnumlorting  themselvee  from  ona  phue  to  another,  thdr 
tmnage  haa,  rinee  1888,  been  induded  in  tbe  calculation  irf  uaefnl  tonnage,  while 
mounted  or  loaded,  which  i^raamted  a  meana  and  not  a  matter  of  timosport, 
were  not  ao  included. 

Ilaliaa  Traffic  Censuses  have  been  taken  since  1882  by  different  provinces  and  t 
report  pnaeated  to  tbe  2nd  Int  Road  Cong.  (74)  deecribea  these  Id  more  or  leas  detail 
The  first  census  ot  the  departmental  routes  in  tii»  Province  of  Piaa  In  1893  followed 
tbe  French  censoaeain  many  leapaeta.  llw  unit  waa  tlie  bairado,  cart  loaded,  drawn 
by  ooe  or  two  huaes.  An  empty  cart  waa  valued  at  0.6  and  a  wagon  loaded,  drawn 
by  three  horaea,  at  1.26,  and  tlw  same  empty  at  0.75.  The  victoria  counted  as  0.6. 
Draft  animah  and  large  beasts  were  counted  as  0.2  and  small  beasts  at  0.08.  Tlie 
tonnac*  also  waa  apprnit mated  aa  closely  as  poaeible.  Tbe  results  obtained  were 
imiy  of  local  value. 

The  Pbovdmx  or  BObOrau  took  a  tnflte  onuns  in  1900.  Thdr  nnlt  waa  a  draft 
animal  attadiad  to  a  cart  witfa  a  load,  and  the  same  ma  coonted  for  0.S  if  the  wagm 
mss  empty.  iMtga  beaata  wen  vahiad  at  0.2  but  no  account  waa  takn  of  small 
aahnala. 

Tha  pMVima  or  MODBU  took  a  census  during  the  years  1901  to  1904,  and  tbe  unit 
adopCad  there  waa  the  eollsr  or  draft  animal  attached  to  a  loaded  wagon,  or  to  an 

oaudbus  or  to  a  public  carriage,  and  tbe  vahie  of  K  was  given  tbe  same  animal  harnessed 
to  an  empty  wagon  or  to  a  light  cart,  large  fceaata  counted  at  l/j  and  small  beasts 
at  i/»  In  order  to  trandate  tbe  tnlBe  figurea  so  obtained  Into  tonnage  figures.  It 
waa  catlmated  that  «idi  draft  animal  transported  at  least  2H  times  his  own  weight 
and  that  tUi  weight  waa  400  kg  tor  flat  country  and  360  kg  for  mountainous  country. 
The  PBonMca  or  Fadova  tocik  a  eenaoi  on  tbe  simple  basis  <^  dividing  the  vebides 
into  two  cat«arfes,  l^t,  Out  Is  to  say,  vMAm  empty  or  pinwigor  veUdea,  and 
heavy. 

The  PROVDKX  OF  M  lan  has  taken  irtiat  la  stated  to  be  probably  the  most  complete 
of  tbe  Italian  censuaea.  Thdr  fiiat  was  in  1904  and  this  was  succeeded  in  1907  and 
followed  up  in  1908,  1909  and  1910.  Tbe  vahus  givm  to  tbe  different  units  of  traffic 
in  tUs  instaaee  were  as  follows: 


Troda,  indudiog  motor  trudm,  were  counted  according  to  their  weights  in  a  separate 
—fa—"  In  tbe  caae  of  many  animals  attached  to  one  vehicle,  the  first  was  counted 
at  H  and  tbe  otboa  at  >/»■  Trucks  were  translated  into  collars  by  dividing  their 
total  weights  by  tbe  average  weight  of  one  collar. 

In  the  Hetherlanda,  traffic  censuses  were  taken  in  1908  and  a  report  made  In  the 
■natter  to  the  3rd  Int  Road  Cong.,  1918,  by  Wentbolt  (76).  A  coefflctect  of  traffic 
was  used,  which  It  is  stated  was  "obtained  1^  increasing  the  number  of  vehicles  with 
B^t  taada  to  twice  tbe  number  of  mechanically  pnydled  vehlclea.and  twice  tbe  aum- 
htr  oi  vebldee  with  heavy  loads,  and  by  adding  to  the  figure  thus  obtained  one-fourth 
of  the  oambtT  of  hand  carta  and  carts  drawn  by  bones,  etc" 

Tbe  niinois  State  Highway  AaOwrities  have  taken  traffic  censuaes  in  1906,  1908. 
1810,  1911  and  1912.  Tbe  bads  in  tbe  earlier  censuses  appears  to  have  been  the 
vehicle  itseU,  loaded  and  imlcadadvebides  being  recorded  separately.   Tbe  instructions 


1  motor  vehide 

1  animal  attached  to  a  loaded  vaUds 
1  animal  attached  to  an  empty  vdi^ 
1  large  animal  not  harnessed 
1  amall  p"^f'^'f|^ 
1  Ucyda 

1  purii  cart  loaded 
1  push  cart  empty 


Scollan 
leoUar 
i/s  collar 
i/g  collar 
i/jo  collar 
l/)0  collar 
l/scoOar 
1/iD  collar 
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of  the  IIL  Highny  Comm.  regarding  the  taldng  of  the  censuK,  on  this  pcnnt,  indude  the 
f<db»rlng:  "All  iwenger  vehidaa,  aa  «arrt«g«a  and  buggies,  are  to  be  ctaved  aa  un- 
loaded. An  wagona  carrying  any  load  will  be  daaaed  aa  loaded;  otbanriae  aa  unloaded. 
A  carriage  of  any  kind  should  always  be  recorded  aa  unloaded,  whether  all  sesta  ara 
occniried  or  not."  Apparently  no  ooeffldenta  of  reduction  of  any  Idnd  were  provided 
for  redodng  the  counts  so  obtained  to  a  single  figure  indicative  of  the  amount  of  traflla 
Intmstiag  diaenwtoo  and  detallad  flgorea  of  the  IlUnoia  oenana  nay  be  foond  Id  the 
reports  of  the  Ccmmfadoi  (48). 

The  Uafylaad  nghwiv  AnthoriUea  began  to  tain  traflle  canwiiM  In  1904  and  have 
emtinued  more  or  leas  irregulariy.  Except  for  ^Mdal  artidea  on  this  matter  (2) 
(26a),  (26b),  no  pubUcatfon  of  the  Maryland  reaulta  have  been  made  by  the  Maryland 
autboritiee.  From  the  ipedaJ  articles  reTerred  to,  it  appears  that  the  eartier  Maryland 
eanauaea  wan  baaad  on  Uta  following  claasiflcations:  (1)  ridden  horaea  and  one-liorae 
Triddas;  (2)  two-  or  more  home  vehides;  (8)  cydea;  (4)  motors.  This  daarilteatloB 
was  dumged  in  1906  to  provide  for  the  following:  (1)  ridden  horses  and  ooe-horw 
nUdaai  (2)  twoJiorse  vehidea;  (3)  more  than  two-horw  vehldes;  (4)  motora.  In 
the  eaoMaea  beginning  with  1910  and  subeequvitly,  tbe  classification  adopt«d  folknved 
that  recommended  by  the  Special  Com.  on  "Materials  for  Road  Constructitm" 
ti  the  Am.  Soc.  C.  and  is  as  follows:  (1)  ridden  honea  and  one-horse  vehidea;  (£i 
two-hom  vebides;  (S)  three-horse  vehldee;  (4)  four^orse  vehicles;  <6)  Ave-  or  more 
horse  vehidea;  (6)  motor  cydea,  induding  bicydes;  (7)  motor  runabonta;  (8)  four^ 
or  llve^eat  towing  cars;  (9)  six-  or  seven-seat  touring  cars;  (10)  motor  tiudta  or 
drays.  The  valuee  amigned  to  «*dt  of  the  forogdng  dassifkatlona  for  tha  purpose  of 
reducing  tbe  rather  elaborate  tabulation,  ao  that  eorapnriaona  could  be  I  saiUlj  made, 
were  as  followa: 

1.  Ridden  horse  and  oneJiona  vehlde   2 

2.  Two^orse  vebides   4 

8.  Three-horse  vehidea.   6 

4.  Four-horse  vehicles.  8 

6.  More  than  four^ioive  vehidea  12 

6.  Motor  cycles  2 

7.  Motor  runabouts  10 

8.  Four-  or  five  eeat  touring  can  20 

9.  Six- or  aeven-seat  touring  can  40 

10.  Motor  trudcB  or  draya  20 

For  diseumim  of  these  coeffldmts  of  reduction  and  for  further  details  fai  connect] no 
with  the  Matyhuid  censusea,  referenea  may  be  had  to  public*  tiocw.  othv  than  theaa 
already  noted,  as  follows:  (26b)  and  (26j). 

Hw  Haaa.  State  Hi^way  Comm.  took  tmOc  eansMea  In  1909  and  1912.  Thdr 
^ariOcatlon  was  as  foltows:  Hoise  drawn  vehidea,  dngle  horae  Hght,  dngle  horse 
hsn^,  two  or  more  horaea  light,  two  or  more  hotses  heavy ;  and  autom<4>tltt,  runabouta, 
touring  cars  and  wagons,  trucks  and  omnlbusea.  The  Maaaachusetts  authoiftiaa  ap- 
peared to  have  followed  the  British  method  ot  re^faig  on  weights  for  n  reduction  of 
tha  c^  flgures  to  the  report  of  the  Mass.  Highway  Comm.  (64d).  wbldi  may  be 
ntefed  tolor  detailed  dIscuMion  of  the  censuses,  "After  all,  it  Is 

ilr.ilSrSfi.'^  't  •«  not  weight  alone  but  the  vehicle 

by  wUdi  it  tatrmnqxHTted,  whether  by  hones  or  by  motor.    It  is  not  the  tractive  poww 
atone  that  makea  the  dlfferenoe.  but  tbe  tires  whidi  support  the  v^de,  whether  tnm 
or  rubber  comes  in  contact  with  the  road,  whether  the  vehlde  is  pulled  over  the  road 
''^^^Ji^'  *^  ^  1^  ****  Bur&ee.    All  of  thne  eoasideratioaa 

US  probably  not  so  important  on  many  road  surfaees  as  the  actual  weight  imposad 
npon  tha  road  par  faidi  width  of  tire  resting  apcm  the  road.  *  *  *  After  earcfut  study 
™y  "dopted  in  England  an  assumed  weight  or  eoeffldent  for  each  kind  of  vehicle 
oafng  the  roads,  in  order  to  make  a  fair  comparison  of  the  tralBc  upon  different  raa^ 
where  the  tralBc  varies,  and  to  more  nearly  show  what  the  road  must  support.  It 
■  quite  MBUlar  to  the  formula  in  uaein  Franca  and  oa  the  drnttneBt.  It  fa  thenfora 
uaad  hotli  for  want  of  a  bettor  me  and  also  haauae  it  gives  a  fafa-  baata  U  oompaifaoo." 
The  accuracy  of  some  of  the  above  exprasriona  may  be  questfonad. 
The  WBUHTB  uaed  by  the  Man.  Comm.  for  tha  diffvpntdaadficatitniB  made  up  by 
'  ■  as  foUowK  ' 
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Motors 

RunabootB... 
Touritif  CM. 
Ttueln  


,1.4S  tou 
.2M  ton 
.<.26  tooa 


UoiM'drawn  vehicki 

On»4uHM,  Ught  

Oii»4mm,  hMvy  

Two  or  iiion  hmn. 

Two  or  mora  hoiwi^  bmry^. 


.OM  tow 
.1.12  ton 
.0.64  toM 
,2.46  torn 


Thm  H-  T.  State  ffighwaj  Oapt  todt  a  tnAe  vmtmm  in  1809  and  tht  bwb  el  tbt 
cBfMiw  wtth  tba  wdaeHon  Qgnm  ■■I|twTi1ii  to  mdt  chwIflMtfan  mn  w  foDgwa: 


Hone-dnwa  tnfflc 

Hones  with  TsUdcs   1 

One-hone  vcliicle,  H^t.   t 

OM-bone  vehicle,  heavy   8 

Two^ofse  vehicle,  lisht   S 

Two-borae  veblde,  lieavy   4 

Three-hMw .  vdiide,  heavy   fi 

Fouivhone  vehidei  heavy   6 

Motor  vahides 

Motor  cydes.   1 

Two-pwMcnger  can   2 

Three  pMsengar  can   S 

Fonr-psienger  cars.   4 

glva  paesnngnr  cats   S 

ai»-pMsni^er  ears.   6 

Sevno-psescBgnr  au*   7 

Trucks,  omotbasea,  etc     M 

UiscdlaiMoua 

Traction  eDgtae-   15 

Two  traetloo  sngiBH.     80 


In  the  oompOatlaB  of  the  eeiuas  flcurei,  a  sumtnaiy  was  mads  so  ss  to  give  ssparata 

cohmma  for  tlw  horse  and  fw  the  motor  traflle.   For  ftirtho-  details,  ne  (17)  and  (88). 

The  0.  8.  Office  of  Public  Roads  has  made  some  traffic  etudiea,  and  a  partleularly 
mteiHting  rAaumi  of  these  <»i  the  RodcvIUe  Pike  may  be  found  in  (46).  James 
and  Reeves,  the  authors,  there  refer  to  the  difficulties  met  irith  in  the  attnnpted  ea- 
tsbKehment  of  proper  traffic  mils  and  argue  for  the  adopttoD  of  tba  rhhiiu  baris. 
Hie  wel^ta  they  fiva  to  tba  varioua  items  In  the  eategwy  of  vehiclea  are  aa  foDows: 


ClssB  of  Traffic 


Rshtlva 


MiaorilananiM  heavy  tr^Bc_. 


Vupward 


Loaded  l-horse  wagon. ........ 

Dtaloaded  l-horse  wagon.  

Loaded  2-hone  wagon.  

TTaloaded  Z-horae  mgm  

Loaded  4-hone  wagon  

tTnloaded  4-horse  wagon  (gears) 

l-4iwse  pleasure  vehicle  

S-borse  plea«m  vsUde  

RublMr-tired  liofse  vddde.  

Saddle  hotss  

Motorcycle  

Ezceeeively  heavy  vehicle  

Motftf  runabout.  

Motor  touring  car  

Loaded  motor  dray  

Unloaded  motor  diay  

Draught  hocaea.  


Toos 
0.88 
O.tt 
1.87 
0.47 
8.88 
0.84 
0.88 
0.47 
0.88 
0.60 
0.20 
8.M 
1.68 
8.00 
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HAny  of  ttw  arEumrata  advwioed  in  th«  wtide  Are  Miund,  but  apparently  insufficient 
consideration  baa  been  given  to  the  relative  effects  of  different  q>eeds,  of  different  Idnda 
of  tirei,  and  of  tbe  variations  in  effect  ot  one  or  both  of  tbeaa  on  differpnt  Icinds  of 
surfadngB.  Tbe  ton-mile  basis  and  the  conclusions  of  tbe  authon  eannot  therefore 
be  generally  accepted,  lor  the  preamt,  aa  final.  It  would  seem  aa  tho  the  ton-mile 
tnicht  be  improved  on  as  a  basis,  altho  even  then  it  would  not  In  many  cases  be  per- 
fectly satisfactory.  If  the  relative  speed  were  allowed  to  enter,  this  could  be  indnded 
by  making  tbe  basis  the  ton-mile  per  hour  and  eetimatlng  the  approximate  speed 
of  the  passing  vehidea.  That  is,  instead  of  taking  the  wrigbt  of  tbe  vehidea  and  tbe 
length  of  section  under  obeervatkm,  the  weight  of  the  vehicle  multiplied  by  iu  speed 
Bi  milev  pa-  hour  would  give  tbe  figure  to  be  used.  Owing  to  tbe  fact  that  up  to  a 
certain  limit  of  speed,  the  importance  of  the  speed  factor  is  relatively  so  omall  com- 
pared with  the  tire  factor  or  the  weight  (actor,  it  might  be  possible  to  dmplify  tbe 
reoMda  and  calculatlona  somewhat  by  allowing  all  speeds  bdow  a  certain  figure  to 
be  calculated  at  unity,  and  U>  use  for  the  Bpee<|  factor  a  figure  other  than  Unity  only  in 
•■■■i  where  the  apead  was  estimated  to  be  over  the  maximum  rate  per  hour  Mtab- 
Uihad.  A  dlffmnt  marimiim  rate  per  hour  could  be  set  for  hard-tu«d  and  rubber- 
tired  vehides  If  desirable,  and  the  factor  tor  exceesive  speeds  could  uthra-  be  bad  by 
obtaining  the  ratio  betwecu  the  maximum  speed  eatabliahed  and  the  actual  speed 
Mtimated  or  by  empirically  aUting  factors  gradually  increasing,  for  the  «timated 
qieada  above  tite  maiimum.  The  importance  of  pnqier  oonaidecatioB  of  the  matter 
Ib  again  evidanaed  by  the  foragolnc. 

Tbe  City  of  New  York  has  taken  some  traffic  oenausea  and  the  dassificatiana  and 
values  adopted  by  the  Bureau  til  Highways,  Borough  of  Brooklyn,  are  given  (68) 
as  follows: 


Traffic 
Value 


Rubber-tired  vehides 
Lauge  automobile  trucks,  loaded 
I^rge  automobile  trucks,  emrty 
Small  automobile  trucks,  loaded 
Small  ^utomobila  trucks,  empty 

Pleasure  automobUee  

Carriages  

Steel-tired  vehides 

Loaded  trucks  

Empty  trueka  

Loaded  wagons  

Empty  wagons  

Carruves  

Trolley  car*  


6 
A 
» 
2 
1 
2 

10 
T 
7 
4 
2 

10 


To  obtain  the  traffic  unit,  the  following  rule  was  used:  "The  number  of  vahidea 
peering  a  glvcoi  point  in  8  hr  times  traffic  unit  divided  by  8  times  60  Umes  the  width 
of  the  roadway  equals  density  equals  traffic  units  per  minute  per  foot  width  of  roadway. 
The  density  of  traffic  may  be  divided  roughly  as  follows:  Maximum,  1.16  to  1.74; 
medium,  0.68  to  I.IS;  minimum,  0.00  to  0.57.  This  repree^its  in  a  rough  way,  In 
accordance  with  the  above  formula,  what  is  known  as  the  maximum,  medium  and 
minimum  density  of  traffic  in  the  Borough  o(  Brooklyn." 

The  Borough  of  Manhattan  has  taken  some  traffic  censuses  and  th»r  clasaificationB 
of  vehicular  traffic  have  been  as  follows:  Horse-drawn  iron  tired,  horse-drawn  rubber 
Ured,  automobiles,  street  can,  automobile  trucks,  with  an  estimated  actual  w^ht 
for  each  vehlde  counted,  these  weights  being  finally  totalled. 

Condusions  of  Various  Authorities.  Absence  of  general  agreement  among  highway 
autboritieB,  except  perhaps  in  the  matter  of  certain  general  prladplea  concerning  the 
traaalatiim  of  the  comidfa  figurca  from  a  traffic  census  into  a  sim|^  expresiion  of  the 
relative  effect  of  traffic  under  different  eonditioaa,  will  be  evident  from  the  foregone 
summary  of  tbe  condusions  of  those  autboritlas  who  seem  to  have  given  moat  attain 
tion  to  tba  aubject.    At  tbe  same  timet  tbe  importance  of  auch  general  agreemwit  aa 
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miefat  be  ponibte  in  thia  eoanection  is  also  demoastrated.  One  of  the  reaaona  for  the 
hA  <3t  acreaaent  ia  the  ctnaparatively  abort  dme  that  attention  has  been  (iven  to 
the  anbject  oubdda  of  Fnaea.  Anottwr  roMon  ia  fumMwd  by  the  qglta  dUtarant 
eoodictocui  prevallinf  in  many  inataaeea  with  tbeae  authoritlea. 

ne  Fbbmcb  conduaiona  were  reached  from  dealing  mainly  with  water-bound 
Macadam  nnds,  comparatively  recently  surfaoe  treated  with  tar,  and  with  local  envimi- 
iMtits  and  traffic  eonditions  appreciably  tUflerent  from  thoee  in  this  country.  The 
nine  may  be  aaid  of  the  Bbitibb  condueioaa  with  a  furtbar  remark  that  the  Brftid) 
eovironmcnta  and  conditions  are  paroeptibly  different  from  those  tn  France.  The 
Illdkhs  conduaiona  wm  drawn  from  a  study  of  traffic  over  roads  of  earth  and  induded 
but  rdativdy  few  miles  of  roadways  improved  according  to  modem  standanta.  The 
Maryland  ecmdusions  were  baaed  on  a  study  of  traffic  over  roads  improved  with  water- 
bound  macadam  with  sorfacinKJ  of  various  Idnds,  indudins  shdl,  jravel,  water-bouad 
Kneatone  and  trap  rock  macadam,  and  bituminous  macadam  or  macadam  auifaea 
treated  with  varioua  Utundnoua  materiala.  The  MAaSACHUBSTTB  eondualaaa  were 
mhalVbaOy  liiflueneed  atnnily  by  the  coodudoaa  of  the  Brltlgh  Road  Board,  bqt 
mum  baaed  on  a  atndy  o(  traffic  over  mainly  water-bound  ma'Tadam  roadi,  eome  ot 
wUeh  had  been  treated  in  one  way  or  anothn  with  Utuminous  materials  and  whose 
kxal  environ  men  ta  and  conditions  were  quite  different  from  those  prevailing  in  Great 
Britain  or  in  Maryland.  The  Nkw  Y(HtiE  condusimB  were  baud  on  a  study  of  traffic 
over  roada  leontly  laquovad  with  moiant  anrfacinga  of  varioua  kinds  but  mtdv  loeal 
eaviracuaaBta  and  condicionB  differing  coawHarably  from  those  of  Maryland  or  eves 
Maaaachiiactte.  The  Nbw  York  Ciry  condusions  were  based  on  a  study  of  b-afflc  owr 
streets,  whose  surfaces  were  in  the  main  pavements  of  aheetasphalt  or  stone 
Uoi^  and  whoae  local  environments  were  deddedly  different  from  those  prevailint 
ia  any  of  the  otiier  caaea.  While  there  may  be  a  diffvenea  between  tlie  local  envfrtm- 
maata  and  conditions  in  the  two  Boroiq^  ot  Brooklyn  and  Manhattan,  it  hardly 
aecans  aulBcient  to  explain  fully  the  differences  in  the  condu»ons  of  these  two  boroufhs. 

As  elated  edittmally  by  the  SUBVBVOR  (70)  a  single  aeverity  factor  cannot  be 
asHcned  to  a  particular  kind  of  vehide  or  a  single  endurance  factor  to  a  particular  kind 
ot  cniat,  the  reason  bong  that  these  factom  vary  with  the  different  vehicle<rust  com- 
Irinations.  "The  average  severity  factor  of  a  nibber-tirad  delivery  van  and  the 
average  endurance  factor  of  granito  setts  and  wa tar-bound  imj-h*™  fumisb  us  with 
no  Just  estimate  of  the  relative  effect*  of  the  delivery  van  cm  granite  setts  and  water- 
bound  macadam  reqwctively.  Again,  the  ratea  ot  wear  of  a  particular  Und  of  crust 
win  vary  very  mudi  indeed  according  to  whether  the  road  is  a  dead  flat,  a  gentle 
gradient,  or  a  steep  hill,  *  *  *  as  regards  iron-tired  motjr  veblclea,  the  element  of  road 
cruet  temperature  is  far  more  important  than  gradient  for  tarred  roada."   Bee  also  (7). 

Oa  tha  other  liand.  It  aaema  pomibla  to  make  such  diidnau  of  a  ooimtiT'  even  as 
lat|e^  and  arith  as  varied  eonditjons,  ae  the  United  Staua,  ao  as  to  tednde  ia  sections 
roads  with  similar  mntta,  surfaces,  alignmenta,  local  environments  and  omditionB,  and 
to  adopt  for  each  section  such  a  set  of  relative  weights  for  each  daanfication  of  the  traffic 
oHMus  as  would  avoid,  as  far  as  pomlble,  oomplicationa  of  tbs  tally  sheet  and  the 
iMinginc  in  of  uncertainties  or  the  astabUshing  of  impracticable  efforts  on  the  part 
of  the  ordinary  observer,  and  yet  at  the  aame  time,  pennit  <rf  ready  oomparlionB  of 
tiafflc  in  which  the  actual  errors  compensate  for  each  other  quite  suffidently,  and 
pre  the  highway  authoritiea  valuable  information  from  the  traffic  census  Itself  as  to 
Ilia  affeet  9t  the  traffic  on  the  roadway  aurfaee  and  as  to  the  cost  for  malateBance  and 
ntidr. 

14.  Traffic  Censuses 

Tke  KaduMt  of  TaUng  baffle  Canstues  is  an  important  consideratioQ. 
Continuous  reoordins  of  the  traffic  is  impracticable  for  more  than  a  (Oiort 
poiod  St  least  and  yet  a  fairly  accurate  idea  of  the  traffic  on  a  highway  for 
a  yearly  period  is  necessary.  Ordinarily  the  observers  or  recorders  available 
for  the  purpose  will  not  be  especially  trained  for  the  work,  tbo,  in  cotirse  of 
titoe,  they  may  become  more  or  less  experienced  in  it.  Too  much  reliance 
should  not  be  placed  on  the  judgment  of  these  individuals,  and  the  re- 
quirements of  them  should  be  kept  well  within  their  capabilities. 

The  Vresch  MethoJa  again  have  been  carefully  studied  out  and  in  the  report  pra- 
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vioualy  nferrod  to  of  the  French  traffic  a«wus  (55)  tha  following  description  of  Om 
mthoda  employed  ia  ^yen:  "The  roada  are  divided  into  a  oertain  number  of  wctione 
1b  eadi  one  of  which  tt  ia  auppoaed  that  the  dreulatlon  is  almoat  constant  thniout  the 
ner.  At  «te  ix^t  In  the  ssetioii  dwaen  is  a  pnat  of  observation,  and  the  ofaaarvw 
notes  the  vehidM  and  udmala  eadi  eatflcoiy  lAtch  pMS  before  Urn.  Th«e  notee 
are  sent  to  the  en^neer'a  offlea  where  they  are  oompflod  acewdinf  to  certain  forma 
and  then  tnnsmitted  to  the  Central  D^Mutment.  The  choice  of  poeta  for  observation 
k  the  most  deUcate  and  moat  imp«taat  part  of  the  preparatory  worlt.  In  fact,  there 
areaveryfewsseOMttof  road  wbwetbetnAciaoonrtantthruouttheyear.  The  local 
drcuUiaa  Baaily  alwayt  prsdondnatca  at  mart  Irregular  qieeds.  In  the  Nburbe 
of  dtiea  for  intance.  h  is  very  active,  and  than  it  diminishes  more  and  more,  according 
to  the  distance  away,  many  of  the  caniagee  leaving  the  main  road  aa  they  go  out.  The 
farm  traffic,  whidi  goes  frcnn  the  farm  to  the  Mds,  usee  the  road  only  for  short  dis- 
tancea,  whoae  limits  are  variable  and  indeterminate.  Besulta,  then,  are  obt^nad  more 
orkaa  met,  ammHng  to  the  length  of  the  sections  and  d^iendest  on  the  position  of 
the  post  of  obaarvslion  in  each  one  of  them.  In  order  to  arrive  at  the  marimum  exact- 
ness it  would  be  neeeasary  to  divide  each  road  into  as  many  sections  as  there  existed 
branches  to  it,  or  other  roadacroi^nc  it.  but  one  could  not  do  this  without  exaggerating 
the  eipenae  beyond  msaaure.  In  order  to  approadi  as  nearly  as  possible  to  this  marimum 
of  exactness,  the  Admiulstrstlon  has  carefully  considered  the  matter  for  a  long  time. 
If  oieover  aa  It  to  very  Important  that  the  results  ol  a  census  be  to  the  utmost  com- 
parable with  tboae  ol  preosdlng  bcbsusbs.  the  pasta  at  observaOaa  in  1908  have  been 
aa  Uttle  dianged  from  those  used  hi  ISM  aa  local  dramataneea  rendered  possible. 
Exactness  of  the  results  deprads  also  largdy  <»  tbe  attention  and  the  coDsdenthms- 
ne«  with  which  the  obeervadons  are  made^  Genoally  tbe  obaervwa  are  chosen 
pstndmen  who  receive  extra  pay  for  their  extra  worlc  These  observen  are  supervised 
by  thetrsvdiing  snpsrintsBdents  whose  duties  eaU  tor  tbdr  fraqnantly  faiqieeting  their 
roads,  and  who  are  in  Hiair  turn  directed  and  controlled  by  wiglnean.  Under  these 
eondltlMs,  tbs  total  results  of  tbe  eensasee  are  of  a  nature  to  Insgrire  a  very  great 
GonfldencSk 

"The  census  takes  place  during  the  entire  year,  but  consideration  of  economy 
PMvents  the  extsnaloii  of  tbs  oensoa  to  each  one  of  the  days  of  the  year,  and  ft  suffices 
to  take  thsm  at  regular  Intervals  and  to  apply  to  tbe  entire  year  tbe  mean  of  the  results 
thus  obtained.  This  method  would  not  be  proper  unlen  tbe  dates  c£  the  census 
taking  were  wdl  dioeen.  The  circulation  at  a  given  pdnt  Is  not  constant.  It  the 
extremes  of  commerce  and  of  industry  create  a  poroanent  movement  in  each  diree- 
tksi,  this  moventent  still  undergoes  varlatjtms  according  to  different  seasons  of  the 
year,  and  takes  exceptional  speed  on  certain  dates,  the  intervals  between  whldi  are 
sometintes  irregular,  audi  as  fair  days,  holidays,  and  tbe  more  often  periodical  dates 
like  market  days  and  Sundays.  There  are  also  inequalltiea  due  to  weather  conditiona. 
Extremes  of  weather  influence  the  results  more  or  less,  especially  if  tbey  happen  to 
cdndde  in  a  lem  or  greater  number  with  the  datee  of  the  census.  It  is  hardly  ponible, 
when  a  count  to  not  made  eadi  day  to  escape  the  error  due  to  days  of  excepUtnial  traffic, 
wbidi  an  not  regularly  occurring,  and  which  cannot  always  be  foreseen.  As  to  the 
periodic  influanees,  gmerally  the  most  important  are  eliminated  In  the  main  by  dlvidtng 
uniformly  tlie  counting  daya  between  the  four  senson*  and  the  seven  days  of  tbe  week. 
The  numbv  of  oounttag  days  to  thus  Hied  at  IS.  Bach  one  of  the  days  ot  tha'wedc 
Bgures  once  in  each  quarter,  and  there  are  therefore  between  two  consecutive  counts 
constant  intervata  of  18  days.  The  daya  for  counting  during  the  last  census  taken 
in  1908  were  as  follows: 


Daya  of  the  Week 


Saturday.. . 

Friday  

Thursday. . 
Wednesday 
Tuesday. . , 
Uonday. . , 
Sunday  


1st  Quarter 


Jan. 
Jan. 
Jan. 


3 
16 
29 


Feb.  11 
Feb.  24 
March  9 
March  22 


2nd  Quarter 


Ai»il  4 
April  17 
AjHilSO 
May  15 
M»y  29 
June  8 
June  21 


8rd  Quarter 


July  4 
July  IT 
July  80 
Aug.  12 
Aug.  26 
Sept.  7 
Sept.  20 


4th  Quarter 


Oct  8 
Oct.  16 
Oct.  29 
Nov.  11 
Nov.  24 
Dec.  7 
Dec.  20 


D>qiti;e<J  by 


Googlt 
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Ttae  dBjn  "*  the  mbw  w  Umm  wUeb  wera  adopted  in  18M,  and  thay  were  prwemd 
la  order  to  render  the  rawlta  as  eomparabit  aa  poaible.  Aa  in  1894,  a  day  haa  ban 
eMwMered  aa  commaidiic  at  da  o'doA  in  the  nwninc  in  the  Ant  and  fourth  qtwHaia 
aad  at  five  o'clock  in  Uw  aaaond  md  third  qgartK^  and  aa  •H'Hnt  nnUiomiljr  at  bIm 
o'dodt  at  ni^t. 

"The  traffic  fa  aaull  during  the  night  on  the  gieater  part  of  the  road  except  parfa^ 
in  the  Bubnrba  and  at  the  time  of  faira  or  marlnta.  On  the  other  hand,  the  nl^t 
lumiMtB  are  the  moat  eoetly  aad  the  moat  difficult  to  take.  In  1888,  it  waa  tboufht 
that  a  lBri»  number  U  thoaa  counta  flonld  be  omlttad  and  nHaae*  had  at  many  atatfama 
OB  adding  to  the  early  raoorda  the  bomb  of  one  or  two  otaervatians  at  night  per  quarter. 
It  waa  thwefore  dadded,  and  It  waa  the  aame  In  1882,  that  once  at  kaat  per  quarter, 
the  eount  would  be  carried  thru  the  oitire  24  oc»aecutive  boon  on  cadi  eection,  and 
that  oo  the  aeetiona  where  the  night  counU  should  be  more  frequent,  tbey  ahouid  be 
tl  dm  aame  Bumb«  In  each  oaa  of  tba  four  quartan.  The  adminiatraaon  kft  to  tha 
ta^tmatm  the  laqKwribilltr  for  fixing  for  eadi  aaetian  the  dataa  (or  the  coanta  which 
riioald  laat  thru  the  24  coiweeutlve  houra,  tUa  deddoo  to  be  made  In  conridetatka 
of  tlw  local  drcumstancea  eucfa  M  faira,  mariceta,  etc.  to  the  end  that  the  most  euct 
pnmihiB  mean  of  the  nocturnal  traffic  should  be  had-  In  1894,  the  engineeta  were  left 
at  Kberty  to  Hi  tba  datea  ol  the  night  count  without  any  reetrictlona  to  make  them 
the  wmmt  as  the  day  counts,  and  the  same  procedure  was  followed  in  190S,  with  the 
reemimendatioo  ,  however,  that  in  any  caae  the  total  number  of  night  counts  should 
not  exeeed  those  made  In  the  previous  oensusea." 

TIm  nUnoia  Mediods  aa  described  (4&)  may  be  summarized  aa  follows:  The  work 
waa  paduaUy  begun  with  a  few  obeervera  in  the  vidnity  of  SprlngfieU,  and  In  one 
or  two  other  sectbw  of  the  state.  These  stations  were  eaUblished  in  F^.,  1906, 
and  firom  time  to  time,  additkctal  atathma  w«re  eatabliabed  until  a  total  of  87  waa 
na<  lull  The  method  of  counting  and  damifylng  traffic  la  to  record,  firat,  all  the 
tte  Tdddea  going  in  or  toward  the  dty  or  town  hi  which  the  aUtka  la  eataUtahed. 
ao^  aaeond,  all  vehidea  gcung  out  or  away  from  the  town,  distinction  bdng  made 
batwaen  loaded  and  unloaded  veUclea.  The  number  of  hoisee  attached  to  eadi 
vaUdn  la  ncorded  and  the  record  for  eadi  hour  kept  separately.  InMmctiona  on 
the  back  cf  the  blanks  fnmiahed  for  recording  the  tiaffic  require  the  signature  of  the 
nhaarw,  llu  data  on  lAldt  the  reoMd  ia  talm,  the  eondititm  o(  the  road,  whether 
dnr  Bad  smooth,  dry  and  rutted,  trecEing  and  smooth,  freesing  and  rough,  wet  with 
■md  ....  inches  in  depth,  snd  condition  of  the  weather,  as  cloudy,  rainy  or  fair.  The 
npart  further  atatea  "each  station  was  eatabUsbed  at  some  bouae  on  the  road  near 
aiH!iigh  to  the  d^  or  town  In  question  to  include  all  the  traffic  g«ring  and  coining  to 
the  ooontiy,  but  far  enough  out  to  exdude  merely  street  traffic.  The  blanks  were 
parpoaeiy  made  aa  aa  poadble  with  'the  Idea  that  tbey  could  be  kept  by  any 

brii^t  boy  or  glri.  A  count  was  made  at  all  atattons  aa  the  same  day  and  ware  made 
aboat  four  timea  a  month.  Tba  days  were  so  selected  that  if  the  first  eount  came 
OB  Monday,  the  neKt  count  would  come  aoroe  other  day  of  the  week;  taking,  for 
instanee.  the  flrat  Monday  of  one  week,  Tueeday  of  the  next,  Wednesday  of  the  next 
and  eo  on.  In  winter,  the  traffic  waa  recorded  during  the  daylight  hours,  but  at  all 
odMr  seas  OPS  of  the  year  trim  S  A.M.  to  T  P.U.  Hm  obaervars  fai  lUfauda  ganenllr 
were  private  parties  and  were  each  paid  |1  for  each  day  the  count  was  taken.  The 
raeorda  of  traffic  Aow  that  eounta  wero  taken  ia  this  1906  c^isua  from  two  to  five 
timca  per  month  during  the  year,  ezdudve  at  January  and  December. 

In  Haiyland,  the  published  traffic  rtinwiefii  have  been  takoi  more  or  less  Irregularly, 
and  bava  only  been  taken  under  the  direction  of  the  aUte  highway  authorities  on  the 
Unproved  aeetlona  of  the  aUte  road  intern.  The  observers  have  hi  practically  all 
caaea  been  the  patrolmen  employed  In  the  up-keep  of  the  roads,  or  employees  of  the  Sute 
Reads  Comm.,  eepedally  aadgned  for  the  purpow.  The  effort  has  been  made  to  secure 
within  the  liioits  impoeed  by  controlling  conditions,  the  records  under  such  drcum- 
ataneea  of  weather  and  traffic  that  fair  averages  of  the  use  of  the  roads  would  ba 
iadieated  by  the  figures.  Reports  induded  statements  as  to  temperature  and  weather 
cooditkms  and  any  remarks  neceasary  to  indicate  e^>edal  eoniideraU«is  of  vahie. 

Tba  Bfaaaachaiotta  Hadwd,  aa  deacrl&ed  In  detail  (64c}  may  be  aummariaed  aa 
Mlmn:  Two  aaparata  raoorda  wen  taken,  the  first  tai  tba  month  of  Aug.,  beginning 
OD  Sondny.  Aug.  28id.  1M»,  at  7  A.H.  and  continuLig  for  14  hr  each  day  until  9  P.M. 
en  the  folknrinc  ffafardfy  evaaiai.   The  aaeond  oeoaua  began  on  Sunday,  Oct.  10th, 
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ftt  7  A.M.  and  continued  for  the  full  w«ek  in  pradady  the  axme  ny.  For  the  Auc- 
records,  237  ofaaervera  were  employed  and  in  Oct,  240  etatione  were  eetsbUehed.  In 
moat  aaem,  boyi  and  giria  ia  advaaeed  gntdea  of  the  poUie  echoola  wen  selactad  for 
oheenren,  bat  ie  aome  limUncee,  the  nfmir  agaDls  of  the  CommiMlon  kept  the  record*. 
It  wu  recofnized  that  the  chief  end  of  each  records  waa,  first,  to  determine  the  relative 
importance  of  different  routce  of  travd,  and  aeeond,  to  aeeure  at  least  a  roufh  ap- 
pronmation  of  the  relative  use  of  such  route*  by  motor  vehidee  and  by  horae-drawn 
vdiielea.  As  untrained  obaM^n  only  were  expected  to  be  secured,  the  data  called 
for  was  as  rimfie  as  poaaible  and  the  t»lly  cards  wm  prepared  with  em  ao  as  to  leave 
litUe  or  nothing  to  the  Judgment  at  the  obaerven.  On  ootain  the  main  roads 
lewUng  into  Boeton,  the  records  were  taken  during  the  Aug.  cmsus  for  24  hr  each 
day.  In  1912,  a  stmilar  traffic  count  was  made  at  166  stations  scattered  thru  out  the 
■tate.  The  time  and  method  of  counting  were  identical  at  all  p<dnta,  and  the  cenaua 
of  1912  was  taken  on  days  and  for  periods  similar  to  those  in  1909.  Compilatioiw 
fnwn  the  records  so  obtained  were  prepared  in  the  office  of  the  CtaunlnkMi  and  the 
deductions  made  with  the  aaaistanee  of  ite  engineers. 

Tb»  Hew  ToA  Censos  of  1909  (60)  was  taken  tqxn  the  coun^  tal^Mnys  Improved 
by  state  aid  and  also  upon  roads  wUdi  the  Commiarioii  then  expected  to  Improve  as 
state  or  county  roads  during  1910.  The  obeervers  were  departmental  employeea  of 
the  grade  of  patrolman  or  laborer  in  most  cases.    The  dates  of  the  census  were  SepL 

1  and  16  and  Oct.  1  and  15,  1909,  over  the  roads  propoael  to  be  improved.  Another 
tMuas  waa  taken  by  the  Mew  York  department  in  1914  daring  Oie  sommer  wlmi 
travel  waa  supposed  to  be  at  Its  maximu-n.  The  obeervws  were  patrolmen  woridag 
onder  the  supervision  of  the  division  engineers  an  j  the  dates  selected  were  two  q>eclflc 
Saturdays  especially  determined  in  ea;'i  case.    It  la  stated  that  "the  average  tA  these 

2  days  should  give  the  Informatioa  dejired,  namely;  the  volume,  weight  and  character 
at  tmOe  on  the  roads  of  the  state,  wtth  a  degree  of  accuraQr  sufficient  for  the  paipoaa 
whkb  is  to  determine  the  relation  between  work  done  and  coat  <tf  maintenance.  As 
a  eonaecpioiee  the  adaptability  or  economy  of  the  existing  road  pavements  and  methods 
of  maintenance  can  be  determined." 

Blanchard's  Method  (S)  for  taking  a  traffic  census  on  boads  is  as  fallows: 
"After  the  dassiflcation  of  the  traffic  has  been  adopted,  the  methods  of  securing  traffic 
data  must  be  considered.  As  a  practical,  economical  and  effident  plan,  the  following 
method  is  proposed  for  adoption  under  average  conditions  for  the  season  from  Apr. 
to  Oct  tndudve  for  country  highways  In  the  northern  states.  The  traffic  shonld  be 
taken  during  four  periods  of  three  days  each,  one  period  being  in  Apr.,  May  or  June, 
one  in  July,  one  in  Aug.,  and  one  in  Sept.  or  Oct  As  local  conditions  may  dictate, 
dther  Friday,  Saturday  and  Sunday,  or  Saturday,  Sunday  and  Monday  could  be 
taken,  thus  insuring  information  relativie  to  the  inual  abnormal  Sunday  motor-car 
traffic  and,  in  some  cases,  the  traffic  above  the  week-day  average  on  Saturdays,  while 
the  Friday  or  Monday  traffic  would  give  a  iwir  Indleatlon  of  the  normal  wedMlay 
traffic  From  a  study  of  the  meteoric  records,  it  wilt  be  found  that  the  climatic  con- 
ditions are  favorable  to  the  adoption  of  the  plan  propoeed.  In  the  months  from 
Nov.  to  March,  inclusive,  two  S-day  periods  would  be  taken  in  certain  casn;  one  Id 
Nov.  or  Dec,  the  other  io  Fob.  or  Haidi.  This  distrlbutioa  of  the  periods  would 
furnish  statMcs  of  the  normal  traffic  in  this  sesson  and  would  also  alTord  opportunity 
for  a  study  of  traffic  detail  and  condition  of  the  road  during  the  winter  season.  In 
many  cases  only  a  month  wUl  be  available  In  which  to  make  all  the  preliminary  investi- 
gations. Under  these  conditions  the  tnfRc  riiould  be  observed  for  3-day  periods 
using  three  sets,  one  of  Friday,  Saturday  and  Sunday,  and  two  of  Saturday,  Sunday 
and  Mcotday.  one  period  io  the  flnt  week,  one  In  the  Oilrd,  and  one  in  the  last  wwk. 
The  number  of  consecutive  hours  which  should  be  taken  during  the  day  will  depend 
upon  local  conditions  and  the  period  of  the  year  when  observations  are  made.  In 
tnany  cases  24  hr  will  be  absolutely  necessary,  white  in  cerUin  cases  8,  12  o[  IS  hr 
will  be  satisfactory.  While  it  Is  fesaibte  to  lay  down  general  recommendations  relative 
to  traffic  census  periods  for  country  highways.  In  the  case  of  dty  streets  the  plan 
adopted  will  vary  In  detail  dq>endent  upon  local  traffic  characteristics  and  other 
conditions."   See  (7). 

Consall*s  Usthod  (24)  for  taking  « traffic  census  on  Bisms  is  as  foDowa:  "Ob- 
servatioa  points  slMold  be  carefully  sdectmi,  and  at  a  snffldant  number  of  poiatB  on 
the  highways  throoot  the  dty  to  coUecUvety  be  enuMwed  as  rspnwntlng  the  char- 
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anxmittic  tn&e  ntrtinaaMitM  on  each  |«B«nl  data  et  Uchmjr  ud  on  kU  oC  ttw  amnl 
■bmIb  o(  iMtdm  atraet  and  road  pavements  In  iraeral  uae.  In  ofdar  to  obtain  complM« 
npnaaatAtiira  manual  record*  it  is  deatrable  that  durinc  each  yev  foor  separate  ouuus 
coonla  ahould  be  taken  at  each  oboervation  point,  one  count  being  made  during  each 
of  tbe  four  aeaaona  of  apring,  BuniDker,  autumn  and  winter.  Each  count  should  be 
taken  eontbtuously  between  6  A.M.  and  9  P.M.,  or  during  the  entire  24  hr  If  so  <le- 
mnd.  on  a  coaaecutlvB  Friday,  Saturday,  Sunday,  and  Monday,  which  days  will  provide 
data  for  two  full  boniMB  daya,  a  ball  holid^  ud  n  wbola  holiday.  In  this  connectitm 
it  In  iMportut  to  aoto  that,  while  tity  itnaM  otny  ™-  traflic  on  budneai 

days,  niburban  and  country  roods  cany  their  maximum  traffic  on  Sunday*  and  hoU- 
daya,  nnd  vice  vem,  which  condition  is  due  primarily  to  the  alternate  auspenaion  of 
biainen  traiBc  in  favor  of  pleasure  traffic  The  observers  should  ordinuily  be  on 
doty  in  two  8-hr  shifts,  working  respectively  from  6  A.M.  to  1  'P.M.  and  from  1  P.M. 
to  •  P.li.  Uiidar  averacs  eondidoiis  no  obsarvw  ahould  be  stadonod  at  eadi  obssfw 
vatkM  point,  bat  if  tbe  vohime  of  traffic  or  tbe  number  or  eztaot  of  the  details  to 
be  noted  require  two  or  more  ofaaOTvers  be  asslgHnrt,  it  should  be  ao  ananged,  as  ooo- 
dhicoa  may  neoeositate  that  each  of  the  two  obaorrsrs  will  record  ext^uively  the 
tnlBe  coins  in  ooe  gsitwal  dinetfam." 


The  Location  ia  affected  by  the  sources  of  the  traffic  and  ita  destination 
(see  Art.  1).  It  is  also  affected  by  the  character  and  the  amount  of  the 
traffic,  all  thew  in  the  same  way  as  tbe  locatioD  of  a  railway  is  affected  by 
like  comdderatioiis.  If  local  traffic  alone  is  to  be  accommodated,  tlw 
location  will  be  quite  different  from  that  where  thru  traffic  is  the  main 
oonsideration.  If  both  thru  and  local  traffic  are  to  be  most  ^ciently  pro- 
vided for,  then  the  location  must  be  equally  well  made.  Assuming,  in 
illustration,  that  railway  lines  already  exist  in  a  locality,  perhaps  the  most 
effective  development  of  the  transport-ation  facilities  for  purely  local  traffic 
will  be  had  by  locating  the  improved  highways  radially  from  the  railroad 
stations.  On  the  other  hand,  if  the  local  traffic  is  light  because  of  the  un- 
productive character  of  the  country  traversed  by  the  railway,  it  is  possible 
Uiat  tbe  most  important  need  of  the  community  is  the  provision  of  an 
improved  highway  thru  the  district  at  approximately  right  angles  to,  or 
even  closely  parallel  with,  the  railwny.  If,  however,  the  railway  facilities 
are  insufficient  for  the  development  of  iba  territoiy,  it  may  that  the  great- 
est good  will  be  had  by  the  improvement  of  s  highway  far  enough  from  the 
railway  for  the  greater  part  of  its  length  and  yet  connecting  with  it  at  one 
or  more  points,  so  as  to  open  up  prospective  new  territory  and  at  the  same 
time,  provide  for  transportation  thru  the  territory  in  (luestion  from  outside 
points. 

The  Unes  of  a  Highway  are  affected  by  traffic  (see  Art.  2)  as  will  be  evident 
whei  the  conditions  surrounding  the  different  classes  of  traffic  are  examined. 
For  instance,  slow  moving  horse-drawn  traffic  can  readily  pass  around 
much  ahuper  curves  than  can  fast  moving  motor  traffic.  Furthermore,  in 
the  case  of  tbe  fmner,  not  so  much  warning  of  the  approach  of  other  vehicles 
is  needed  as  in  the  latter  case.  Hence,  the  neeessi^  for  unobstructed 
vision  for  a  reasonable  distance  at  curves  is  not  as  great. 

In  1908,  the  Permanent  Int.  Assn .  of  Road  Congs.  recommended  a  minimum 
radius  of  about  165  ft.  In  1913,  the  importance  of  motor  traffic  having 
10  enormously  increased  in  the  interim,  the  same  body  made  (75)  the  fol- 
lowing recommendations;  "  The  radii  of  curves  in  roads  used  by  fast  traffic 
diould,  i^wrever  practicable,  provide  the  best  possible  and  an  unobstructed 
view,  and  that  where  this  is  not  posuUe,  the  curve  being  of  too  short  a 
ladhu.  meuu  ahould  be  provided  lAumby  the  qiproach  tiwreto  is  in  pome 
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way  clearly  indicated."  Where  the  traffic  conditions  are  such  as  to  on  courage 
vehicles  to  follow  closely  in  each  other's  tracks  and  to  cause  the  exceesiva 
formation  of  ruts  in  the  road,  and  consequently  high  cost  for  maintenance, 
these  results  can  frequenUy  be  avoided  by  the  establiahment,  as  far  aa 
practicable,  of  curved  lines  for  the  highway.  It  is  readily  noticeable 
that  at  turns,  unless  they  are  too  sharp,  the  tendency  to  tracking  and  rutti&c 
is  not  nearly  so  great  as  on  the  tangents. 

The  Gradei  to  be  established  on  a  highway  are  affected  rJso  1^  the  char- 
acter of  the  traffic.  See  Arts.  8  and  10.  If  the  traffic  be  mainly  for 
pleasure,  the  cconomio  disadvantages  of  heavy  grades  are  not  so  perceptible 
as  in  the  case  of  heavy  commercial  traffic  conditions.  Furthennore,  with 
some  kinds  of  traffic,  a  heavy  grade,  if  established,  will  result  in  an  irreeiBtible 
demand  for  an  expensive  surfacing  in  order  that  tlie  traffic  conditions  may  be 
properly  met.  The  oroes  ipade  or  crown  endurable  by  motor  traiBo  is  gener- 
ally greater  than  that  safely  permisBible  under  animal-drawn  traffic,  and  if 
Uie  latter  class  is  considerable  in  any  instance,  it  may  mean  that,  fen-  tlie  sake 
of  the  flatter  crown,  a  different  kind  of  surfacing,  with  a  consequent  ehanse 
in  the  cost,  will  have  to  be  had  instead  of  the  crown  and  surfacing  moet 
suitable  for  motor  traffic  alone. 

The  Width  of  the  Koadway  to  be  provided  is,  within  limits,  determined 
by  the  traffic  conditions  (see  Arts.  11  and  12).  The  necessary  width,  above 
a  minimum,  of  the  roadway  for  present  or  future  traffic  conditions  will  be 
determined  by  the  count  or  estimate  of  the  number  of  vehicles  to  be  pro- 
vided for,  taking  into  consideration  also  their  direction,  Bpeed  and  siie. 
Their  weii^t  enters  when  the  foundations  and  the  character  of  the  surfacing 
are  to  be  decided.  The  width,  beyond  the  minimum  necessary  for  safely 
and  economically  sustaining  one  line  of  traffic,  will  depend  on  the  frequency 
of  passing  vehicles.  Hence  it  is  desirable  in  the  enumeration  to  separate 
the  figures  of  the  count  into  the  number  going  in  either  direction,  as  well 
as  to  enable  an  estimate  of  the  frequency  of  the  passing  of  slow  vehicles 
by  faster  ones  going  in  the  same  direction,  by  classifying,  in  such  a  way  as 
will  enable  the  faster  to  be  distinguished,  the  vehicles  going  in  each  direction. 


Foundations  of  the  Roadways  are  affected  1^  traffic,  because  as  it  is  the 
foundation  which  must  ultunately  carry  the  loads  coming  on  the  roadway 
surface,  and  as  the  supporting  power  ol  the  foundation  must  be  sufficient 
under  the  most  favorable  (^ndition*  likely  to  occur  to  safely  redst  these 
strains,  it  becomes  necessary,  in  determining  many  of  the  questions  con- 
cerning foundations,  to  know  the  kind  and  amount  of  the  strains  to  be  borne 
by  it.  If  the  traffic  is  to  be  mainly  light  pleasure  vehicles,  the  natural  aoQ 
when  properly  drained  may  be  ample  as  a  foundation.  If  the  traffic  ia  to 
consist  of  heavily  loaded,  narrow  and  hard-tired  vehicles,  a  stronger  founda- 
tion is  probably  necessary,  unless  a  sufficient  distribution  of  the  strams  set 
up  by  this  traffic  is  delivered  to  the  foundation  thru  an  extremely  cohermt 
and  more  substantial  surfacing.  If  the  traffic  is  to  comprise  heavUy  loaded 
motor  trucks,  still  stronger  foundations  may  be  necessary.  Again  if  traffic 
conditions  on  the  highway  are  likely  to  be  severe  during  penoda  when  the 
foundation  is  naturally  in  a  worse  condition  to  resist  such  strains,  such  &s  m 
the  thawing  periods  during  tixe  winter,  when  perhaps  heavy  traffic  of  poles, 
ties  and  like  products  is  to  be  expected,  then  greater  precaution  in  prepar- 
ing the  foundation  must  be  taken  to  provide  proper  drainage  and  to  secure 
the  greatest  possible  ability  of  the  foundation  to  resist  the  destructive  strains. 

The  Character  of  the  Surfacing  of  the  roadway  will  be  affected  by 
traffic  oonditioDB.    See  (2ad).    If  horse-drawn  traffic  ia  the  main  con- 
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sideratioo,  th»  proper  ngud  for  luffioieQt  .foothold  for  the  1u»mb  must 
be  had.  If  motor  traffic  should  dem&Dd  the  greatest  cooaiderstioti,  it  may 
be  neoeaMuy,  for  the  sake  of  eoonomy  and  the  greateet  guieral  eatie- 
factkm,  to  dinegard.  to  some  extmit,  a  laek'of  foothold  afforded  by  the 
aurfacing.  If  hard-tired  vehicles  form  the  bulk  of  the  traffic,  the  character 
of  the  Burfaciiig  must  be  such  as  to  resist  sucoeasfully  the  abrasive  effects 
of  such  traffic.  Some  types  of  surfacings  are  more  seriously  affected  by 
peculiar  forms  of  horses'  shoes  than  are  others.  Under  some  traffic  cod- 
didoDS,  great  care  must  be  taken  in  selecting  the  surfacing  to  avoid  the 
choice  of  one  which  will  be  quickly  pushed  into  waves  and  ruts  under  the 
traffic  If  pleasure  traffic  is  the  main  eonsideration,  then  proper  regard 
omafc  ba  paid  to  asooring  sufficient  rwHiency  and  elastid^  in  the  roadway 
snrfkoe.   See  (16b). 

Maiatenance  Character  and  Coats  are  affected  by  traffic  In  many 
eaaea,  a  certain  Tninimnm  of  traffic  is  required  in  order  that  the  maintenance 
may  be  most  satisfactory  and  economical.  This  may  seem  a  strange  state- 
ment but  nevertheless  it  is  true  that  traffic  up  to  a  certain  amount  is  desir- 
able'on  some  surfscings  to  keep  them  in  good  condition.  For  instance, 
unless  a  water-bound  U«p  rook  macadam  does  get  a  sufficient  amount 
of  hard-tired  traffic  to  produce  by  abrasion  sufficient  fine  material  to  offset 
that  loat  thru  the  etfocts  of  wind  and  nin,  the  condition  trf  the  roadway 
sarfaee  will  not  be  satfsfaotOTy  and  Its  maintenance  will  be  expMisive. 
For  several  years,  the  Mass.  Highw^  Comm.  paid  from  $50  to  $76  per 
mile  per  year  for  the  spreading  of  sand  on  the  lightly  traveled  trap  rock 
water-bound  macadam  roads  of  Cape  Cod  in  order  to  prevent  the  mac^am 
ravelliog  after  the  blowing  away  of  the  fine  material  from  its  surface.  Again 
the  sweeping  effect  of  soft-tired  motor  traffic  required  the  abrasive  effect 
of  hard-tired  traffic  to  counteract  it.  The  diidodgtng  effect  of  horses' 
feet  needs  the  rolling  effect  of  wheels  for  preventing  the  ravelling  otherwise 
iDSvitabla.  Aa  bti%m  iMUoated.  enough  traffic  <m  a  road  to  insure  some 
distribation  of  the  effects  Is  desirable  to  offset  the  tendency  of  lees  traffic 
to  form  liOTse  imtbs  and  ruts  in  the  roadwi^.  For  interesting  discunions 
eonoeming  the  effect  of  traffic  on  roadway  sarfacee  and  especialb'  the  effect 
of  wheels  themselves  see  (7)  and  (25).    See  also  Art.  16. 

Soias  Coodosiaas  RelatiTS  to  Effects  oi  TralBc  (26b)  may  be  quoted  u  followi: 
"A  12-ft  watflr^wund  Umestone  ""iT^m  wQl  sot  tapptat  sucenwfully  travel  aggrs- 
ativ  400  nnflB  pir  aversgs  day  of  10  hr,  and  iriisre  60%  of  the  total  travel  Is  that 
at  moCora;  aocfa  a  road  aurfaea  can  be  mads  to  MMtain  nicfa  trawl,  with  phyrical 
wtWadloD,  by  traatiBc  It  with  Ghitrin;  such  s  road  Muteoe  can  be  made  to  maUln 
aocb  travsl,  irith  phydeal  tatkfactltHi.  by  glvlai  It  a  ■urface  treatmeait  of  cut-b«ck 
Taxaa  B^>halt;  an  18-(t  water-bound,  trap  rack  macadam  Im  fncapabte  <rf  mststalnK. 
witboot  sarfoiis  deterioration  In  a  few  moDtfas,  travd  iggregating  Z600  unlti  per  avei^ 
age  day  of  10  hr,  and  where  90%  <rf  the  total  travd  Is  that  id  motmi;  the  sorhws 
tfeatnsnt  of  auch  a  road  vrfth  a  proper  cut-bsdc  aludge  aapbsit,  or  a  proper  compound 
at  watar-faa  tar,  will  enaUe  it  to  sustain  aadi  travel,  with  physical  tatlBfaction;  a  24- 
ft  UtomlDOUi  macadam,  of  dtber  Umeatcme  or  trap  rode,  wUl  auataln,  with  at  least 
[rfiyrical  satisfaction,  travel  aggregating  as  many  as  16  000  units  per  average  day 
of  10  hr,  and  whoi  more  than  96%  of  the  total  travd  la  that  of  moton;  a  H-tb  bltu- 
niDaas  isgadsin,  of  dthsr  UnwstODS  or  trsp  ndk,  wUl  sustsln,  with  st  least  friiysical 
satlibettan,  travsl  «gr~f  **~t  6000  udts  per  average  day  of  U  hr,  sad  iriisB  len 
than  15%  of  tbm  toCsl  travd  is  that  of  hoci»drawn  vriddes:  a  12-ft  width  for  the 
road  Bstal  Is  net  economical  where  the  travel  aggrsgatcs  more  than  400  units  per 
average  day  of  10  hr,  nor  is  the  I4-ft  width  eeonondca]  iriiera  the  travel  exceeds  2000 
nits  and  Uie  proportioa  of  motor  travsl  Is  more  than  80%  of  tba  total;  where  high- 
Spssd  motor  travel  forms  a  large  proportioa  of  the  total,  the  unit  width  of  tevsl 
IfaHS  Aoold  be  ooasidsrod  ss  fl  «r  10  tl^  instsad  of  7  or  8  ft;  as  hsrstofora,  iMcauss 
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of  tiw  imter  dmnaet  raqiiirad  for  tlw  nf«  pHrfng  of  tin  untti  oC  nA  tnnL" 
For  nf^MMO  to  wbaOmr  ujipwadom  cm  Art.  M.  (89)  nd  (48). 

16.   Recent  and  Probable  Changes  in  Traffic  Conditions 

The  Detflrmiiiation  of  Tni£Be  Utlng  a  Highway,  whilo  important,  is 
not  &aal  as  to  the  detnanda  which  will  come  on  that  highway  when  the  latter 
shall  have  been  improved.  However,  from  the  present  use  of  a  road,  indi- 
cation may  be  had  as  to  ita  probable  use  when  the  improvement  shall  have 
been  completed,  and  at  any  rate,  the  existing  traffic  eonditioua  furnish 
the  moat  reliable,  if  not  the  only,  base  from  which  future  traffic  conditions 
can  be  deduced.  As  yet  no  general  agreement  as  to  a  method  or  formula 
for  reaching  such  ao  estimate  has  been  reached.  The  estimate  of  future 
traffic  is,  in  any  particular  case,  a  matter  of  good  judgment  based  on  such 
information  and  records  of  previous  and  present  trf^c  conditions  as  may  be 
available.  Every  effort  should  therefore  be  made  to  secure  all  possible 
information  on  these  lines  before  determining  many  of  the  questions  which 
will  come  up  for  aolutioa  in  connection  with  the  proposed  improvement. 
The  improvement  of  a  highway  will  increase  the  amount  of  traffic  over  it. 
This  is  the  tmanimous  agreement  from  the  comparativdy  few  traffic  rectmls 
available.  In  some  instances,  this  increase  of  traffic  is  caused  more  by 
diversion  of  traffic  from  other  highways  in  the  neighborhood,  while  in  other 
cases,  it  is  because  a  new  and  more  pleasant  route  is  furnished.  Again, 
the  improvement  of  a  highway  may  further  the  development  of  the  territory 
it  serves  and  the  increase  fjl  traffic  may  include  the  natural  increase  due  to 
such  development.  Until  more  records  from  widely  flistributed  sources  and 
made  up  under  a  variety  of  conditions  are  nvaUaUe,  it  is  not  pnrinble  tiiat 
formulas  for  estimating  the  probabilities  as  to  increasee  of  traffic  resulting 
from  the  improvement  of  a  highway  will  be  developed.  Howevn,  a  careful 
study  of  such  records  as  are  available  will  throw  some  light  on  the  problem. 

The  French  Coaclosions  Include  the  following:  "The  uae  of  the  Nitionkl  roftds 
of  France  durinc  the  9  years  wpantiiiK  th"  cmhu8  of  1894  and  1908  by  tnfflc  has 
grown  appreciably  heavier.  The  importanoe  of  transportation  by  honea  haa  not 
OMsad  to  grow  in  ipite  of  the  development  of  mechanical  trmaaporUtioD.  Notwith- 
standing  the  general  inoreaa»  there  haa  been  a  ligbt  diminution  of  travelling  by  public 
eaiTiage  which  can  be  espUined  by  the  development  of  rallwaya  and  of  bicydea." 
It  ahould  be  remembersd  that  in  Piaace  nothing  like  the  amount  of  conatructioD 
<d  new  highway!  or  of  new  roadw^n  1b  taldng  place  that  ia  going  on  in  the  United 
States.  The  problema  there  are  mainly  thoae  of  maintenance  and  not  construction. 
The  development  of  that  country  and  coosequcntly  the  Increase  of  traffic  to  be  expecte  1 
for  that  reason  is  relativdy  negligible  there,  iriiile  in  the  United  States  this  la  an 
important  factor.  ■  - 

The  British  R^orts  indicate  the  same  general  cwiclurions  as  the  French  dd  0» 
same  remarks  apply  thereto.  Wood  states  (49)  that  the  w«ght  of  the  traffic  in 
Fulham  was  45*:^  greater  in  1914  than  in  1909. 

The  Blinoia  Reports,  based  on  the  examination  of  traffic  over  mainly  unimproved 
roada,  Aaw  a  larger  annual  inoease  in  the  traffic  than  do  the  nporti  from  fwdgn 
eountiiea    The  average  figures  for  80  stations  on  S4  roads  in  minob  are  aa  follows: 


Character  of 
Traffic 

1907 

1910 

1911 

1912 

Total 
Increase  in 
Five  Years 

Average 
AnnuM 
Inereaaa 

182 

198 

160 

21% 

4.2% 

8 

10 

41 

L.ooQle 
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In  Mai^xad,  Oie  flgum  published  ^6b)  so  br  permit  the  following  extraete: 
Ob  the  nuun  rtmd  thru  Dndd  mu  Parte  betmen  Baltfanon  City  and  a  mwliig  m- 
idcBtU  ■nbnriMUi  NCtfan,  from  which  all  cMtunardal  traOc  k  azehidad,  the  trmffle 
nonta  in  I9M  and  191S,  nUh  tha  in  ere— w  or  decreaaea  In  pmntafcs,  were  aa  lollowa: 


Uiilta  of  Traffic 

Average 

per  Hour 
1904 

Average 

per  Hour 
1018 

Total 
Chang«  in 
Pereent 

Average 
Annual 
Chauieln 

PWMlt 

Oua-bwao  Trtnde  

1  " 

10 
2 
1 

47 

t 

0 
6 
81 

94 

-  80 

-  100 
+  200 
+8000 

+  100 

-  S 

-  11 
+  22 
+889 

+  11 

On  Chariea  St.,  which  to  the  main  Itifhway  out  (tf  Baltimora  City  to  the  northern 
mUcBtial  subailia,  the  IScona  la  IMS  and  I9U  wm  ea  tollowa: 

Unitaof  TtaOe 

Average 
per  Hour 
1906 

Average 
per  Hour 
1914 

Total 
Increaae 
Percent 

Average 

Incnaaa 
l^Hcnit 

Two-hor»e  vehklea  

U^tora  

14 
4 
0 
4 

22 

18 
8 
1 

268 
296 

28 
100 

7460 

1240 

•in 

981" 
166 

It  should  probably  be  stated  that  in  the  interval  between  the  ccunta,  the  character  o( 
the  anrface  of  Che  street,  had  been  changed  from  that  of  an  eld  atone  turnpike  to  a 
modem  Uttimlnoua  eoncrete;  that  tite  roadway  had  been  widened  fnna  40  to  66  It, 
and  that  a  eonridenUe  devdopmaat  of  the  ndjaeent  pnqwrty  and  that  to  vlikh  tha 
road  was  tributaiy,  had  taken  plaea.  On  Park  H«i^ta  Am,  tbe  main  road 
from  Baltimore  City  out  thru  tbe  aabuiia  and  into  the  fanning  cistrict,  tbe  comte  In 
1910  and  1913  were  as  follows; 


Unitaof 
TrmfBc 

Hary- 
land 
Faetor 

1910 

1913 

Parcrat 
of  Total 

No. 

Inmaaa 

Homnt 

No. 

Moment 

No. 

Moment 

l-horae  vehide  

2 

6 

12 

24 

48 

300 

800 

2-borae  vehide  

4 

a 

12 

6 

24 

100 

100 

3-horse  vehide  

6 

0 

1 

« 

100 

4-horae  vehide  

8 

0 

0 

More  than  4-horse 

v^iide   - 

12 

0 

0 

Totals  

9 

24 

81 

7S 

244.4 

226 

Vfotor-eydee.  

2 

1 

2 

8 

16 

700 

700 

10 

I 

10 

18 

180 

1700 

1700 

4  or  6-eeat  ears. , . . 

20 

6 

120 

118 

2360 

1866.6 

1866.6 

S  or  7-saat  ears. . . . 

40 

8 

120 

67 

2680 

2138.3 

2133.8 

Drays.  

20 

I 

20 

10 

200 

900 

900 

Totals  

12 

272 

221 

K436 

1741.87 

1«98.6 

In  Haaaachsaette,  where  tbe  roads  have  been  in  an  improved  condition  for  yeara, 
and  iriiere  perhaps  the  factor  entertns  into  tba  increuw  of  traffic  and  connected  with  the 
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d»vgl<viiMnt  ot  propoty  mar  not  be  lo  faflnenUwl  1b  Huylaa^  Am  flinrw  ntettf* 
to  the  duufa  ol  tr^Be  an  m  f (dkiws: 


IMS  Cbwds,  288 

Stations 

1912  C«8i»,  IH 
Stations 

H 

Chanetw 

1 

1? 

11 

of 

s 

7cuo 
P  b  & 

'a 

Su 

is 

|w 

si 
|z5 

Ob| 

IS 

8  S 
«u 

'  Increase  or 

'  in  Percent 

»  °  c 

Hoton 

Runmbouta  

4  968.5 

20.8 

8.6 

6  819.0 

87.2 

It 

+  79 

+27 

Tmiring  can  

17  960.5 

76,3 

30.5 

27  178.6 

173.6 

49 

+180 

+43 

Trudcs  

1  800.0 

11.6 

8 

Total  moton  

22  909.0 

96.1 

39.0 

84  797.6 

222.2 

68 

+181 

+44 

Horae-drawn  vehidee 

1-borae,  light  

17  0S8.0 

71.6 

29.0 

8880.0 

68.6 

15 

-  25 

-  8 

Z-horae.  heavy  

U  762.5 

49.8 

20.0 

7  468.0 

47.6 

14 

-  8 

—  1 

2-  or  iBoro  horaee. 

Ught  

1  006.0 

4.2 

2.0 

666.0 

8.6 

1 

-  14 

-  6 

2-  or  more  horses. 

-  2 

heavy  

6  206.6 

26.0 

10.0 

8  870.5 

24.7 

7 

-  6 

Total  horw-drawn 
Totals  of  all  kinds. 

36  007.0 

161.0 

61.0 

20  264.5 

129.4 

87 

-  14 

-  6 

247.1 

851. « 

+  42 

+u 

Increases  in  Severity  of  Tnfflc  Other  Thsn  in  Htunbars  of  VeUdM  ars 

apparoDt  from  the  records.  On  improved  highways  Larger  and  heavier  loads 
also  are  carried  at  greater  speeds.  Loads  previously  dragged  laboriously  at 
a  slow  walk,  progress  frequently  at  a  trot  over  the  smoother  surfacings  and 
the  speed  of  motor  vehicles  becomes  perhaps  coosiderabty  increased. 

The  Larger  Size  and  Weight  of  Loaded  Vehicles  using  improved  highways 
has  often  been  noted  and  in  many  oases  the  new  proposition  to  place  a  max- 
imum limit  on  the  weight  of  such  traffic  has  appeared.  The  existence  or 
probabilities  of  such  restrictions,  either  direct  from  specific  laws  or  ordi- 
nances or  indirect  as  thru  license  laws  tending  effectually  to  restrict  excessive 
loads  must  be  investigated  Kad  considered  before  decinons  concerning 
highway  problems  can  be  properly  made  in  many  cases. 

The  Average  Speed  of  Traffic  generally  seems  to  have  considerably 
increased.  If,  for  instance,  an  estimated  average  speed  per  hour  be  assigned 
to  each  of  the  units  in  a  census  category  and  their  product  be  divided  by  the 
total  number  of  all  the  units,  an  average  speed  per  hour  for  the  total  traffic 
may  be  obtained  and  compared  with  anoUier  average  obtained  in  a  similar 
way  from  a  census  at  another  date. 

In  the  can  of  the  Charies  Street  ommob  givan  sbove,  by  Bvignfaig  avarage  apaaiia 
per  hour  aa  foUowa; 


1-  hone  vehicle   8mileeperhr 

2-  horae  vehicle   4  milea  per  hr 

More  than  Z-borae  vehicle  2  miles  per  hr 

Motor  cydea.   40  miles  per  hr 


Runabouts   15  miles  per  hr 

4  or  6  Beat  cars.   20  miles  per  hr 

6  or  7  seat  cam.   20  mUea  per  hr 

Draya.   10  miles  per  hr 


to  the  units  of  the  1906  census,  an  aternge  speed  per  hour  for  the  whole  trafflc  is  found 
to  be  8.7  miles.  From  the  1914  figures,  it  is  found  to  be  17.4  miles  or  an  increaae  of 
100%.  In  the  case  of  Park  Hedghu  Avenue,  the  average  speed  per  hour  of  the  total 
trafBc  is  found  to  be  in  19tO,  18.2  miles,  and  In  1918, 19.6  mllea  par  hr,  an  {ncnase  of 
33.8%.  In  the  caae  of  the  Druid  Hill  Park  Road,  the  figures  afa:  average  upasd  par 
hour  in  19C4.  7.4  mllea;  tn  1918, 11.7  nilsa;  Inereaas  44.6%. 
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Ike  bcrauo  in  Combmad  Effect  o(  We^bt  uid  Speed  k  illustrated  br 
a  neiieilenn  of  tbe  total  flgnree  la  the  tialBe  eenaui  table  on  Park  Hiiilita 
Aumm.  It  «iU  be  BB<D  that  the  inoMea  In  momnt  is  aeariy  1800%  wUle 
Ifae  incnaee  fai  numban  is  not  over  1750%.  The  eub-totala  show  tha  hone- 
drawn  traffic  to  have  increeeed  to  a  sreater  extant  ,In  numbers  than  In  monuot  and 
a  oopchiMon  might  be  that  some  of  tbe  heavy  loads,  which  in  1910  would  naturally 
have  beat  hauled  by  bonei^  brve  in  1S18  acbially  been  traniported  tqr  mobws,  thus 
hilliBliin  a  taodanoy  alrwdy  auae  or  Itm  rwipitied.  In  the  can  of  PaA  Hei|}itB 
Atmam,  tbe  read  had  been  completed  just  previous  to  the  fliat  traffic  census  in  1910. 
•o  that  the  Inoeaae  there  ahown  is  probably  not  due  partienlarly  to  any  betterment  of 
the  roadway  sur&ioe,  but  is  more  likely  due  to  the  development  of  the  territory  served 
by  Uke  road,  and  to  tlie  natural  increase  of  traffic,  especially  by  motors,  during  tits  period 
Bunedi  in  vionity. 

SELECTION  OF  SURFACI2TGS 

17.  Appropriftteness  and  Avaflability  of  Surfacings 

Ike  Proper  Selection  of  the  Snrfaciiic  for  a  Roadway  is  of  the  greatest 
importance.  See  Sect.  24,  (26o),  (26i)  and  (2^.  In  the  preliminary 
eonaiderationa,  tentative  selections  of  the  road  orust  or  pavement  to  be 
faoUt  from  the  list  of  those  availaUe  must  be  made  before  many  of  the  other 
details  can  be  determined,  or  contemporaneously  with  such  decisions. 
As  has  been  stated  by  one  or  more  prominent  highway  authoritiea,  it  is 
probably  true  that  more  mistakes  have  been  made  and  more  money  wasted 
by  the  mistaken  efforta  to  construct  permanent  roadway  surfaces  at  high 
first  cost  than  would  have  been  the  case  had  the  selection  of  construction 
materials  and  methods  been  more  widely  made  with  reference  to  the  use 
of  cheaper  methods  and  local  materials  and  then  proper  maintenance 
accorded  tbe  results  from  these.  The  permanent  road  crust  is  a  will  o'  the 
wisp  and  the  importance  of  proper  maintenance  h  daily  becoming  more 
snmeiated.  Hence  a  reaction  has  set  In  fnnn  the  one-time  demand  for 
trap  rock  at  any  cost  for  use  in  broken  stone  macadam  and  the  utilisation 
of  the  local  supplies  of  perhaps  lees  tough  stone  has  taken  place  with  an 
advantage  in  the  expense  in  the  long  run.  The  use  of  inferior  stone  in 
the  bottom  course  of  a  road  crust  and  the  restriction  of  the  use  of  more 
expensive  stone  is  now  a  common  practice.  Developments  in  the  use  of 
gravel  and  recognition  of  its  value  in  many  cases  when  properly  used  has 
materially  reduced  the  first  cost  of  road  improvement  in  many  instances. 
The  development  of  tbe  use  of  bittiminous  materials  in  highway  work  has 
done  much  to  bring  about  a  great  variety  of  road  crusts  tand  a  consequent 
greater  freedom  for  the  selection  of  that  crust  moat  suitable  in  any  par- 
ticular case.  Coincidentally  the  problem  of  making  the  proper  selection  in 
any  case  is  rendered  more  complicated  and  the  necessities  for  this  proper 
selection  are  increanng  with  the  general  growing  demands  for  efficiency. 
If  the  location,  crust,  drainage  structures  and  other  such  items  have  been  es- 
tablished as  well  as  poaable,  and  with  what  may  be  called  permanent  results, 
then  conditions  permitting,  the  maximum  attempt  may  be  made  to  secure 
permanence  in  the  selection  and  construction  of  the  road  crust  or  pavement. 
This  is  especially  desiraUe  where  the  cost  of  the  latter  is  met  by  borrowed 
funds.  On  tbe  other  band.  It  may  be  extremely  inappropriate  to  place  a 
roadway  surface  with  an  expected  long  life  and  at  a  high  first  oost  over 
a  temporary  grade  or  location,  even  tho  the  expenses  for  the  pavement  were 
to  be  met  from  the  annual  revenues  of  the  locality.  It  is  sometimes  con- 
tended thai  all  aorfaeing  should  be  paid  for  out  of  Uie  annual  revenuea 
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and  never  from  borrowed  funds,  and  then  is  a  certain  amount  of  jiutifi- 
ntion  to  this  argument.   See  (2ti). 

Standirde  for  Road  Cnisti  and  Pavementi  as  well  as  for  other  highway 
details  are  issued  by  many  highway  authorities. 

As  editoriftlly  stated  In  Engineering  and  Contracting  C29a):  "It  b  perhaps  some- 
what  unfortunmte  that  the  word  standards  should  have  h«en  chosen  to  designate  these 
plans.  Strictly  interpreted,  the  meaning  would  indicate  that  the  standard  design 
was  the  best  design.  Thk  is  by  no  means  the  case,  nor  is  it  hitended  to  mean  thb. 
Standards  are  merely  recommended  designs  which  are  to  be  adhered  to  unleM  condi- 
tions indicate  that  i  variation  in]  the  design  would  meet  them  better.  *  *  *  And  yet 
tliese  standards  are  accepted  as  criterioas  by  many  engineers.  *  *  *  As  s  rule,  they  are 
daigns  prepared  by  engineers  ot  wide  experience  and  of  prominoioe  in  their  profession 
and  they  represent  the  crystalUsatitm  of  idess  tempered  1^  mature  judgment  and 
years  of  obesrvation.  A  young  engineo- and  an  old  enpnesr,  tnexp^ienced  In  the  cIbm 
of  work  to  which  they  vrfer,  may  ennpan  end  study  them  with  praBL  «  •  •  There  is, 
hownv,  a  grave  danger  attendant  on  the  use  of  standards  of  any  kind  and  the  temp- 
tatioo  is  to  no^sct  the  detailed  study  of  local  condittoM  and  use  a  standard  strueture. 
This  often  results  mrt  only  in  an  nnwanantad  increase  in  the  emt  of  a  Bultal>le  stmcture 
but  may  result  tn  a  tirps  at  coostruetfan  vhfdi  flte  bnt  pooriy  As  locatlai  wtasre  iwed." 
See  also  (8). 

Esthetics  and  Local  Environments  will  affect  the  selection  of  the  sur- 
facing or  the  tentative  selections  to  be  made.  It  is  perhaps  seldom  that 
proper  consideration  has  been  given  in  the  United  States  to  the  questions 
of  appearances  in  this  matter,  especially  on  the  public  highways.  In 
Europe,  however,  there  are  many  striking  examples  of  consideration  of 
ffisthetics  in  connection  with  the  determination  of  many  matters  connected 
with  highway  work,  including  the  matter  of  the  selection  of  the  surfacing. 
For  instance,  at  Monte  Carlo,  the  selection  of  the  materials  and  methods 
for  constructing  the  road  was  finally  decided  by  the  demand  that  the  color 
of  the  finished  roadways  should  harmonize  with  the  architectural  and  natural 
surroundings.  In  some  cases  In  the  United  Elates,  the  final  selection  of 
a  light  colored  material,  such  as  shells  or  white  limestone  for  the  road  crust, 
has  been  brought  about  by  the  demand  for  the  most  suitable  road  crust  that 
would  reasonably  withstand  the  traffic  conditions  and,  at  the  same  time, 
ftunish  a  readily  viuble  roadway  thru  heavily  shaded  stretches,  especially 
where  no  provisions  could  bo  made  for  artificially  illuminating  the  roadway 
at  night.  The  choice  between  different  colored  bricks,  or  between  a  brick 
pavement  and  a  bituminous  pavement,  has  occasionally  been  finally  made 
on  the  color  basis.  The  selection  of  the  type  of  a  wearing  surface  may  be 
decided  in  some  cases  by  the  value  of  the  adjacent  property  or  the  assess- 
ment thereon. 

Porelj  Local  Conditions  proceeding  from  the  use  or  de^-elopment  of  the 
abutting  property  may  affect  the  selection  of  the  surfacing.  The  prox- 
imity of  a  hospital  or  of  a  court  room  or  other  public  utility,  may  demand  the 
quality  of  noiselessness  in  a  pavement  with  such  force  as  to  offset  many, 
if  not  all,  of  the  reasons  for  the  selection  of  a  different  character  of  pavement, 
but  one  in  which  the  characteristic  of  noiaeleesness  ia  far  less  pronounced. 
Under  some  conditions,  all  the  arguments  for  the  selection  of  a  certain 
character  of  road  crust  to  meet  the  other  local  conditions  propei'ly  have 
been  set  aside  by  the  demand  from  abutting  fruit  growers  for  a  road  crust 
leas  dusty  in  character  because  of  the  serious  injury  which  would  be  caused 
the  fruit  t^r  the  construction  of  the  more  dusty,  even  the  less  expensive, 
road  crust.  The  general  character  of  the  use  of  the  abutting  property 
will  affect  the  sdection  to  some  extent  when  other  conditions  permit  a  choice 
from  several  surfacings  otherwise  suitabto.   In  residential  sections,  the 
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ohiaatiiniB  to  the  eaniriaa  on  the  feet  of  bitainiiious  material  into  the  buiU- 
mga  are  gsneraUy  far  more  noticeable  than  is  the  case  in  commercial  di»- 
tricts.  In  retail  diatriots,  wlwre  frequent  and  irregular  cHMUngs  of  the 
•treets  by  foot  paeeenBorB,  many  of  whom  wear  small  shoes  having  thin 
soles  and  high  heels,  is  most  prevalent,  the  demands  for  a  pavement  that 
will  everywhere  afford  a  suitable  footway,  are  much  stronger  than  in  whole- 
sale districts,  where  special  provisions  for  crossing  at  the  intersections 
will  suffice. 

The  Character  of  JUibor  AvaiUble  for  the  construction  of  the  surfacing 
may  affect  the  selection.  For  satisfaGtory  results,  some  pavements  re- 
quire especiclbr  trained  and  coEperienoed  laborers  in  the  worlci  and  U  these 
are  not  available,  the  ohoioe  of  such  a  pavement  mi^r  be  inadvisable,  altho 
otherwise  the  seleetioa  would  be  most  satisfactory.  This  frequently  used 
to  be  the  case  in  many  instances  with  aheet-asphalt  pavements,  altho  the 
growth  in  the  general  use  of  this  pavement  has  resulted  in  greatly  increasing 
the  number  and  distribution  of  men  oom[>etent  for  meeting  the  require- 
ments. At  present  it  is  particularly  the  case  with  the  small  stone  block 
pavement  known  as  Kleinpflaster  or  Duraz  which  for  su<M;ess  requires  to  be 
most  skillfully  laid. 

The  Cenitmetioii  Season  nu^  affect  the  selection  of  the  nirfadnB.  In 
the  first  place,  an  element  of  risk  for  the  contractors  comes  from  the  dif- 
Sculty  of  determining  with  any  degree  of  accuracy  the  effect  of  weather 
conditions  on  lost  time,  and  consequently  this  consideration  affects  materi- 
ally the  price  to  be  named  for  the  work.  Even  when  the  probable  cost 
ho*  been  determined  for  a  variety  of  suitable  surfacings,  the  tentative 
or  final  selections  will  be  affected  by  the  possibilities  or  probabilities,  under 
the  dimatio  conditions  known  to  prevail  in  a  locality,  for  satisfactory  con- 
■tmction  within  the  time  lunitshnpoaed.  The  proper  construction  of  a  water- 
hound  macadam  road  crust  requires  a  subgrade  sufficiently  diy  and  firm  to 
permit  of  thoro  compaction  by  the  roller  and  such  freedom  from  extremely 
low  temperature  conditions  as  will  permit  the  use  of  water  in  binding  the 
macadam  without  the  freezing  of  the  wet  or  moist  material.  These  conditions 
cannot  be  met  Bucceasfully  during  long,  continuous  rainy  periods,  nor  dur- 
ing certain  months  of  the  year  in  northern  climates.  The  use  of  bituminous 
materials  requires  air  temperatures  above  a  minimum  in  each  case,  and  free- 
dom from  an  excessive  moisture.  In  some  lociUities,  the  desirable  conditions 
may  be  difficult  to  obtain.  The  Buoceesfui  use  of  oement  requirM  freedom 
from  freesing  ctmditions,  and  the  preeenoe  of  at  least  a  minimum  amount 
of  moisture  in  one  form  or  another. 

The  Ilant  Bqnipment  availaUe  for  both  construction  and  maintenance 
may  affect  the  selection.  In  the  efforts  for  efficiency  and  economy  has  come 
a  considerable  increase  in  the  use  of  machinery  for  highway  work  and  the 
availability  of  such  machinery,  or  the  adaptability  of  the  plant  required  for 
road  construction  to  other  purposes  after  the  construction  shall  have  been 
completed,  will  affect  the  probable  cost  and  thus  the  selection  to  some  extent. 
Again  the  availability  of  the  machinery  necessary  for  the  maintenance  of  a 
particular  form  of  ooastruotion  and  the  expense  incidental  to  the  provision 
(rf  such  nmchinery,  its  operation,  up-keep,  depreciation  and  other  imavoid- 
able  ohargee  oonnected  therewitii,  will  materially  affect  the  probable  cost 
for  the  neoesaary  repairs  to  such  a  surfacing  and  thus  the  question  of  this 
■electkm.  It  would  be  inadvisable  to  make  a  selection  of  a  surfacing  even 
tho  eooncHnical  io  first  cost,  if  because  of  the  lack  of  the  necessary  machinery 
toe  its  repur,  or  beoauae  of  the  high  oost  of  repairs  thru  the  proper  provi- 
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sion  of  Buoh  machinery,  idle  or  unav&ilable  for  conauUrable  pwiods,  the 
resulting  maintenance  would  be  extremely  expensive  or  would  not  be  oon- 
tinuouu  and  efficient,  but  would  be  neglected  and  needed  Tepairs  allowed  to 
go  unmade  for  a  considerable  period. 

The  Presence  of  Street  Railway  Tracks  within  the  limits  of  the  aurfacins 
may  affect  the  selection,  depending  considerably  in  any  case  upon  the  charac- 
ter of  the  street  railway  oonatruotion.  It  is  frequratly  considered  advisable  to 
provide  a  block  pavement  of  some  sort  ovw  the  area  occupied  by  the  tracks, 
including  the  space  between  double  tracks  and  for  a  limited  distance  beyond 
each  outside  rail,  generally  extending  about  to  the  opposite  ends  of  the  ties, 
because  of  the  greater  difficulties  of  maintaining  satisfactorily  a  sheet  pave- 
ment within  this  area.  If  the  railway  construction  is  of  a  hgfit  or  flimsy 
character  and  consists  of  light  weight  rails,  spiked  to  wooden  ties,  the  latt^ 
being  tamped  with  the  natural  earth  found  along  the  line,  and  the  necessary 
lining  up  and  surfacing  of  the  tracks  is  more  or  leas  oonstantly  going  on, 
it  will  be  folly  to  select  an  expensive  surfacing  for  the  roadway  area,  and 
one  which,  under  other  conditions,  might  be  expected  to  have  considerable 
permanence  of  diaracter.  Even  where  the  track  construction  seems  of 
a  fairly  good  character  and  the  disturbance  of  the  roadway  surfaciDg  in  the 
railway  area  is  less  frequent,  it  may  be  that  the  development  of  the  traffic 
over  tiie  rwlway  is  nq>idly  bringing  about  the  use  of  much  heavier  rolling 
stock,  and  the  replacement  of  the  track  construction  in  a  heavier  and 
stronger  form  is  only  a  matter  of  a  relatively  short  period,  or  the  frequency 
of  repaiiB  may  considerably  increase.  In  this  case,  too  much  permanence 
should  not  be  sought  in  the  selection  for  the  railway  area  because  of  the 
desirability  of  avoiding  ultimately  unnecessary  expense.  In  cases  where 
the  railway  track  construction  is  of  the  highest  character,  such  as  heavy 
grooved  rails,  bolted  to  steel  or  creosoted  ties  with  a  sufficient  concrete 
foundation  under  the  latter,  it  is  permisnble  to  go  to  considerable  expense 
in  the  selection  and  construction  of  surfacing  for  the  railway  area  in  order 
that  the  greatest  efficiency  of  the  entire  roadway  may  be  had.  Even  in 
these  cases,  the  paving  of  the  railway  area  with  bloclu  is  often  preferable 
to  the  laying  of  a  sheet-asphalt  over  it,  because  of  the  unavoidable  necessity 
of  at  least  occasionally  making  openings  into  the  area  for  railway  purposes, 
and  because  of  the  genraal  greater  satisfaction  with  which  8U<^  openings 
can  be  made  and  repaired  in  block  pavements.   See  (680. 

The  Kind  and  Amoiiat  of  Traffic  to  be  expected  on  the  roadway  will 
largely  affect  the  selection  of  the  surfacing  (see  Art.  15)  and  the  inherent 
characteristic  of  the  varioua  kinds  of  surfacings,  as  developed  by  the  traffic 
over  them,  must  be  considered  in  even  the  tentative  selection  of  a  road 
crust  or  pavement.  For  instance,  the  resonance  and  sound-reSecting 
power  of  cement-grouted  brick  pavements  under  certain  traffic  conditions 
may  forbid  their  selection  in  some  cases.  For  further  discussion  on  these 
points,  see  Sect.  20  and  (26d). 

Provi^oa  for  the  Maintenance  of  PaTements  is  Railway  Areoi  should 
be  considered  in  this  connection  (see  Sect.  23).  Generally  the  maintenance 
of  the  surfacing  in  such  areas  is  saddled  on  the  railway  authorities,  but 
even  where  provision  is  properly  made  that  such  maintenance  shall  be  under 
the  supervision  and  to  the  satisfaction  of  iiighway  authorities,  the  difficulties 
of  securing  the  same  kind  of  results  for  the  maintenance  of  the  railway  area 
as  are  secured  for  the  maintenance  of  the  roadway  outside  the  railway  area 
are  almost  always  insurmountable.  Accepting  as  an  axiom  that  all  parts 
of  the  roadway  space  should  present  to  traffic  a  surface  equally  inviting, 
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proper  coaflidemtion  should  be  given  to  the  different  kmds  of  surfacints 
Rvailable  fur  both  the  railway  area  and  for  the  balance  of  the  roadway  area 

00  that  this  result  be  secured,  and  to  the  probabilities,  as  well  as  the 
poBsibilitieSt  for  r"w''it^'T'*"e  the  surfacing  in  both  areas  so  that  unifomiity 

01  invitatiiHt  to  traflfic  for  iAte  entire  railway  area  may  be  oontbmous.  See 
also  Art.  17  and  Sects.  20  and  23. 

'  The  Sdentiflc  Selection  of  Road  Cnuti  and  PaTements  k  not  yet  pro- 
vided for  Iqr  any  method  supported  by  general  acreement,  even  ttx  any 
particular  case.  A  brief  statement  here  would  be  that  an  assumption  is 
made  that  the  suitability  of  a  road  crust  or  pavement  may  be  divided  into 
certain  factors  and  that  by  assigning  in  any  particular  case  r^tive  values  to 
each  of  these  factors  for  the  different  cruste,  a  compariBon  of  the  totals  so 
aaeisned  will  ipve  a  good  indication  of  the  comparative  suitability  for  all 
of  tbe  road  cruste  oouoidered.  The  fidlowing  laetors  may  In  conaideTed: 
first  cost,  maintenance,  cost  durability,  ease  of  maintenance  cleanlinees, 
low  bactive  resistance,  non-slipperinees,  sanitalinesa,  noiselesBness,  accepta- 
bility and  favorableness.  Titles  of  values  assigned  to  these  factors  tot 
different  conditions  are  included  in  Sect.  24.  There  will  be  needed  in  conneo- 
tion  with  tabke  accurate  information,  from  records  unifonnly  kept,  as 
to  the  cost  of  maintenance  of  the  various  kinds  of  pavement  as  developed 
and  standardixed,  as  to  their  behavior  as  to  the  other  items  or  components 
of  the  tables  under  stated  conditions  of  travel,  so  that  values  can  be  prop- 
erly assigned,  with  as  little  guessing  as  practicable,  to  such  compooents, 
for  a  comparison  of  different  pavements  under  any  particular  travel  which 
ii  known  to  be  expected  in  a  specified  case.  Suoh  reocnds  are  now  being 
eoUected  and  will  probably  be  available  before  long. 

There  exists  an  intimate  connection  between  traffic  oonditioQS  and  tbe 
diaeoBsion  as  to  selection  of  suitability  of  a  road  cruet  or  pavement  in  any 
case.  The  importance  of  a  proper  determination  and  consideration  of 
toaffic  conditions  with  a  determination  of  the  relation  between  traffic  con- 
ditions and  the  factors  listed  above  cannot  be  too  strongly  emphasised. 
For  further  discussion  connected  with  the  selection  of  roadway  surfadngs 
see  Sect.  24,  (2),  (3),  (I6c).  (18),  (26k),  (35),  (37),  (51),  (65)  and  (72). 

18.   Maintenance  Conditions  as  Affecting  the  Selection  of  Surfadngs 

Maintenance  Pntvlslens  BzlBting  or  Probable  will  affect  the  decisicniB  as 

to  many  points  in  connection  with  the  construction  or  improvement  of 
highways,  as  has  been  before  mentioned,  but  they  particularly  affect 
the  selection  of  the  surfacing.  See  (26e),  (26f)  and  (52).  For  in- 
stance, if  ditches,  culverts,  or  other  waterways  provided,  are  to  be  allowed 
to  accumulate,  for  a  considerable  period,  obstructing  matter  inevitably 
.  coming  to  them,  the  net  capacity  necessary  to  prevent  washouts  and  to 
insure  their  efficiency  will  have  to  be  secured  providing  a  greater  gross 
capacity  than  would  be  tbe  case  were  obstnictiona  frequendy  and  regularly 
removed.  This  often  happens  to  be  the  case  where  road  improvement  is 
made  by  one  authority,  such  as  the  state,  and  then  maintenance  of  the 
improved  roads  rests  upon  the  local  authorities,  such  as  the  county  or  town, 
and  is  difficult  of  prompt  enforcement  by  the  state  authorities.  Again,  if  an 
^icoltnral  territory,  adjacent  to  a  town  or  city,  is  by  reason  of  the  im- 
provement of  a  road  thru  it  changed  into  a  residential  suburban  district, 
the  run-off  of  storm  water  to  and  thru  the  waterways  of  the  road  will  proba- 
bly be  hastened,  and  in  case  of  coosideiable  building  on  what  was  formerly 
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fann  land,  the  waterways  which  would  have  been  miffloient  under  the  earlier 

oonditiona  will  be  found  inadequate  under  the  subeequent  ones.  If  pro- 
visions exist,  or  are  likely  to  exist  when  an  improvement  shall  have  been 
completed,  for  regularly  and  properly  cleaning  the  street  surface,  a  different 
form  of  construction  may  be  justified  from  that  proper  in  a  case  where 
no  such  facilities  are  to  be  provided.  For  instance,  the  relative  dustiness 
or  slipperinesa  of  unclean  brick  pavements  or  sheet-asphalt  is  considerably 
different,  and  this  fact  may  prove  a  deciding  element  in  the  seleftion. 
Some  road  orusta  will  suffer  much  more  severely  than  will  others  fnm  tho 
continued  presence  of  snow  and  shish  over  them,  and  the  probatolitiea 
for  the  prompt  removal  of  such  destructive  agencies  should  be  observed. 
Some  pavements,  such  as  sheet-asphalt,  require  special  apparatus  for  properly 
repairing  and  cleaning  them,  and  it  may  be  that  the  lack  of  such  apparatus 
and  machinery  and  the  improbability  of  ita  being  provided  will  determine 
against  the  use  of  such  pavement  in  many  cases  and  for  the  substitution 
of  some  alternative  pavement.  Some  surfacings  require  more  prompt 
attention  to  repairs  than  do  others  if  economy  and  satisfaction  are  to  be 
had  from  their  use.  The  neglect  to  repair  promptly  minor  defects  in  a 
bituminous  road  crust  may  result  in  much  more  rapid  deterioration  of  con- 
siderable areas  of  the  cruat  than  in  the  case  of  a  gravel  roadway  or  of  a  brick 
pavement.  If  the  patrol  system  of  maintenance  prevails,  or  is  likely 
to  prevail,  on  the  new  road,  it  may  be  assumed  that  repairs  will  be  promptly 
and  efficiently  made.  If,  on  the  oQmf  hand,  what  is  known  as  the  ganR 
system  of  maintenance  must  be  depended  upon  for  repairs,  it  may  he 
probable  that  considerable  periods  will  elapse  lietween  visits  of  the  repair 
gang,  and  that  in  the  time  between  these  visits  minor  defects  will  have 
tho  opportunity  to  become  of  the  greatest  concern,  especially  if  the  char- 
acter of  the  surfacing  selected  is  such  that  it  demands  peculiarly  prompt 
attention  to  minor  repairs. 

Traffic  DiTartion,  or  the  possibilities  thereof,  during  construction  and 
repair  operations  of  the  highway  should  be  considered  puticularly  in 
conmdering  the  question  of  the  selection  of  surfacing,  because  of  the  im- 
probability of  construction  or  extensively  repairinf;  certain  surfacings  in 
tho  presence  of  traffic,  f^me  surfacings,  such  as  macadam,  can  be  built  ' 
and  repaired  without  closing  the  road  to  the  ordinary  traffic.  Bituminous 
surfaces  may  be  under  ordinary  conditions,  but,  on  the  other  hand,  it  may 
be  necessary  to  dose  the  road  to  traffic  or  to  divert  the  latter  to  some  extent 
during  certain  stages  of  this  urorlc  Concrete  foundations  and  pavements 
usually  require  the  entire  closing  of  the  roadway  to  alt  traffic  during  their 
construction,  and  this  is  also  the  case  when  the  construction  has  reached 
the  stage  of  laying  the  wearing  course  of  a  pavement. 

Traffic  Regulations,  or  tho  lack  of  control  affecting  the  speed  of  traffic 
using  the  surfacing,  will  affect  the  selection  to  some  extent,  and  the  prol>-  j 
abilities  in  this  respect  must  be  weighed  when  reaching  decisions  as  to 
the  character  of  surfacing  to  be  selected  as  well  as  in  deciding  concerning 
the  other  details  of  highway  work  before  mentioned.    See  Art.  2  aiid  (43b). 

ITnder  Some  Existing  Local  Conditioiu,  a  change  may  be  in  progress  and 
the  direction  and  extent  of  the  changes  may  be  so  indeterminable  that  the 
wiser  course  in  the  selection  of  a  road  crust  or  pavement  neresHary  to  he 
laid  at  any  time  will  be  to  select  the  cheapest  pavement  which  will  reason- 
ably satisfy  present  conditions,  and  which  can  be  most  readily  adapted  to 
the  new  conditions  as  their  crystallisation  outlines  itself  in  the  future. 
See  (9)  and  (61) 
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Reasons  for  High  Cost  of  Mainteunce.  Frequently  a  type  of  road 
surface  or  pavement  has  been  condemned  and  declared  out  of  date  because 
the  maintenaDoe  oosta  on  it  in  a  locality  or  state  have  proved  too  high. 
In  many  cases,  it  will  be  found  that  such  a  conclusion,  if  not  absolutely 
inoorreet  under  ail  the  eircumstances,  is  at  least  too  broad,  and  that  the 
conclusion  which  should  have  been  reached  is  that  an  improper  selection 
of  type  had  been  made  for  the  case  or  cases  in  question.  If  an  excesuvely 
high  cost  of  maintenance  for  a  roadway  surfacing  is  established,  the  con- 
clusion  should  be  that  one  or  more  factore  are  reeix>nsiV)le.  An  equation 
expressing  the  situation  might  be  stated  as  follows:  Excessively  high  cost 
of  maintenance  equals  bad  selection  times  poor  construction  times  in- 
efficient maintenance.  Consequently,  to  have  a  good  selection  with  a  low 
eost  for  maintenance,  values  will  have  to  be  determined  and  assigned  to 
the  cfsistruetXKi  and  maintenanoe  factors  for  the  iwoper  solution  of  the 
above  equation. 

ESTIMATES  OF  COST  AND  REPORT  FORMS 

1ft,  EstimatM  of  Coit 

Cost  Considenitions  are  almost  inevitable  in  eonneotioo  with  any  problems 
of  highway  work.  In  an  engineering  prescription  toward  a  result,  if  a 
variety  of  solutions  is  practicable,  a  comparison  of  their  coats  becomes  nec- 
essary for  a  wise  choice  to  be  made  with  due  consideration  of  all  factors 
mvolved.    See  (26b)  and  (26e). 

A  Proper  Comparison  of  Costs  necesBitates  figures  compiled  on  the  same 
or  closely  similar  lines  with  sufficient  explanation  of  the  variations  where 
such  occur.  So  far  standards  for  reporting  costs  are  lamentably  lacking  and 
the  mistake  is  frequently  made  of  comparing  cost  figures  which  are  so  made 
up  as  to  be  worse  than  valueless  for  purposes  of  comparison.  For  instance, 
the  price  hid  by  a  contractor  for  performing  a  unit  of  work  which  inriudes 
not  only  the  cost  of  labor  and  materials  but  also  rental  and  depreciation 
of  machinery,  interest  on  invested  funds  and  profit  to  the  contractor, 
ia  frequently  compared  with  the  figure  obtained  by  totalling  the  actual 
expenditures  for  labor  and  materials  used  by  a  city  department  owning  its 
machinery  and  without  including  any  allowance  for  the  latter,  for  overhead 
charges,  or  tor  pn^t.  This  is  manifestly  an  unfair  comparison.  Even 
where  allowances  for  machinery  owned  as  above  have  beoi  included  in 
some  instances,  th^  have  not  generally  been  figured  at  a  uniform  rate 
and  the  comparisons  have  therefore  been  mi^eading.  As  such  a  large 
percentage  of  highway  work  is  done  by  contract,  it  ia  wise,  in  using  cost 
figures  in  tlie  preliminary  construction  affecting  the  decision,  to  make  sure 
that  all  the  items  naturally  included  by  a  bidder  for  the  work  are  covered 
by  the  items.  Such  items  as  overhead  charges  and  profit  so  included  should 
be  separately  stated  in  order  that  comparisons  of  the  cost  records  or  esti- 
mates of  probable  cost  can  properly  and  safely  be  made  with  figures  that 
have  been,  or  are  likely  to  be  bid.  When  referring  to  reports  of  costs  by 
other  parties,  the  investigator  should  keep  clearly  in  mind  the  usual  defi- 
ciendee  in  tiiese  reports  as  above  referred  to.  See  (18).  (26e),  (31).  (41) 
and  (72). 

30.  Report  Fwms 

The  BttaUlihmeiit  irf  Regnltr  Forms  for  reporting  information  on  many 
of  the  points  above  mentioned  as  of  importance  in  preliminary  investiga- 
tions ia  practicable  and  convenimt.   By  so  doing,  the  desired  information 


L.ooQle 


188 


Prdimiiutfy  InTeetigatioiu 


aMit.4 


IB  not  forgotten  to  be  secured  and  reported  and  the  facts  are  uniformly  col- 
lected and  stated.  Information  on  some  of  the  points  above  mentioned 
will  necessarily  have  to  be  collected  by  especially  trained  men,  others  per- 
haps than  the  resident  or  division  engineers  frequently  accustomed  to  unog 
the  fltandvd  forms,  and  in  thew  special  cases,  the  matter  desind  is  so 
peculiar  to  the  case  that  a  regular  fonn  for  its  colIectioD  and  expressioD  is 
impracticable  of  deaiga  for  gnierat  use.  Some  of  the  data  usually  collected 
on  these  forms  will  also  be  turned  in  with  the  notes  of  the  surveying  parties, 
but  if  duplication  thus  occurs  to  some  extent,  no  harm  is  done  and  the  benefit 
of  a  check,  or  of  different  views  from  various  parties,  will  be  had.    See  Sect.  S. 

A  Set  ot  Forms  which  have  been  used  suocesdully  for  a  number  of  years 
in  the  Maryland  highw^  department,  and  which  were  adopted  from  an 
earlier  form  of  the  Highway  Comm.  aie,  for  fnuposes  of  illustration,  ap- 
pended. For  a  wry  comideto  set  of  fcoms  for  reporting  pavem«it  hiatory 
and  traffic,  discussed  before  the  Can.  Soc.  C.  E.,  see  (23).  For  other  re- 
port forms,  see  Beet.  24. 


Msrylsnd  State  Roads  Commlssloa 

ProU miliary  Report  <rf  EncbtMr  In^Mctor  on  Road 

(Contract  No.  )  In  Coonty. 

Road  from  to,....  

SutioB  toSta  

nsB,  proflle,  and  ciosi  ssettoos  nerfved  .,  19. . . , 

Road  sxamlnad  ,  19...^ 

1.  Location  Lines,  discuarioo  of. 

(If  chmnBM  can  be  made  so  as  to  avoid  iiiiiniiSisij  land  "'■"fflffi  ie»ig<ii«»> 
Inqiecton  are  expected  to  reoommcnd  them.) 


Z.  Local  Matbbials,  suitable  for  construction  purposas. 
(Also  distance  from  nearest  station  on  line.) 


8.  Gradb  submitted,  dlKuaaion  ot,  with  recommendaUons. 

4.  Stbbbt  Railway  Tracks. 

(Eufineer  -InqMctor  will  state  iriietber  the  present  aligmment  and  cnde  are 
sattsfactory.  and,  If  not,  what  diangas  are  nscMnry.) 


S.  Local  Intokiutiok. 

Rate  per  day  Z-hoiss  teams  and  drivata.. 

Rate  per  day  labor  

Distanee  from  nearest  raUroad  ddiBg. . . 

Distance  from  neasast  wharf  

Depth  <a  watar  at  wfavf  

Cbaiaeter  ot  road  to  haul  over  


S,  ROA&JBSD.  present  eharaetsr  ut,  station  to  station. 


7.  Uacadau  Sbctionb.  dlMussion  of. 

(Engineer  Inspectora  are  expected  to  recommend  ths  width  and  thidcaesa  of 
macadam,  which  wilt  be  the  most  eccmomlcal  and  aatiafactory  In  each  esse. 
It  is  not  neeessaiy  that  ths  same  kcUob  ahaO  tie  adopted  thmout  the  entim 
length  of  the  mad.  When  a  diaage  In  section  will  result  in  a  saving  of  stone,  by 
taking  advantage  of  exieUng  condititHiB,  «ich  a  change  should  be  recommended.) 


8.  Boanow,  mmteria]  in  auiuble  form,  location  and  quality  erf,  and  average  haul  from 
line. 


D>qiti;so  Ciy 


Art  21 


Biblk^rai^ 


9.  CoumB,  Bbimbb  akd  Caich-BasiNb. 

(All  Btnictures  with  s  span  graater  thui  6  feet  will  be  rlenwid  w  bridgea. 
Engineer  IjwpectofB  will  give  Mich  information  as  tbey  can  secure  con  canting 
drainage  anas.  When  it  appears  to  be  necessary  to  obtain  easementa  for  the 
dlsdiarge  of  culverts  on  private  land,  mentiMi  shoukt  tie  made  of  the  piatter 
under  tliis  beading.   Also  give  estimated  depths  for  Bridge  FoundatliHis.) 


10.  Uim— Dmana,  reeommeBdatloiia  eonwimlng. 


11.  V-JSuiM,  racamBMndatlana  eonoamlng- 


12.  Tkbh;  value  of,  for  shade. 


U.  IfATHUU  TO  am  Vbmd  in  CotBiKucnoN,  not  otherwise  Mnuneratcd. 


14.  Kmcmb  recommended  for  use  in  the  preparation  of  estimates  and  contracts: 
SxeavatioD  or  embankment  of  all 

descrlptloiiB,  excepting  tedge. . .    9  per  cu  yd 

Excavatlan,  borrow   $  per  ea  yd 

Gravel   I  per  cu  yd 

Braka>  stone  on  can.   $  per  ton 

Stone  at  emahar....   1  ..par  ton 

Siclb  ,   %  pirbuaM 


(bk  aU  aassa  afcow  atatloM  batwMn  wUA  neMBBMndaticm  vply.) 

IS. 
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FIELD  AND  OFFICE  WSTRUMEWTS 

1.   Surveying  Instruments 
Metallic  Tapes  are  made  in  lengths  from  26  to  100  ft  and  usually  are 
graduated  to  feet  and  tenths.   They  are  made  of  cloth  in  which  is  intei^ 
woven  fine  bass  wire.   These  tapes  should  be  used  for  rough  measure- 
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menta  only  m  they  are  easily  affected  by  the  weather.  They  ace  much 
more  leliable,  however,  than  cloth  tapee  which  should  never  be  used. 

Steel  Tapei  may  be  obtained  in  almost  any  length  desired  up  to  500  ft. 
The  oommoQ  leuKtbs  used  for  mirveyiog  are  60  and  ICQ  ft.  Tapee  over 
100  ft  long  are  rarely  used  except  for  base  line  work.  Th«  50  and  100-ft 
tapes  are  usually  graduatad  to  feet  and  hundredths  continuously  tfaruout 
their  length.  Sometimes,  however,  the  100-ft  tapee  are  only  graduated  to 
feet  except  the  first  and  last  foot  which  are  graduated  to  hundredths. 
The  continuous  graduations  are  much  more  oonvMiient  uid  there  is  less 
liability  of  error  in  reading  the  tape.  Base  line  ti^es  usually  only  kave 
two  gnduation  marks,  the  initial  and  the  final. 

Where  treat  mccurmcy  in  meuurements  b  required,  stad  tapes  should  b«  Btandardised 
by  comparing  th«n  with  some  known  standard  of  length.  The  atandard  length  of 
tape  is  CbttB  eetabUshed  and  Its  exact  leogtii  can  be  figured  for  eonditiaas  otber  than 
tboaa  for  wbUk  tk  is  standard.  T^mb  are  itaodardized  Iqr  the  U.  &  Bw.  Standards  at 
WaaUngtoa  for  a  noall  sun. 

Spring  Balances  are  used  to  obtain  a  definite  pull  cm  the  tape  where  an  accuracy 
Craatw  than  1  in  10  000  la  required.  Any  form  of  hook  balance  ia  adaptable  for  the 
work  provided  It  reglaten  eoirectty,  altho  there  are  eome  fonua  made  eqMdally  for 
this  purpose. 

Thermometers  are  attached  to  the  tape  where  it  is  neoMsary  to  record  Ha  temper. 

ature.    Special  thermometen  are  made  for  thla  pUHMise. 

Sight  Rods  or  Range  Poles  are  made  of  steel,  iron  pipe,  or  wood  with 
an  iron  point,  generally  in  lengths  of  6  to  8  ft.  They  are  usually  painted 
with  alternate  strips  of  red  and  white  so  as  to  be  easily  distinguished  against 
light  and  dark  backgrounds. 

Phimb  Bobs  are  made  in  various  shapes  of  solid  tnass  or  of  hollow  ste^ 
filled  with  mereury.  They  weiidi  from  6  to  70  os.  The  lighter  weights, 
6  to  16  ox,  are  used  for  plumbing  with  the  tape  or  for  centering  the  instru- 
ments over  points.    The  heavier  bobs  are  used  only  in  triangulation  work. 

Compass.  The  compass  consists  of  a  graduated  circular  box  b  (see  Fig.  1) . 
in  the  center  of  irtiioh  is  a  magnetic  needle  supported  on  a  pivot.    The  needle 

Uf.     is  provided  with  ao  attachment  by  means 
H    of  which  it  may  be  lifted  off  the  pivot, 
jj     A  sight  standard  a  is  fixed  at  each  end 
Ns  of  the  plate  which  holds  the  graduated 
jfl    circle  so  that  the  line  of  siRht  corre- 
R    sponda  with  the  north  and  south  line  of 
^    J§     the  circle.    The  compass  is  leveled  by 
^M^3^m    means  of  the  two  plate  levels  a  and  the 
pj^^*^^     ball  bearing  joint  j  which  is  attached  to 
/  either  a  Jacob  staff  or  a  tripod.  Some 

Fig.  1.  Sarvayor'a  CompaH        instruments  are  provided  with  a  small 
declination  arc  and  vernier  on  the  plate 
by  means  of  which  the  declination  can  be  turned  off  and  the  true  beariogs 
of  the  line  read  rather  than  the  magnetic  bearinf^.    The  box  is  graduated 
fn«n  the  north  and  south  points  in  each  direction  90°. 

Bngineer's  Trsnrit.  One  form  of  engineer's  transit  is  shown  in  Fig.  2. 
It  consists  of  a  telescope,  with  attached  level,  mounted  on  an  axis  which 
is  supported  by  two  standards  fuced  to  the  horizontal  circle.  A  graduated 
arc  or  full  circle  is  attached  to  the  horisontal  axis  for  reading  vertical  angles. 
The  motion  of  the  horizontal  axis  is  clamped  by  means  of  the  screw  a  and 
small  movemmits  are  obtained  by  the  tangent  screw  b.  To  the  plate  or 
standards  are  fixed  two  levels  I  at  right  angles  to  each  other,  which  are 
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used  in  seiUng  up  the  transit.  The  plate  is  composed  of  two  circular 
plates,  one  ect  over  the  other.  The  standards  are  attached  to  the  upper 
plate.  The  upper  plate  revolves  on  a  vertical  spindle  which  fits  in^e 
of  a  spindle  supporting  the  lower  plate.  One  plate  is  graduated  into  degrees 
and  fractions  of  a  degree  while  two  verniers  v  are  fixed 
on  opposite  sides  of  the  plate  carry  ing  the  standards. 
The  motioQ  of  the  upper  plate  is  controlled  by  the 
damp  screw  d,  and  the  tangent  screw  e.  The  motion 
of  the  lower  plate  is  controlled  by  the  damp  screw  / 
and  the  tangent  screw  g.  The  four  screws  m  are 
leveling  screws  by  means  of  which  the  instrumeDt  » 
leveled.  The  milldd  head  A  forms  the  base  which  is 
threaded  insiiJe  to  screw  onto  a  corresponding  piece 
composing  the  head  of  the  tripod.  A  small  chain  n 
for  holding  the  plumb  bob  is  suspended  from  the 
bottom  of  the  vntlcal  axis  and  extends  down  thru 
the  top  of  the  tripod.  The  screw  o  on  the  telescope 
focuses  the  objective  lens  on  the  object.  The  capstan 
*  headed  screws  r  hold  the  cross-hair  ting  while  t  is 
the  eyepiece  end  of  the  telescope.  The  eyepiece  is  FIe>  2.  Trudt 
dther  erecting  or  inverting.  A  compass  is  fixed  to 
the  plate  between  the  standards.  The  cross-hair  ring  is  usually  provided 
with  one  vertical  wire  and  three  horizontal  wires.  The  two  horizontal  wires, 
one  on  each  side  of  the  middle  horizontal  wire,  are  the  stadia  wires. 

A  Gradienter  Screw  !■  m.  screw  with  a.  Eradiuted  hesd  that  b  substituted  for  the 
tsBgeot  screw  of  the  vertical  arc,  ud  controls  the  motion  of  the  tslieopB  in  the  sSdM 
msBner.  The  bead  b  dIviJed  into  60  parts  and  u  tbescnw  Is  turned  tiw  hesd  pssses 
om  a  Male  graduated  so  that  one  revolution  of  th«  screw  equals  one  space  <»  th* 
scale.  The  gntdnatioBs  on  the  head  are  so  made  that  each  divbion  b  equal  to  a  mov^ 
sacnt  of  the  horizontal  wire  of  0.01  tt  at  a  distsnce  100  ft  away  from  the  {ostnunent. 
A  complete  revolution  of  the  bead  would  mean  a  movement  of  the  horizontal  wire  <4 
0.6  ft  in  a  distance  of  100  ft.  By  means  of  the  screw  the  line  of  sight  can  be  mado 
patalM  to  sny  pncent  of  grade  desired.  Thus  to  set  the  telescope  to  a  2.5%  giadei 
levd  the  transit  and  bring  the  bubble  of  the  attached  level  of  the  tebeeope  to  Oie 
eanter,  and  clamp  the  horizmital  axis.  Turn  the  grsdlenter  screw  five  complete  revolu- 
tioos  and  the  line  of  sight  b  parallel  to  a  2.5%  grade. 

Instruments  without  the  vertical  circle  or  attached  level  on  the  telescope  are  called 
plain  transits.  Tfaeod<^tea  are  instruments  similar  to  the  mgineer's  tnmdt  except 
they  have  no  compass  and  are  usually  nude  more  substantisl,  with  laiier  horiaontsl 
didss  graduated  to  give  smaller  leadings. 

To  Set  Up  A  Transit  O^er  ft  Point.  Set  the  tripod  with  the  transit  attached 
ao  that  the  plumb  bob  will  come  approximately  over  the  point.  Level 
the  instrument  by  turning  the  upper  plate  so  that  one  of  the  plate  kvtla 
comcfl  over  a  pair  of  diagonally  opposite  leveling  screws.  The  other  plate 
level  will  then  be  over  the  other  set  of  leveling  screws.  Bring  the  bubbles 
of  each  of  the  plate  levels  to  the  centers  of  the  tubes  by  manipulating  the 
plate  leveling  screws  to  which  they  are  parallel,  taking  care  to  screw  down 
am  one  screw  as  fast  as  the  other  one  is  screwed  up.  When  the  instrument 
is  level,  loosen  all  four  screws  slightly  and  shift  the  instrument  over  the 
base  until  the  plumb  bob  is  accurately  centered.  Rdevel  and  tighten 
screws  and  note  if  bob  ia  still  centered.  If  instrument  is  in  adjustment, 
it  will  be  level  for  any  position  as  the  instrument  is  revolved  thru  360° 
azimuth. 

Solar  Attachment.  A  common  form  is  a  small  telescope  provided  with 
fiTOSB-wires  and  attached  level  bubUe.   This  telescope  ia  mounted  above 
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Fig.  3.   Sular  Attach- 
ment on  Truiit 


the  telescope  of  a  transit  prepared  to  receive  it  so  tbat  the  vertical  axi* 
of  the  small  telescope  is  perpendicular  to  the  horisoiital  axis  and  telescope 
of  the  transit  (9ee  Fig.  3).  This  instrument  is  used  for  finding  the  true 
meridian  by  observations  on  the  sun.  The  method 
of  work  is  described  in  Art.  10. 

Plane-Tftble.  The  plane-table  consists  of  a  draw- 
ing board  mounted  on  a  tripod,  and  a  ruler  to  which 
is  attached  a  telescope  provided  witt^  a  vertical  circle 
and  stadia  wires  (see  Fig.  4).  The  telescope  with 
attached  ruler  is  known  as  the  aUdade.  The  attach- 
ment between  the  dran-ing  board  and  tripod  is  so 
constructed  that  the  board  may  be  leveled.  This  at- 
tachment also  allows  the  board  to  bo  turned  in  azi- 
muth thru  a  complete  circle  and  has  a  clamp  and 
tangent  screw  so  that  the  motion  can  be  controlled. 
A  detached  level  tube,  compass,  cUps  for  holding  the 
paper  on  the  board,  scales,  plumb  bob  and  arm  com- 
plete the  outfit.  I 
Wye  Level.  The  wye  level  consists  of  a  teleecope 
with  attached  level  bubble  provided  with  vertical 
and  horizontal  cross-wires,  resting  in  two 
sockets  or  Ys.  A  socket  is  fixed  to  each 
end  of  a  level  bar  which  in  turn  is  mounted 
on  a  vertical  spindle.  The  spindle  is  sup- 
ported by  a  base  plate  and  four  level 
screws  similar  to  the  arrangement  in  the 
transit  and  is  attached  to  the  tripod  in 
the  same  manner.  The  telescope  can  be 
revolved  in  aximuth  around  its  vertical 
axis  and  this  motion  is  controlled  by  a 
clamp  and  tangent  screw. 
-  Dumpy  LcTel.  The  essential  difference 
between  the  wye  and  the  dumpy  level  is  that  in  the  latter  the  telescope  is 
attached  to  the  level  bar  by  immovable  upright  pieces  instead  of  tha  wyes 
which  are  capable  of  adjustmeot. 

To  Set  Up  a  Level.  Set  up  the  tiipod  with  level  attached  and  bring  the 
telescope  over  a  pair  of  diagonally  opposite  plate  level  screws.  Bring  the 
bubble  to  the  center  of  the  tube  with  this  set  of  scj^ews.  Turn  the  telescope 
until  it  is  over  the  opposite  set  of  screws  and  bring  the  bubble  to  the  center. 
Turn  the  telescope  until  it  is  over  the  first  set  of  screws  and  see  if  the  bubble 
is  still  in  the  center  of  the  tube.  If  it  is,  the  instrument  is  level,  if  sot 
repeat  the  above  operation  until  the  bubble  remains  centered.  The  level 
screws  are  worked  in  the  same  manner  as  on  the  transit. 

Three  ts  Four  Level  Screws.  Bath  transita  «Dd  leveb  u«  Bomettmefl  provided 
with  three  instead  of  four  plete  leveling  screws.  Three  screws  are  generally  placed 
on  the  heavier  Inatruments  used  In  triKngulation  work  or  preciaa  levBllng.  To  aet  Bp 
an  inBtrument  provided  with  three  screws,  turn  the  teleecope  until  It  la  over  two  ol 
them  and  bring  the  bubble  to  the  center  with  theee  screws.  Use  the  third  screw  to 
level  the  instrument  to  the  direction  of  90''  to  the  line  of  the  telescope  in  its  first  position. 

Hand  Level.  The  Locke  hand  level  is  a  brass  tube  6  in  long  ha\-ing 
a  small  level  mounted  on  its  top  to  the  left  of  the  center  near  the  object 
end.  A  frame  carrying  a  horizontal  wire  is  placed  underneath  the  level. 
A  rcfiecting  prism  that  acts  as  a  mirror  is  placed  inside  the  tube  directly 
below  the  level    Looking  thru  the  eyepiece  end  of  the  tube,  the  reflection 
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of  the  bubble  and  wiro  is  aeen  in  the  prism  in  one  half  of  the  aperture,  while 
the  other  half  is  open  to  view  the  object  sighted  upon.  The  tube  is  placed 
to  the  eye  and  the  object  end  is  raised  or  ktn'crcd  until  the  wiro  biKcts  the 
bubUe,  in  which  position  the  instrument  is  level.  Both  object  and  eye- 
piece ends  are  covered  with  plain  glasaee  to  prevent  dust  and  dirt  from 
letting  into  the  tube. 

Larel  Rodi  are  made  in  several  different  styles.  Self-reading  rods  are 
graduated  ao  that  they  can  be  read  by  the  instrument  man.  They  arc 
■Dmetimee  equipi>ed  with  a  target  and  vernier  for  closer  readings.  Except  for 
predae  work,  the  rods  are  made  in  sections  and  extensible  so  that  when  non- 
extended,  the  length  will  be  from  4  to  6  ft,  and,  when  extended,  about  12  ft. 

The  Philadelphia  Rod  Is  of  the  Klf-reading  extandble  type  with  a  sliding  taiset. 
Ths  rod  is  made  hi  two  strips,  one  alidinK  ov«r  the  other,  and  is  provided  with  clamps 
to  bold  the  two  strips  and  target  in  position.  The  face  of  both  sti^  is  graduated  to 
last  and  htmdredtha,  and  by  means  of  a  scale  on  the  target  and  one  at  the  back  of  ths 
rod  wdhns  can  be  made  to  thauaandthB  of  a  foot 

The  Hew  YoA  Rod  is  of  the  ntensible  type  with  a  sliding  target,  dmilar  in  con- 
stroctioD  to  the  Philadelphia  rod.  The  lower  strip  fa  graduated  on  the  face  and  the 
opper  atrip  on  the  sida,  by  means  of  fine  Unes,  to  feet  and  hundredths  <rf  a  foot.  This 
nd  Is  act  used  m  a  ■eU-reading  rod.  The  target  and  aide  of  t^  rod  are  both  eqnlroa^ 
with  vemiar  scales  ao  that  readings  may  be  made  to  thousaadths  of  a  foot. 

The  Boston  Rod  is  <A  the  two-piece  extenvble  type.  The  target  Is  fastened  secai^ 
to  one  of  the  strips.  For  long  roid  readings  the  rod  works  on  the  same  priadple  as  ttra 
two  previously  mentioned.  For  short  rod  reading  however,  the  rod  Is  dosed  snd 
then  inverted  so  that  the  target  end  rests  on  tba  ground.  The  strip  faoMbig  the  target 
b  then  moved  up  or  down  as  the  target  would  be  in  the  eaae  of  the  Philaddphia  or 
New  ToriE  rods.  The  rides  erf  the  rod  are  gndoated  to  fset  and  hundredths  ol  a  toot 
snd  provided  with  veniier  scales  so  that  thoosaadtlis  of  a  foot  can  be  twd.  The 
BostoD  rod  is  obviously  not  a  self-reading  rod. 

Srif-Beadhig  Rods  ara  made  in  special  styles,  usuallr  with  the  Idea  of  making  them 
mora  eonveaicBt  to  use.  Such  dsvioes  consist  in  ""■'^"g  ths  rod  extensible  in  three 
or  four  eectfms  and  in  maridng  the  gnutuatioos  so  that  they  are  more  readily  observed. 
Time  rods  are  tarety  equipped  irith  a  target. 

Sod  ^Vea  are  manufaebued  which  may  be  attadied  to  any  torn  of  noa-gradnatedrod. 

Sajf-Coonpotiag  Rods  are  of  the  extensible  tyjn.  The  graduations,  faowevar,  are  on 
an  endlosi  metallic  tape.  The  rod  Is  made  in  three  pieces  docdng  up  to  about  4^  ft. 
When  the  aectiona  are  placed  together  the  metallic  tape  Is  passed  over  rollers  at  either 
ad  of  the  rod  and  the  two  aadaare  Jirined  together  on,  the  bade  of  the  rod  by  a  dndi 
sti^  Tba  graduatkBs  on  the  tape  an  fa  fast  and  hundredths  but  the  gradnattas 
boeasa  from  0  to  1  and  1  to  2  and  so  on  downward  on  the  tape  instead  of  upward 
as  in  the  ordinary  level  rod.   The  method  of  using  the  rod  is  den:ribed  in  Art  17. 

Precise  Level  Rods  need  1^  the  U.  S.  Coast  and  Geodetie  Survey  are  of  the  noo- 
eTtmsilrtn  self-nading  type,  withoat  target,  graduated  to  eentfaneten  on  one  taet. 
Uetai  phigs  at  S-ra  intwals  and  a  thermometer  are  set  in  the  rod  for  purposes  cf 
detecting  disnges  of  length.  The  wood.  <rf  which  the  rod  is  made,  is  qiecially  pie- 
pared  by  soaking  it  in  paraOn.  The  length  of  the  rod  is  cheeked  up  by  comparing 
it  with  a  standardised  sted  tape.    Detadiable  rod  levels  are  used  to  plumb  the  rod. 

Stadia  Rods  are  Hmllar  to  levd  rods  except  that  they  are  usually  nvade  with  a  larger 
iaee  so  the  graduattons  can  be  more  plainly  mariied.  The  value  of  the  graduations  on 
the  rod  depMds  upon  the  wire  intervals  of  the  transit.  If  the  ratio  of  the  focal  distance 
of  the  tdtaeope  to  the  hitwrid  betaaaa  the  wine  is  100,  then  a  rod  graduated  to  feet 
and  handfedtfaa  <d  a  foot  nay  bo  need.  For  short  dghta  any  sdf-reading  level  rod 
tmn  be  used.  Uoet  tnuuite  noleas  otherwise  ordered  are  furnished  with  stadia  wires 
tfv^amtioolioa. 

S*  Adjostmcnt  ttf  InstnuuoiitB 

Tbm  Adjustments  of  the  Transit,  which  should  be  made  in  the  order 
given,  am  as  folknn:  Parallax,  idata  levd  babbles,  line  of  coDimation, 
horisootsl  axis  and  attached  level  bubble. 


L.ooQle 


198 


Surv^s  and  Office  Practice 


Sect.  5 


PuhUu  is  »  peraaptible  movamant  of  Um  crw  hiin  over  the  Imac*  of  tlie  object, 
whan  the  eve  k  moved  eloiriy  from  elde  to  dda  at  tha  eyepiece  end  of  the  teleaeope. 

Correct  by  pwitinc  the  Instrument  to  the  sky  and  focua  the  eyepiece  until  the  crtxw- 
hairs  are  diotinct,  then  pomt  on  any  object  and  (ocus  objective.  If  any  movement 
of  cron-hBin  over  the  imase  atUt  eziBts,  repeat  the  above  operation  un  tilit  is  eliminated, 
then  the  imace  of  the  object  falls  In  the  plane  of  the  crooB-haira. 

The  Plane  of  die  Plate  Level  BnbUes  must  be  parallel  to  the  horizontal  plate. 
Level  the  transit  in  the  ordinary  manner  by  bringins  one  of  the.  bubbles  parallel  to  a 
pair  of  diacon^Iy  opposite  level  ecrewB  and  making  the  babbles  come  to  the  crater 
of  the  tubes.  Turn  the  instnunent  through  180°  faorixontally  and  note  if  [the  bubble 
remain  cmtered.  If  they  do,  the  plate  level  bubblee  are  in  adjustment  and  the  gradu- 
ated eirde  is  horizontal  in  every  pontion.  If  the  bubbles  do  not  remain  is  the  center, 
correct  by  bringins  them  half  way  back  to  the  centers  by  means  of  the  leveling  acrewa 
of  tha  tiandt  and  the  rest  of  the  way  badt  by  means  <tf  tiie  capstan  acrem  at  tha  and 
of  each  levd  bubble  tube.  Repeat  the  abov«  teat  and  correction  until  the  adjoatment 
Is  accomplished. 

Line  of  CoUimation.  or  line  of  sight,  should  be  perpendicular  to  the  horizontal  axis 
at  tba  telescope.  First,  the  vertical  crtm  hair  is  made  perpendicular  to  tite  horixontal 
axis.  The  instrument  is  set  up  and  leveled.  A  point  is  bisected  and  the  bottom  plates 
damped.  The  telescope  Is  now  revolved  In  altitude  or  about  Its  lunisonta]  axis  and 
if  the  vertical  wire  still  continues  to  bisect  the  pcnnt,  no  correction  Is  necessary.  If 
not,  loosen  the  capstan  screws  holding  the  crow-hair  ring  and  rotate  the  ring  until  the 
vertical  wire  and  point  remain  in  coincidence  as  the  telescope  is  moved  in  altitude. 
Then  tighten  the  screws  holding  ring.  Next  set  up  the  transit  on  a  level  stretch  of 
ground.  Set  a  stake  about  800  ft  distant.  Clamp  all  horizontal  motions  and  center 
the  cnm-haira  on  a  point  a  In  the  stake.  Reverse  or  plunge  the  telescope  and  center 
the  cross-hairs  on  a  point  b  in  anotlier  staka  set  lUMUt  the  same  distanee  from  the 
instrument,  as  a.  Unclamp  the  botisontal  motion  and  revolv«  the  instnunent  in 
azimuth  and  set  on  a  again.  Clamp  and  reverse  the  telescope.  If  the  cross-hairs 
now  center  on  b,  the  line  of  sight  is  perpendioular  to  the  horizontal  axis.  If  cross- 
hairs do  not  center  on  6,  set  a  third  point  e  opposite  b  where  tha  Une  sight  does  come. 
Measure  the  distance  6  to  c  Bring  the  Une  of  sight  one-quarter  of  the  distance  b  e  from 
e  towards  b  by  manipulating  the  adjusting  screws  which  hold  the  cross  wire  ring.  Then 
by  the  plate  Ungent  screw  bring  the  line  of  sight  to  a  point  just  half  way  betwem  c 
and  b.    Repeat  the  test  and  correction  untS  the  adjustment  is  made. 

Horizontal  Axia.  The  horizontal  axis  of  the  telescope  must  be  parallel  to  the  plate. 
Set  up  the  transit  near  some  high  structure  and,  with  the  horizontal  motions  damped, 
sight  the  teleaeope  on  a  point  a  near  the  top  of  the  structure.  Depress  the  tdesnqie 
and  set  on  a  point  b  on  the  line  of  sight  near  the  base  of  the  structure.  Undarop  and  re- 
volve the  Instrument  thru  azimuth  and,  with  the  telescope  reversed,  again  set  on  a  and 
damp.  Depress  and  sight  towards  b.  If  the  cross-hairs  center  on  b,  the  horizontal  axis  is 
paralld  to  the  plate.  Jf  the  transit  is  not  in  adjustment  set  a  point  e  opposite  b  where 
the  line  of  sight  falls  and  measure  distance  e  b.  Hove  the  line  of  sight  to  a  point  half 
way  between  e  and  b  by  means  of  the  adjusting  screw  at  the  ends  of  the  horizon taj 
axis  of  tha  tdasoqiw.   Repeat  tba  taat  and  oometlOB  tmtfl  the  adjustment  Is  made. 

Attached  L«Td  BabUe.  Tbe  piano  of  the  level  bubble  attached  to  the  tdeseopa 
and  tbe  line  of  sight  must  be  paralld.  The  test  for  adjustment  is  made  by  the  two- 
peg  method.  Drive  two  staku,  a  and  6,  about  SCO  ft  apart  on  a  fairly  level  piece  of 
ground.  Set  up  the  instrument  about  1  ft  from  a  and  levd  the  telescope  by  the  attached 
level.  Hold  the  rod  on  a  and  take  a  reading  xi.  TUs  reading  is  usually  obtained  by 
pointing  tbe  eyepiece  at  the  rod  and  righting  thru  the  objective  end  of  the  telescope, 
noting  where  the  center  erf  vision  strikes  the  rod.  Next  right  on  b  in  tbe  ordinary 
manner  with  tbe  telescope  levd  and  obtain  a  road  reading  of  yi.  Then  set  up  instru- 
ment about  1  ft  from  stake  6  and  obtain  rod  readings  yi  and  xtonb  and  a  respectively. 
If  the  attached  level  Ib  in  adjustment,  zi  —  yi— jn— ytorxi— xt+jn—m  =0. 
If  not  in  adjustment  with  instrument  stOl  near  b,  hold  the  rod  on  a  with  the  target 
set  to  read,  »  +  i  in  ~  xi  +  vt  ~  vi)  -  Hxi+n+yt  -  vi).  Set  the  horizontai 
eroH-hair  on  the  target  by  means  of  the  plate  leveling  screws  and  then  bring  tlie 
bubble  of  the  attadiad  levd  to  tbe  center  irf  tbe  tube  by  means  of  tbe  adjusting 
screws  at  the  ends  of  the  tube.  Repeat  the  test  and  correction  until  tbe  adjust- 
msnt  is  made. 
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The  verniere  of  tbe  verticai  arc  may  bt  made  to  read  nro  aftar  Um  abov*  adjintment 
for  the  ftttacfaed  levd  bubble  haa  been  made.  With  tba  instnimettt  and  UdeKope  levd, 
bring  the  lera  of  the  vernier  and  are  into  eoincidenoe  by  meane  of  the  vertical  tangent 
KTow.  subtly  anlooam  the  aerewa  that  hold  the  vertiea]  are  to  the  horiaontal  azit,  level 
the  teleaenpe  again  and  move  the  arc  until  the  Mroa  of  the  are  and  vernier  again  eofndde. 
Itspeat  the  above  operation  untO  correct.  If  tbia  adjuatmant  ia  not  made,  the  index 
error  of  the  arc  may  be  noted  and  applied  to  the  meannement  of  all  rertieal  an^ea. 

The  Adjustments  of  th«  Wye  Lersl  are  as  foDows:  PuvUaz,  ORMS-haini, 
level  bubl^  and  wye  adjuatment. 

Vnallaz  ia  conaetad  in  ttw  same  mamiw  aa  tor  tlw  tnnitt. 

Croaa-Haira.  Set  up  the  level  and  biaect  a  point.  R«volv«  the  teleaeope  in  aalmutb 
and  aee  if  tbe  pohit  la  bipeetad  by  the  horizontal  wire  thruout  ita  length.  If  not, 
looaeD  eapatan  screws  holding  croes-hair  ring  and  rotate  the  ring  until  the  point  remains 
bisected  by  the  h orison tal  wire  aa  the  tdescope  is  revdved.  Next  looaen  the  telescope 
m  the  wyea  and  biaect  a  pviat  with  the  enw-haira.  Route  the  teleaeope  180°  tn  the 
wyea  and  note  If  the  point  is  still  blaeeted.  If  not,  move  each  croas'^alr  separately 
by  means  of  ita  proper  serewa  half  way  Imck  to  the  point.    Repeat  teat  and  correction. 

The  Lerel  Babble  tray  be  adjasted  in  the  same  manner  as  Ute  attadied  level  bubble 
oo  tlie  transit.  A  mm*  convenient  method  is  aa  follows:  Set  up  the  instrument  and 
faring  the  telescope  over  two  of  the  leveling  aerewa.  Foeua  the  objective  on  a  point 
alwut  800  ft  distant.  Take  the  telescope  out  of  the  wyea,  reverse  it  end  for  end  and 
replace  it  in  tbe  wyea.  If  tbe  bubble  remains  In  tbe  center,  no  adjustment  is  Dseeasary. 
If  not.  bring  the  bubble  half  way  back  to  the  center  by  meaw  of  tbe  plate  leveling  aerawa 
and  the  remainder  of  tbe  distance  by  the  capstan  screws  at  the  end  of  the  tube.  Repeat 
operations  until  the  adjustment  ia  made.  To  make  the  axis  of  the  levd  tube  parallel 
to  tbe  axis  of  the  tdeaeope,  loosen  the  elipa  holding  the  teleecope  tn  the  wyee  and 
rotate  the  teleaeope  about  20°  in  the  wyes.  If  the  bubble  has  the  same  reading  as 
when  the  talaaeops  ia  In  Ita  normal  podtloB,  no  owraetion  ia  neeeannr.  If  a  correction 
Is  neeeaMuy.  move  tbe  end  of  tbe  tube  by  means  of  tbe  horiaontal  capstan  screws  at 
one  end  and  repeat  tbe  test  and  correction  until  the  adjustment  la  made. 

Tbe  Wje  Adjustment  consists  In  making  the  horizontal  plane  of  the  line  of  ^gbt 
pRpendieuly  to  the  axis  of  tbe  Instrument.  Level  tbe  inrtrutnent  and  turn  the 
teleaeope  thru  ISO"  tn  azimuth.  If  the  bubble  remans  in  the  center  of  the  tube  the 
hntniment  is  in  adjustment.  If  not,  bring  the  bubble  half  way  back  to  the  center 
by  the  capstan  aerews  which  hcdd  tbe  wyes  to  the  level  bar  and  the  rest  of  the  way 
to  tbe  eenter  by  the  plate  lavdlng  screws.  Repeat  the  above  <9erationB  until  tiM 
adjuatment  Is  nude.  If  in  level  work  tbe  bubble  is  centered  each  time  before  a  sicfat 
is  made,  tbe  wye  adjustment  can  be  ne^ected. 

The  Adjustments  of  the  Dumpy  Level  are  as  follows:  Parallax,  cross- 
hairs and  level  bubble. 

Parallax  is  corrected  in  the  same  manner  aa  for  the  transit 

Cross -Hs ITS.  Set  up  the  level  and  biaect  a  point  Note  If  tbe  horizontal  wire 
cantimwi  to  Usect  the  ptdnt  as  the  uimeape  ia  levolved  in  atimuth.  If  not,  loosen 
the  capstan  screws  holdinc  th»  cress  hair  ring  and  rotate  the  ring  until  hwiaontal 
wire  remains  in  cmnddenoe  with  the  point  as  the  teleaeope  Is  revolved. 

The  Lerd  Bubble  should  be  in  tbe  center  when  the  line  of  sight  is  horizontal.  Set 
up  tbe  iaatrument  with  the  teleecope  over  two  of  the  plate  screws  and  bring  the  bubble 
to  tbe  center  of  the  tube.  Revolve  180°  in  azimuth  and  if  the  bubble  remains  in  the 
center,  the  instrument  ia  in  adjuatment  If  not  bring  it  back  half  way  to  the  center 
by  tbe  two  plate  leveling  serewa  and  tbe  rest  of  tbe  way  back  by  the  capstan  screw 
at  tbe  end  of  the  levd  tube.    Repeat  the  operations  until  the  adjustment  ia  made. 

TIm  level  bubble  and  the  tine  of  alght  must  be  parallel.  The  test  for  this  adjust- 
noent  is  made  in  tbe  same  manner  aa  for  the  attached  level  bubble  on  the  transit.  If 
the  instrument  is  not  in  adjuatment.  the  correction  is  made  tbe  same  way  aa  in  the 
transit  except  that  in  making  tbe  Une  of  sight  coincide  with  the  target,  it  ia  done  entirdy 
with  tbe  adjusting  screws  holding  the  i  iiias  liali  ring.  The  plate  level  screws  or  the 
Cretan  acrew  at  the  end  of  tbe  levd  tobe  are  not  tonehed. 

Tbe  Band  Level  ts  adjusted  as  follows:  Drive  two  stakes,  a  and  b,  about  100  ft 
apart  on  fairly  levd  ground.  Hold  the  level  a  diatence  z  above  a  and  with  tbe  wire  bi- 
aarting  the  bubble  s^t  on  a  rod  bald  on  b,givingarod  reading  y.   Go  to  state  b  and 
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with  the  l«vd  held  a  distuee  y  above  b  ud  tbe  wire  blMcUng  tlw  bubble,  dght  on  a. 
If  the  inatnimeot  la  in  adjuatment,  a  rod  raadiiic  «i  equal  to  x  will  be  obtained.  XI 
not  la  adjuatuent,  eomet  by  btingliif  tlw  borlioiitai  «f1»  into  «aliiddne»  wia  a 
point  wUdiiaa!  +  }  (zt— z)  above  a  irim  Uw  Inatnunntla  haldadlataiMairalMmk 
Tba  borlmital  wire  la  moved  by  means  of  tbe  adjiutinK  aerowa  aad«  tfaa  Wral  trabbla. 

3.  Verniers 

The  Veniiar  ia  a  small  aiudliuy  scale  used  with  the  main  scale  for  the 
purpose  of  determiaing  fractional  parts  of  the  smallest  divisiotUB  of  the 
main  scale.  In  Fig.  6  is  shown  a  vonuer  for  a  linear  scale,  a  type  used 
on  some  level  rods.  The  scale  to  tbe  left  ia  the  main  scale  and 
that  to  tbe  right  the  vernier.  Vemieni  are  either  direct  or 
retrograde.  Since  the  latter  type  ia  rarely  used  on  surveying 
instruments  only  the  direct  vernier  will  be  described.  Referring 
to  Fig,  5,  the  vernier  scale  is  divided  into  10  equal  parts  which 
are  eqiiivalent  to  exactly  9  of  the  smallest  divisions  of  the  main 
scale.  £ach  division  on  the  vernier  is  then  just  0.9  of  one  of 
the  small  divisions  of  the  main  scale.  With  the  aero  of  tbe 
Temier  in  the  figure  at  7  of  the  main  scale,  point  a  on  the  Temier 
comes  just  0.1  below  b  on  the  main  scale,  c  comes  0.2  below  d 
and  so  on.  If  the  zero  of  the  vernier  is  moved  just  0.1  above 
7  of  the  main  scale,  the  first  division  on  tite  vernier  will  be  in 
coincidence  with  b  on  the  main  scale.  If  the  aero  of  the  vernier 
is  moved  0.2  above  7,  the  second  division  on  the  vernier  will 
come  opposite  d  on  the  main  scale.  If  the  main  scale  ia  con- 
sidered to  be  diS'ided  into  feet  and  tenths,  the  reading  of  the 
sero  of  the  vernier  for  this  last  position  of  the  vernier  will  be 
7.Q2.  The  rule  for  reading  a  direct  vernier  is  to  read  the  main 
scale  to  its  smallest  graduation  up  to  the  aero  of  the  vernier  and 
then  read  along  the  vernier  to  the  mark  which  odniflides  with 
a  mark  of  the  main  scale  and  add  the  reading  of  the  vernier 
to  the  reading  of  the  main  scale. 
The  Value  of  a  Division  on  the  Vernier  or  least  count  of  the  vernier  is 
found  by  the  following  rule:  Divide  the  value  of  the  smallest  di\'ision 
on  the  main  scale  by  the  number  of  divisions  oa  the  vernier  between  co- 
incident marks,  when  the  zero  of  the  vernier  ia  brought  into  coincideni^ 
with  a  division  of  the  main  scale.  Applying  the  rule  to  Fig.  fi,  tbe  value 
of  a  small  division  of  the  main  scale  is  assumed  to  be  0.1  ft  and  there  are 
10  divisions  on  the  vemiw  between  coincident  marks  with  the  sero  of  the 
vernier  as  shown,  hence  the  least  count  is  O.l/IO  -  0.01  ft. 

Vemien  on  Tnuuiti  are  constructed  on  the  same  principle  and  are 
called  single  or  double.   A  double  vernier  is  one  which  can  be  read  in 


rcniier(8) 


«o~          Circle  M 
Fig,  6.   Transit  Vernier  (3) 


either  direction.  It  is  a  direct  vernier  and  is  alwa^'s  read  in  the  direction 
in  which  the  anRlo  is  increasing.  A  Hinglc  vernier  in  numbered  from  zero 
fit  both  ends.   Jn  using  a  single  vernier  on  a  transit,  the  aero  of  the  vernier 
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must  be  set  with  the  sero  of  the  scale  so  that  the  vernier  reads  in  the  same 
dinetioii  that  the  anfde  ia  to  increase.  Fig.  6  shows  a  double  vernier 
common  to  tnuiBits.  The  least  count  of  the  vernier  is  found  aa  previously 
described.  In  this  case  the  smallest  reading  of  the  main  scale  is  30^.  If 
the  HVD  <rf  the  vernier  is  made  coiDcident  with  a  division  of  the  main  scale, 
it  will  be  found  that  there  are  30  divisions  on  the  vernier  between  coincident 
mario,  hence  the  least  count  is  30/30  or  1'.  The  angle  in  the  figare.  tesd 
in  a  clockwise  directioD,  is  274°  lilus  23'  on  the  vemier,  or  274°  23'.  In 
the  opposite  direction,  its  vidue  is  85°  30'  on  the  main  wsle  plus  7*  on  the 
TBtnier,  or  8S°  37', 

4.   Drafting  Infltruments 

Some  of  the  Q>ecial  instruments  adaptable  for  the  office  work  are  de- 
scribed  below. 

Stnisbt-Bdcea.  Steel  Btnl<ht-«dgw  are  more  commoaly  naed  in  plottbg  the 
work  than  T-squares.   Tbey  ore  made  in  several  diff«rcot  bus  from  16  to  72  in  lonc- 

Istgp  Szed  Trisacles  are  useful,  especially  for  drawiiiE  long  perpendicular  lines. 

Simple  Curve  Templates  of 'wood,  rubber,  metsl  or  celluloid  are  made  with  radU, 
nryiag  from  1.5  to  60  in.  Tbese  are  useful  hi  drawing  in  curves  between  the  tangents 
instead  of  using  a  compass. 

Cross  Ssctloa  Temfiates  may  be  made  from  stiff  material,  pieferablr  bam  a  piece 
of  a  traMpanat  eiilalofd  titaagle.  The  toit- 
ptata  is  cut  on  lines  eonformlng  to  the  shape  of 
the  eress-seetion  of  the  highway  and  is  used  in 
li*"^*^g  Lbe  ftnisbod  section  of  the  highway  on 
the  original  cross  sections  so  that  the  estimate 
of  earthwoclE  an  be  nade.    Sometimes  tb*  ^  7 

*— T*-**  is  eat  out,  as  In  F^.  7,  to  emrespond 

with  the  sabgrade  ttendi.  This  form  is  more  eonvMiIant  to  use  than  one  cut  to  finished 
grade  over  the  trendi,  dnce  the  cuts  and  fills  have  to  be  camputed  to  the  line  a  be. 

lYotractors  are  made  ot  different  materials  and  fn  various  styles.  Those  of  steel 
with  a  movable  am  and  attached  vernier,  by  which  angles  may  be  laid  off  as  close 
M  l'.  are  useful  for  cheddng  up  the  plotting  of  the  transit  line. 

A  Coanniant  Scale,  see  (9),  for  plotting  the  topography  is  shown  in  Pig.  8.  It 
Aoald  be  made  of  uanspsrent  msteiisl  and  be  graduated  to  the  scsle  of  tbs  map. 

The  lioeab  is  made  omnddent  with  the  transit  line  and  plus  stations 
may  be  sealed  off  by  setting  the  proper  graduation  of  the  scsle  a  b 
over  a  full  station  cm  the  transit  line.  The  0  of  tlie  scale  a  b  will 
then  be  at  the  (dua  station  and  perpendicular  offsets  either  side  of 
the  Una  mar  be  plotted  on  the  acaie  c  d.    '  ' 

The  Flsafaneter  is  an  instrumoit  used  for  detwmlning  areas.  Plai»- 
meters  are  made  in  three  diffrauit  styles,  known  as  the  polar,  sus- 
pended and  roller  planimeter.  Only  the  polar  fianihbtbb  and  its 
method  of  use  wHl  be  described  sinee  this  te  the  ^pe  most  commonly 
used.  The  polar  planimeter  eonststs  of  two  anu  hinged  at  a  eom- 
__  men  point.  The  arms  may  be  of  fixed  length  or  one  ot  thna  may 
-  ™  be  adjusted  to  varying  lengths  by  means  of  a  graduated  scale  marked 
upon  it.  At  the  outer  end  of  one  arm  is  a  needle  point  to  be  fixed  to 
the  drawing  and  about  which  the  wh^  instrument  revolves.  To  the  outer  end  of 
the  oUser  arm  is  fixed  a  tracer  point.  The  tracer  point  will  always  be  found  on  tbo 
T^t^ftlH*  arm  if.  the  inatnnnent  is  adjuataMe.  A  small  graduated  whed  with 
vMider  attachment  and  revolatiMi  eonnter  is  hong  from  the  arm  carrying  the 
trsdng  point  but  st  the  opposite  end  from  which  the  thudng  poln^  is  fixed.  The 
planimeter  whan  in  use  rests  im  three  points,  the  needle  point,  the  tracer  point 
and  a  point  in  the  circumferenee  of  the  graduated  wheel.  The  instrument  is  used 
by  jii^Mnf  It  on  the  sheet  near  the  area  which  is  to  be  determined  in  such  a  pontic  i 
that  when  the  needle  point  is  set,  the  area  can  be  outlined  by  the  tracer  point. 
The  onlar  edf*  ef  the  area  to  bo  datennlned  is  then  traced  over  with  the  tracer 
pelat  OBtD  a  iisii|*slii  drenit  has  bosn  made.   The  graduated  iriteet  revolvas  aa 
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the  tnecr  point  fa  movad  and  the  dlfferanoe  In  tta  initiml  and  final  reading  regfatari 
the  araa  of  tha  figure.   If  one  <rf  the  anna  la  adjustable,  the  arm  can  be  Mt  to  eofre^Nnid 

with  different  unite  of  meuurement.  If  the  anna  are  both  fixed,  the  instrument  ia 
made  to  aa  to  read  square  inches  or  square  centimeters.  For  highway  work  an  in- 
atrument  with  fixed  arms  reading  to  square  Inches  is  a  convenient  form  to  uae.  Tablea 
may  be  prepared  converting  square  incbea  read  by  the  planimcter  into  any  other 
scale  derired  ao  tiiat  tbe  desired  ana  tor  any  pbmlnwter  roadhig  ean  be  qulddy  found 
from  tbe  taUe.  If  the  planimeter  ia  placed  on  the  drawing  so  that  tbe  needle  point 
comes  witliin  tbe  area,  then  a  correction  lias  to  be  added  to  the  area  obtained  from 
tbe  instrumoit  readings.  This  correction,  called  tbe  area  of  the  sero  drde,  ia  constant 
for  each  instrument  and  is  furnished  by  the  maker.  If  the  needle  point  is  placed 
outside  of  the  area  to  be  determined,  no  correction  is  applied.  I^rge  areas  that  cannot 
be  covered  at  one  setting  of  the  instrument  may  be  found  by  subdividing  them  into 
several  smaller  areas  of  convenient  size.    See  (2),  (4}  and  (14). 

Pantograph.  A  pantograph  u  an  Instrument  consisting  of  a  framework  of  arms  ao 
jfHJied  together  that  the  moti<m  of  two  points  a  and  h  of  the  framework  b  the  same 
In  outline,  but  diflerent  in  amount.  The  instrument  is  used  to  enlarge  or  diminish 
the  ate  of  mapa  and  by  mnani  of  seslea  on  the  framework  any  relation  between  the 
rfaa  (rf  the  ori^nal  map  and  that  darirad  ean  be  obtained.  The  Instrument  ]m  plaeed 
on  the  sheet  eontalnfng  the  drawing  with  the  aealea  properly  set  and  tiie  tradnc  point 
a  is  moved  over  tbe  different  lines  of  the  drawing.  The  marking  pidnt  b  will  at  tba 
aame  time  trace  out  carreqKinding  lines  on  tbe  same  or  another  riieat  but  at  the  scale 
dMired.   See  (2).  (4)  and  (14). 

Rubber  Stainpa  for  wiTiriiig  titka  on  plana  and  tndnga  are  to  be  raoommended, 
when  tha  wording  of  tbe  tltka  Is  of  aome  standard  form.  Neat  work  can  be  obtained 
by  using  stamps  and  much  time  saved. 

Drawing  Tablea.  On  account  of  the  sise  of  road  plans,  tables  4  by  12  ft  are,  in 
many  rnirn.  necessary  If  the  plan  is  to  be  laid  out  at  its  full  length  on  the  table. 
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S.  Angular  Heasurvneiita 

To  Heaaore  an  Angle  with  a  Transit.  CcmsideT  the  an^  a  o  &  in  Fig.  9. 
Set  up  the  instrument  and  carefully  oenter  it  over  point  o.  Make  the 
aero  of  the  vernier  coincide  with  the  aero  of  the  horisontal  scale.  This  is 
done  by  making  an  vproziniate  setting  with  tlM  plates  loose,  then  clamp- 
ing them  and  making  an  accurate  setting  with  the  plate  tangent  screw. 
With  the  lower  motion  undamped  sight  the  telescope  on  a  and  set  the 
intersection  of  the  cross-hairs  exactly  on  a  by  means  of  the  clamp  and 
tangent  screw  of  the  lower  motion.  Unclamp  the  horizontsi  plates  and 
point  the  telescope  on  b  and  make  a  careful  centering  using  the  plate  clamp 
and  tangent  screws.  The  angle  a  o  6  may  now  be  read  from  eidier  vernier. 
If  it  is  desired  to  repeat  the  angle  without  setting  the  horisontal  scale  to 
lero  again,  unclamp  the  lower  motion  and  mght  on  a.  using  the  lower  motion 
damp  and  tangent  screw.  Turn  the  angle  again 
and  set  on  &  as  before.  The  angle  read  now  from 
the  verniers  will  be  twice  the  first  and  if  divided  by 
two  will  be  ansle  aob. 

A  Traverse  is  run  with  the  transit  by  setting  up 
the  instrument  at  intersections  of  the  aides  of  the 
traverse,  points  obcda.  Fig.  9,  and  measuring  the 
angles  at  the  intersection  as  described  for  angle  aob. 
The  side  lengths  ao,  ob,bc  and  so  on  are  measured 
with  a  tape.  If  a  traverse  is  laid  out  so  that  the 
last  point  of  the  traverse  is  the  same  as  the  starting  point,  it  is  called  a 
closed  traverse.   The  field  measurement  of  a  closed  traverse  may  be 


Fig.  9.  Closed  Traverse 
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diaeked  by  cdeulating  the  error  of  eloBiu«  (see  Arta.  6  and  20).  Esteiiqr 
•nglea  or  deflection  angles,  as  indicated  on  fig.  9,  may  be  meainired  instead 
of  tbe  interior  angles.  To  do  this,  however,  the  telescope  of  the  transit 
has  to  be  reversed  or  plunged.  If  the  instiument  ia  out  of  adjuBtmeot 
with  respect  to  the  line  of  colUmation,  the  anisle  will  be  in  error  unless 
tbe  angle  is  repeated  and  the  mean  value  taken.  For  example,  to  measure 
the  exterior  angle  rob  with  the  inatrument  at  o,  sight  on  a  with  telescope 
in  il«  direct  position,  attached  level  under  telescope,  plunge  telescope  and 
sight  on  6  and  read  angle  rob.  Now  sight  on  a  with  the  telescope  in  its 
reversed  position,  attached  levd  ovor  teleeoope,  plunge  and  sii^  on  b 
and  read  angle  Tob  again.  The  mean  of  tbe  two  ani^  will  give  eonect 
value  for  rob  even  tho  the  adjustment  for  collimation  has  not  been  made. 
The  method  of  running  a  traverse  line  which  does  not  close  is  the  same 
as  for  transit  line  (see  Art.  13).    See  also  (4),  (14)  and  (17). 

The  Magnetic  Bearings  of  the  sides  a  o  and  a  b  would  be  obtained  as  fol- 
bws:  When  the  transit  is  at  o  and  the  telescope  is  pointed  at  a,  release 
the  needle  of  tho  compass  and,  when  its  motion  stops,  read  the  north  end 
of  the  needle  as,  for  instance,  N  30^  40'  W.  Read  the  compass  needle  in 
tbe  same  manner  whmi  the  telescope  is  ptHnted  to  6  and  suppose  the  bearing 
was  N  20°  lO'  £.  Remembering  how  the  scale  of  a  otunpass  is  graduated, 
it  is  an  easy  matter  to  calculate  the  angle  aob.  In  this  case  it  would  be 
the  sum  of  the  two  bearings,  or  60°  50'.  In  running  traverses  with  a  tramit, 
bearings  of  the  sides  should  always  be  taken  as  a  check  on  the  angle  between 
the  rides. 


Surveys  which  cover  a  large  area,  such  as  state  or  dty  surveys,  ahould 
be  referenced  to  points  established  by  triangulation  or  some  other  accurate 
method.  Sufficient  points  which  have  been  established  by  tbe  U.  S.  Coast 
and  Geodetic  3ur\-ey  iu  its  tnongulation  work  may  be  found  within  the 
state  or  city  limits  to  furnish  a  system  on  which  the  rest  of  the  work  can 
be  based.  If  such  points  cannot  be  obtained,  a  triangulation  scheme 
diould  be  planned  so  as  to  proi'ide  over  the  area  points  whose  precise 
poaitions  are  known.  For  a  city  survey  tJiesc  points  should  be  between 
2000  and  6000  ft  apart.  Closed  traverses  are  also  empkvad  to  central 
the  work  ni  tbe  survey.  This  method,  however,  ia  not  so  accurate  as  a 
liianBulatkm  scheme,  since  in  balancing  a  traverse  any  error  which  has 
been  made  in  the  survey  is  distributed  within  the  traverse.  Briefly,  tbe 
travenw  method  ia  to  run  a  sj'stem  of  closed  traverses  and  adjust  them 
until  sufficient  points  accurately  located  are  established  to  serve  as  a  control 
for  the  rest  of  the  survey. 

Ia  naUag  a  KqMgnwfaksl  survey  of  Statea  Uaad.  N.  Y.,  by  this  matlMd,  the 
tnvecMs  were  United  to  10  000  fast  La  perinoter  and  were  as  nearly  sqtnre  u  posdUe. 
EaA  aeetkiQ  was  made  Up  of  ten  or  more  tntvwses  which  were  adjusted  one  to  another 
eoauBCneiDg  with  tbe  one  having  the  largeat  error  of  domire. 

The  Triangulation  System.  The  form  of  tbe  system,  the  refinements  and 
the  instruments  used  in  measuring  the  angles  and  base  lines  will  depend 
upon  tbe  extent  of  the  survey,  the  topography  of  tbe  country  and  the 
purpose  td  the  survey.  The  nystem  may  be  composed  of  a  umple  chain 
of  trianglee,  a  chain  of  polygons,  a  chain  of  quadrilaterals  with  the  addition 
of  diagonal  lines  or,  in  an  extensive  survey,  a  combination  of  the  three 
tys terns.  The  most  accurate  system  is  the  quadrilateral  system  as  it 
affords  the  greatest  numbu-  of  checks  in  proportion  to  the  iqrork  done.  The 
figuiM  ia  the  acbeme  should  be  bo  devdkiped  that  no  triani^  contains 
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allies  lew  tlum  20**,  particularly  in  thoae  triangtea  cooneciing  tbe  boas 
line  with  the  main  system.   See  (4),  (7),  (10a),  (24a)  and  (24b). 

IWangulatlim  Mhwnw  an  nparated  Into  three  Bystenu  by  the  U.  S.  Coast  and 
Geodalie  Survey,  known  «■  primary,  ■aeondary  and  twtiary.  Thia  danlflcatltm  is 
made  with  refflreDoe  to  the  dze  of  tbe  trun^ta  and  tbe  methods  ueed  in  meaearinc 
them.  In  the  primary  ayatem,  the  Imgth  of  the  sidea  may  vary  from  10  to  IGO  mika. 
The  secondary  aystem  consista  of  trian^ea  from  6  to  26  miles  on  a  side  which  are 
developed  from  idea  of  tbe  trianslea  in  the  primary  ayatem.  The  methods  of  work  Id 
both  of  Uiese  ayatama  require  about  the  aame  refinement  and  Koemaey.  The  tertiary 
■yatem  is  devdoped  from  the  sidea  of  the  triangieB  composing  the  aeontdaiy  system 
and  pointa  eatablisbed  by  thia  aystem  are  located  tor  the  eonvenianee  of  the  tope* 
graphical  work.  Tbe  location  ot  pointa  on  the  tertiary  system  does  not  demud 
tbe  accurate  votk  required  in  tbe  other  two  syatema. 

Base  Line.  In  any  triatiKulation  echeme  it  is  necessary  to  measure  tbe 
length  of  one  or  more  lines  to  the  system  called  base  line«.  All  other  measure- 
menta  are  angular  measurements.  Base  lines  can  be  measured  with  great 
accuracy  and  serve  to  check  the  results  of  the  rest  o/  tbe  work.  They  should 
be  introduced  into  the  system  as  often  as  practicable:  In  primary  work, 
say  every  eighth  or  tenth  figure;  in  secondary  or  tertiary  work,  at  the 
hfiginnhig  and  end  of  the  syston  when  separated  from  primary  work.  The 
length  ci  base  line  is  variable.  In  primary  work  it  varies  from  4  to  10 
milee  and  even  more,  usuaUy  being  }^  to  3^  of  the  sides  of  the  primary 
angles,  while  in  tertiary  work  it  may  be  ^  mile  or  less.  Base  line  sites 
should  be  chosen  with  great  care  and  the  scheme  for  connecting  the  base 
line  with  the  triangulation  system  should  be  carefully  developed.  The  net 
of  triangles  connecting  the  base  line  with  the  main  scheme  of  triangulation 
usuaUy  consists  of  a  series  of  quadrilaterals  with  their  diagonals  intersecting 
at  right  angles,  the  length  of  the  diagonals  increasing  in  such  a  ratio  that 
two  or  three  sets  of  quadrilaterak  are  necessary  in  stepping  up  from  the 
base  line  to  the  main  triangulation.   See  (4),  (7),  (LOa),  (24a)  and  (24b). 

The  Instnunents  Used  for  triangulation  and  traverse  work  previously 
outlined  differ  depending  upon  the  accuracy  desired  and  the  extent  of  tha 
work.    See  (4),  (7),  (lOa),  (24a)  and  (24b). 

Instruments  for  Heasnring  Anides.  In  extensive  triangulation  woric  such  as  is 
carried  out  by  tiie  U.  S.  Coast  and  Geodetic  Survey,  tbe  angles  aie  measured  in  the 
primary  and  seeondary  syatKns  by  means  of  direction  lnstiumeBt%  the  eittles  of 
irideh  are  10  to  12  In  in  diameter  and  graduated  to  5*  divlalona.  Tbe  fractional  parts 
of  tba  divialona  are  read  by  meana  ot  micrometer  mleroscopea  attached  to  tbe  inatru- 
ment.  On  work  of  leaser  Importance,  repeating  instruments  are  uaed.  Repeating 
Inatrumenta  are  theodilites  graduated  so  that  an^ea  mmy  be  read  either  to  £  or  10". 
On  small  aurv^  anglea  in  the  triangulation  system  may  be  measured  with  suffident 
accuracy  with  the  englneer'a  tranrit  having  a  6  In  drde  sad  graduated  to  read  to 
20  or  80". 

Base  Una  i^paiatiM.  In  primary  or  secondary  triangulation  measuremsots  are 
now  generally  made  with  IDO-m  sted  tapes  of  mall  croes-section,  S.34  mm  by  0. 47  mm. 
supported  upon  atakea  or  tripods.  A  apring  balancs  is  attached  to  one  end  o(  tbe  tape 
for  registering  tbe  pulL  The  temperature  of  the  tape  is  usually  recorded  by  meana 
o(  tharmometMS  tied  to  the  tape.  It  la  neeeaaary  that  the  tape  be  emiparad  with 
soma  known  standard  of  length  b^ore  being  used  so  that  its  exact  length  may  be 
computed.   In  smaD  surveys  100-ft  standardised  steel  tapes  are  sufficiently  aocuiate. 

Temporary  Slgnala  are  erected  over  the  pointa  of  the  aystem  during  the  work  ot 
tbe  survey  so  that  they  may  be  observed  from  other  points  In  tbe  aystem  as  desired. 
On  short  distanceai  guyed  or  braced  masts  are  used.  Heliotropes  are  used  tor  signals 
en  sights  over  16  miles  in  length.  When  ofaaervatioDs  are  made  at  night,  aee^ene 
lamps  are  used  tor  dgnala.  As  far  sa  poadble,  the  principal  statiooa  an  located  on 
hi^  and  pfominsgt  points.  In  perfectly  flat  ooontry,  tiie  enrvatara  of  tlie  earth's 
surface  prevmti  long  aigfate  being  taken  between  two  points  vnless  the  podtioo  of 
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the  obMi  itu  and  rigoal  sisfatod  on  ar« •  suffldent  dlatance  above  the  raapeetive  pdnte 
to  evweone  the  dUTemoe  lo  hri^t  dua  to  curvature.  Towen,  tha  belilit  irf  wUd 
defNDda  upon  the  difnce  between  the  two  polntc,  must  be  erected  ovtr  the  points 
ta  arte  that  Uw  Hbb  of  dgU  be  mMriMtiuetBd.  Towen  an  abo  wed  In  aome  instances 
10  avoid  a»p«BilTa  work  that  miild  ottMnriia  ba  nqntiad  ta  dmrbat.  See  (4),  (T), 
(104.  C24a)  and  <24b). 

Ancle  HMnranwott  are  made  in  aeta.  With  the  direction  inatnunent, 
at  each  aat  up,  a  set  compriaes  reading  the  direotione  of  the  ngnala  to  be 
■l^ted  uimn  in  order  from  a  pointing  at  one  of  the  signals  as  a  reference. 
The  telescope  ia  then  reversed  and  the  directions  are  read  in  the  reverse 
order.  The  U.  S.  Coast  and  Geodetic  Survey  require  16  sets  for  primary 
votIe,  5  to  10  for  secondary  and  1  set  for  tertiary.  With  a  repeating  instru- 
ment a  sot  umially  comprises  mewBuring  each  an^  6  times  widi  the  tdesoope^ 
ifinct  and  6  tinws  in  nvsne  direction  with  the  tdescope  reversed.  Tbs 
refinement  neoessary  to  adc^t  in  measuring  angles  depends  entirely  upon 
the  extent  and  character  of  the  wotIe.  In  meamiriuK  the  angles  of  the 
ivimaiy  traverses  in  making  an  accurate  topographical  survey  of  the 
Borough  of  the  Bronx,  New  York  City,  2  seta  of  6  repetitions  each  were 
taken  clooiiig  the  hwison  so  that  the  closing  reading  was  within  10"  of  360**. 
Sse  (4),  (7).  (lOa),  (24a)  and  (24b). 

La  |>imary  aod  neondaiy  triangidation  observatiou  of  angles  at  any  statioa  diaald 
ha  dfstributed  over  different  parts  of  the  day  in  order  to  reduce  to  a  minimum  the 
errors  aiirinc  from  refraction.  Cloudy  days  or  times  during  the  late  afternoon  are 
fimrafale  for  maUnc  aeenrsta  observationa.  It  la  oawintisl  that  tb»  instnuaent  be 
onMly  een tared  o«ar  the  point  and  that  pobtdngi  bo  made  with  rapidity  ooiufatent 
wUi  flood  bbeetlona.  nt^er  support  must  be  given  to  the  lep  of  the  t^iod  ao  that 
no  movement  of  the  laatramoit  wOl  take  place  during  the  observation.  When  it  is 
impoariblH  to  set  the  instrament  exactly  over  a  atatlm,  its  position  should  be  carefully 
rifaaiMBd  to  the  station  by  angie  and  distance  so  that  its  eeesntridty  may  be  cal- 
enlated  and  the  obew  i  atltais  tedaoed  to  the  oenter  of  the  statiOQ. 

BaM  lino  MMsnromenti.  Fr^paratcwy  to  measuring  the  base  line  it 
is  neoessary  to  clear  the  site  and  establish  the  two  terminal  points  by  means 
of  permanent  marks  or  monuments.  Stakes  are  then  driven  along  the 
line  at  intervals  of  25  to  60  ft  and  nails  are  set  in  the  sides  of  the  stakes 
at  the  proper  grade  to  support  the  tape.  The  stakes  where  the  tape  ends 
will  fall  Imve  pieces  of  sine  nailed  to  them  to  facilitate  marking  the  position 
of  the  end  graduation  of  the  tape.  Measurements  are  made  in  the  ordinary 
my  with  :tbe  following  exceptions:  The  tape  is  supported  at  intervals 
thmoat  its  Isogth  on  the  nails;  a  spring  balance  is  attaehed  to  one  end  of 
the  tape  and  a  definite  pull,  Usually  about  Ifl  lb,  is  given  to  the  tape;  mer- 
curial thermoiDetera  graduated  to  half  degrees,  two  to  a  tape  length,  are 
suspended  from  the  tape  and  are  read  before  and  after  each  measurement 
with  the  tape  is  made.  At  least  two  independent  measurements  of  the 
base  line  are  made  and  preferably  four  or  more,  depending  upon  the  con- 
ditions encountered.  More  accurate  work  can  be  attained  on  cloudy  or 
lainy  days  than  at  other  times  since  the  temperature  of  the  air  and  the 
tive  corr«0pond  more  closely.   See  (4),  (7),  (lOa).  (24a)  and  (24b). 

Base  Line  Compntations.  The  following  correctionB  must  be  applied 
to  the  base  line  measurements  to  detmnine  the  exact  length.  See  (4),  (7), 
<10a).  (24a)  and  (24b). 

Cocnetioa  Tempeiatura  is  obtained  by  the  formula  Le  —  do)  In  which 
L  ii  the  standard  length  of  ti^e^  do  the  temperature  at  which  tiie  tape  la  standard,  d 
tb»  tamporatara  of  tho  at  time  of  ofaservatioB  and  e  the  coefficient  of  ezpanoiMi 
<t  the  material  cf  whicfa  the  t^  la  ooapoaed.  The  eonsotira  riiauld  be  added  alg^ 
Maally  to  the  sUadard  length  of  taps. 
CwffjlloayorSMfcebtirfnedbytheloriBBUi^'P/gtP'lDwhWiLiitbeittDdari 
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knxth  of  tape,  g  the  wdght  per  unit  length  of  tape,  I  the  tuuupported  lanKta  of 
tape  or  diatuioe  between  points  of  support  and  P  the  pull  used  in  meawirlny.  The 
Mma  lyatem  of  units  must  be  used  in  expressing  g  and  P.  The  correctioB  lor  mg 
Is  always  subtraeted  from  the  standard  length  of  tape. 

CiHtoetloD  for  Tsufani  is  obtained  by  the  fwmula  L(P  —  PiJ  /A  S  la  iriildi  L  !■ 
the  standard  length  of  tape,  P  the  pull  used  In  measuring.  Pi  the  puU  at  wMch  the 
tape  is  standard,  A  the  area  of  o<ass-saetlon  of  the  tape,  E  the  modulus  of  dastleity 
of  the  material  of  ^hlch  the  tape  is  composed.  The  correction  is  added  slgebrsicaUy 
to  the  studard  length  of  tap&  By  equating  the  formulas  for  corrections  of  sag  and 
tendon  a  value  of  P  can  be  found  which  will  counteract  the  effect  of  sag  so  that  these 
two  correetionB  can  he  neglected  if  this  pull  is  used.  This  pull  is  called  normal  tension. 
In  surveys  of  small  areas,  if  the  tape  is  standardized  by  supporting  it  in  the  same 
way  and  by  applying  the  same  pull  as  will  be  used  in  the  fidd,  corrections  for  ng  and 
tenrioB  may  be  etiminatwd. 

Correction  lor  Slope  wiU  have  to  be  applied  whm  the  base  line  is  measured  on  a 
■1<^  instead  of  OB  the  horizontaL  Let  L  be  the  meaaored  length  on  tlie  slope  and  k 
the  differenee  in  height  between  Uw  twir ends,  the  eDrraedon  iaJk*/2Z,+ V/8L*  and 
Is  to  be  subtracted  from  L.  If  the  grade  ia  under  S%  the  eecmd  term  in  the  above 
fonnula  may  be  ne^eeted.  On  very  steep  grades  it  may  be  more  convenient  to  And 
this  eorraction  In  terms  of  the  angle  of  the  slope. 

Length  of  Base  at  Sea  Level  is  found  by  the  formula  lA/A  where  Z<  is  the  length 
of  base,  k  the  difference  in  height  between  sea  level  and  the  level  of  the  base  site,  R 
the  radius  of  the  earth  at  the  point  In  qoeatJon.  TUs  eoireetkm  ia  subtracted  from  L 
and  need  only  be  applied  In  extensive  tiisngulstion  work  wliere  It  ia  necessary  to 
olrtain  perfect  agreement  in  the  sides  of  trian^ea  computed  from  dilferant  basea. 

The  Host  Probable  Value  of  the  measured  base  Is  the  mean  of  the  corrected  measure- 
-nents.  iTbe  probable  error  or  accuracy  of  the  work  can  be  found  by  the  method  of 
least  sqwrns-  Accuracy  of  base  measurements  as  great  as  1  In  600  000  is  sufBdent 
to  correspond  with  the  accuracy  of  1  in  160  000  in  angular  measures  obtained  in  primary 
woric.  In  aeeondary  and  tMtiary  work  the  accuracy  of  the  base  meaeoraoMBts  may 
be  reduced  to  eorrespood  with  an  accuracy  in  angular  measurements  of  1  In  100  000 
or  60  000  in  the  former  case  and  1  hi  10  000  in  the  latter. 

Th«  Adjustment  of  the  TrlugvlatioQ  System  consista  of  a  number  of 
different  stepa.  If  any  observstionB  have  been  made  either  from  or  on 
positions  not  directly  over  a  station,  the  observed  angles  have  to  be  changed 
to  what  they  would  have  been  had  the  station  been  occupied.  In  extensive 
work,  a  small  correction  is  appUed  to  the  angles  so  that  their  valuee  would 
be  the  same  if  read  at  sea  level.  In  large  triangles  the  sum  of  the  three 
ani^  will  be  mor^iUian  180*  onoe  tin  anglee  meagured  ant  si^erioal  angles. 
See  (4),  (7),  (10a),  (24a)  and  (24b}. 

The  Spherical  Bzceas  amounts  to  about  1"  for  eadi  76  square  milea  of  area  of  triangle. 
It  may  be  computed  from  the  following  formula  in  which  E  is  the  spherical  excess, 
b  and  e  are  the  sides  of  the  triangle  in  feet  adjacent  to  angle  A  of  the  triangle  and 
R  is  the  mean  radiua  of  the  earth  in  feet,  the  logarithm  of  which  la  T.32068:  E-bc 
sin  A/2  IP  sin  1".  One  third  of  this  excess  is  subtracted  from  each  ang^  so  that  Uie 
jriane  angles  may  be  used  for  further  calculations  in  determining  the  lengths  of  the  sides. 

Local  or  Station  Adjustments  are  made  at  each  station  whic^  depend  upon  the 
relation  of  the  angles  to  each  other  at  the  station.  If  the  angles  are  measured  with 
a  repeating  instrument,  two  kinds  of  conditions  are  possible  tor  a  station  adjustment: 
An  an^e  can  be  formed  from  two  or  more  others  and  the  sum  of  the  angles  around 
the  horizon  riiould  equal  S60°.  If  the  angles  are  measured  with  a  direction  instrument, 
a  dHhrant  method  of  forming  the  condition  equations  is  followed. 

General  or  Figure  Adjustments  depend  upon  the  geometrical  relations  So  form 
dosed  figures.  The  conditions  of  figure  adjustments  are  the  sum  of  the  angles  of 
each  triangle  must  equal  IW  and  the  length  of  any  side  as  computed  from  the  base 
•hould  be  the  same  whatever  route  Is  chosen  thru  the  ^stem.  In  extniajve  surv^s 
sncfa  as  an  made  by  the  U.  S.  Coast  and  Geodetic  Snrvey,  the  moat  probable  raliim 
of  the  angles  and  sides  ars  found  from  the  conditions  imposed  by  the  above  adjust- 
ments by  the  method  pf  bast  squarea.  The  wtpanse  of  sueh  eonputatloDs  Is  not 
wuraQtod  In  mnwU  wtgrf  fini)  nfMitt  aeewaey  Is  obtained  by  ms— nrtng  tto 
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aag^m  gf  &  trian^  wo  that  the  ran  of  the  angles  is  within  6"  of  160*  and  then  dkbrlbut- 
ing  the  •rror  equally  over  the  three  an^es  BO  as  to  make  the  atim  exactly  180°.  Spberieal 
■»cees  esn  be  disregarded  rinee  the  triaoglea  are  not  large  enough  to  be  considered 
B8  qAerkal  trianilna  By  performing  caraftd  worlc  in  mnainrlne  the  an^M  and  the 
ham  line^  Uw  eomputatioBB  thraout  the  system  can  be  made  without  turthv  adjoiU 
meots  and  the  result  be  within  the  limit  of  accuracy  conslstMit  with  dty  mvk  or 
I  in  40  000  to  60  000. 

When  the  an^ee  in  tbe  different  trisnglea  have  been  adjusted  the  lengthfl 
<A  all  the  sides  Id  the  system  are  computed,  starting  with  a  triangle  in  which 
the  base  line  forms  one  of  the  sidee.  Since  all  three  angles  and  one  nde 
of  this  triangle  are  known,  the  other  lidM  can  be  readily  computed  hy 
trisonometiy.  Each  aide  computed  in  thia  manner  forma  a  aide  of  one  of 
the  adjacent  trianfl^  and  this  triaogfe  is  solved  in  a  ainular  manner.  The 
iriiole  ayatem  ia  woriced  thru  in  this  way  until  the  lengths  of  all  the  adea 
have  been  ctnnputed. 

The  Geodetic  Position  of  some  of  the  points  in  the  Bystem  should  be 
found  by  observations  for  latitude  and  longitude.  Tbe  aiimuth  of  some  of 
tbe  sidee  should  be  obtained  by  obeervationfi  on  the  meridian.  From  these 
observed  positionB  the  geodetic  position  and  asimuth  ior  any  of  the  other 
points  and  sides  can  be  determined  by  calculation.  See  (2),  (3),  (4),  (7), 
(8).  (10a),  (18).  (24a)  and  (24b). 

CloMd  Xraverses  be  ran  from  any  of  the  points  on  the  triangolation 
ssrstem  to  locate  any  ot  the  topogrmihioal  detiUb  desired.  The  aoeuraey 
of  the  methods  employed  will  depend  upon  the  work  to  be  done.  State 
boundaries,  monuments  defining  property  lines  and  important  points  of 
this  character  warrant  an  accurate  location.  The  traverse  in  such  a  case 
should  be  run  with  a  line  joining  two  points  in  the  triangulation  system  as 
one  side  of  tha  traverse.  The  traverse  can  be  closed  on  this  line  and  its 
accuracy  definitely  calculated.  Accuracy  as  high  as  1  in  40  000  or  better 
be  obtained  attoition  is  ^ven  to  the  following  points:  Use  transits 
leading  to  2X/'  or  30";  be  careful  in  centering  over  points  and  ught  on 
idumb  bob  strings  or  pendls  held  over  points;  repeat  ths  angles;  use  tape 
with  standard  pull  and  apply  temperature  corrections  to  measurements, 
nteasurraoents  being  made  to  the  nearest  hundredth  of  a  foot.  If  an  accur^ 
aey  of  one  in  6  000  to  10  000  is  desired,  the  angles  need  only  be  read  to  the 
Bsarest  minute,  and  tapes  read  to  the  nearest  tenth  of  a  foot,  traoperature 
correctioas  and  pull  b^ng  neglected. 

A  Ctosed  Iksmraa  is  Bakuced  by  flist  finding  the  oTor  of  dotnn.  In  tbe  esse 
of  tiaisns  wortE  laid  oat  with  toandt  and  tape,  it  can  be  assumed  tiiat  the  error  Is 
due  more  to  tbe  meaauremente  with  the  tape  than  to  tbe  angular  moasurwosPta. 
Tbe  enor  Is  tltcrefore  distributed  thruout  the  various  ndas  forming  tbe  traverse  so 
that  only  tbe  lengths  wUI  be  changed.  The  tmverse  ii  reterraced  to  two  coordinate 
sxss  at  ri^t  angles  to  eadt  (Abar.  One  <rf  the  axes  may  be  a  meridian  or  a  line  In 
the  trmTeraa.  Tbe  ftfojeetioB  «€  any  line  in  the  tia>erae  on  tbe  meridian  azis  la  called 
ita  latiCade;  Its  projection  on  the  other  axis  is  called  its  departure.  The  rule  for 
distributing  the  error  of  doaure  Is  aa  follows:  The  ooneotion  in  latitude  or  departure 
at  any  cooise  Is  to  the  total  error  in  latitude  or  dqtarture  aa  tbe  ladtade  or  departure 
af  the  eomsB  is  to  the  arithmetical  .sum  of  the  latitadas  ot  departurea   See  (4)  Mtd  (14). 

Xeetengolar  CodnUnate  System.  In  extencove  trianculation  work  a  point 
in  tibe  sjnrtem  is  located  by  its  latitude  and  longitude.  In  Bomy  for 
rities  tbe  effect  of  the  earth's  curvature  and  hence  the  convergence  of  Uie 
meridians  may  be  disregarded  on  account  of  the  small  area  involved  and 
it  is  much  more  convmient  to  locate  the  points  with  reference  to  two  co- 
itodinate  axes  at  right  antfbs  to  each  other.  One  of  th»  axes  chosen  m^ 
ooindde  with  a  meridiap  Hne.   Distuice*  measured  along  the  moidian 
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axta  an  known  aa  ordinatee  or  y  distanoea  and  distuioes  along  the  other 
axia  at  abaoiasBB  or  s  distances.  In  order  that  all  x  and  y  distances  may 
be  positive,  it  is  oonvenient  to  kwata  the  origin  of  the  axes  outside  of  theana 
of  the  survey  or,  if  it  falls  wittiia  the  ares,  to  give  it  a  distance  from  some 
arbitrary  or  lero  iKigin  so  that  the  «  and  y  distanoea  wiU  never  be  negative. 
Points  are  then  referenced  to  the  origiD  ae  so  many  feet  nortli  wmI  east. 
With  this  system  the  location  of  any  point  is  alwio^  definitely  known  mnoe 
all  surveys  are  tied  to  each  other  by  being  referred  to  the  same  reference 
lines.  The  coOrdinatee  of  an  unknown  point  can  be  calculated  from  thoee 
of  a  known  point  if  the  angle  and  distanoe  from  tha  knowB  point  to  the 
unknown  point  are  measured. 

Permaneat  Monunaata  such  as  stone  boondi  or  eonistete  posts  with  a 
drill  hole  in  the  top  face  to  mark  tbe  center,  are  plaeed  to  mark  all  important 
points  unless  the  point  comes  on  some  permanent  structure  not  liable  to 
be  disturbed.  Monuments  are  also  placed  to  define  the  street  lines  in  a 
city  layout.  The  permanent  monuments  defining  street  lines  are  usually 
not  set,  if  the  construction  of  the  street  is  going  to  distivb  them,  until  the 
construction  work  is  finished.  Street  monumeata  are  set  at  the  inter- 
section of  center  lines  of  streets,  at  one  side  of  the  center,  on  one  side  of 
the  street  and  sometimes  on  both  sides.  Monuments  located  within  the 
carriageway  are  sure  to  be  disturbed.  It  is  better  to  locate  them  on  the 
sidewalk  at  a  cwtain  distance  out  from  ibo  property  line  so  tiiat  they  will 
always  be  intervisible  and  acceswble.  When  a  monument  is  set,  it  is 
important  to  take  offsets  from  it  to  permanent  points  on  buildings  nearby. 
If  the  reference  points  are  well  chosen  they  make  a  good  check  at  any  time 
to  tell  whether  or  not  the  mon\uneut  haa  bem  disturbed.  See  (4),  (7), 
(10a>,  (24a).  (24b)  and  (27b). 


Tha  Stadia  method  ia  used  for  measuring  distances  by  means  of  a  graduated 
rod  and  the  auxiliary  wires  in  tbe  transit  telescope.  It  is  a  useful  aad 
economical  method  for  locating  points  in  any  topographical  survey.  The 
asimuth,  elevation  and  distance  of  any  point  may  be  obtained  by  this 
method  from  some  known  point.  The  two  wires,  one  above  and  the  other 
below  the  central  horizontal  cross-wire  in  the  transit  telescope  are  known 
as  the  stadia  wires,  the  qmce  between  them  usually  being  fixed.  See  (4) 
and  (14). 

UeUmd.  ot  Uaiai  die  Stadia.  Tbe  transit  is  set  up  in  tbe  ordinary 
manner  ovk  some  known  point.  A  rod  graduated  to  feet  and  hundredths 
is  held  vertieally  on  the  point  whose  location  is  desired.  With  the  verniers 
properly  set,  the  matrument  is  sighted  on  tbe  rod  and  the  horisontol  circle 
read,  which  givra  the  asimuth  of  the  point  or  its  horisontal  angle  from 
some^knoWn  line  in  the  survey.  One  of  the  stadia  wires  is  then  brought 
in  coincidence  with  an  even  foot  mark  on  the  rod  and  the  intercept  on  the 
rod  between  the  two  stadia  wirea  is  read  in  feet  and  hundredths  of  a  foot. 
If  the  telescope  is  so  constructed  l^t  the  ratio  of  die  focal  distanoe  trf  tbe 
objective  to  the  tUstance  between  the  stadia  wires  is  100,  an  intercept  of 
I  ft  on  the  rod  means  that  the  point  at  which  the  rod  is  beld  Is  100  ft  from 
the  objective  of  the  instrument  when  the  telescope  is  horiiontel.  A  2-lt 
intercept  would  be  200  ft  and  so  on.  To  obtain  the  distance  to  tin  omtor' 
of  the  Instnimoit,  the  fooal  distance  of  the  objective  and  tbe  distaaee 
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from  the  objective  to  the  ceatw  of  the  hoiuontal  axw  ahould  be  added  to 
the  distaDce  as  calculated  by  the  rod  intercept.  The  fooal  diatanoe  of 
the  talaBoope  may  be  obtained  -by  focusing  the  telescope  on  a  distant  point, 
■oeh  as  s  star,  and  measuzina  the  distance  from  the  center  the  objective 
to  the  idane  of  the  wires.  The  distance  of  the  objective  from  the  oenter 
oC  the  horiaontal  axis  may  be  measured  directly  on  the  tdesoope.  The 
sum  of  these  two  distances  miQ''  ordinarily  be  taken  as  1  ft. 

If  the  point  to  be  located  is  at  a  different  elevation  from  the  point  at 
which  the  transit  is  set,  the  vertical  angle  is  read.  To  measure  the  vertical 
an^,  the  vertical  distance  from  the  point  over  which  the  instrument  ia  set 
to  the  oentw  of  the  horiaontal  axis  of  the  telescope  is  measured  a  tape 
or  a  rod.  The  center  horizontal  cross-wire  is  then  set  at  this  same  distance 
on  the  rod  which  ia  held  viertically  on  the  point,  the  location  of  which  is 
required.  The  vertical  angle  is  obtained  by  reading  the  vertical  circle. 
In  such  a  case  the  horizontal  distance  as  obtained  from  the  rod  intercept 
between  the  stadia  wires  will  have  to  be  corrected  depending  upon  the 
degree  of  the  vertical  angle.  For  vertical  angles  xmder  3°,  no  correction 
is  neoeesaiy,  where  distances  are  not  required  nearer  than  1  ft.  Corrections 
for  horisontal  distance  and  differences  in  elevation  are  usually  foimd  by 
means  of  tables,  diagrams  or  stadia  slide  rule  whidi  have  been  developed 
from  the  matbematinl  formulas  on  which  the  theory  of  the  stadia  is  baaed. 
Altfao  the  ordinary  level  rod  may  be  used,  it  is  rather  difficult  to  read  the 
rod  when  long  sights  are  made.  For  this  reason  special  stadia  rods  are 
used  on  which  the  graduations  are  more  plainly  marked.  When,  due  to 
obstructions,  only  one  of  the  stadia  wires  on  the  rod  can  be  seen,  the  rod 
intercept  may  be  obtained  by  multiplying  by  two  the  intercept  lead  between 
the  visible  stadia  wire  and  the  center  horizontal  wire. 

The  Stadia  Redaction  Tables  which  follow  have  been  calculated  on  the 
basis  of  inclined  distances  of  100  ft  and  give  the  difference  in  elevatiotu 
for  vertieal  aatfea  varying  hy  2^  from  0*  to  20"  and  the  hcnisonbd  eoiteO' 
tions  fOT  distanoes  of  100  to  I  000  ft  for  vertical  angles  from  0°  to  20*. 

KnuDple.  Snppose  the  observed  vertical  angle  and  the  rod  intercept  were  6°  2* 
and  5.06  respectively.  If  the  vertiea]  angle  wai  zero,  the  borizontal  distance  would 
b«  SOS  pins  1,  the  eonstant  of  the  inzCnuneat,  or  607  ft  from  the  center  of  the  instru- 
meat.  The  dUterenoe  in  elevation  between  the  oboarved  point  and  the  point  at  which 
the  tranrit  nt  is  found  by  multiiriyfiic  the  value  10.4B  correepondinf  to  ^  2'  by 
B;07  which  equals  62.98  ft.  Tbe  horizontal  distance  !■  found  by  aubtracting  the  horiion- 
tal  correction  u  foUowa:  607  ft  minus  6.6  ft  equals  601.6  ft.  Tbe  difference  in  deva- 
tion  and  tbe  borisontai  distance  may  be  Oomputfed  for  antfes  larger  than  those  given 
ia  the  table  hy  mians  of  the  lomnlsa  followbg., 

nrpnoMoa  m  BLSVAnoK  -  (d/Dy  x  Hrin2a-|-(<l+e)rina 

HOaiZOKTAL  DIBTANCH  —  {d/i)y  X  COS*  a  +  (<f  4*      COS  tt 

4  rapiesents  the  total  diUanee  of  the  objective,  t  the  dlstanee  between  stadia  wires, 
T  the  observed  rod  intsreept  between  stadis  wires,  a  the  observed  vertical  angle,  and  e 
Oa  iH-*— — ■  OB  the  tejeseops  fron.oattar  of  objeetin  to  canter  of  horiimital  axis. 
biiMaetraiMttk2/<lalOOand(d4«)  - 1  fL 


The  Plane-Table  is  a  usefiil  instrument  for  topographical  work  in  that 
the  survey  is  mapped  in  the  field  uid  the  contours  can  be  more  accurately 
lepiemted  thui  if  lii^  irara  drawn  in  on  the  m^  at  some  later  time  from 
field  dotes.   See  (4)  and  C14>. 

Kathod  of  Wocfc.  A  sheet  of  drawing  paper  is  attached  to  the  board, 
idneh  U  tnoonted  ott  «  ti^iMd.   The  teipod  and  board  are  set  over  the 
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T«bl«  I.— StadU  R«daetion  Table  (I) 

Differences  of  Elevation 
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Horiaontal  Correotiona  (3) 
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point  from  which  tho  observations  are  to  be  made  and  the  board  is  leveled. 
A  point  on  the  paper  ia  centered  over  the  point  on  the  KTound  by  means  of  the 
plumb  bob  arm.  Call  this  point  a.  Clamp  the  horijontal  motion.  The 
position  of  an  unknown  point  b  may  now  be  determined  by  brinjooii  the 
edge  of  the  ruler  of  the  alidade  in  coincidence  with  tho  plotted  position  of  a 
at  the  same  Ume  sighting  on  a  rod  held  at  h.  Draw  a  line  along  the  edge 
of  the  ruler  when  in  this  poaition.    By  mesna  of  the  stadia,  calculate  the 
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TaUa  L— StadU  Sednctton  T«bie  (S) 

Differences  of  Elevation 
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Horizontal  CorrectioDB  (3) 


Dirt. 

10* 

11* 
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IG" 
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3.0 
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300     .  . 
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600     .  .  . 
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horuontal  distanoe  and  diffwence  of  eUvation  between  a  and  b.  The 
point  b  is  plotted  by  scaling  off  this  distanoe  on  the  line  drawn  on  the  paper. 
Its  elevaUon  is  noted  opposite  its  plotted  position.  Other  points  may 
be  located  and  plotted  in  the  same  manner.  The  contours  and  other 
topographical  detail  taken  at  one  set  up  r.i:iy  be  drawn  in  on  the  sheet  as 
the  survey  is  made.  In  a  similar  manner,  the  whole  area  to  be  surveyed 
may  be  plotted  In  the  field  by  observations  from  differmt  ptnnts.  The 
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different  drawings  can  then  be  combined  into  one  map  of  the  oiie  desired. 
It  ia  not  practicable  to  work  with  the  plane-table  except  in  pleasMit  weather. 
This  inatnunent  is  extensively  used  in  the  toposraphical  work  carried  out 
hy  the  United  States  Government. 

T^TflTMi  n>^  be  run  witii  the  plane-table  as  fcdlowa:  In  "Efg.  10,  the 
l^ane-table  in  set  over  a,  and  h  is  located  by  the  method  lawvioaaly  described. 

Take  the  table  to  b  and  set  the  plotted  position  of  b  over 
point  b  on  the  ground  with  the  horizoDtal  motion  of  the  table 
unclamped.    FLace  the  edge  of  the  ruler  or  alidade  coincident 
with  the  plotted  line  a  b  and  eight  back  on  point  a  and  clamp 
the  table.    Now  locate  and  plot  point  c  from  b.    Move  the 
taMe  to  r,  orient  on  b  and  then  locate  d.    In  a  similar  manner  oth^ 
points  of  the  travcree  oro  located  and  plotted,  care  being  taken  to  orient 
the  taUe  at  each  set  up. 
Intenecdon  Method  of  Location  is  as  follows:   In  Fig.  11,  the  points 

a.  b,  c  d  and  e  are  to  be  located.  Set  the  table  over  a  and  make  pointings 
at  b,  e,  d  and  «,  each  time  drawing  the  lines  on  the  board  showing  the  direc- 
tion of  theee  points  from  a.  Take  the  distance  of  b  from  a 
by  stadia  or  direct  measurement  and  plot  b  on  the  line  ab. 

other  distances  need  bo  meaaived.    Move  the  table  to 

b,  set  the  plotted  position  of  b  over  point  b  on  the  ground 
uid  orient  taUe  on  a.  Point  the  alidade  and  draw  lines  to 
c  d  and  e.  The  inteneetionB  at  these  lines  with  the  lines 
drawn  to  these  respective  points  when  the  taUe  was  at  a 
locate  the  points  c,  d  and  e.  Fig.  11 

The  Resection  Method  of  Location  ie  used  to  locate  a 
point  from  a  base  line  as  in  the  intersection  method,  except  it  is  impossible 
to  set  the  instrument  over  but  one  end  of  the  base  line  a  b.  In  Fig.  11  it  is 
desired  to  locate  c  from  the  base  a  b.  Set  the  table  over  a,  point  to  b,  meas- 
ure a  b  and  plot  b.  Point  to  c  and  draw  indeBnito  line  a  c.  Assume  that 
a  e  is  not  measured,  but  that  its  distance  may  he  approximated.  Plot  the 
approzimato  position  of  con  line  a  e.  Move  the  table  toe,  setting  the  plotted 
position  of  c  over  e  on  the  ground.  Orient  the  taUe  on  a.  With  the  edge 
of  the  ruler  of  the  alidade  coincident  with  plotted  pof^tioD  of  b  sight  on  b 
nad  draw  a  line  which  will  intersect  the  line  a  c  and  give  the  correct  posi- 
tion of  c.  The  new  position  of  e  should  then  be  set  over  the  point  e  on 
the  ground  and  the  table  oriented  on  a  or  b,  after  which  the  taUe  is  In  posi- 
tioQ  to  continue  the  work. 

The  Three  Point  Problem  consists  in  finding  the  plotted  position  of  a 
point  from  observations  on  three  points  already  plotted  on  the  sheet.  In 
Fig.  11,  the  position  of  points  e,  d  and  c  have  been  plotted.  It  is  desind 
to  set  the  taUe  over  the  point  b  on  the  ground  and  orient  it  so  as  to  oontaoue 
the  work.  Place  a  sheet  of  tracing  cloth  over  the  drawing  and  set  the  taUe 
over  h  on  the  ground,  choodng  any  convenient  pc^t  on  the  tracing  doQi 
as  tlie  [(lotted  position  of  b.  With  the  alidade  coincident  with  this  position 
of  b  make  pointinf^  and  draw  indefinite  lines  on  the  tracing  cloth  to  the 
field  positions  of  e,  d  and  c.  Remove  the  alidade  and  shift  tracing  cloth 
until  the  three  lines  on  the  cloth  pass  thru  the  plotted  positions  of  e,  d 
and  c.  Prick  thru  the  intersection  of  these  three  lines  to  the  paper  and 
this  point  will  be  the  plotted  poBititHi  of  point  b.  Set  up  table  with  ttns 
plotted  position  tA  b  met  b  on  the  PTQund,  orient  on  e,  4  or  e  vaA  proce^ 
with  the  work. 
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9.  Astronomical  Terms 


The  geodetic  ot  geographical  position  of  a  poiat  oo  the  earth's  surface 
is  completely  described  by  its  latitude  and  longitude.  For  methods  of  de- 
(eimiiiation  of  latitude  and  longitude,  see  (2),  (3),  (4).  (7),  (8),  (10a)  and 


(18).  It  is  frequently  necessary  io  higway  surveys  to  find  the  anmuth  of 
one  or  more  of  the  Unes  of  the  survey.  The  following  definitions  of  astro- 
nomical terms  are  given  in  order  to  make  clear  the  methods  of  determining 
the  arimuth  (see  Fig.  12). 

The  Celestial  Sphere  is  a  sphere  having  the  earth  as  a  center  and  a  suiv 
face  of  infinite  radios. 

The  P«risr  Axis  is  the  earth's  axis  produced. 

The  Horizon  is  the  groat  circle  SEN. 

The  Zefiith  Z  ia  the  point  on  the  celestial  sphere  on  a  vertical  thru  the 
observer's  position  and  perpendicular  to  the  plane  of  the  horison. 

The  Herldian  SZ  N  ia  the  line  of  intersection  of  a  plane,  passing  thru  the 
tenith  and  the  poles,  with  the  celestial  sphere. 

The  Dedination  O  T  of  a  body  is  the  angular  distance  north  or  south  ol 
the  equator  measured  on  a  great  circle  pasnng  thru  the  pole  and  the  body, 
perpendicular  to  the  equator.  The  declination  is  iMwitive  when  north  of 
the  equatw  and  negative  when  south  of  tiie  equator. 

The  ^lar  Distance  O  P  of  a  body  is  the  distance  of  a  body  from  the 
pole  measured  on  a  great  circle.  It  is  always  equal  to  90**  minus  the  declina- 
tion. When  the  declination  is  negative,  the  polar  distance  will  hence  be 
greater  than  90°. 

A  Vertical  Ctrele  ZOia  the  line  of  intersection  of  a  i^ane,  with  the  celes- 
tial sphere,  which  passes  thru  the  senith  and  the  body  and  is  perpendicular 
to  the  horison. 

AUitnde  O  X  is  the  distance  of  the  body  above  the  horison  measured  oo 
a  verticai  circle. 
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The  Zsnith  DisUnce  ZOis  90°  minua  the  altitude. 

Azimntli  is  the  angle  QZO  a.i  the  senith  betweea  the  meridiaa  aad  a 
vertical  circle  thru  the  body,  or  the  arc  on  the  horiKm  between  the 
meridian  and  the  pcrint  where  the  vertical  circle  thru  the  body,  intersects 
the  horison. 

Lm^tvde  is  the  are  measured  on  the  equator  between  the  meridian 

passinK  thru  the  point  of  the  observer  and  some  other  meridian.  All 
longitudes  are  usually  referred  to  the  Greenwich  meridian. 

Latitude  Q  Z  of  a  point  is  the  distance  of  its  senith  above  the  equator, 
measured  on  the  meridian. 

Refraction  is  the  diapLaoement  of  the  rays  of  light  from  a  celestial  body 
due  to  atmospheric  conditions.  All  bodies  hence  appear  higher  than  th^ 
realty  are  and  the  observed  altitudes  have  to  be  changed  by  subtracting  a 
correction  for  refraction.  Refraction  corrections  may  be  found  from 
Bessel's  Refraction  Tables.   See  also  (2).  (3),  (4),  (7).  (8),  (10a)  and  (18). 

The  Americui  E^emeris  and  Hantical  Almtiuie  ia  published  by  the  U.  S. 
Government  and  contains  data  relative  to  the  position  of  many  of  the  celes- 
tial bodies  with  reference  to  the  Greenwich  meridian.  The  declination  of 
the  sun  is  tabulated  for  each  day  at  Greenwich  noon  together  with  the 
rate  of  hourly  cliange.  For  positions  at  any  other  meridian  than  Green- 
wich and  at  any  other  instant  than  noon,  the  difference  in  time  must  be 
found  between  the  time  of  tiie  observation  at  the  observer's  meridian  and 
the  Greenwich  meridian.  The  rate  of  houriy  change  is  applied  to  this  in- 
terval of  time  and  the  value  of  the  declination  is  interpolated  from  the 
value  given  in  the  table. 

10.   Detenninatipn  of  AzimuOi 

Azimuth  is  usually  measured  continuously  from  0  to  360"  from  the  south 
point  by  the  way  of  west,  north,  and  east.  It  ia  henoo  necessary  to 
determine  the  position  of  the  true  meridian  before  the  azimuth  can  be 
found.  Approximate  values  of  the  azimuth  may  be  found  with  the  compass. 
Accurate  determinations  can  be  made  by  observations  with  a  tauisit  on  the 
Stan  or  sun.   See  (4),  (7),  (8),  (10a),  (2^)  and  (24b). 

By  Compass.  An^es  read  direct  from  the  compass  give  the  magnetic 
hearing  of  the  line  since  the  needle  points  to  the  magnetic  meridian.  The 
needle  points  to  the  true  north  or  meridian  at  only  a  very  few  places.  The 
angle  between  the  plane  of  the  true  meridian  and  the  magnetic  meridian 
is  called  the  magnetic  declination  of  the  needle.  The  declination  is  de- 
scribed as  east  or  west  respectively,  as  the  needle  points  east  or  west  of 
the  true  meridian.  Tiie  magnetic  declination  is  subject  to  several  variations 
as  follows:  Secular,  daily,  annual  and  irregultf  variationB.  Secular  varia- 
tion is  the  most  important  The  annual  variation  can  be  neglected.  The 
total  movement  of  the  daily  vuiation  is  from  5'  to  15'  of  arc.  Irregular 
variations  are  those  due  to  magnetic  storms.  The  amount  of  declination 
for  any  place  may  be  approximated  by  empirical  formulas  or  from  the 
isogonic  charts  prepared  by  the  U.  S.  Coast  and  Geodetic  Survey.  On  the 
isogonio  chart,  places  having  the  same  magnetic  declination  are  connected 
by  lines  called  isogonic  lines.  An  accurate  determination  of  the  declination 
can  be  made  with  the  compass  by  finding  the  true  meridian  by  obser* 
vation  on  Polaris.  The  bearing  of  the  true  meridian  is  the  amount  of  the 
declination.  By  drawing  a  6gure  of  the  north,  south,  east  and  west  liikes. 
It  is  readily  seen  whether  the  observed  declination  is  to  be  added  to  or 
subtracted  from  the  magnetic  bearing  to  get  the  true  bearing.    The  aiimutfa 
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of  a  line  referred  to  the  south  point  ia  calculated  from  its  true  bearing  aa  fol- 
lowa:  If  its  bearing  is  southwest,  the  asimuth  and  bearing  are  the  same; 
if  north  went,  add  90°  to  get  the  asimuth;  if  northeast,  add  180*;  if  south- 
west, add  270°. 

By  Obiemitioa  on  a  Star.  A  simple  method  ia  to  observe  Polaris  at 
eith«-  it»  eastern  or  western  elongatioa.  Folsris  is  a  convenient  star  to  use 
because  it  is  readily  found  in  the  heavens  due  to  its  magnitude  and  its 
position  with  reference  to  the  constellation  Cassiopeia  and  the  Great  Dipper, 
(Jtsa  Major,  see  Fig.  13.  A  line  thru  the  two  stars 
in  the  outer  edge  of  the  Dipper  always  points  ap- 
[ffoxiniately  to  the  pole  star,  which  can  be  distin- 
gaisfaed  on  account  of  its  brijditness  or  magnitude. 
The  star  is  in  upper  or  lower  culmination  when 
vertically  above  or  below  the  pole  respectively  a  nd  CMttopd* 
in  eastern  or  western  elongation  when  east  or  west 
of  the  pole.  The  transit  is  carefully  set  up  over 
a  point  on  the  ground  and  the  telescope  pointed 
at  the  pole  star.  The  vertical  cross-wire  is  kept 
oo  the  star  until  its  motion  in  an  easterly  or 
wost^y  direction  ceases.  The  telescope  is  then 
deprened  and  a  point  art  at  some  distance  away 
OD  the  ground.  The  interval  of  elongation  is 
sufBcisDtly  long  so  that  the  opwation  can  be  re- 
peated several  times  and  an  accurate  location  of 
the  point  on  the  ground  secured.  The  angle  be- 
tween the  true  meridian  and  the  pole  star  at  elonga- 
tion may  be  calculated  by  the  formula  sin  a  »  sin 
p  sec  I  in  which  a  is  the  angle  required,  p  the  polar 
distance  of  the  star,  and  I  the  latitude  of  the  ot>- 
•snrer.  This  angle  is  turned  in  the  proper  di< 
Rction  from  the  line  established  on  the  ground, 
thus  defining  the  line  which  will  be  a  true  north 

and  south  line.  If  the  point,  over  which  the  transit  is  set  up,  is  a  point 
in  some  line  of  the  survey,  the  azimuth  of  this  line  can  then  be  measured 
by  finding  the  anjle  between  it  and  the  meridian.  The  aximuth  of  the 
other  lines  in  the  survey  can  be  calculated  with  reference  to  this  line  by 
means  of  the  hortiontal  angles. 

By  Obaerration  on  the  Stm  with  Engineer's  Traiuit.  See  (2),  (3),  (4), 
(7).  (8),  (lOa)  and  (18). 

By  ObMnration  on  Oe  Son  with  Solar  Attachment.  By  means  of  the 
solar  attachment  the  meridian  line  is  determined  directly  hy  observation 
without  any  calculation.  The  method  with  a  Saegmuller  solar  attachment 
will  be  described.  Set  up  the  transit  with  its  solar  attachment  over  a  point 
on  the  line  whoee  asimuth  is  to  be  determined.  Sight  at  a  distant  point 
in  this  line  with  the  verniers  set  at  zero  and  clamp  the  lower  motion.  Bring 
the  Boiax  telescope  into  the  same  vertical  plane  as  the  line  of  sight  of  the 
traoat  by  sighriiig  on  the  same  point.  Make  the  telescope  of  the  transit 
level  by  means  of  iti  attached  level.  Calculate  the  declination  of  the  lun 
from  the  EphomeriB  tor  Uie  time  the  observation  is  to  be  made.  It  will  be 
necessary  to  correct  the  declination  for  refraction.  Point  the  trannt 
telescope  approximately  south  by  means  of  the  compass  and  clamp  the 
plates.  Set  Uie  vertjeal  angle  equal  to  the  sun's  corrected  declination, 
pointing  the  trannt  teleaeope  apwHid  if  dedioation  ia  south  and  downward  it 
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north  deeUiuition.  Next  make  the  aolar  tdeaoope  UmA  by  means  of  its 
level  bubl^  and  clamp  it.  Then  point  the  telescope  of  the  transit  upward 
with  a  vertical  angle  equal  to  minus  the  latitude.  This  brings  the  polar 
axis  of  the  aolar  telescope  parallel  to  the  polar  axis  of  the  earth.  The 
relative  positions  of  the  transit  and  solar  attachment  are  shown  in  Fig.  12. 
Next  point  the  solar  telescope  at  the  sim,  bringing  the  sun's  image  to  the 
center  of  the  square  by  the  four  cross-wires  in  the  solar  telescope  and  clamp. 
Make  an  accurate  pointing  by  means  of  the  tangent  screw  on  the  faorisontAl 
plate  of  the  transit  and  the  tangent  screw  of  the  polar  axis  of  the  solar 
attachment.  The  line  of  sight  of  the  transit  now  lies  in  the  plane  of  the 
meridian  since  the  vertical  axis  points  to  the  senith,  the  polar  axis  to  the 
pole  and  the  solar  telescope  to  tite  sun.  The  ande  between  the  meridian 
and  the  reference  line  is  read  on  the  horisontal  i^ate  of  the  transit.  Obser- 
vations should  not  be  made  near  noon,  sunrise  or  sonaet  as  the  best  results 
are  not  obtained  during  these  periods. 


Sorreri  for  Streets.  The  importance  of  property  values  within  the  city 
limits  demands  that  the  work  of  the  survey  be  done  with  extreme  aoeuraoy 
in  order  to  avoid  extensive  and  troublesome  litigation.  The  endless  trouble 
ensuing  from,  existing  old  surveys,  which  have  been  made  from  time  to 
time  as  the  city  has  grown,  as  well  as  the  addition  of  suburban  areas  has 
been  the  cause  of  reeurveying  many  of  the  larger  and  more  important  cities. 
The  plan  usually  followed  ia  to  establish  a  system  of  triangulation  or  of 
dosed  traverses.  From  points  on  these  to'stems  other  traverses  are  run  out 
so  that  ultimately  all  monuments,  street  lines,  eto,  are  referenced  in  with 
the  main  system  utd  accurately  located.  For  purposes  of  drawing  up  a 
plan  of  the  street  system  in  undeveloped  areas  or  improving  the  present 
street  plan,  a  survey  of  this  kind  should  embrace  taking  all  the  topc^raphieal 
details  and  contours,  so  tiat  a  comprehensive  map  of  the  area  can  be  pre- 
pared. Surveys  for  the  improvement  of  individual  streets  are  made  with 
reference  to  the  monuments  and  should  include  all  the  infonnation  from 
which  a  plan,  profile  and  cross-sections  can  be  prepared. 

Surveys  for  Roads.  The  nature  of  the  work  does  not  demand  the  same 
degree  of  accuracy  as  is  required  in  city  surveying.  The  surveys  are  not 
alwasrs  tied  in  with  any  system  of  points-previously  established  by  triangu- 
lation or  by  closed  traverses  accurately  balanced.  A  survey  on  one  road 
may  be  made  entirely  independent  of  that  on  another  road  since  the  roads 
are  usually  so  widely  separated  that  there  is  no  important  relation  between 
the  two.  Adjoining  surveys  on  the  same  road  should  be  connected  with 
each  other  but  even  then  it  is  not  essential  that  the  stationing  be  continuous. 
In  those  states  which  have  been  divided  into  townships  and  sections  by 
north  and  south  lines  run  according  to  the  true  meridian  and  other  lines 
crossing  them  at  right  angles  in  the  same  manner  that  the  Public  Land 
Surveys  of  the  United  States  are  made,  monuments  will  be  found  marking 
the  towndiip  and  section  comers.  By  referencing  the  road  survey  to  these 
monuments,  an  accurate  check  on  the  work  can  be  obtained.  The  infor- 
mation obtained  for  the  improvfjment  of  an  individual  road  should  be  such 
that  a  plan,  profile  and  cross-sections  nan  be  prepared.  Much  of  the  data 
mentioned  in  Sect.  4  can  be  obtained  at  the  time  the  survey  is  made,  such 
as  condiUons  of  foundation  and  drainage,  shipinng  points,  locations  of 
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material  which  ia  available  for  constructioD  purpoees,  and  examination  of 
mlverte,  bridges  and  other  structures. 

Snrreji  tor  M>pi.  Topographical  maps  of  several  of  the  states  pre- 
pared by  the  U.  9.  QeoL  Survey  may  be  obtained,  but  it  frequently  happens 
that*  wbeie  a  system  of  roads  is  contemplated,  no  road  map  of  the  area  is 
avMlaUe.  A  plan  map  showing  roads,  water  courses,  county  and  town 
lines  is  aometimea  all  that  is  desired.  Such  a  map  may  be  prepared  with 
sufficient  accuracy  from  the  surveys  of  the  roads,  as  they  are  made,  if 
these  surveys  are  connected  and  balanced  as  closed  traverses.  Extensive 
surveys  have  been  made  in  some  states,  covering  the  whole  system  trf 
highways  within  the  state,  for  the  sole  purp(»e  of  maldng  a  road  plan. 


Factors  Which  Should  Be  Considered  in  making  a  selection  of  location 
are  discussed  in  Sects.  4,  6  and  7.  The  problem  is  often  very  much  simpU- 
fied  due  to  the  fact  that  the  proposed  improvement  follows  an  existing 
hii^way  and  many  of  the  features  which  would  inSuenoe  the  location  nan 
be  oeen  1^  traveling  over  the  hi^way.  Where  there  is  some  doubt  as  to 
the  best  location,  a  recoonaiaaanee  of  the  area  should  be  made  and  one  or 
more  i»eUininary  surveys  run  until  the  best  route  is  found.  If  compre- 
hensive topographical  maps  are  obtainable,  map  locations  of  the  proposed 
hi^way  may  be  made,  in  whieh  case  tiw  necessity  for  more  than  one 
wamy  in  the  fiold  msy  be  avoided.' 


Surveys  for  individual  streets  or  roads  are  made  with  reference  to  a 
transit  line.  In  the  case  of  city  streets  the  transit  line  would  be  tied  in 
with  the  monuments  found  along  the  streets  that  have  previously  been 
located  from  the  trlangulation  or  traverse  Bystem.  In  the  western  states 
the  Cnmsit  line  is  generally  tied  in  with  the  monuments  designating  town- 
ship and  section  comers  that  have  been  established  by  the  U.  8.  Public 
I^nd  Survey.  As  a  general  rule  the  transit  line  should  be  run  so  as  to 
coinckle  with  the  center  line  of  the  propoeed  location.  Information  for 
loeations  whkh  ft^w  the  old  right-of-way,  however,  may  be  just  as  ao- 
curately  obtained  from  a  line  run  at  one  side  of  the  highway  as  one  mn  on 
the  proposed  center  line.  Traffic  conditions  often  interfere  with  ninning 
Ibe  transit  line  in  the  center  of  the  highway.  In  some  cases  where  a  car 
track  is  located  in  the  road,  the  transit  line  may  be  made  to  ooincide  with 
the  line  of  one  of  the  raits,  in  which  case  the  relocation  of  the  line  at  any 
later  time  is  on  easy  matter  without  the  use  of  a  transit.  When  the  transit 
line  does  not  coincide  with  the  finished  center  line,  the  offsets  to  the  finished 
center  line  may  be  obtained  from  the  iJan  location  of  Uw  latter.  These 
olbets,  when  used  in  connection  with  tiie  transit  line  in  the  Geld.  wiU  serve 
to  locate  the  finished  center  line  of  road  for  construction  purposes. 

Mich.  State  Hii^way  Coram.  Method  (26b).  "In  esUblishlDK  eeater  line,  puo 
BSMBt  BaoBume&ts  of  U.  8.  Gorernment  land  aurveys  are  followed.  If  auch  mooo- 
■MOts  do  act  exist,  asetlon  and  qoTter  section  conen  must  ba  aatabbahed  toUoaing 
the  — IhoJs  o(  the  U.  S.  GovemmeBt  survey.  Tba  plan  ipust  contain  a  dwerlption 
in  Boflident  detail  ao  that  the  road  can  be  plotted  on  townahip  mspa,  referring  to  U.  S. 
Government  survey  ptdnts  and  give  exact  location  ol  points  of  beginDins  and  ter- 
niaatbMi.  In  the  case  of  angHng  roada,  where  the  center  line  eroasM  aecUon  or  quartot- 
■eetlaa  Uan,  tb»  station  or  plaee  at  the  laterMetton  nmit  be  noted  togetber  irith  the 
dstaaes  to  the  assnst  seettoa  or  qnsrtw  spcUeB  raoaioaeDt.   AO  angles  moat  bs 
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BuritMt  with  pennMoent  montmcnts  wt  on  the  center  Una.  Tha  plu  ihoiild  havw 
npoD  it  m  null  key  nuip  of  tiw  townahip  showing  the  UmtloB  of  the  nmd." 

Snrrey  Party  and  Its  Equipment.  The  party  for  road  surveys  usually 
eomprisea  one  tranntman  and  three  assistants  who  serve  as  rodmen  and 
chainmen.  The  equipment  should  include  the  following  instruments: 
one  engineer'a  transit  reading  to  1'  or  30",  one  100-ft  st«el  tape  graduated 
to  feet  and  hundredths  of  a  foot,  two  50-ft  metallic  tapes,  one  self-reading 
level  rod,  range  poles,  pins,  plumb-bobs,  spikes,  tacks,  chalk,  axe.  sledge, 
stakes  and  some  red  cloth. 

n.  T.  Ststs  Highway  Comm.  Prtctice  (12).  "The  survey  party  will  usually 
consist  ot  the  CoUowIng:  One  surveyor  in  charge;  1  inatmment  man;  rodmea, 
chain roeo,  aicemen,  to  the  number  of  6;  making  a  total  of  7  tn  the  party.  The  equip- 
ment  shall  include  a  transit  and  a  level,  2  steel  chain  tapes  100  ft  long,  2  sighting  polv, 
8  plumb-bobs,  2  level  rods,  3  BO-tt  metallic  box-tapes,  2  hatchets,  crayon,  peadla, 
scales,  note  book  covers  and  sheets,  copy  of  official  gmeral  instructions,  blanks  for 
leports,  eipense  accounts,  vouchers,  hotel  bills,  etc  Nails,  spikes,  cloth,  and  such 
articles  should  be  bought  In  the  field.  All  useful  data  of  previous  surveys  In  the 
vklnlty  shall  be  eanitd;  thsM  shall  Indude  B.M.'s,  tranrit  point  ties,  and  a  dlagraia 
of  base-tines  lowing  station  eqoalisatlonB;  thsse  must  be  copied  before  gcring  into 
the  &eld,  so  that  the  original  notes  will  not  be  removed  from  the  office. 

"A  small  camera  will  be  furnished  each  survey  party,  and  photographs  shall  be 
taken  (rf  any  bridge,  culvert,  retaining  wall  or  other  object  or  place,  the  treatmeat 
oi  wbiA  fa)  preparing  irians  will,  in  the  Judgment  d  the  mginaer  in  diarge,  be  a  matter 
requiring  extra  precautlcm  or  study.  It  is  not  desired  titat  pbotograpiiB  !>•  taken 
of  any  objects  or  places,  the  proper  treatment  of  wlilch  preaents  no  unusual  features. 
All  films  must  be  cardully  listed,  and  the  prints,  when  made,  must  be  incorporated 
in  the  note  book  near  the  proper  station;  whcoi  the  survey  base  Una  is  in  the  Beld  of 
view  it  should  be  indicated  on  the  picture.  Films  sent  to  the  First  Deputy's  office 
will  be  developed  and  printed  there." 

The  Transit  Line  is  Stationed  every  50  or  lOO  ft  depending  upon  the 
character  of  the  topography  and  the  accuracy  desired  for  the  estimate  of 
grading.  Surveys  for  highway  work  require  the  measurement  of  the  actual 
distances  around  the  arc  where  curves  occur.  Stationing,  however,  may 
be  measured  along  the  tangents  of  a  curve  without  appreciable  difference 
from  ^  actual  curve  length  when  the  external  angle  between  the  tangents 
is  less  tiian  lO". 

Rtuulng  the  line.  Tbe  chief  of  party  first  plans  out  the  location  of  the 
tangents  and  intersection  points.  Spikes  pushed  thru  a  piece  of  red  cloth 
are  convenient  for  marking  the  interBection  points  temporarily  as  they  may 
be  driven  so  as  not  to  be  disturbed  by  the  traffic  and  the  piece  of  red  cloth 
serves  as  a  ready  6nder.  Set  the  transit  up  over  an  intersection  point  and 
measure  the  angle  between  the  tangents  turning  it  off  at  least  twice.  Read 
and  record  the  magnetic  bearings  of  the  two  tangents  as  a  check  on  tbe 
angle.  The  internal  or  extcnuU  angle  between  the  tangents  may  be  meas- 
ured, tbe  eternal  or  intersection  angle  being  preferable  as  it  is  more  ron- 
venient  to  read,  and  is  also  used  for  figuring  the  curves  and  in  mapping 
the  surv^.  The  external  or  other  data  necessary  for  computing  the  curve 
is  measured  and  the  curve  to  6t  conditions  is  computed  ns  shown  in  Art.  14. 
The  tangpnt  distances  of  the  curve  are  laid  off  on  the  tangents  each  way 
from  the  intersection  estahlishing  the  P.'C.  and  the  P.  T  of  the  curve. 
Starting  from  the  initial  point  of  the  survey,  the  station  intervals  50  or 
100  ft  apart  arc  marked  off  on  tbe  tangent  up  to  the  P.  C.  of  the  curve. 
The  curve  can  be  run  in  between  the  two  tangents  by  sny  one  of  the  methods 
given  in  Art.  IS.  An  the  exact  length  of  arc  is  used  in  the  stationing,  this 
distance  is  computed  and  added  to  the  station  ot  the  P.  C.  which  gives 
the  station  of  the  P.  T.    Measurements  are  continued  along  the  next 
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taneeat  from  ihe  P.  T.  until  Uie  next  P.  C.  ia  reached  where  the  above 
operalions  are  repeated.  The  pmata  defining  the  60  or  10&-ft  station 
mt«vab  may  be  deeicDated  by  aome  temporary  mark  on  the  transit  line 
ot  by  stakes  or  marks  at  the  sides  (Me  Art.  18).  Measurementa  along  the 
tangeotB  should  he  made  to  the  nearest  hundredth  of  a  foot  in  city  work, 
while  in  work  outaide  of  the  cities,  the  nearest  tenth  of  a  foot  is  suffidently 
dose  to  read  the  tape.  Make  all  measurements  with  the  tape  horizontiJ. 
Iq  eases  where  the  transit  line  is  not  run  coincident  with  the  proposed  centw 
tine,  care  should  be  taken  to  obtain  curve  data  with  reference  to  the  pro- 
posed canter  line  so  as  to  get  the  correct  stationing  of  the  line.  Points  at 
the  intmsections  of  the  tangents  should  be  carefully  tied  in  to  objects  that 
aie  p«inannit  and  readily  accessible  so  that  they  may  be  reestablished  at 
any  time-  Three  tie  distances  are  sufficient.  Sketches  showing  references 
■od  ties  should  be  shown  in  the  field  notes. 

Taking  Topography.  The  topograpl^r  includes  the  shape  of  the  ground 
and  the  location  of  M  objects  such  as  houses,  wails,  fences,  gutt«rs,  curbs,* 
culverts,  bridges,  water  oourses,  oatch  basins,  trees,  monuments,  edges  of 
tiavclled  way,  ledge  outcrops,  polee,  ditches,  substructures  and,  in  fact, 
any  object  that  occurs  within  the  limits  of  the  survey  that  would  be  of 
importance  in  designing  the  highway.  In  connection  with  this  work  the 
names  of  the  abutting  property  owners  should  also  be  obtained.  Methods 
of  taking  topography  which  defines  the  shape  of  the  ground  are  given  in 
Art,  17.  All  topography  is  located  with  reference  to  the  tanitents  of  the 
tnuasit  line.  A  raind  method,  which  can  be  used  except  where  a  mors 
accurate  location  is  desired,  is  that  of  perpendicular  offsets.  This  method 
also  makes  the  plotting  much  easier.  The  offset  ia  the  perpendicular  dis- 
tance to  the  point  measured  from  a  station  on  the  transit  line  opposite  the 
point  to  be  located.  The  perpendicular  direction  is  estimated  by  eye  with 
sufficient  accuracy  if  the  <^ject  is  at  not  too  great  a  distance.  The  offset 
distanoo  and  statkin  of  the  Une  locate  the  point.  The  offsets  and  plus  sta- 
tions on  the  tranrit  line  may  be  measured  with  the  metallic  tape  to  the 
nearest  tenth  t4  a  foot  and  in  cases  where  the  object  is  not  well  defined, 
the  nearest  foot  will  suffiee.  In  locating  fences,  walls,  curbs  and  similar 
objects,  offsets  need  be  taken  only  opposite  stations  at  which  they  begin 
and  end  and  at  such  intermediate  points  as  will  define  their  alifmmMit. 
Measurements  are  made  to  the  face  of  the  wall  or  similar  object  and  to  the 
center  of  bounds.  The  method  of  perpendicular  offsett»  may  be  used  where 
curves  occur  provided  the  offsets  are  taken  from  the  tangents  between  the 
P.  Land  the  P.  C.  and  P.  T.  Lines  which  intersect  the  transttlineatanani^ 
aie  located  by  noting  the  station  on  the  transit  line  at  which  the  line  in 
qoestion,  if  prolonged,  would  interwct  it,  togetiMT  with  the  perpendicular 
iSxt  from  a  station  on  liie  transit  line  opposite  some  known  point  of  the 
diagonal  line.  Stadia  methods  may  be  used  to  advantage  if  objects  are 
some  distance  away  or  if  much  contour  -work  is  b^ng  done.  The  plane 
taMe  is  also  applicable  to  this  work  if  the  survey  is  extenaive  as  to  width 
or  in  projecting  preliminary  lines  thru  new  locations. 

More  accurate  location  of  objects  ia  required  in  city  work  and  in  the 
important  parta  of  settled  communities  than  would  be  obtained  alone  by 
the  offset  method.  Points  on  the  objects  should  be  located  by  angles  and 
distances,  by  intersection  measurements  taken  from  two  definitely  located 
points  and  eomhinationB  of  these  methods  with  the  offset  method.  Meastire- 
uenta  are  nuide  with  the  steel  tape  and  read  to  the  nearest  hundredth  of  a 
loot. 
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The  shape  of  the  ground  is  obtained  by  cross-aectioD  teveb  or  by  cod* 
tours.    For  a  descriptioa  of  the  methods,  see  Art.  17. 

H.  T.  State  Highway  Comm.  Practice  (12).  "Every  structura  tributary  to  the 
hichway  must  be  located.  However,  no  more  time  should  be  spent  in  locating 
objeeta  bejrond  the  probaUe  liiflitB  of  tbe  improved  hichway  than  is  neceaaary  to 
■eeertain  tlulr  approzlDuite  aise  and  locatfam.  All  surv^  measurements  must  be 
anffldently  accurate  for  tbe  prqiaratioB  Ot  the  ordinary  land-taldog  maps  end  deeda. 
The  (rfbeta  to  th*  eibtfnc  fenos.  and  aU  other  meatnirementa  to  obiecto  within  the 

highway,  shall  be  taken  to  the 
nearest  tenth  trf  a  foot.  Siml- 
latly  aU  permanent  objects  wttb* 
in  100  ft  of  the  base  Hne  or 
farther  if  the  pr^Kwed  improve- 
ment will  sSect  them,  shall  be 
located  to  the  neareet  whole 
foot.  The  location  of  all  ob- 
jects farther  away  may  be  eeti- 
mated  by  eye;  estimatca  should 
be  ao  designated  in  the  notea. 

"The  resideocee  and  other 
propertiea  shall  be  roughly 
dsMifled,  and  the  approximate 
values  of  each  dam  recorded, 
and  the  clam  deaignation  of 
«acb  stated  In  the  notea. 
Spedat  mention  shall  be  made 
oi  any  structure  whoae  value  is 
noticeably  greater  than  the 
^et*>  average  value  ol  thoae  oC  Ita 
Idnd  on  tbe  road. 

"  In  general,  walls,  lenoea  and 
other  ordinary  objects  may  be 
located  by  plus  stataon  and  off- 
aet;  offsets  must  be  taken  to 
every  angle  pc^t  of  the  high- 
way boundary;  when  these 
points  are  farther  apart  than 
800  ft,  sufficient  additional  ones 
■hall  be  taken  to  fumiah  total 
ofl^eta  not  more  than  800  ft 
apart.  lines  sapamtlng  tbe 
lands  of  abuttera,  except  tn 
thickly  settled  places  and  on 
extremely  wide  highways,  and 
boundary  lines  of  counties, 
towna,  dtles,  villagea  and  in- 
teraectlng  highways,  most  be 
located  by  magnetic  bearing 
and  base  line  intersection,  and 
eye  location  is  auffldent  for  the 
interaection  point;  and  the  itatiob  of  the  Intetsection,  the  azimuth  of  the  intersecting 
Une,  and  the  distance  along  this  line  from  the  base  line  to  the  boundary  line  of  high- 
way, must  be  recorded.  Any  fence,  wall,  etc,  not  of  the  clam  mentioned  above,  may 
be  located  by  the  station  of  the  Intersection  of  its  axis  with  the  base  line  and  ttw 
station  and  offset  of  ita  intersecti<Hi  with  the  highway  boundary  line. 

"The  name  of  each  property  owner  must  be  recorded  in  ita  exact  legal  form,  that 
it  may  without  modiflcation  be  used  in  deeds  and  other  legal  papers.    At  least  two 
residents  must  be  consulted  aa  to  the  ownership  of  eac4i  property.    Where  a  land 
taking  will  probably  be  made,  the  owner  should  be  consulted  on  tbe  subject  if  pomdble. 
"Ttt  name  of  each  highway  in  the  survey,  and  of  each  eonoeetlag  way,  are  to  ba. 
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Two  HeUiodi  of  Rocordiag  Field  Hotof  are  showo  in  Figs.  14  and  15. 


Fig.  15.  Tmudt  Notes 

In  the  form  diown  in  Fig.  15,  the  locatioD  of  the  topographical  details 
would  be  recorded  on  the  right-hand  page. 


14.  Curve  Fonnulas 
1>eflmtioiu.  la  Fig.  16,  P.  C.  is  the  point  of  curve  or  beginning  of  the 
curve;  P.  T.  the  point  of  tangent  or  end  of  curve;  P.  I.  the  point  of  inter- 
aectioQ  or  the  point  of  intersection  of  the  tangents  produced ;  the  intersection 
an^  /.  the  external  angle  between  the  tangents  and  eqtuhi  the  angle  at 
the  center;  fi,  the  radius  of  curve;  £,  the  external 
or  distance  between  the 
P.  I.  and  curve  on  a  radi- 
al line  produced;  T,  the 
tangent  distance  or  the 
distance  from  the  P.  C.  or 
P.  T.  measured  along  the 
tangent  to  the  P.  I.:  M. 
the  midordinate  or  the  per- 
pendicular distance  from 
the  long  chord  at  its  mid 
point  to  the  ciuro;  C,  the 
chord  joining  the  P.  C. 
and  P.  T.  Prnctically  all 
curves  in  highway  surve>'s  nro  simple  cur\'es  or  combinations  thereof,  a 
simple  ctirve  being  the  arc  of  a  circle.  Parabolic  curves  are,  however, 
sometimes  employed  instead  of  circular  curves.  Two  simple  curves  of 
different  radii  having  a  C(»nmon  point  of  tangency,  both  curves  being 
on  the  same  side  of  the  tangent,  constitute  a  compound  curve  (see 
Fig.  17J.  P.  C.  C.  is  the  point  of  compound  curve.  Two  simple  curves 
of  the  same  or  differmt  radii  on  opposite  sides  of  a  common  tangent  con- 
stitute a  reversed  curve,  P.  R.  C.  is  the  point  of  reversed  curve  (see  Fig.  lU). 
Note:  Curve  tables  IV.  V,  VI  and  VII  are  included  in  Art.  16. 
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Tbe  Degree  of  Carre  D  is  the  angle  at  the  ceDter  subtended  by  an  arc 
tenitth  of  100  ft.  Thus  in  Fig.  19,  if  the  arc  length  a  6  ia  100  ft,  the  angle 
D  is  the  degree  of  curve.  If  the  angle  is  1  °,  the  curve  is  known  as  a  1  °  cur^'V. 
if  2°.  a  2"  curve  and  so  on.  If  D  is  1" 
and  R  the  radius  of  the  curve,  and  the 
P-T-  arc  length  a  &  la  100  ft.  i>/360  -  10O/2  w 
A  or  A  «  360  X  100/2  IT  -  5729,68  when 
ir  -  3.1416.  In  a  similar  manner  for  a 
2"  curve  ii  =  360  X  100/2  X  2  r.  The 
radius  for  any  degree  of  our\'0  may  be 
obtained  by  dividing  the  value  R  for  n 
1°  curve  by  the  degree  of  our^-e  whose 
radius  is  desired.  Hiuf^e  other  functions  of  the  curve  sro  dependent  upon 
the  radius,  tbey  too  may  be  found  by  dividing  the  eorreeponding  values 
of  a  1*  curve  tqr  the  degree  of  curve  in  question. 

The  Actual  Length  of  Arc  may  be  found  by  Tables  Itl  and  VII  or  by  the 
formula  Z,  -  2  ir  R  X  //360  (1) 

in  which  L  represents  the  lenKtb  of  arc  and  other  letters  have  the  same 
mgnificaiice  as  before.    When  the  degree  of  curve  is  known 

L  -  (I/D)  100  (2) 
In  staking  out  curves  by  the  ordinary  method  of  deflection  angles  from 
the  tangent,  lineal  measurements  are  made  along  the  chords  subtending 
the  arc  instead  of  the  arc  itself.  In  Table  II  is  shown  the  difference  between 
actual  length  of  arc  and  measurementa  around  chords  of  varying  lengths 
5°,  15*  and  30"  curves.  From  the  talde  it  is  seen  that  very  close  agree- 
ment is  obtained  if  lOO-ft  chords  are  used  for  0^  to  5"  curves,  fiO^t  chords 
for  fi*>  to  15°  curves,  2&-ft  chords  for  15"  to  30°  curves  and  10-ft  chords  for 
curves  above  30°. 


Table  n. — Comparison  of  Arc  Length  and  Subtended  Ch<»d 


5- 

15' 

SO* 

Are  Subtended 

Arc  Lengths 

1-100  [t  chord  

100.04 

100.29 

101.15 

2-  BO  (I  chord  

100.01 

100.07 

100.30 

4-  25  chord  

100.01 

100.02 

100.07 

10-  10  ft  chord  

100.00 

100.00 

100.01 

Table  UI.— Multipliers  for  Finding  Lengths  of  Circular  Arcs  (10  b) 


Degrees 

Minutes 

Seeonda 

1 

0.0n4S88&8 

0.000290888 

0.000004848 

2 

0.034906686 

0.000681776 

O.OOOOOHW 

8 

0.062S6987S 

0.000872666 

0.000014544 

4 

0.069818170 

0.001 16S6B8 

0. 000019898 

6 

0.087266468 

0.001464441 

0.000024241 

S 

0.104719766 

0.001746829 

0.000029089 

7 

0.122178048 

0.002086217 

0.000088987 

8 

0.1S9626840 

0.002827106 

0.000088786 

9 

0.16707MS3 

0.0026179H 

0.000048688 

Exsmpto. 
Bind  lengUi  of  arc  for  a  central 
sngle  of  48°  46'  in  drele  of 
12Tt  radius. 

MOP  0.688132 
8°  0.189826 
40'  0.011686 
5'  Q  .001464 
0.85086 

 12_ 

Length -10 .210  ft. 
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Ismalaa  for  Slmpl*  CnrrM.  In  Fig.  W  ag  mgh  —  T,  \h»  tansent 
distance,  gf  a  E,  the exteraal,  /ft  "  if ,  the midordinntfl,  ab  -  C*  tb«  lone 

cbord,  ao  =  R,  the  radius,  qgh  ^  ach  ^  I,  the  inter- 
sec  lion  angle,  D  •*  degree  of  curve.    The  following  equa- 
tioiu  may  be  derived  by  a  eolution  of  the  faiangVee. 
a  ah  ^  gb  a  ^  \^  I 
aoh  =  hob 

T  ->  ie  tan  H  /  (3>  a 

T  may  be  found  also  from  Table  IV. 

^  -  «  (sec  H  J  -  1)  (4) 
E  -Tt&n  HI  (5) 
E  may  befoond  also  from  Tables  IV  and  VII. 

M  ~  R  -  ^R*  -  HC* 


o 

Fit  to 


(6) 
(6A) 

Any  perpendicular  y  to  the  chord  a  distance  x  from  the  midordiuate  is 

V  -  ^rT^*  -^r^-hc  (7) 

C  -  2  B  sin  H  ^  (8) 
r  cot  H  ^  (9) 
R  may  also  be  found  by  Table  VII  and  when  D  is  known  by  Table  VI. 

When     /  ■=  D    then  R  -  H  C/sin  14  D  (10) 
When  a  &  -  100         R  -  50/sm  M  D  (11) 
When  ab  -  60         A  -  25/sin  H  D  (12) 
Whenab-  25         J!  -  12.5/ain.  K  i>  (13) 
When  a  6  -   10         R  -  5/taa  D/20  (14) 
Formulas  (11),  (12),  (13)  and  (14)  were  employed  in  oomputing  values  for 
the  tadu  in  TaUe  VI.    Vp  to  D  "  7".  (11)  was  used,  7°  to  14°,  (12)  was 
used,  14*>  to  30°,  (13)  was  used,  and  above  30°,  (14)  was  used. 

When  I  -  D  then  mn  H  D  -'  C/2  R  (15) 
D  may  also  be  foand  by  computing  R  and  finding  corresponding  value 

of  i)  in  TaUe  VI.  Table  XV  may  also  be 
used  in  finding  i>.  See  (11)  and  (15). 

Fonnnlas  for  Compound  Curves.  In 
Fig.  21  the  P.  C.  C.  of  the  two  curves 
o  /  and  /  6  is  at  / 

gab  +  gba  "  I 
I  ~  h+It 
Produce  curve  a  /  to  n  so  that  the  tan- 
gent u  n  will  be  parallel  to  gb.  Join  / 
and  n  by  a  straight  line,  the  line  will 
pass  thru  6.  Join  oi  and  n.  Draw  g  u 
parallel  to  oi  v. 

Given  Ti,  Ti,  I  and  Ri  to  find  Rt, 
«  -9  «  -  (ft  tan  H  cos  / 

y_bv  -  tfu  -  (Hi  tan  H  /  -  3^)sin/ 
k~vn  -  ft  tan  H  I  +  X  -  r» 
tan  M  /i  "  V/k 

ft  -  ft  -  -r^  (1«) 
sm  It 

Given  a  b,  angles  gab  and  gba,  and  A  to  find  Rt, 
Ti  and  Tt  can  be  computed  from  triangle  gab  knowing  a  b  and  anglee 
gab  mndgba.   ft  can  then  be  found  by  (16). 
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Qivan  A,  A,  /i  and  /■  to  find  ab,  an^es  gah  mad  gba  and  7i,  Tt, 
Draw  a/ in  Fig.  21, 

afb  -  180°  -  H  C/i  +^0 
o/  and  fb  can  be  computed,  bemg  the  chords  of  curves  a/and  /b.  Know- 
ing anc^  afb  and  cddefl  af  and  fb,  the  triangle  a/  &  ia  capable  of  solution 
irtience  a&  and  angle  bafaad/ba  may  be  found. 

gab  =  baf  +  Hh 

aba  ~fba  +  ^  It 

agb  -  180°  -  {gab  +gba) 
One  side  and  two  aoglee  of  the  toian^e  agb  ara  known,  henoe  the  otiiw 
two  ndea  Ti  and  7*i  can  be  found. 

IS.   Cunre  Location 

General  Principles  (12),  "  Changes  in  direction  should  as  far  as  prac- 
ticable be  made  coincident  with  breaks  in  the  grade  line,  curves  should  be 
made  of  as  large  radius  as  obtainable,  and  reverse  curves  always  avoided, 
by  placing  at  least  30  ft  of  tangent  between  the  parts.  A  short  tangent 
ahould  not  be  placed  between  curves  of  the  same  direction,  but  a  very 
fla(  curve  used  in  its  place.  The  standard  minimum  radius  of  curvature  in 
the  open  country  is  300  ft;  where  an  unavfHdable  right  an^ed  turn  occura 
at  a  highway  junction,  200  ft  should  be  used;  and  nothing  less  will  be 
allowed  without  special  permission  except  at  thickly  settled  street  comers." 

A  curve  may  be  located  or  staked  out  in  the  field  by  one  of  several  methods. 
Up  to  200  ft  in  length,  a  satisfactory  location  can  \iBually  be  obtained  by 
measuring  off  the  external  and  tangent  distances,  which  gives  three  points 
OQ  the  curve,  one  at  each  end  and  one  in  the  middle.  Starting  with  the 
P.  C.  and  measuring  off  the  proper  distances  intermediate  points  between 
the  P.  C.  and  mid  point  and  the  mid  point  and  P.  T.,  corresponding  to  the 
60  ta  lOO-ft  stations  of  the  line  are  found.  These  points  are  lined  in  by 
eye,  being  guided  Yny  the  mid  point  and  P.  C.  and  P.  T.,  so  that  a  smootii 
curve  will  reeuU.  When  a  longer  curve  than  200  ft  is  to  be  staked  out 
or  when  a  more  accurate  location  is  desired,  it  is  advisable  to  use  one  of 
the  following  methods.   The  tables  referred  to  below  are  included  in  Art.  16. 

By  Transit  and  Tape.  The  intersection  angle  /  and  either  the  external 
E  or  tangent  T  are  usually  measured  in  the  field.  From  these  known 
values,  it  is  possible  by  formulas  (1)  to  (15)  to  compute  R  or  D.  D  may 
also  be  found  from  Table  IV  as  previously  explained,  or  R  may  be  fout^ 
from  Table  VII  and  the  corresponding  value  of  D  from  Table  VI. 

Bxam^.  Let  meoHured  values  of  I  and  T  be  30°  20'  and  150  ft  respec- 
tively.   From  (3)  fl  =  553.36  ft  or  from  Table  VII,  B  =  368.91  X  1.5- 

653.35  ft.  From  Table  VI,  D  =  10"  21'  30"  or  from  Table  IV,  D  = 
1553.1/160  =  10°  21'  30".    The  length  of  curve  L:     From  (1)  L  =  2  ir  X 

553.36  X  30.33.3/360  =  292.93  ft,  or  from  (2)  L  =  I/D  =  292.93  ft,  or 
from  Table  VII  L  =  292.96  ft. 

In  Fig.  22  the  curve  to  bo  located  as  calculated  above  is  shown  with  the 
P.  C.  -  Sta.  1  +  75.  The  station  of  the  P.  T.  is  1  +  75  +  L  or  1.75  + 
2.0293  or  Sta.  4  +  67.93.  It  is  denied  to  stake  out  the.  50-ft  stations 
around  the  curve.  From  TaUe  II,  it  is  seen  that,  with  this  degree  of  curve, 
SO-ft  chords  should  be  used  in  measuring  around  the  curve.  The  stations 
to  be  staked  arc  2,  2  +  50,  3,  3  +  50,  4.  4  +  50  and  the  P.T.  By  formula 
(16)  sin  H  i>  -  C/2  R.  For  a  100-ft  arc  D  ~  10°  21'  30".  The  value 
of  D  for  any  other  length  of  arc  ia  directly  proportional  to  the  lengths  of 
the  chords  subtending  the  arcs.   The  first  oboid  from  Sta.  1  +  76  to  Bta. 
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2  ia  25  ft  and  the  bd^  at  the  center  mibtended  by  it  is  I>  25/100  •=  2°  35' 
20".  The  next  five  chorda  to  Sto.  4  +  50  are  SO  ft  each  and  subtend  an 
at  the  center  of  2>  60/100  -  6°  10'  46".  The  last  chtml  from  8ta. 
4  +  fiO  to  the  P.  T.  ia  17.93  ft  and  subtends  an  an^e  of  D  18/100  -  1°  51'. 
In  Flf.  22  draw  the  broken  linea  from  the  P.  C.  to  the  different  stations 
nound  the  curve.  The  deflection  anito  gaf  tot  Sta.  3  is  one-half  aogje 
to}.  Similarly  the  an^e  between  the  tassent  ag  and  any  other  chord 
jaiainK  the  P.  C.  and  a 
pant  on  ihe  curve  is  al- 
ways one-half  the  angle  at 
the  center  auhtended  by 
tbeehoni.  To  lay  out  the 
earn  set  the  tranai  up 
otw  the  P.  C.  with  the 
ttleeeope  reversed  and 
of  the  horizontal 
plate  at  xero.  Sight  on 
nne  point  of  the  transit 
line  and  clamp  the  lower 
motion.  Pl.un8e  the  tele- 
soope  and  the 
Gae  of  aight  will  px; ' 
thsD  be  coind-  ■i>>i*i> 
dcot  with  a  0  of 
Fif.  22.  Turn  off  the  de> 
fleetioa  angle  for  Sta.  2 
which  is  one-half  of  2" 
35'20"orl*' 17'40"-.  The 
tioe  <A  aight  will  now  co- 
bode  with  o  2  io  the  figure. 
HsMure  with  the  tape  25 
ft  bmn  the  P.  C  alrog  this  line  and  Sta.  2  is  located.  To  locate  Sta.  2  + 
50  increase  the  angle  for  Sta.  2  by  adding  one-half  of  5*  10'  46"  making  the 
total  angle  now  read  3'*53'2".  The  line  of  sight  is  now  coincident  with 
Kne  a  2-f-  in  the  figure.  Measure  50  ft  with  the  tape  from  Sta.  2  already 
located  and  aet  a  point  on  the  line,  a2-\-  which  will  locate  Sta.  2+50. 
In  a  amilar  manner  Stas.  3,  3  +  50,  4,  and  4+50  are  located  by  increas- 
ing the  an^e  each  time  by  2°  35'  22"  and  measuring  50-ft  chords  from 
Mationa  previously  located.  The  P.  T.  does  not  come  at  a  regular  station 
interval  hence  the  ehffftened  chord  and  its  corresponding  subtended  angle 
have  to  be  talcaa  into  account  in  figuring  the  d^ection  an^  in  the  same 
■unoer  as  for  Sta.  2.  Aa  a  check  on  the  work  the  total  ang^  turned  off 
to  locate  the  P.  T.  from  the  P.  C.  or  an^e  gah  should  be  exactly  'b^Ioc 
15°  10'.  The  deflection  angles  of  the  various  stations  kdA  total  angles  with 
the  transit  at  the  P.  C.  are  as  follows: 

X>eflectIon  Total 
Angle  Angle 
Sta.  2  1"  17'  40" 

Sta.  2  +  »  r  85'  22"        8"  58'  2" 

Sta.  8  2*  86'  22"       6^  28'  24" 

Sta.S+60  2" 86' 22"  V  V W 
Bta.4  VWT^      WW  tT 

Sta.  4  +60          2°  W22"      14"  14'  80" 
P. T. Sta. 4  +  6738     V>WW     16"  10'  0" 


ng.  22 
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It  IB  better  to  carry  the  calculations  for  the  angles  to  seconds  so  that  tbo 
computations  will  check.  The  angles  should  be  turned  <^  on  the  transit 
as  near  the  calculated  values  as  tbo  reading  of  the  verniers  will  pennit. 
Altho  measurements  are  made  along  chords  instead  of  arcs,  if  the  chord 
length  used  is  varied  according  to  the  degree  of  curve,  as  per  TaUe  II,  the 
difference  in  the  length  obtained  is  well  within  the  accuracy  desired. 

When  it  is  impossible  to  see  the  P.  T.  from  the  P.  C,  the  above  method 
of  laying  out  the  curve  is  slightly  modified.  Take  the  previous  example 
and  suppose  that  the  station  beyond  Sta.  3  cannot  be  seen  from  the  P.  C. 
Proceed  as  follows:  After  locating  Sta.  3,  set  up  the  transit  over  this 
station.  Sight  back  on  the  P.  C.  which  makes  the  lino  of  sight  coincide 
with  line  a  /  in  Fig.  22.  Plunge  the  toloeoope  and  turn  off.  in  a  direction 
corresponding  to  the  flexure  of  the  curve,  the  same  total  ani^  that  was 
used  in  locating  this  station  from  the  P.  C.  or  6°  28'  24".  This  brinfls 
the  line  of  sight  tangent  to  the  curve  at  /  or  coincident  with  /  h.  By 
turning  off  the  proper  deflection  an^es,  the  other  stations  of  the  curve  can 
be  located  from  this  set-up  nmilarly  to  the  way  it  was  accomplished  from 
the  P.  C.  In  order  that  the  reading  of  the  angles  on  the  inatnmient  may 
be  the  same  as  if  the  curve  was  located  entirely  from  the  P.  C,  the  verniers 
should  be  set  at  zero  when  the  transit  is  moved  to  Sta.  3.  Then  when  the 
angle  6°  28'  24"  is  turned  off  to  bring  line  of  sight  into  taugency  with  the 
curve  at  this  point  and  the  deflection  angle  to  Sta.  3  +  50  is  added  and 
turned  off.  the  vernier  will  read  9*>  3'  46"  or  the  same  as  if  Sta.  3+60 
had  been  located  from  the  P.  C.  Suppose  the  P.  T.  in  this  curve  cannot 
be  seen  imtil  Sta.  4  +  50  is  reached,  this  latter  point  being  located  from 
the  set-up  at  Sta.  3.  Set  up  transit  over  Sta.  4+50,  sight  back  on  Sta.  3. 
Bring  the  line  of  sight  tangent  to  the  curve  ^y  turning  off  one-half  the 
central  ani^  included  between  Stas.  3  and  4+50,  add  the  deflection  angle 

for  the  next  sta- 
tion, in  this  case 
the  P.  T.,  and 
proceed  as  be- 
fore. To  make 
notescontinuouB 
when  the  tran- 
sit is  moved  to 
Sta.  4  +  50,  set 
the  verniers  be- 
fore sighting 
back  on  Sta.  3 
so  that  the  angle 
read  is  6*>28' 
24".  When  the 
angle  is  turned 
off  to  bring  the- 
line  of  sight 
tangent  to  the 
curve  at  4  +  50, 
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the  verniers  will  read  H**  14'  30"  and  adding  the  deflection  angle  to  the  next 
station,  in  this  case  the  P.  T.,  the  verniers  will  read  15°  10*. 

When  the  P.  T.  is  reached,  it  is  necessary  to  make  the  line  of  siidit  co- 
incident with  the  tangent  beyond  the  P.  *  T.  If  the  intersection  of  the 
tangents  is  not  visible  or  accessible  from  tiie  P.  T.  proceed  as  fellows:  Set 
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Up  the  transit  over  the  P.  T,  and  aight  "back  to  any  visible  station  on  the 
eurve.  and  turn  off  in  a  direction  towards  the  P.  I.,  one-half  the  central 
angle  between  the  station  sighted  on  and  the  P.  T.  Plunge  the  telescope 
and  the  Use  of  aisbt  is  then  tangent  to  (he  curve  at  the  P.  T. 

0«ta  lar  running  the  curve  may  also  be  obtained  from  Table  VII  as  shown 
in  the  explanation  preceding  the  table.  One  form  of  field  notes  recording 
curve  layouts  is  shown  in  Fig.  23. 

By  Tangent  Off  seta.  This  method  is  used  sometime^  In  laying  out  curves 
to  avoid  obstacles  that  would  interfere  with  the  method  of  deflections. 
A  simple  case  is  shown  in  Fig.  24.  Di,  D  afid 
Di  are  the  angles  at  the  center  subtended  by 
the  arcs  a  x,  x  xt,  n  xt  .  .  .  x^.  It  is  neces- 
sary  to  find  the  coordinates  an,  nx,  am* 
Ml  xi  .  .  .  bm,  mzi  and  ao  on  of  the  different 
stations, In  the  triangle  an z,  angle  aox  — 
A,  then  as  ~  2  S  nn  H  A.  aee  formula  (8). 
In  trinni^ a n s, an^  nax  —  }^  Ih,  an^ax 
COS  >j  Di  and  nx  -  axsin  J^Aoran  ^  B 
■n  Di  and  »  «  —  2  A  sin*  K  A.  In  triangle 
a  o  xi.  angle  aoxt  Di  +  D,  axi  -•  2  R  sin 
}^  (.Di  +  D)  and  in  triangle 

}i  iDi  +  D),  arn  -  B  taa  (Di  +  D)  and  m  xi  o 
*  2£  sin>H  (A +i>)-   Coordinates  for  other  Fig.  S4 

points  on  the  curve  are  found  in  a  similar 

nunner.  Whm  the  coordinates  of  a  station  are  laiown,  it  may  be 
located  in  the  field  in  dither  of  the  following  ways.  Take  for  examplr 
Sta.  Xi.  Measure  am  along  the  tangent,  set  up  the  transit  at  ni,  turn 
off  90°  and  measure  m  xi.  Where  the  perpendicular  ofFsets  to  the  tangent 
are  not  too  long,  a  curve  may  be  conveniently  laid  out  by  a  second  method 
without  using  a  transit.  First  measure  a  m  along  the  tangent  as  in  the 
previous  method.  Then  with  a  tape  strike  an  arc  with  m  aa  a  center  and 
nt  as  a  radius  and  with  station  x,  previously  located,  as  a  center  and  a 
radius  of  x  «i,  strike  an  arc.  The  intersection  of  the  two  arcs  locates  ihe 
punt.   Tlie  laat  method  is  fadlitated  by  using  two  tapes. 

pHtmMie  Cbttm  m^  be  located  Yty  t^SaeAa  from  the  tangents.  In 
Fig.  28  assume  that  a  a  and  i;  b  are  two  equal  tangenta,  a  being  the  F.  C. 
and  b  the  P.  T.  of  the  curve.  If  point  a  ia  visible  from  b  measure  hd  = 
^  a  6.  Measure  df  =  ^  dg-  /is  the  mid  point  of  the  paraboHc  curve. 
Other  points  on  the  curv-e  can  bo  determined  by  measurinK  perpendicular 
offsets  from  the  tangents  a  g  and  g  b.  These  offsets  are  calculated  as  foUowe: 
Ta3a  any  point  «  on  tangent  ag,  the  perpendicular  offset  frcnn  e  to  the 
I 

of.    Sufficient  points  are  determined  on  the  eurve  so  that 


-(:-;)■ 


its  alignment  is  known.  The  length  and  stationing  of  Ute  curve  is  deter- 
muied  hy  measuring  around  it  with  a  tape  using  fiO-ft  ohorda.  In  case 
the  P.  C.  and  P.  T.  of  the  curve  are  not  intervUble,  it  mi^t  he  found  that 
the  chord  connecting  points  halfway  between  the  P.  I.  and  P.  Q.,  and  P.  Land 
P.  T.  could  be  seen  thru  its  length.  For  example,  in  Fig.  28  assume  a  g 
and  g  b  each  equal  to  one-half  the  tangent  distance  and  that  a  can  be  seen 
from  b.  Measure  b  d  and  gd  aa  before,  d  is  now  the  mid  point  of  the 
curve  and  offsets  to  other  pointa  on  the  curve  would  be  calculated  as  follows: 
Offset  —  {xf2ag)*gd  where  x  is  the  distance  measured  from  the  P.  C. 
or  P.  T.  to  the  point  from  which  the  offset  u  to  be  measured.  Measuring 
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the  offsets  petpendicular  to  the  tangenta  does  not  comply  strictly  with  the 
law  of  the  parabola,  but  the  error  involved  ia  so  slight  that  it  can  be  neglected. 

By  Offietl  from  the  Long  Chord.  Instances  may  occur  where  this 
method  is  the  most  oonvmimit  one  to  use.    In  Fig.  25,  mt  xt  =  the  mid- 

ordinate  of  tiis  earre  or  from  equation  (6A) 

-  R(l  -  cos  H  ^-  The  length  of  ab 
from  equation  (8)  is  C  -  2  A  sin  H  / •  Simi- 
larly, mj  m  -=  fi  [1  -  cos  M  (4i»]  and  m 

—  2  A  sin  D,  therefore,  for  station  m, 
or  =  HC— Hm»H4  and  m  x  "  M  —  mt  nt. 
The  coordinates  for  the  other  stations  are 
found  in  a  similar  manner. 

To  Pass  «n  Obstacle  on  the  Carre.  Sup- 
pose  in  Fig.  20  the  curve  is  being  located 
with  the  transit  at  a.  The  obstacle  q  pre- 
vents Sta.  mt  from  being  seen.  The  instru- 
ment may  be  moved  to  some  other  station 
on  the  curve,  such  as  mt.  which  has  been  set 
from  a  and  from  which  mi  is  visible,  and  the 
curve  continued  from  this  point.  With  the 
transit  at  a  one  method  ia  to  set  a  i^us  st»> 
tion  n  on  the  curve  and  another  staUon  m  just  100 
ft  from  n.  Turn  off  the  an^o  fur  Sta.  nu  and  measure 
from  m  a  distance  mmt—  100  —  mt  n.  Another  method 
■wit^  transit  at  a  is  to  turn  off  an  angle  to  some  full 
station  such  as  and  measure  off  on  this  line  the  cal- 
culated chord  a  rru.  This  locates  nu  and  the  invisible 
stations  from  a  may  be  located  by  setting  up  at  and 
working  back  along  the  curve.    Soe  (1),  (11)  and  (16). 

To  Locate  Carve  when  P.  C.  or  P.  T.  is  Inaccessible. 
In  Fig.  27  suppose  it  is  impossible  to  occupy  a,  the  P.  C. 
Set  transit  over  b,  the  P.  T.  which  has  hem  located  from 
g,  and  run  ourve  back  from  F.  T.  towards  the  P.  C,  settins 
a  pdnt  m  on  the  curve  as  near  the  P.  C.  as  possiUe.  Check 
the  location  of  m  by  calculating  and  measuring  the  tangent 
offset  n  m  from  the  tangent  a  g.  If  the  P.  T.  is  inacceeaiblo 
instead  of  the  P.  C,  this  same  method  can  be  used  except 
the  curve  will  be  run  from  the  P.  C.  towards  the  P.  T. 
To  Find  I  whan  P.  T.  is  Inaccessible.  In 
Fig.  28,  g,  the  P.  I.  of  the  tangents,  is  inacces- 
siUe,  and  the  angle  /  must  be  known  before  the 
curve  can  be  figured.  From  any  point  a  on  the 
tangent  a  g  run  a  line  a  b  to  a  point  6  on  the  yig.  28 

tangent  g b.    Measure  a  ft  and  andes  gab  and 

gba.  From  geometry  I  ^  g  ab  +  gba.  In  the  triangle  gab  the  lengths 
of  the  aides  a  g  and  g  b  may  be  calculated  since  one  side  and  two  angles  of 
the  trianide  are  known.  The  distances  from  a  and  b  to  the  P.  C.  and  P.  T. 
respectively  will  then  be  the  tangent  distance  of  the  curve  minus  a  g  for 
the  P.  C.  and  T  minus  0  b  for  the  P.  T. 

16.  Curve  TaUei 
Table  of  FuBctloiia      x"  Com.    For  the  purpose  of  facilitating  com- 
putetionB  T^ile  IV  has  been  prepared  giving  the  (uctemals  and  tangents 
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for  a  1"  curve  for  intersectioa  angles  varying  by  10  tnin  from  1°  to  120"  50'. 
Ap[Htiximate  values  of  the  tangent  and  ntetnal  to  any  other  degree  of  curve 
may  be  found  dividing  the  tabular  values  opposite  tho  given  central 
an^  Ivthe  given  degree  of  curve,  expressed  in  degrees. 

To  illustrate  the  use  of  the  Table  IV,  assume  an  intersectioD  angle  of  38° 
20'  and  a  4^  curro.  The  length  of  tangent  and  external  for  a  1°  curve  in 
the  table  corresponding  to  an  intersection  angle  of  38°  20'  is  1991.fi  ft  and 
336.25  ft  reepectively.  For  a  4°  curve  the  tangent  would  be  1991.5/4  = 
497.9  ft  and  the  external  336.25/4  =  84.06  ft. .  Conversely  if  the  Ungent  or 
external  is  known  together  with  the  intersection  angle,  the  degree  of  curve 
may  be  obtained  by  dividing  the  tabular  value  of  the  tangent  or  external 
by  the  measured  tangent  or  extemaL 

Maia.  K^way  Comm.  Carve  Tablea*  compiled  by  A.  M.  Lovis,  FEnt 
AsRStaat  Engineer. 

Tbm  Curve  FuNcriom  iir  Tablb  VH  are  computed  on  the  basis  of 
tanseot  distances  of  100  ft  for  di£Fereat  intersection  angles  varying  by 
me  minute  of  arc  from  0*  30'  to  00**.  In  the 
aecompanying  figure  a  c  »  &  e  b  100  ft,  angje 
A  —  the  intersection  angle  between  the  tangents 
and  also  the  angle  at  the  center,  ce  =  the  ex- 
ternal distance  or  distance  from  point  of  inter- 
section of  the  tangents  to  tiie  mid-point  of  the 
earve,  a  o  —  the  radius  td  the  curve,  and  o  « 6 
the  length  of  the  arc  measured  Bfoimd  the  curve. 

Fob  Tamoent  Dibtancbs  oihbr  than  100  Ft  in 
length,  the  tabular  values  of  the  external,  radius, 
and  arc  must  be  multiplied  by  the  ratio  of  the  given  29 
taogent  to  100.  For  examine,  suppose  the  tan- 
gent to  be  used  is  150  ft  and  the  angle  A  is  30°  20'.  The  ratio  of  150 
to  IQO  is  1.5  and  the  tabular  values  of  the  different  functions  multiplied 
by  this  ratio  give  the  following  values:  external  »  13.3  X  1-5  —  20.0; 
ndius  -  368.909  X  1.5  =  553.364;  length  of  arc  ->  195.307  X  1-6  - 
292.961.  In  a  similar  manner  a  value  may  be  sasumed  tor  an  external, 
a  radius  or  an  arc  function.  Dividing  this  value  by  the  tabular  value 
of  the  same  ftmotion  gives  the  ratio  by  which  the  tabular  functions  must 
be  mult^iUed  to  obtain  the  required  values.  For  examt^,  suppose  the 
external  required  is  20ft  and  A  »  30°  20^.   The  tangent,  radius, 

and  arc  for  this  curve  would  be  found  by  multiplying  the  tabular  values 
by  20/13.3  or  1.5. 

CoBSBcnoNS  TO  Applt  to  thb  Radius,  when  angle  A  is  not  given  in  even 
minutes,  are  given  in  the  column  headed  Diff  10".  For  example,  the  value 
of  the  radius  for  an  angle  A  =  30°  20'  40",  with  tangent  lengths  of  100  ft, 
would  be  368.909  —  4  (0.036)  -  368.769.  If  the  tangents  were  ISO  ft  in 
leasth  and  angle  A  had  the  same  value,  the  radius  would  be  368.769  X 
1.6  -  563.164. 

DsPLacmnr  Aiiolbb  for  are  lengths  of  100  ft  are  given  in  the  sixtii  column 
of  the  taUe.  If  it  is  desired  to  stake  out  points  on  a  curve  at  100-ft  intervals 
meamred  around  the  curve,  the  value  given  in  the  mxtb  column  would  be 
need  for  the  d^eetion  angle,  while  the  chord  used  to  locate  the  points  would 
be  twice  tlve  vahie  of  the  chord  tax  a  6&-ft  arc  stated  at  the  top  of  the  table 

•The  tsfaln  were  fumtahed  by  ths  MiMsehmitti  HIghwsy  Cemmlirion.  They 
mmj  be  soptad  wItlHNit  UsUBty  lor  dsmsgM  on  ■eeoont  of  tba  oopTilglit. 
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6262.3 

• 

20 

6514 

s 

2945 !9 

20 

7790 

6 

8940 

9 

20 

9411 

8 

6288.6 

30 

6683 

4 

2960.3 

30 

7814 

3 

3960 

1 

30 

9442 

2 

6316.0 

40 

6662 

6 

2974.7 

40 

7838 

1 

3979 

4 

40 

9473 

2 

5841.5 

60 

6671 

9 

2989.2 

60 

7862 

1 

3998 

7 

60 

9504 

4 

6368.2 

IS 

66ftl 

2 

3003.8 

Its 

7886 

2 

4018 

2 

118 

9536 

7 

6396.1 

10 

6610 

6 

3018.4 

10 

7910 

4 

4037 

8 

10 

9567 

2 

5422.1 

20 

6630 

1 

3033.1 

20 

7934 

6 

4057 

4 

20 

9698 

s 

5449.2 

SO 

6649 

e 

3047.9 

30 

7959 

0 

4077 

2 

30 

9630 

7 

6476.5 

40 

6669 

2 

3062.8 

40 

7983 

6 

4097 

1 

40 

9662 

6 

5504.0 

SO 

6688 

8 

8077.7 

60 

8008 

0 

4117 

0 

60 

9694 

7 

5531.7 

W 

6708 

6 

3092.7 

Its 

8032 

7 

4137 

1 

lit 

9727 

0 

5559.4 

10 

6728 

4 

8107  7 

10 

8057 

4 

4167 

3 

10 

9759 

4 

6687.4 

20 

6748 

2 

8122' 9 

20 

8082 

8 

4177 

5 

20 

9792 

0 

6615.5 

SO 

6768 

1 

3138  1 

SO 

8107 

3 

4197 

9 

30 

9824 

8 

6643.8 

40 

6788 

1 

8163.3 

40 

8132 

8 

4218 

4 

40 

9867 

7 

6672.3 

60 

6808 

2 

3168.7 

50 

8157 

5 

4239 

0 

50 

9890 

8 

6700.9 

M 

1 

6S28 

8 

3184.1 

ut 

8182 

8 

4259 

7 

12t 

9924 

0 

5729.7 

10 

6848 

6 

8199.6 

10 

8208 

2 

4280 

5 

10 

99B7 

6 

5768.6 

20 

6868 

8 

3216. 1 

20 

8233 

7 

4301 

4 

20 

9991 

0 

5787.7 

SO 

68S9 

2 

tt80.8 

SO 

S2B» 

3 

4322 

4 

SO 

0025 

0 

5817.0 

40 

6908 

« 

SS46.5 

40 

8286 

0 

4848 

6 

40 

100G9 

0 

5846.6 

GO 

«80 

1 

sm.8 

60 

8S10 

8 

4864 

8 

50 

10093 

0 

6876.1 
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Bests 


multiplied  by  the  cos  of  one-half  the  deflection  angle  fur  100-ft  chord. 
When  the  curve  ia  staked  out  at  50-ft  Intervals,  the  defleotioa  angle  would 
be  one-half  the  value  given  in  the  sixth  oolumn  and  the  chord  used  to  locate 
a  poiot  measured  50  ft  around  the  curve  would  be  the  value  stated  at  the 
top  of  the  table.  Defleotioa  anglsa  and  chord  distances  for  any  other  lensths 
of  aro  than  SO  ft  or  100  ft  would  be  found  by  proportion.  When  tangent 
values  other  than  100  ft  in  length  are  used,  the  value  of  the  radius  for  the 
given  tangent  length  and  angle  A  would  be  found  as  previously  shown. 
The  deflection  ani^e  in  such  a  case  would  be  the  value  found  in  the  sixth 
column  of  the  table  opposite  the  value  of  the  computed  radius  and  the 
chord  distances  for  a  50-ft  aro  would  be  at  the  top  of  the  table  in  which  the 
value  of  the  computed  radius  occurs.  For  example,  if  the  tangent  ia  150  ft 
and  angle  A  -  30°  20',  the  computed  radius  -  553.364  ft.  In  the  table 
the  deflection  an^  for  an  aro  of  100  ft,  oorre^nding  to  a  radius  of  553.36i 
ft,  ie  5"  10.6'.  The  deflaotion  an^  for  a  60-ft  are  ia  hence  2"  35.3'  and  the 
ehoid  ia  49.98  ft 

Tu  Skbw  DiBTANoaa  given  in  the  last  column  of  the  table  are  oomputed 
for  a  SOSi  ri^t-of-way.  In  the  aooompanying  figure  the  distances  c  d  and 
cd'  =25  ft,  being  measured  perpendicular 
to  the  center  line  of  the  right'-of-way.  The 
skew  distances,  a  b  and  a  1/,  are  measured 
along  the  bisector  of  Uie  angle  c  a  c'  from  the 
angle  point  a  in  the  center  line  to  the  points 
of  intersection,  b  and  b',  of  the  right-of-way 
lines.  For  any  other  width  than  25  ft,  the 
■fcew  diatanoe  required  is  the  distanoe  in  Hbo  table  multiidled  hy  the 
ratio  of  the  width  in  question  to  26  ft 


Table  V. — Minutes  in  Dedmals  of  a  Degree  (U) 


Uin 

Deci- 
mal 

Min 

Deci- 
mal 

Min 

Deci- 
mal 

Min 

Deci- 
mal 

Min 

Ded- 
mal 

tf 

.00000 

12' 

.20000 

24' 

.40000 

36' 

.68000 

48' 

.80000 

30" 

.00833 

30" 

.20333 

80" 

.40833 

80" 

.60883 

80" 

.80833 

1' 

.01667 

13' 

.21667 

26' 

.41667 

37' 

.61667 

49' 

.81667 

30" 

.02600 

30" 

.22500 

30" 

.42500 

30" 

.62500 

30" 

.82600 

2' 

.03333 

14' 

.23333 

26' 

.43333 

38' 

.63333 

60' 

.88333 

80" 

.04167 

80" 

.24167 

30" 

.44167 

30" 

.64167 

80" 

.84167 

8' 

.05000 

16' 

.25000 

27' 

.45000 

39' 

.65000 

61' 

.86000 

30" 

.05833 

30" 

.25833 

80" 

.45833 

30" 

.66833 

SO" 

.86883 

4' 

.06667 

16' 

.26667 

28' 

.46667 

40' 

.66667 

62' 

.86667 

30" 

.07500 

SO" 

.27500 

30" 

.47500 

30" 

.67600 

80" 

.87600 

5' 

.08333 

17' 

.28333 

29' 

.48333 

41' 

.68333 

68* 

.88333 

80" 

.09167 

30" 

.29167 

30" 

.49167 

80" 

,69167 

30" 

.89167 

6' 

.10000 

18' 

.30000 

30' 

.50000 

42' 

.70000 

64' 

.90000 

80" 

.10888 

80" 

.30833 

80" 

.60333 

80" 

.70833 

80" 

.90838 

7' 

.11667 

19' 

.31667 

31' 

.61667 

43' 

.71667 

66' 

.91667 

80" 

.12500 

30" 

.32500 

80" 

.62600 

80" 

.72600 

SO" 

.92600 

8' 

.18333 

20* 

.83838 

82' 

.63338 

44' 

.78338 

66' 

.98883 

30" 

.14167 

30" 

.34167 

30" 

.54167 

30" 

.74167 

80" 

.94167 

V 

.15000 

21' 

.36000 

33' 

.65000 

45' 

.75000 

67' 

.96000 

30" 

.15888 

80" 

.86883 

30" 

.65833 

30" 

.75833 

30" 

.96888 

IC 

.16667 

22' 

.36667 

34' 

.66667 

46' 

.76667 

68' 

.96667 

80" 

.17600 

SO" 

.87600 

80" 

.67600 

80" 

.77600 

SO" 

.97600 

11' 

.18388 

23' 

.38383 

W 

.68838 

47' 

.78833 

69' 

.98838 

SO" 

.19167 

80" 

.39167 

80" 

.69167 

80" 

.70167 

80" 

.99167 

jr 

.20000 

24' 

.40000 

86' 

.60000 

48* 

.80000 

60' 

1.00000 
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Table  VI.— RtdU  (11) 


Deem 

Ridiiu 

lUdiiu 

Dcvna 

lUdius 

Dcgroo 

Ruliua 

0"  V 

Inflnita 

9°  20' 

614 

05 

18''40' 

307 

08 

28"  W 

204,76 

10 

843T7.63 

30 

603 

29 

50 

304 

81 

30 

201  17 

20 

17188.80 

40 

592 

89 

19  0 

301 

64 

29  0 

197,70 

30 

11459.20 

60 

aR 

Ou 

10 

n9 

80 

194.36 

40 

8594.42 

10  0 

673 

1 J 

iL4 

20 

296 

4*J 

30  0 

191.01 

60 

6876.56 

10 

W1N> 

in 

30 

Q1 

80 

187.88 

1  0 

6729.65 

20 

654 

66 

40 

941 

A9 
4fi 

81  0 

184.86 

10 

4911.16 

SO 

545 

87 

60 

too 

98 

80 

181.91 

20 

4297  28 

40 

637 

34 

20  0 

286 

67 

32  0 

179.07 

30 

3819.88 

60 

629 

vo 

10 

fi04 

30 

176  32 

40 

3437 , 87 

11  0 

621 

07 

20 

281 

87 

33  0 

178  66 

60 

8125,8$ 

10 

613 

xn 

*v 

80 

A  1  9 

VO 

30 

171.06 

2  0 

2864.93 

20 

606 

76 

40 

277 

38 

84  0 

168  64 

10 

2644.68 

30 

jiaa 

49o 

Att 

50 

97  K 
A  I  o 

30 

166.10 

20 

2455  70 

40 

St9 
96- 

21  0 

ti  £ 

ff4 

35  0 

163.78 

30 

2292.01 

50 

484 

40 

10 

270 

78 

SO 

161 .42 

40 

2148  79 

12  0 

AIT 

fiR 

20 

ai 

Dl 

36  0 

159  IS 

50 

2022.41 

10 

471 

1R 
iv 

80 

266 

69 

30 

167  00 

8  0 

1910.08 

20 

464 

78 

40 

264 

54 

37  0 

164.88 

10 

1809.57 

30 

458 

M 

9V 

60 

9<t9 

R9 

30 

162  82 

20 

1719.12 

40 

452 

57 

22  0 

260 

54 

38  0 

150.81 

80 

1637.28 

60 

iiR 

44  V 

10 

9RB 

ADO 

VO 

30 

148.85 

40 

1562.88 

13  0 

440 

97 

20 

66 

39  0 

146  94 

60 

1494.95 

10 

435 

40 

30 

264 

76 

80 

145.08 

4  0 

1432  69 

20 

429 

96 

40 

9R9 

as 
oo 

40  0 

143  27 

10 

1375.40 

80 

424 

66 

60 

261 

04 

80 

141  60 

20 

1322.63 

40 

44f 

28  0 

A49 

99 

41  0 

139 , 78 

80 

1273 . 57 

60 

414 

44 

10 

247 

48 

30 

138  09 

40 

1228.11 

14  0 

409 

32 

20 

246 

66 

42  0 

186.45 

60 

1185  78 

10 

Kt 
vl 

30 

£4.> 

Q9 

30 

134.84 

6  0 

'  1146.28 

20 

399 

80 

40 

242 

43  0 

133  28 

10 

1109.33 

30 

395 

21 

60 

240 

61 

30 

131.75 

20 

1074.68 

40 

390 

72 

24  0 

238 

SA. 

04 

44  0 

130  25 

30 

1042.14 

60 

886 

33 

10 

237 

20 

30 

128  79 

40 

1011.61 

16  0 

382 

04 

20 

235 

57 

46  0 

127.36 

50 

982.64 

10 

377 

84 

SO 

233 

17 

30 

126  96 

6  0 

966.87 

20 

873 

74 

40 

232 

39 

46'  0 

124 . 59 

10 

929.67 

SO 

369 

72 

50 

230 

on 

80 

123.26 

20 

906.13 

40 

365 

79 

25  0 

229 

30 

47  0 

121.94 

80 

881.96 

60 

B4 

10 

227 

78 

30 

120.66 

40 

869  92 

16  0 

aoo 

17 

20 

226 

9)1 

48  0 

119  40 

50 

838.97 

10 

004 

4o 

30 

£a4 

fit 

30 

118.17 

7°  0* 

818  64 

20 

360 

86 

40 

228 

85 

49  0 

116.97 

10 

799.61 

30 

847 

82 

60 

221 

91 

SO 

116.79 

20 

781  44 

40 

843 

86 

26  0 

220 

49 

60  0 

114  63 

30 

764.08 

50 

340 

46 

10 

219 

08 

30 

118.49 

40 

747.48 

17  0 

337 

11 

20 

217 

70 

51  0 

112.88 

SO 

731 .68 

10 

333 

84 

30 

216 

33 

30 

111.29 

8  0 

716.34 

20 

330 

63 

40 

214 

98 

52  0 

110.22 

10 

701.78 

30 

827 

48 

60 

213 

66 

30 

109.17 

20 

687.70 

40 

824 

40 

27  0 

212 

88 

63  0 

108.14 

30 

674.22 

60 

821 

87 

10 

211 

03 

80 

107,13 

40 

661.26 

18  0 

318 

39 

20 

209 

74 

54  0 

106.14 

60 

648.79 

10 

315 

47 

30 

208 

47 

30 

106.17 

S  0 

686.78 

20 

812 

61 

40 

207 

22 

65  0 

104,21 

10 

<25.» 

SO 

309 

7> 

60 

206 

98 

80 

iia.28 
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Table  m— Exteniils.  Kadii.  An*  for  Tinseats  o<  100  Ft,  Deflectiona 


Chord  for  WUoot  An  —  SO.OO 


Ext  R»diiu  Diff  Are  DefAreSkew 
Ft     Foat      10"     Feet     100  Ft  25  Ft 


i2178J6 
21iB6.76 
20S3t.S7 
30221^7 
1BM4.10 
ia098.41 
18682.24 
18093^ 
17629.28 
17188.54 
16709.30 
16370.01 
15089.31 
15625.90 
15278.66 
1494630 
14628.48 
14323.71 
14031.38 
13750.76 
13481.11 
13221.85 
12972 J17 
13732.13 
12500.63 
12277.3a 
12061.99 
11854.01 
11653.09 
11458.86 


11S.22 
111.92 
195.25 
99.13 
93.52 
88.42 
83.70 
79.35 
7U2 
71.63 
68.18 
64.98 
61.97 
59.21 
S6J» 
54.15 
51.90 
49.74 
47.73 
45.84 
44.06 
42.38 
40  80 
39.30 
37.88 
36.55 
36.27 
34.07 
32.92 
3133 


199.998 


m.uay  ,o'  ot^' 
07.8 
08.0 
08.3 
08.6 
083 
09.0 
09.3 
09.5 
09.8 
0°  10.0' 
10.3 
10.5 
10.8 
11.0 
11.3 
11.5 
113 
12.0 
12.3 
0*  12.5' 
12.8 
13.0 
13.3 
13.6 
13.8 
14.0 
14.3 
14.5 
14.H 

199.995  0°  15,0' 


199.996 


25.00 


25.00 


23.00 


i' 


Chord  for  KHoat  An  -  60.00 


'Ext  RmGhh  DiS 
I  Ft     Feet  10" 


0J> 


•  0.4 
1 

t 
S 

s 

9 

7 
8 
t 

U 

11 
12 
IS 
1« 
1* 
1« 
17 
18 
It 
»0.6 
21 
22 
2S 
». 
2S 
2C 
27 
28 
2t 
M 
SI 
S2 
33 
34 
3S 
M 
37 
38 
3t 
M 
<1 
42 
43 
44 
4C 
4« 
47 
48 
49 
M03 
51 
S2 
53 
U 
M 
M 
57 
58 
59 

M0.9 


0.7 


0.7 


1145836 
11271.01 
11089.20 
10913.18 
10742.64 
10577.37 
10117.09 
10261.61 
10110.69 
9964.140 
9821.794 
9683.449 
0648.947 
9418.130 
9290348 
9166.962 
9046333 
8928.839 
8814.367 
8702.774 
8593.979 
8487.871 
8384.350 
8283.325 
8184.704 
8088.404 
7994.343 
7902.444 
7812.634 
7724.842 
7639.000 
7556.0*6 
7472.916 
7392353 
7313.899 
7236.900 
7161307 
7087.667 
7015.334 
6944.464 
6876.0OS 
6806.930 
6740.185 
6674.737 
6610347 
6547.680 
64S6.SO0 
6426.175 
6365.674 
6307.264 
6249.915 
6193.600 
6138.290 
6083.969 
S030.582 
5978.132 
6926.587 
5S7S.923 
6,mil7 
5777.  U8 
5728.9% 


Ant  DefAn'Sksw 
Feet 


199.993 


199.991 


3133  199.906 
3030 
2031 
2837 
37.08 
27.12 
26.31 
2633 
24.78 
34.04 
23.39 
22.73 
122.11 
;2I3I 
2033 
j2037 
1934 
19.33 
18.84 
1836 
17.91 
17.47 
.17M 
16.63 
16.24 
1536 
15.49 
15.14 
14.70 
,14.46 
,14.16 
13.83 
13.54 
13.25 
12.97 

ji2.eo 

1 12.43 
12.18 
11.93 
11,60 
11.46 
11.23 
11.01 
1030 
10.60 
10.39 
10.20 
10.01 

9.83 

9.65 

9.47 

9.30 

9.14 

8.08 

832 

8.67 

8.62 

8.37 

8.23 

8.09 

7.S6  199.980 


199.988 


199.966 . 


109.083 


25.00 
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Chard  fbr  IMbot  An  -  SOOO 


H 

Diff 

An 

Def  Ak 

Skew 

M 



Ert 

DifF 

An 

D«f  An 

Skew 

Fm» 

F«at 

10" 

F««t 

100  Fwt 

25  Ft 

Feet 

10" 

F«0t 

100  Feet 

25  Ft 



■ 

M 

■TOO  AAA 

T  AA 

IVWJMU 

A*  4A  W 

4E  W\ 
AM) 

A 
• 

1  B 

BflIB  BAA 

B  AA 

lOA  BAA 

lW.aM 

11^  AA  1^ 

IT  IMT 

BA  Al 

1 

S6S1.03S 

7.83 

.079 

30J 

1 

•707.7a8 

A  AA 

3.00 

M4 

AA  B 

463 

1 

7.7U 

J79 

BVTA  AAI 

B  AA 

B.40 

AAB 

AA  A 

463 

a 

tWHUW 

1  JW 
(.W 

AA  0 

nut 

B 
• 

BTRA  BIB 

B  AB 

3.13 

AAB 

AA  B 
iM 

* 

H44,U1 

7.4t 

Bf9B 

•  1  A 

9Ii) 

4 

S736.780 

8.39 

44X) 

< 

7rfM 

Al  9 

31.3 

A 
• 

BflE  ABE 

B  BA 

J62 

AA  B 

bU 

! 

MMIW 

iM 

ATT 

«l  E 

3IJt 

A 
< 

BAAA  AAA 

B  Bl 

Ml 

AAl 

463 

7 

Ht3.UV 

7.11 

Jul 

81.S 

7 

367S.8S8 

B  OB 

S.28 

J61 

4«J 

8 

tSnUloS 

7JI0 

stn 

32.0 

B 

86S6.26& 

B  U 

.960 

47:0 

f 

WinJlU 

A  OA 

32.3 

A 
• 

BABA  All 

B  Bl 

3JI1 

AAA 

473 

IP 

9,9 

USB  01 1 

A  IB 

10a  OTA 

Pfi  Art  E' 

Z5JjO 

aV 

1  A 

BAIT  tKO 

B  IB 

■  IM  AAA 

0*473' 

2631 

11 

BH7.888 

S.« 

.976 
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54 

634.061 

.100 

471 

30.7 

U 

673.460 

.113 

415 

15.6 

55 

634.361 

.100 

.368 

81.0 

H 

071.789  I.1I3 

443 

15.9 

fit 

633.761 

.100 

461 

314 

57 

671.119 

.112 

439 

16.1 

57 

633.163 

.100 

.361 

314 

M, 

070.460 

.111 

436 

16.4 

58 

0S24W  J>99 

468 

31.7 

n 

009.782  .111 

433 

10.0 

fit 

031.970  Mi 

455 

3S.0 

w 

74 

aoB-iis  1.111 

198431 

4*  1B.9'  I3S.38 

tt 

7.» 

631.375  .OOB 
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4*3L2' 
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18* 

ir 

Chord  for  SMoot  An  -  4B.B» 

Chord  for  BMoot  Arc  - 

40.98 

U 

Ert 

Bsdini 

Diff 

Are 

DrfAro 

Skew 

M 

Ert 

Badnta 

Diff 

An 

EM  Arc 

Skew 

Feet 

Feet 

10" 

Feet 

100  Feet 

25  Ft 

Feet 

Feet 

10" 

Feet 

100  Pert 

26  Ft 

— 
1 

7.9 

831^5 

.099 

198.352 

4'  32Ji' 

25J1 

9 

8.3 

597.576 

.089 

19B.I61 

4*  47.8' 

2iM 

1 

S30.7Bt 

io99 

J49 

32.5 

1 

597.043 

.089 

.161 

47^9 

] 

<30.189 

.009 

.346 

32J 

2 

596.510 

.089 

.157 

46.2 

1 

829.597 

J)98 

J43 

33.0 

S 

595.979 

.089 

.164 

48.4 

4 

029,007 

.098 

J40 

33J 

4 

595.448 

.088 

.151 

48.7 

1 

03S.417 

.098 

.337 

33JS 

S 

594.918 

.088 

.148 

48.9 

1 

827.829 

.098 

.334 

33 

t 

694.390 

.088 

.144 

40.2 

627!341 

X)98 

J3J 

34.0 

7 

593.862 

.088 

.141 

49.4 

9 

626.665 

.098 

.328 

342 

8 

593.335 

.088 

.138 

49.7 

1 

62&070 

!o97 

.325 

34.6 

t 

693.808 

.088 

.136 

50.0 

\^ 

7.t 

825.486 

.097 

198.322 

4°  34.8' 

25.32 

It 

6.4 

592.283 

.087 

198.131 

4'  50.2" 

26J6 

11 

624.903 

io97 

.318 

36.1 

11 

591.759 

.087 

.128 

sois 

IX 

624.321 

.097 

.315 

36.3 

12 

591.236 

.087 

.125 

60.7 

15 

823.740 

.097 

.312 

36.6 

13 

590.713 

.087 

.122 

61.0 

823.160 

fl97 

.309 

36^8 

14 

590.191 

.087 

.118 

61.2 

u 

022.681 

.308 

38.1 

U 

589.671 

.087 

.115 

S1.6 

1« 

822.003 

-098 

.303 

36.3 

16 

589.151 

.087 

.112 

61.8 

17 

821.427 

.096 

.300 

38.6 

13 

588.632 

.086 

.108 

52.0 

18 

620.851 

!096 

.297 

36.9 

IS 

588.114 

.086 

.105 

i2,Z 

it 

820.276 

X)96 

.294 

37.1 

11 

587.597 

.086 

.102 

82.6 

M 

S.0 

819.703 

J)90 

19g|291 

4'  37.4' 

26.32 

2t 

gji 

587.080 

.086 

loslooo 

4°  62.8' 

26  J6 

XI 

619.130 

i)95 

.288 

37.6 

21 

586.565 

.086 

.095 

53.0 

n 

818.659 

JOK 

.281 

37.9 

22 

586.051 

.086 

.092 

63.3 

n 

817.986 

.096 

.281 

38.1 

2S 

585.537 

.086 

.089 

63.6 

M 

617.419 

.278 

38.4 

24 

585.024 

.086 

.085 

63.8 

u 

616.8S0 

.095 

.276 

38.7 

2S 

584.512 

.085 

.082 

61.1 

M 

616.283 

J)96 

.272 

38.9 

34 

584.001 

.085 

.079 

64.3 

Z7 

816.716 

jm 

.269 

39.2 

27 

583.491 

.085 

.076 

51.6 

Ml 

616.151 

.266 

39.4 

28 

582.982 

.085 

.072 

&1.6 

St 

814.586 

XM 

.282 

39.7 

2t 

582.173 

.085 

.069 

65.1 

tt 

S.1 

614.023 

jm 

198.269 

4'  39.9* 

26.33 

St 

8JS 

581.96G 

.085 

198.066 

4°  55.4' 

25.37 

« 

613.461 

jm 

.256 

40.2 

11 

581.459 

.084 

.062 

55.6 

n 

612.899 

.093 

.253 

404 

12 

5SO.053 

.0S4 

.059 

55.9 

IS 

612.339  1.093 

.260 

40.7 

13 

5W.448 

.OM 

.056 

58. 1 

u 

611.779 

.093 

.247 

41.0 

M 

579.M1 

.(IS4 

.052 

66.4 

u 

611.221 

.003 

.244 

41.2 

15 

579,441 

.Cl»l 

JM9 

58.6 

M 

610.864 

.003 

.240 

416 

U 

578.9J8 

.046 

56.9 

n 

610.107 

.003 

.237 

41.7 

37 

578.437 

.OS! 

.042 

57.2 

S8 

60B.5S3 

.003 

.234 

42.0 

38 

577.936 

.083 

.039 

67.1 

W 

608.997 

.002 

.231 

42.2 

3t 

577.436 

.OW 

.036 

67.7 

M 

&3 

608.444 

.002 

108.228 

4*  42JS' 

26.34 

4t 

8.6 

576.937 

.083 

108.033 

i"  57.9' 

26.37 

U 

607.891 

.092 

J2S 

42.8 

41 

S76.439 

.0M3 

.030 

56  2 

u 

607.340 

.092 

.221 

43.0 

42 

575.941 

,0^ 

.026 

68^4 

41 

606.789 

.092 

.218 

43,3 

43 

575.445 

.0S3 

.022 

58.7 

44 

eoa.240 

.092 

.215 

43Ji 

44 

1  574.M9 

.IJS3 

.019 

S9.0 

4« 

805.691 

Ml 

.212 

43.8 

4ft 

571.154 

.082 

.016 

59.2 

4« 

606.143 

.209 

44.0 

44 

573.960 

.082 

.012 

59.8 

47 

004.697 

SfOl 

J!06 

44  3 

47 

573.167 

082 

009 

50.7 

48 

604.051 

Ml 

.202 

44!6 

48 

572.971 

'.062 

.006 

5'  00.0' 

4f 

603JWe 

Ml 

.199 

44^ 
4°  45.1' 

4t 

572.482 

.082 

.002 

00.2 

M 

&2 

602.962 

Ml 

198.196 

25.34 

M 

8.7 

571.992 

.082 

197.990 

5°  00,5' 

26.38 

SI 

602.420 

.090 

.103 

45J 

Si 

571.502 

.082 

.995 

00.8 

K 

601.878 

.090 

.189 

45.6 

S2 

571.013 

.082 

.992 

01. 0 

U 

601.337 

.090 

.188 

46.8 

53 

570.5:il 

.081 

.989 

01.3 

M 

600.797 

.090 

.188 

46.1 

S4 

570.037 

.081 

.985 

ou 

U 

800268 

.090 

.180 

48.4 

U 

669.550 

.081 

.982 

01.6 

M 

599.720 

.090 

.177 

40.6 

M 

569.064 

.081 

.070 

02.1 

599.182 

JOM 

.173 

46.9 

51 

56S.G79 

.081 

.075 

02.3 

w 

M8.648 

JM 

.170 

47.1 

18 

568.091 

.081 

.072 

02.0 

ft 

ns.111 

JM 

.167 

47.4 

5t 

567.611 

.081 

.968 

02.8 

tti 

5«7.<76 

JM 

10S.1M 

4*47.6' 

26.36 

M 

8.7 

S67.I2S  1.060 

197.965 

6'  03.1' 

25.3« 

D'qibzec  by 


Googit 


246  Surveys  and  Office  Practice  Sect.  5 

Table  Vn. — Eztenuls,  Radii,  Area  for  Tangaata  of  100  Ft,  Deflectiona 


Chord  for  50-(oot  Arc  -  4S.9 


Eit 

RmUus  iDiff 

Are 

Dei  Arc 

Skew 

M 

Exti  lUdhu 

Diff 

Arc 

Def  Arc 

Feet 

10" 

Feet 

100  Feet 

26  Ft 

10" 

Feet 

100  Pert 

— 
1 

8.7 

M7.t28 

.080 

197.965 

5'  03  r 

25.39 

— 
t 

9.2 

530.552 



.073 

197,738 



6°  13.6' 

] 

.962 

03.3 

1 

530.11 1 

.7o2 

18.8 

i 

604.165 

.958 

03.6 

2 

538.677 

.7  H) 

19.1 

fiAs.sas 

.955 

03.9 

S 

5H.24I 

.745 

19.4 

i 

505.309 

■961 

04.1 

4 

S37.80j 

.742 

19.6 

t 

604.720 

.948 

04.4 

S 

537.370 

.738 

19.9 

• 

0M.248 

.944 

04.6 

t 

536.036 

.734 

20,1 

7 

663.771 

.041 

04.9 

3 

536.501 

.731 

20.4 

8 

663.295 

.938 

05,1 

8 

636.070 

.727 

M.i 

» 

502J19 

.934 

05.4 

9 

635.63<4 

.724 

20.9 

It 

602.314 

.079 

197.931 

5"  05.7' 

25.39 

It 

9.3 

5W.206 

,072 

197.720 

5*  21.2' 

11 

561.870 

.927 

05.9 

11 

534.775 

.716 

21.4 

12 

501.397 

.924 

06.2 

t9 

l« 

534.345 

.713 

21.7 

U 

500.924 

.920 

06.4 

t9 

53,1.016 

.709 

31.0 

14 

500.452 

.917 

06.7 

tA 
IV 

533.487 

.700 

15 

559.981 

.914 

07.0 

1  ft 

533.069 

!702 

It 

559.611 

.910 

07.2 

i« 
i« 

532.631 

.008 

23.7 

13 

S5B.042 

.907 

07.6 

IT 

532.201 

.006 

9^1  n 

is: 

558.573 

.903 

07.7 

531.778 

.601 

23.2 

i»: 

658.105 

.900 

08.0 

1ft 

531.363 

.688 

33J 

2t.  8.9 

557.638 

.078 

197.897 

5*  06,2' 

25.40 

SW 

530.028 

.071 

197.684 

5"  23.7' 

21 

557.171 

.803 

08.5 

91 

iQM. 

530.504 

.680 

24.0 

» 

556.700 

jnm 

08.8 

99 

44 

530080 

.677 

24.3 

656.241 

.886 

09.0 

9^ 

iC4 

529.657 

.673 

24.5 

2« 

666.777 

09.3 

«V 

529.235 

.600 

24.8 

u! 

655.313 

.870 

00.6 

99 

528.813 

.666 

36.0 

2t, 

664.851 

.876 

0»£ 

9ft 

52^.303 

.662 

26.3 

23 

564.389 

.872 

lO.O 

91 
6§ 

527.972 

.659 

25!o 

28 

553.927 

.869 

10.3 

%o 

627.553 

.655 

25.8 

29 

563.467 

.865 

10.6 

4* 

537.134 

.051 

30.1 

St 

9.0 

553.007 

.077 

197.862 

5'  10.8' 

26.41 

9.4 

526.716 

.070 

107.648 

6'  Joj' 

« 

U2.548 

.858 

11.1 

31 

526.207 

.644 

9fl  ft 

22 

662,090 

.855 

11.3 

S9 

V4 

.^25.8.10 

.640 

30.9 

S3! 

561.633 

.851 

11.6 

33 

525.464 

.637 

27.1 

S4 

651.170 

.848 

II.B 

SI 

525.048 

.033 

27,4 

M 

550.720 

.844 

12.1 

35 

524.633 

.620 

37,0 

39 

650.264 

.841 

12.4 

St 

524.218 

.626 

27.9 

37 

549.810 

.837 

12.6 

37 

523.8M  1 

.622 

38,2 

S8 

649.366 

A'M 

12.B 

38 

523.301 

.618 

28.4 

39 

548.903 

.830 

13.1 

39 

522.078 

.615 

28.7 

4t 

9.0 

548.461 

,076 

197.827 

5"  13  4' 

25.41 

40 

0.5 

522.566 

.060 

107.61 1 

6*  28.9' 

41 

647.999 

.823 

13.7 

41 

522-155 

.607 

29.2 

42 

547.548 

.820 

13.9 

42 

521.744 

.604 

30.4 

43 

547.098 

.816 

14.2 

43 

521.334 

.6(10 

29.7 

546.048 

.813 

14.4 

44 

520.925 

.506 

30.0 

546.199 

.800 

14,7 

4C 

520.616 

.502 

30.2 

4ti 

545.761 

.806 

15.0 

4« 

520.107 

.5S9 

30-S 

47 

645.304 

*)2 

15.2 

43 

510.700 

.5S5 

30.7 

48 

644.857 

.799 

15.6 

48 

510.203 

.581 

31,0 

49 

544.411 

.705 

15.7 

49 

518.886 

.578 

3L3 

M 

9.1 

643.966 

.074 

1S7.7B1 

S*  18.0' 

25.42 

SO 

0.6 

518.480 

.068 

107.574 

6*  31,5' 

U 

643.521 

.788 

16.2 

51 

518.075 

.670 

31.8 

S2 

643.078 

.784 

16.5 

S2 

517.671 

.566 

32,0 

U 

642.634 

.781 

16.8 

53 

617.268 

,66.1 

33.3 

H 

542.192 

.777 

17.0 

C4 

516.863 

M9 

32.6 

S5 

541.750 

.774 

17.3 

U 

1  516.46(1 

.555 

32.8 

M 

541.309 

.770 

17.5 

M 

1  516.058 

352 

33.1 

S3 

540.869 

.767 

17  8 

S3 

1  515.657 

.548 

33,3 

<8 

540.429 

.763 

l.'f.l 

68 

ii&.ZK  1 

.644 

33.6 

U 

530.no 

,700 

18.3 

S9 

514.855  ' 

.540 

33.9 

tt 

0.2 

63BJU2 

.073 

107J56 

5'  18.6' 

36.43 

tt 

0.6 

514.455 

.067 

197.537 

5'  34.1' 

21°  
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CboH  of  6Moot  Arc  -  U.gS 

Chord  of  SMoot  An  -  49.98 

Ert 

IM 

An) 

Def  Arc 

M 

Git 

Rmttiua 

Difl 

Ara 

Def  Aro 

FM 

Foat 

Iff' 

Feet 

100  Feet 

26  Ft 

Feet 

Feet 

10" 

Feet 

100  Feet 

25  Ft 

• 

t.O 

614.4U 

ig7Ji37 

6'  34.1' 

26.47 

t 

10.1 

491.616 

.061 

197307 

6'  49.7' 

2631 

1 

JS33 

34.4 

1 

491.160 

303 

60.0 

», 

613.(U8 

.629 

34.6 

S 

490.786 

.290 

603 

t 

.626 

34.9 

S 

490.421 

.296 

603 

612.M3 

Jt22 

36.2 

4 

490.056 

.291 

503 

J 

612.4W 

J18 

35.4 

t 

489.603 

.  387 

61J) 

• 

512.069 

.514 

35.7 

t 

489330 

383 

613 

511.074 

JilO 

35.9 

1 

488.967 

.279 

513 

a 

511.271) 

J07 

36.2 

8 

488.606 

.275 

513 

• 

510.884 

Ji03 

36.5 

t 

488.244 

373 

62.1 

It 

510490 

JMB 

197.499 

2S.4S 

It 

10.1 

487382 

.000 

197.288 

4'52.3' 

2533 

u 

5I0:XS7 

.496 

37J) 

11 

487333 

364 

62.6 

u 

009.704 

.491 

87.2 

IS 

487.163 

.260 

623 

IS 

509J12 

.488 

373 

IS 

486303 

356 

63.1 

u 

508.921 

484 

37.7 

14 

480.444 

.253 

634 

u 

508.530 

JSD 

38JI 

19 

4g6.0»i 

.348 

53.6 

» 

508.139 

.476 

383 

It 

485.727 

.244 

63.9 

13 

507.750 

.473 

383 

17 

485.370 

.240 

64.1 

18 

507.360 

.469 

383 

IS 

485.013 

.236 

64.4 

It 

505.973 

.466 

39i> 

It 

4S4.A57 

J32 

54.7 

M 

506.583 

.066 

197.461 

6°  393' 

25.48 

St 

lOJ 

484.300 

.069 

197.228 

6'  54.9' 

2533 

SI 

506.196 

.467 

39.6 

SI 

483.045 

.324 

65.2 

SS 

506.809 

.454 

393 

22 

483.590 

.22P 

66.4 

S3 

50S.423 

.450 

40.1 

SS 

4S3.Z36 

.276 

55.7 

U 

506.037 

.446 

40.4 

24 

482382 

.312 

68.0 

u. 

504.652 

.442 

40.6 

24 

432329 

.208 

663 

M 

504.267 

.438 

40.9 

S6 

482.176 

301 

563 

S7 

503 JS3 

.435 

41.1 

27 

481323 

.200 

5«.7 

S8 

503.499 

.431 

41.4 

28 

481.471 

.106 

57J) 

St 

503.117 

.427 

41.6 

2t 

481.120 

.192 

57.3 

St 

U 

M2.734 

.064 

197.423 

5"  41.9' 

26.49 

St 
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480.769 

.069 

197.188 

6"  573' 

2534 

tl 

502.362  ' 

.419 

42.2 

31 

480.418 

.184 

67.8 

ss 

501.B71 

.416 

42.4 

St 

480.068 

.180 

58.0 

n 

501Ji90 

.412 

42.7 

33 

479.710 

.176 

583 

M 

601.210 

.408 

42.9 

S4 

479.370 

.172 

68.6 

St 

500.830 

.401 

432 

36 

479.021 

.168 

683 

M 

500.451 

.400 

433 

SC 

478.673 

.164 

69.1 

S7 

500.073 

.396 

43.7 

37 

478.326 

.160 

69.4 

S8 

499.006 

J93 

44.0 

38 

477.978 

.156 

69.6 

St 

490.317 

.380 

443 

.39 

477.632 

.162 

69.9 

M 

9.9 

496.M0 

.063 

197.385 

5"  443' 

2530 

!  4* 

10.4 

477.286 

.068 

197.148 

6°oo.r 

2534 

41 

498.564 

.381 

44.8 

41 

470.940 

.144 

00.4 

« 

496.188 

J77 

46.0 

1« 

476395 

.140 

00.7 

U 

407.813 

.373 

453 

.43 

476.250 

.136 

00.9 

u 

407.438 

453 

U 

475.906 

.132 

013 

u 

497.064 

.366 

463 

\i& 

475363 

.128 

01.4 

M 

490^600 

361 

46.1 

|M, 

47S.2I9 

.124 

01.7 

«7 

49&318 

.358 

46.3 
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SI 

376.180 

.460 

3S.2 

ss 

388  J36 

.751 

^2.4 

S2 

374.960 

.460 

38.4 

ss 

388.302 

.746 

23.7 

SS 

374.731 

.445 

38.7 

S4 

388.068 

.741 

22.0 

H 

374.612 

.440 

39.0 

SS 

387.835 

.736 

23.2 

SS 

374.294 

.436 

39.2 

S« 

387.001 

.732 

33.5 

SS 

374.075 

.430 

39.5 

S7 

387.360 

.737 

23.7 

S7 

373.858 

.426 

30.8 

SS 

387.136 

.722 

24.0 

« 

373.040 

.430 

40.0 

St 

386.901 

.717 

24.3 
r  84.5' 

S9 

373.423 

■416 

4a3 

M 

12.7 

386.671 

.039  10S.713 

36.82 

SS  13.3 

373.306 

106^10 

r  4ar 

S6J8 

Cbord  for  SUoot  Arc  -  40.07 


L.ooQle 


Art.  16  Curve  Tablea 

for  Ara  (rf  100  Ft,  and  Skew  Diitucei  for  WidOs  of  U  Ft 


251 


 ir  
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M 

Ext 

Itsdiua 

Diff 

Are 

Del  Are 

Skew 

ii 

Eit 

R«diue 

Diff 

Ara 

Def  An 

Skew 

F<et 

Feet 

10" 

Feet 

100  Feet 

25  Ft 

Feet 

Feet 

10" 

Feet 

leOFeet 

26  Ft 

13.2 

373.205 

.006 

19S.410 

7^  40.6 

2538 

t 

13.6 

360.588 

.034 

196A97 

7*  60.7' 

&94 

; 

372.  DSS 

.406 

40.8 

1 

360386 

i>92 

57.0 

s 

372.771 

J99 

41.1 

3 

360.181 

.060 

67.2 

s 

372.556 

J04 

41.4 

S 

359.B78 

.081 

673 

4 

3T2J)38 

.3S0 

41.6 

4 

360.775 

J)76 

673 

S 

372.122 

.384 

41.9 

< 

350.573 

Jt70 

68.0 

C 

371.907 

279 

42.2 

i 

350.370 

J)66 

683 

J 

371.691 

.374 

42.4 

7 

359.  ISS 

JMO 

68.6 

8 

371.476 

.368 

42.7 

8 

358.066 

.064 

583 

• 

371.261 

.363 

43.0 

9 

358.764 

MO 

60.1 

19  13.2 

371.046 

.036 

196.358 

7*  433' 

2639 

'.t 

13.7 

358.502 

.084 

1B6X>44 

7°  50.4 

26.96 

11 

37D.S31 

.363 

43  J> 

1 

358.361 

.038 

59.6 

12 

370.616 

.348 

433 

.2 

368.160 

.033 

6B.9 

IS 

370.402 

343 

44.1 

3 

357.959 

.028 

8*  00.2' 

14 

370.188 

338 

443 

4 

357.758 

.032 

003 

U 

369.076 

332 

44.S 

..fi 

357.657 

J)17 

00.7 

!• 

309.701 

.327 

44.9 

S 

357.357 

J>13 

01.0 

17 

309JHS 

322 

45.1 

:.7 

357.167 

JM 

013 

IS 

360.336 

317 

45.4 

:.8 

360.967 

JWl 

OlJl 

U 

360.122 

312 

45.7 

:S 

350.767 

194.000 

01.8 

8'  02.1 ' 

20 

36S.009 

JSO 

106307 

7*  46.0' 

2630 

;  A 

133 

366357 

.033 

1H300 

26.00 

SI 

360.097 

301 

403 

''1 

360.368 

.085 

023 

X8 

368.48S 

306 

46Jt 

366.160 

.980 

02.6 

ts 

368.273 

.391 

40.7 

'S 

356.000 

.974 

02.0 

Si 

368.061 

386 

47 J) 

','4 

355.761 

.900 

033 

ss 

367.860 

381 

473 

'■'S 

356.603 

.004 

09.4 

as 

367 JQ8 

375 

473 

'  t 

355.304 

.068 

08.7 

S7 
26 

307i43S 
807.217 

370 
M6 

473 
48.1 

'■S 

355.166 
351.968 

363 
Ml 

04jD 
01.3 

St 

367X06 

360 

48.4 

;« 

351.771 

.012 

013 

SO 

13.4 

360.790 

.036 

10535S 

7°  48.6' 

26.01 

133 

364.573 

J}33 

194.937 

8"  04.S' 

25.98 

SI 

366JI80 

349 

48.0 

•  1 

354.376 

.931 

05.0 

ss 

366J76 

.244 

403 

•  '2 

364.170 

.926 

063 

866.180 

J39 

40.4 

iS 

353.982 

.920 

05.6 

345.957 

334 

40.7 

i4 

363.786 

.015 

M.9 

» 

360.748 

328 

50.0 

IS 

353.589 

.910 

06.1 

ss 

S65JS3S 

323 

603 

:< 

353.393 

.904 

06.1 

S7 

305.330 

.318 

503 

!  7 

353.197 

.899 

06.7 

SS 

365.121 

313 

503 

18 

363.001 

.804 

06.0 

ss 

301.913 

306 

51.0 

:9 

362.806 

.888 

07.3 

40 

41 

13A 

364.706 
364.407 

.035 

196302 
.197 

7*  513' 
51.6 

26.92 

It 

i  1 

13.0 

352.609 
352.414 

.033 

194383 

8*  073' 
07.7 

26.90 

377 

4S 

304.289 

.192 

61.8 

i  z 

352.219 

372 

06.0 

4S 

304.082 

.187 

62.1 

IS 

352.024 

368 

08.3 

44 

363.874 

.181 

52.4 

44 

351.820 

.861 

08.6 

a 

363.668 

.176 

52.7 

4  S 

351.636 

356 

08.8 

M 

363.461 

.171 

62.9 

ft 

361.441 

350 

09.1 

47 

363.264 

.160 

53.2 

i  1 

351.247 

346 

00.4 

4S 

363.018 

.160 

63.5 

48 

351.053 

330 

09.6 

4S 

1  * 

OOU.OOV 

334 

uv.v 

fit 

13.6 

362.630 

.034 

196.150 

r64.0' 

25.03 

it 

14.0 

360.666 

.032 

194328 

8'  10.2' 

26.00 

302.430 

.144 

64.3 

11 

350.472 

323 

10.4 

n 

302.321 

.139 

64J 

la 

35a  Z79 

317 

10.7 

fiS 

362.010 

.134 

643 

iS 

350.086 

312 

11.0 

M 

301314 

.130 

65.1 

14 

319.804 

307 

113 

U 

361.000 

.123 

563 

ft 

319.701 

301 

lU 

St 

361.406 

.118 

66.6 

{t 

349.509 

.796 

113 

n 

361.300 

.113 

563 

n 

340.317 

.700 

12.1 

•8 

360J0S 

.100 

66.3 

18 

340.126 

.785 

12.3 

M 

mm 

.103 

60.4 

j» 

348.933 

.779 

12.6 

IS 

13.t 

JOU 

lofijitr 

rw 

26.94 

M 

14.1 

348.741 

194.774 

8"  13.0' 

2aoi 

 sr  
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Chord  for  MiocA  Are  -  49.9fi 


M 

Eit 

J' 

HMllU 

Uul 

Arc 

Dpf  Am 

Skew 

M 

\  n- 

1  ^.^r  I  w 
UK  I 

Fact 

Ireet 

llV' 

11/ 

red 

100  Feet  j  25  Ft 

rod 

ii 

Iv 

{•nj  1  aei 

— 
• 

14.1 

348.741 

.032 

IH.774 

8*  12,0' 

26.01 

• 

UJi 

337.504 

.030 

1H.440 

8'29J' 

1 

• 

318^ 

J68 

lO.l 

1 

337.414 

.435 

29.4 

t 

34&350 

-763 

2 

337.234 

.429 

39.7 

t 

348.168 

-7fi7 

1  ^  ^ 

3 

337.054 

.423 

30.0 

347,977 

.752 

4 

336.875 

.418 

30.2 

• 

347.787 

,746 

ii  9 

S 

336.695 

.412 

30Ji 

• 

347.S96 

.741 

• 

336.516 

.406 

30.8- 

7 

347.406 

.735 

7 

336.337 

.401 

31.1 

8 

347.216 

.730 

lo.v 

8 

336.158 

J95 

31.3 

t 

347.020 

734 

9 

335.979 

J89 

31.6 

10 

14.1 

346.837 

.032 

194.710 

o  io-v 

10 

14.6 

335.800 

.030 

194.3S4 

8"  31.0' 

28J» 

11 

346.647 

.713 

1  K  □ 

11 

335.622 

.378 

32.1 

12 

346.458 

.708 

10- 1 

12 

335.443 

J72 

33.4 

13 

346.269 

-702 

1 A  1 

I0.4 

IS 

335.265 

M7 

32.7 

14 

346.080 

.697 

10./ 

14 

335.087 

.361 

33  J) 

U 

345.892 

.691 

1 A  <k 

ID-V 

IS 

334.910 

.355 

33.2 

le 

345.703 

.686 

17  0 
1  f'£ 

18 

334.732 

.350 

33.5 

17 

345.515 

.680 

17  K 

11 

334.555 

.344 

33.8 

18 

345.327 

.675 

17  S 

16 

334.377 

.338 

34.1 

19 

345. 13B 

.669 

io-M 

19 

334.200 

.332 

34.3 

36 

14.2 

344.951 

.031 

m.664 

a  lOwO 

'}A  CKH 

Z9 

14.0 

334.023 

.029 

194J27 

8"  34.6' 

25.10 

21 

344.764 

.658 

Ifl  A 

21 

333.847 

.321 

34.9 

22 

344.576 

653 

IS 

22 

333.670 

.315 

35.1 

28 

344.389 

.647 

IQ  1 

23 

333.404 

JIO 

35.4 

24 

344.202 

.642 

IQ  1 

24 

333.317 

.304 

35.7 

25 

344.016 

.636 

10  7 

28 

333.141 

.298 

36X) 

2« 

343.829 

.631 

iv.v 

28 

332.B6S 

.292 

36.2 

27 

343.H3 

.625 

27 

332.790 

.287 

38.5 

28 

343.456 

.619 

on  ■ 

28 

332.614 

.281 

38.8 

29 

343.270 

.614 

2> 

332.43B 

.275 

37.1 

M 

14.3 

343.084 

sai 

194.608 

fl*  ^1  (\' 

'>R  fit 

SO 

14.7 

332.264 

.029 

194.270 

8'  37.3' 

26.11 

SI 

343.899 

.603 

21  3 

31 

332.0SB 

.264 

37.6 

12 

342.713 

J97 

32 

331.914 

.258 

37.9 

13 

342.528 

.592 

91  S 

S3 

331.739 

.252 

38.1 

84 

342.343 

.586 

S4 

331.565 

.247 

38.4 

K 

342.158 

.581 

9i>  1 

38 

331.390 

.241 

38.7 

SB 

341.973 

^76 

9*>  A 

S6 

331.216 

.235 

394) 

37 

341.789 

.569 

99  Q 

37 

331.042 

.229 

39.2 

28 

341.604 

.564 

91  9 

ss 

330.868 

.224 

39.5 

3* 

341.420 

.558 

9^  1 

39 

330.605 

.218 

30.8 

40 

14.4 

341.236 

.031 

194.553 

fl"  9!l  7' 

40 

14.8 

330.521 

.029 

194.212 

8"  40.1' 

26.12 

41 

341.053 

.547 

91  fl 

41 

330.348 

.206 

40.3 

42 

340.860 

.542 

91  7 

42 

330.174 

.201 

40.6 

43 

340.685 

Jt36 

91  H 

43 

330.001 

.195 

40.9 

44 

340.502 

.530 

24.8 

44 

329.829 

.189 

41.1 

48 

340.319 

Ji25 

25.) 

45 

329.656 

.183 

41.4 

48 

340.136 

JSL9 

25.3 

46 

320.483 

.177 

41.7 

47 

230.953 

.513 

25.6 

47 

320.311 

.172 

42.0 

48 

339.771 

.508 

25.9 

48 

320.139 

.106 

42.2 

49 

339.589 

.502 

26.2 

49 

328.967 

.160 

42JI 

80 

14.4 

339.406 

.030 

194^97 

8'  26.4' 

20.06 

50 

14.9 

328.795 

.029 

194.154 

8'  42.8' 

26.13 

81 

339.224 

.491 

28.7 

61 

328.623 

.148 

43.1 

82 

339.042 

.485 

27.0 

82 

328.452 

.143 

43.3 

M 

338.861 

.480 

27.3 

63 

32S.280 

.137 

43.0 

U 

338-679 

.474 

27  Ji 

64 

328.100 

.131 

43.9 

U 

338.498 

.468 

27.8 

86 

327.938 

.125 

44.1 

88 

338.317 

,463 

28.1 

88 

327.767 

.119 

44.4 

87 

338.136 

.457 

28.3 

87 

327.598 

.114 

447 

88 

337.955 

.452 

28.6 

68 

327.426 

.108 

45.0 

89 

337.775 

.446 

28.9 

89 

327.256 

.102 

45.2 

M 

14,5 

337.594 

.030 

194.440 

8°  29.2' 

36,07 

80 

14.9 

327.085 

.028 

194.096 

8*  45.6' 

20.14 
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Chord  for  BWoot  Are  -  49.05 


£n 

T>,  |T,,- 

Uttt 

ATD 

ua  Arc 

M 

EiXt 

tUtoIUS 

UaS 

Arc 

Uef  Are 

3am 

Ifed 

IV 

25  Ft 

feat 

26  Ft 

— 

• 

327.0B6 

JB8 

194JM» 

8"  45.6' 

26.14 

1  a 

15.4 

317.150 

.037 

193.742 

9*02.0' 

26.21 

1 

msifi 

.090 

46.8 

316.090 

.736 

02.3 

9 

326.746 

.085 

46.1 

316.838 

.730 

02JS 

9 

3»Jt7e 

jm 

46.3 

316.678 

.734 

02.8 

< 

328.400 

jm 

46.6 

318.517 

.718 

(».l 

mssr 

.067 

46.9 

316.357 

.712 

D3J 

• 

moe? 

Ml 

47.2 

319.197 

.706 

03.6 

7 

sa.m 

M6 

47.4 

1  7 

319.037 

.700 

03.9 

S 

325.720 

.049 

47.7 

315.877 

.604 

04.2 

fl 

32S.6AI 

M* 

48.0 

315.718 

.687 

04.4 

1* 

IS.0 

325^ 

.028 

194.038 

8"  48.2' 

26.16 

19 

15.5 

315.558 

.027 

103.681 

9'  04.7' 

11 

325.223 

.033 

48J  ■ 

11 

315.309 

.675 

050 

12 

326.055 

.029 

48.8 

12 

315.240 

.660 

05J 

13 

■324.8B7 

JJ20 

40.1 

IS 

315.031 

.663 

OfiJ 

U 

324.71S 

JOU 

40.3 

14 

314.022 

.667 

05J 

U 

324.551 

jm 

40.6 

IS 

314.763 

.661 

06.1 

IC 

324.383 

jxa 

40.0 

1( 

314.606 

.645 

06.4 

17 

324.216 

193.997 

SOJ 

17 

314.446 

.630 

06.6 

18 

324.019 

.991 

50.4 

18 

314.288 

.633 

06.9 

It 

323.8SI 

.985 

60.7 

19 

314.130 

.627 

07.2 

M 

15.1 

323.714 

josa 

193.979 

S'iljy 

26.17 

Z9 

15Jt 

313.972 

.026 

193.621 

9"07J(' 

26.24 

21 

323JH8 

.973 

5U 

21 

313.814 

.615 

07.7 

n 

323.381 

Ml 

51.5 

22 

313.659 

.609 

08.0 

2S 

323.214 

Ml 

SU 

28 

313.400 

.603 

06.3 

S4 

323.048 

.966 

63.1 

24 

313.341 

.607 

08.6 

* 

a* 

322^ 

4»0 

52.4 

2fi 

313.1S4 

08.8 

M 

322.716 

Mi 

52.6 

2< 

313.027 

09.1 

27 
SS 

322.5S0 
322.384 

4)32 

62.9 
53.2 

23 
28 

312J)70 
312.713 

Ji70 
JS72 

O0.4 

00.7 

n 

322.218 

.926 

SS£ 

2t 

312.557 

.566 

00.9 

M 

15J 

322.06S 

193.920 

8"  53.7' 

26.18 

M 

15.6 

312.400 

.026 

193.560 

9'  10.2' 

26.38 

11 

321J87 

J>14 

54.0 

SI 

312.244 

JM 

lOJ 

n 

321.722 

Md 

54.3 

82 

312.087 

J>48 

10.8 

» 

321 J67 

.902 

Ui 

88 

311.931 

.643 

11.0 

u 

321.303 

.897 

54.S 

34 

311.775 

J>36 

11.3 

u 

321.228 

Ml 

66.1 

38 

311.619 

.630 

11.6 

M 

321.053 

.886 

65.4 

88 

311.464 

.624 

11.0 

17 

320 

.870 

56.6 

37 

311.308 

.618 

13.1 

18 

320.734 

.873 

65.9 

SS 

311.163 

.612 

12J 

W 

32OJ170 

£Vt 

68.2 

3» 

310.907 

M6 

12.7 

M 

15^ 

330.406 

.027 

193.861 

8"  56JI' 

26.19 

40 

15.7 

310.842 

.026 

103.400 

9"  13.0' 

2eJ6 

41 

320.243 

.866 

56.7 

41 

310.6S7 

j403 

13.2 

42 

320.070 

.849 

57.0 

42 

310.532 

.487 

13.6 

U 

319.016 

.843 

57J 

43 

310.378 

.481 

13.8 

44 

319.763 

.837 

67.6 

44 

310.223 

.475 

14.1 

4« 

319.£m 

.831 

57.8 

48 

310.060 

^ 

14.4 

4« 

319.436 

.836 

68.1 

41 

300.014 

.463 

14.6 

47 

319^ 

.810 

58.4 

47 

300.760 

.456 

14.0 

48 

319.100 

.813 

58.7 

48 

300.606 

.460 

16.2 

4t 

318.938 

.807 

58.9 

41 

300.452 

15.5 

I5J 

318.776 

J027 

1«.601 

8"  59.2* 

TAW 

6t 

15.8 

309.208 

.OH 

1031438 

0"  15.7' 

26.27 

«1 

318.613 

.706 

61 

300.145 

.432 

16.0 

« 

318.461 

.789 

50.8 

62 

308.001 

.436 

16.3 

u 

318J89 

.783 

O'OO.O' 

« 

308.338 

.420 

16.9 

M 

318.137 

.778 

00.3 

U 

308.685 

.413 

16.8 

M 

217JNie 

.772 

00.6 

68 

308.532 

.407 

17.1 

U 

317J0I 

.766 

oao 

88 

308.370 

.401 

17.4 

47 

8I7.M3 

.760 

01.1 

i7 

308.226 

.306 

17.7 

W 

317^1 

JK 

01.4 

8S 

mjm 

.889 

17.0 

M 

»7J» 

.748 

01.7 

St 

307.931 

.383 

18.3 

M 

317.U9 

.027 

193.743 

••010' 

26.31 

88 

16.8 

307.768 

jm 

103.377 
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32.01 

1 

118.850 

.270 

06.1 

32.07 

9 

116, 775 

.392 

32.0 
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17.  Lerelfl 


ftecUe  LvveHng  differs  from  ordinsiy  levelinc  in  the  iDBtrumeikta  em- 
ployed and  the  care  and  refinement  used  in  doing  the  work.  Predae  lerele 
are  gsneiaUy  run  in  flBtabliBhiog  elevations  for  a  long  line  of  bench-markB. 
In  the  United  States  13  000  bench-marks  have  been  established  by  about 
31  000  miles  of  tiiis  class  of  leveling.    See  (4),  (7).  (10a),  (24b)  and  (24g). 

Initniments  Used.  The  level  may  be  either  of  the  wye  or  dumpy  type, 
the  latter  being  used  to  a  considerable  extent  in  the  work  of  the  U.  8.  Coast 
and  Geodetic  Survey.  The  telescope  is  inverting  and  in  some  of  the  latest 
instnuQentB  is  made  of  a  metal  having  a  low  coefficient  of  expansion.  Pre- 
cise levels  are  i^nerally  provided  with  three  plate  leveling  screws  and  two 
small  idate  levels  besides  the  level  tube  under  the  telescope.  Attached  to 
the  instrument  is  a  mirror  or  a  set  of  prisms  so  situated  that  the  observer 
can  see  the  long  Uvd  bubUe  when  reading  the  rod.  At  the  eye  end  of 
the  instrument,  a  micrometer  screw  is  placed  underneath  the  level  bar 
by  means  of  which  the  telescope  and  its  attached  level  can  be  lowered  or 
raised.  The  two  plate  levels  are  used  to  bring  the  instrument  to  an  ap- 
proximate level  and  the  micrometer  screw  is  used  to  accurately  center  the 
bubble  under  the  telescope.  Besides  the  central  horizontal  wire,  the  tele- 
scope is  provided  with  stadia  wires  for  the  determination  of  the  lengths  of 
sights.  The  tripod  is  constructed  so  as  to  give  adequate  stiffness  in  support- 
ing the  instrument.  The  rods  are  of  the  non-extensible  type  and  of  special 
eroas-eeetion,  graduated  to  oentimetera.  Metal  supports  for  the  rod.  which 
may  be  driven  into  the  ground  for  temporary  turnhig  points,  rod  levels,  a 
wind  shield,  and  a  sun  shade  are  also  used  in  carrying  on  the  work. 

The  U.  S.  Cosst  and  Geodetic  Surrey  In  its  predae  level  work  msk«i  two  nina  ol 
•*cfa  line,  one  la  a  forward  and  the  other  In  a  badnnrd  direction.  To  obtain  dlSereut 
atmoapberie  eoadition^  tiie  two  rant  ara  made  at  diffiraat  times  of  day,  deody  days 
gtving  the  best  naulta.  The  taatnuMBt  la  atvmya  protected  from  the  ran  by  a  lai|» 
nmbreOa.  Two  rods  are  uand  and  at  each  statloa  each  rod  Is  read,  tha  aame  rod  being 
read  first  each  time.  The  temperature  of  the  rod  ia  alio  recorded.  The  rods  are 
carefully  atandardized  twice  each  year  and  corrected  lengths  due  to  changee  in  tem- 
perature computed.  Badcdghta  and  foraights  are  made  as  nearly  equal  aa  poaaible 
and  U  any  material  difference  occurs  In  theae  lengths  correctlona  for  curvature  are 
applied.  The  forward  and  backward  run  of  a  section  must  agree  In  nHUmeten  to 
within  4  V DiSTANCB  Df  KU>c»mnB.  This  Is  equivalent  to  aa  agteaiqent  of  about 
0.016  ft  per  mile. 

Bench-Uarks.  The  V.  S.  Coast  and  Geodetic  Survey  and  other  govern- 
ment departmmte  have  established  elevations  for  bench-marks  by  precise 
methods  in  many  parts  of  the  country.  These  etevationa  are  usually  re- 
temd  to  the  elevation  oi  mean  high  water  as  a  datum.  If  such  bench- 
marks are  obtainable  they  may  be  used  as  a  reference  in  extending  lines 
of  bench-mark  levels.  Except  in  city  work  it  is  not  essential  to  use  preoiae 
methods  to  extending  the  system  of  bench-marks  as  far  as  highway  surveys 
are  concerned.  Ordinary  methods  of  leveling,  exercising  due  care,  will 
give  suffidently  accurate  results.  Altbo  it  is  more  convenient  to  have  all 
surveye  referenced  to  a  line  of  bench-marks  established  from  the  same 
datum,  many  state  highway  surveys  are  made  with  the  levels  based  on 
some  assumed  datum  where  benchee  referenced  to  a  tide  water  datum 
cannot  be  found.  A  datum  can  be  assumed  from  a  good  contour  map  or 
in  fact  any  datum  can  be  assumed  as  long  as  it  is  of  sufficient  height  so 
that  no  minus  elevations  will  occur  in  the  survey.  Some  states  have  made 
extensive  surveys  and  established  frequent  bench-marks  to  be  used  in 
connection  with  highway  surveys.    In  other  states  the  bench-mark  eleva- 
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tiona  are  eetablished  when  the  survey  of  the  highway  is  made.  Pointa  for 
beQch-marks  should  be  of  a  stable  and  permanent  character  and  their 
location  should  be  clearly  described  so  that  they  may  be  readily  found  at 
any  time.  Special  markers  are  used  for  beach-marks  established  by  the 
govemment  surveys  and  some  of  the  states.  In  connectioa  with  road 
surveys  at  least  one  pemuukent  bench-mark  should  be  establiahed  every 
1000  ft  alone  the  tine. 

Kollle  LereUnc  consuta  in  obtuning  elevatimu  of  pcaats  along  the  transit 
line  and  the  establishment  of  intermediate  bench-marks.  Elevations  are 
taken  at  every  50  or  100-ft  station  and  at  other  points  between  stations 
so  as  to  give,  when  plotted,  a  true  profile  of  the  earth's  surface  along  the 
U-uuit  line.  Profile  levels  should  also  be  run  along  the  center  line  of 
every  intersecting  street,  road  or  driveway  for  a  dietanoe  of  at  least  200  to 
300  ft  from  the  transit  line. 

CroesiSection  Leveling  consists  of  taking  levels  along  linee  at  right  angles 
to  the  transit  line  for  a  width  sufficient  to  cover  the  proposed  improvement. 
Theee  lerela  are  taken  at  every  SO  or  100-ft  station  and  at  points  betwem 
statfons  where  the  slopes  chuige.  Enough  points  should  be  taken  to  define 
tits  surface.  The  elevations  of  car  tracks,  curbs,  gutters,  edges  of  traveled 
way,  bottoms  and  tops  of  banks,  together  with  their  distances  out  from 
the  transit  line  should  be  taken  on  each  cross-section.  Elevations  should 
also  be  taken  at  the  corners  of  houses,  at  the  ground  line  and  at  the  sill 
where  there  is  any  possibility  of  the  improvement  disturbing  the  property. 
Elevations  of  tops  and  bottoms  of  all  culverts  and  drains  at  both  ends 
should  be  detennined.  A  line  of  levels  should  be  run  along  the  ditches  to 
culverts  at  both  the  inlet  and  outlet  ends.  Where  bridges  occur,  elevations 
should  be  taken  of  bridge  seats,  bridge  floors,  tops  of  parapet  walls,  hi^ 
water  marks,  ixMnts  that  will  define  the  stream  bed  at  the  bridge  and  ptonts 
along  the  banks  of  the  stream  above  and  below  the  bridge.  Elevations 
of  manhole  covers,  gate  boxes  and  ledge  outcrops  should  also  be  taken. 

Rnnning  the  Levels.  Profile  and  cross-section  levels  are  usually  taken 
by  the  same  Geld  party  that  nms  the  transit  line  after  the  latter  has  been 
laid  out.  It  may  be  ad^dsable,  however,  under  certain  conditions  to  have 
these  levels  run  by  a  separate  party.  Sometimes  the  profile  and  croea- 
section  levels  are  taken  at  the  same  time,  -wiale  some  prefer  to  complete 
the  profile  levels  before  the  cross-section  levels  are  taken. 

The  levels  may  be  taken  ^ther  with  a  tiaiiait  or  a  levd.  The  transit.  If  In  adjust- 
iB&it  and  carefully  used,  ia  sufBdently  accurate  for  the  work.  Some  type  of  self^ 
reading  rod,  graduated  to  feet  and  hundredths  of  a  foot.  Is  employed.  Self-computing 
rods  with  tiUA  the  elevation  of  a  point  can  bs  rsad  trmn  the  rod  are  very  convenlmt 
for  parte  of  the  work.  As  the  levels  are  nm  after  the  transit  Use  is  staked  out,  the 
only  measurements  neoessary  are  those  to  plus  stadoas  and  to  points  to  be  located  fn 
ths  cross  ssction  lev^    These  messurements  may  be  nuule  with  a  metallic  tape. 

The  instrument  is  set  up  and  leveled  near  a  point  the  elevation  of  which 
is  known.  The  rod  is  held  vertically  on  this  point  and  a  sight  is  taken  on 
the  rod  thus  obtaining  the  rod  reading  which  is  the  intersection  of  the 
middle  hoziiontal  eroes-hair  with  the  rod.  This  is  called  a  backsight  or 
B.  S..  and  when  added  to  the  elevation  of  the  point  on  which  the  rod  waa 
held  givM  the  height  of  the  instrument  or  H.  1.  The  rod  is  now  held  on 
points  whose  elevations  are  to  be  determined  and  the  rod  readings  obtained, 
called  foresights  or  F.  S.,  are  subtracted  from  the  H.  I.,  thus  giving  the 
elevations  of  the  points.  The  elevations  of  as  many  points  as  possible  are 
determined  with  this  set-up  of  the  instrument  and  a  foredght  is  taken 
on  some  well  defined  aod  solid  point  called  a  turning  point  or  T.  P.  llie 
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instrument  may  now  be  moved  to  another  aet-up  and  a  nev  H.  I.  obtained 
by  taking  a  B.  S.  on  the  T.  P.  The  elevations  oi  other  points  may  now 
be  determined  as  before.  Bench-marks  or  B.  M.'b  should  be  established 
as  the  work  progresses.  All  backsights  are  plus  sights  and  all  foresights 
are  minus  sights.  No  sights  should  be  taken  over  300  ft  in  length.  The 
rod  should  be  read  to  the  nearest  hundredth  of  a  foot  on  turning  points 
and  beneb-marka,  and  to  the  nearest  tenth  oS  a  foot  on  moat  of  the  other 
pointa.  Care  should  be  taken  to  equaliie  the  backsfghte  and  foreaiihts 
loturninspmnta.  The  chief 
of  party  take*  notes,  one 
man  runs  tbe  instrument, 
another  holds  tbe  rod  and 
the  sero  end  of  the  tape, 
while  the  third  man  holds 
the  other  end  of  the  tape 
and  calls  off  the  diatancee 
from  the  transit  line  to  the 
pointa  at  which  the  rod  is 
held. 

If  the  self-computing  rod 
is  used  the  instrument  is  set 
up  and  the  rod  held  on  the 
bench-mark  or  B.  M.  The 
gradtiated  ribbon  belt  on 
the  rod  is  pulled  up  or 
down  until  tine  line  of  ught 
roinrides  with  ■  graduation 
the  same  in  feet  and  hun- 
dredths as  the  elevation  of 
tbe  bench.  The  ribbfm  is 
etamped  in  this  position. 
The  elevation  oFother  points 
where  tbe  rod  is  held  is 
given  by  the  rod  reading 
itself.  The  elevation  of  a 
T.  P.  is  found  in  this  way. 
the  instrument  moved  to 
a  new  set-up,  the  graduated 
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ribbon  met  to  correspond  to  tbe  elevation  of  the  T.  P.  and  work  continued. 

Bxample.  SuppoM  tbe  clevmtion  of  inltisl  B.  H.  wu  664.76.  The  rod  is  held  on 
B.  H.  and  tbe  ribbon  set  so  that  tbe  liae  oTalfht  ecnacides  with  4.T6.  Hold  the  rod  on 
the  paint  whose  elevstlon  is  daslred.  read  tbe  rod  sad  prefix  the  number  66  to  the  rod 
nadiiig.   Thb  wiU  be  the  almthmci  the  pniBt 

Methods  of  recording  the  field  notes  are  shown  in  Figs.  31,  32,  and  33. 
bistead  of  figuring  the  devaticm  of  each  point  as  shown  in  Figs.  32  and  33, 
sometimes  tbe  rievation  <rf  tbe  point  on  the  cmee-eeetions  with  referenee 
to  the  height  of  instrument  is  plotted,  using  the  rod  readings  corresponding 
to  the  point  in  question.  The  rod  readings  are  always  scaled  downward 
from  the  datum  on  the  cross-sections  corresponding  to  the  height  of 
nistrument. 

n'hen  tbe  profile  and  cross-section  levels  are  taken  simultaneously,  it  is 
necessary  to  figure  the  elevation  of  each  point  from  the  field  notes  so  that 
these  elevations  can  be  plotted.   Some  engineers  prefer  to  run  a  line  of 
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profile  levels  on  the  transit  line  with  the  instrumeat  and  then  work  up 
the  cross-eectioD  levels  by  means  of  a  hand  level.  In  this  case  the  cross- 
section  levels  can  be  plotted  from  the  rod  readioflpB  which  give  the  distances 
of  the  points  above  or  below  the  oatculsted  elevations  of  the  center  liae 
profile. 

Contour  LareU.  Topographical  surveys  consist  in  part  in  taking  levels 
from  winch  contour  m^ie  can  be  prepared.  Pro&les  and  oroas-eections 
may  be  read  <^  from  a  eontour  map  and  fairly  accurate  results  for  h«avy 

grading  obtained 
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Contour  maps  are 

Fig.  32.  Level  Notes  prepared  showing 

contour  lioes  at  de- 

flnite  intervalg  apart,  usually  some  multiple  of  a  foot  Thus  for  a  1-ft  Interval,  the 
contour  lines  would  repreeeot  points  dilferins  in  elevation  by  1  ft,  for  a  10-ft  interval 
the  points  of  two  adjacent  contours  would  be  10  ft  different  in  elevation.  The  sliqte 
of  the  ground  between  any  two  contour  Unea  Is  conddered  uniform. 

Contour  levels  may  be  taken  by  any  one  of  the  following  methods: 

With  the  Stadia  elevations  of  points  and  tiieir  locatjon  are  obtained.  The  points 
selected  are  those  defining  changes  of  slope,  summits,  depressions,  ridges  snd  valleys. 
The  locations  and  elevations  of  these  points  are  plotted  and  contour  lines  can  then  be 
drawn  by  interpolating  the  contours  between  the  devationa  of  the  known  pdnts. 

With  the  Plaae-Table  the  method  is  the  same  as  with  the  stadia  except  that  the 
contours  are  often  drawn  in  the  field  and  a  more  accurate  map  thus  obtained. 

The  Levrt  or  Hand  Level  is  used  for  contour  work,  general^  only  in  surveys  erf  small 
width  but  peat  length,  sueh  as  a  U^way  snrvsy.  In  this  ease  tbs  diflnant  ewtours 
are  aataaUy  located  in  the  field  thtyout  the  area  ot  the  ri|^t«l-way.   Tb»  profile 
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leveliiiE  '»  uaoaUy  don*  in  BdvanM  of  the  eontoor  work,  folota  on  tha  contour  llnea 
■re  Ukeo  on  liaea  at  right  anelea  to  the  center  line  at  wch  reguUr  Btktion  interval  and 
at  ai  many  intermediate  atationa  aa  are  Deceaaary  to  fully  trace  out  the  contoura. 
The  principle  of  the  work  is  m  followi:  Knowing  the  H.  I.,  a  level  or  hand  level  being 
uaed,  the  rod  reading  to  obtain  a  point  on  a  contour  nuiy  be  found  by  rabtracting  the 
ccmtour  elevatitn  from  the  H.  I.  The  rodman  walka  along  a  line  at  ri^t  angles  to  the 
center  line  until  the  iaitnunentman  obtains  this  rod  reading,  the  point  <m  the  ground 
then  eorreaponda  to  a  point  on  the  contour  of  that  elevation.  The  diatance  from  the 
cmter  line  to  the  point  ia  meanired.   By  adding  or  wbttactiog  the  contour  Interval 
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Fig.  38.   Levd  Notea 

to  or  from  the  previoua  rod  reading  depending  upon  whether  the  ground  ia  falling  or 
rUng,  and  continuing  along  the  aaroe  line,  a  point  on  another  contour  line  will  be 
found.  Thia  same  method  ia  continued  until  all  points  have  been  located  at  ttiat  itation 
or  aet-up  and  then  the  aame  operadons  are  carried  out  at  the  next  atation.  Having 
the  p<rinta  located  oo  the  contoura  at  each  atation,  the  contour  linea  between  the  atationa 
cao  ba  traced  out  by  Inapection  and  sketched  in  the  6eld  book. 

Check  LflveU.  The  level  work  is  commonly  checked  by  miming  levels 
backward  over  the  line  to  the  starting  point,  holding  the  rod  only  on  tho 
T.  P. 'a  and  B.  M.'s  established  in  the  forward  run.  A  closed  circuit  is 
thus  formed.  The  elevation  of  the  starting  point  calculated  from  the 
levels  should  agree  with  its  original  elevation  within  the  limit  of  error  fixml 
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for  the  vork.  If  B.  M.'a  have  been  previously  eetabluhed  by  an  in<l«- 
peadeot  survey,  a  check  on  the  new  level  work  cao  be  obtained  by  tying 
in  the  new  levels  with  these  B.  M.'a  as  the  work  progresses  and  noting  if 
the  difference  in  etevation  is  within  the  allowable  limit.  Another  method 
of  cheokinK  the  work  as  U  pn^resses  k  that  known  aa  douUe  rodding  the 
line.  In  this  method  two  T.  P.'s  are  always  chosen,  diffwing  in  elevatiou 
by  at  least  1  ft.  A  foresight  is  taken  on  each  T.  P.,  and  two  conwponding 
l»cksi^ts  when  the  instrument  is  moved.  The  two  H*  I.'a  are  ealeulated 
and  their  agreement  noted.  Precise  leveling  requires  an  accuracy  of  about 
0.016  ft  per  mile.  For  highway  work  an  accuracy  of  0.1  ft  per  mile  is 
allowable.  If  a  long  line  of  benches  is  being  run,  howe\*or,  it  would  be 
advisable  to  make  the  accuracy  approach  nearer  that  required  by  precise 
leveling.  In  the  method  of  double  rodding  the  line,  the  two  H.  I.'s  should 
agree  within  about  0.012  ft  to  keep  within  an  aocuracy  of  0.1  ft  per  mile. 


There  are  several  methods  of  staking  surv^s  so  that  construction  work 
ean  be  performed  from  informatioD  obtained  from  the  atakesi  The  easential 
information  required  is  alignment  and  grade.  Stakes  may  conveniently 
be  prepared  by  sawing  a  2  by  3  in  rectangular  piece  of  wood  24  to  30  in 
long  in  two  on  the  long  diagonal,  thus  giving  two  wedge  shaped  stakes  to 
each  piece. 

Road  Surveys.  One  method  is  to  drive  stakes  at  the  time  the  sur\-ey 
is  made.  One  or  two  lines  of  stakes  arc  driven  at  the  side  of  the  road  far 
enough  away  so  aa  not  to  be  disturbed.  Two  lines  are  preferable  in  which 
case  a  line  is  driven  on  each  side  of  the  road.  The  stakes  are  driven  at 
each  station  interval  on  the  tangent,  cither  50  or  100  ft  apart,  and  on  curves 
m^  be  Qiaoed  closer,  depending  upon  the  length  and  the  degree  of  curve. 
Sometimes  iiie  stakes  are  driven  on  a  definite  offset  from  the  oont«  line, 
but  it  is  better  to  let  the  offsets  vaiy  in  amount,  and  jdace  the  stakes  at 
convenient  points.  Ground  elevations,  elevations  of  tops  of  stakes  and 
offsets  from  the  stakes  to  the  transit  line  are  measured  in  the  field.  The 
staUon  numbers  and  offsets  are  marked  on  the  back  and  side  of  each  slake. 
A  sheet  is  prepared  in  the  office  on  which  is  given  the  elevations  of  tops 
of  stakes,  offsets  of  stakes  from  the  transit  line  at  each  station,  elevations 
of  finished  center  line  grade  at  each  station,  and  offsets  from  trantut  line 
to  the  finished  center  line  of  road.  With  this  sheet  in  hand,  the  stakes 
are  marked  in  the  field  with  the  correct  offset  to  the  finished  center  line. 
Marks  are  put  on  the  facos  of  the  stakes  towards  the  road  to  define  the 
grade. 

Another  method  is  to  set  stakes  just  before  construction  work  is  started. 
In  this  case  marks  defining  the  center  hue  grade  are  placed  on  the  stakes 
by  running  grade  levels.  Offsets  to  the  stakes  from  the  finished  <>ent«r 
line  are  measured  after  the  stakes  are  driven  and  marked  on  the  stakes. 
Fig.  34  shows  a  form  of  grade  level  notes.  The  foresights  to  obtain  the 
center  line  grade  are  found  by  subtracting  the  center  line  grade  elevations 
given  in  the  column  headed  Elevations  from  the  H.  1.  The  oolunms  marked 
Rif^t  and  Left  are  for  rod  readings  on  two  lines  of  stakes,  one  on  tbo  right 
and  the  other  on  the  left  nde  of  the  road.  The  rod  is  held  on  a  stake 
and  moved  up  or  down  until  the  rod  reading  under  F.  S.  is  obtained  or  a 
reading  varying  from  this  by  some  multiple  of  a  foot,  and  then  a  notch  is 
cut  in  the  edge  of  the  rtake  at  the  hot  torn  <rf  the  rod.   The  station  number 
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ia  marked  on  one  side  or  on  the  back  of  the  stake,  the  offset  to  the  center 
Uoe  OD  the  side  and  the  grade  oo  the  face  of  the  stake  towards  the  road. 
If  a  grade  mark  is  the  same  elevation  as  the  center  line  grade,  the  stake 
is  marked  Gr.  If  the  mark  is  placed  bo  as  to  be  some  multiide  of  a  foot 
above  or  below  the  center 
line  grade  the  stake  is 
marked  2'  ^,  for  ezam[)le, 
which  would  meao  that  the 
finished  grade  was  2  ft  below 
the  mark.  If  stakes  come 
in  driveways  or  intersecting 
roads  where  they  would  be 
disturbed,  they  should  be 
driveo  flush  and  the  grade 
referenced  with  the  top. 
The  same  grade*  mark  that 
is .  placed  on  the  stake  is 
entered  in  the  book. 

With  BtalEM  wet  and  marked 
by  dther  of  tbeae  two  methods, 
the  devadon  and  allgnmeat  of 
the  flaUud  road  center  an 
ntabWwd.  Knowfnt  ttie  width  and  ihape  al  the  aom  Mpnoa  of  the  road.  M  naay 
stakes  as  desired  can  be  set  at  different  p^ts  in  the  aom  mcOop  by  nfmiGlBg  thecn 
in  with  the  line  and  grade  of  the  center  line. 

Where  a  car  track  occurs  in  a  road,  staking  other  than  for  stationing 
is  frequently  unnecessary  since  the  center  line  grade  may  be  referenced 
with  regard  to  the  rails  of  the  track  as  so  much  above  or  below  the  rails, 
a  definite  distance  out  to  the  centw  of  road  from  tiie  rail  bung  given  for 
the  alignment  of  the  center  line. 

Many  states  make  a  practice  of  permanently  moBumenting  the  road  surveys.  Stona 
bounds,  one  on  each  side  of  the  road,  on  the  property  Hnes,  ate  set  at  eadi  P.  C.  and 
P.  T.  where  a  curve  is  used  or,  if  a  curve  ia  not  required,  on  a  line  thru  the  pcdnt  (4 
intwsection  ttisectlng  the  iotarior  between  the  tangmta. 

Another  method  of  staking  surveys  is  to  drive  three  stakes  at  each  station, 
one  in  the  center  and  a  slope  stake  at  either  side  at  the  toe  of  the  finished* 
slope.  The  cuts  or  fills  to  grade  are  marked  on  each  stake.  The  station 
number  is  also  marked  on  the  stake  at  the  center  and  the  distance  out 
from  the  center  is  marked  ou  each  slope  stake. 

Setting  Sope  Stakes.  Slope  stakes  are  not  essential  except  in  cases  of 
heavy  grading  or  unless  the  last  method  mentioned  for  staking  the  road 
is  used.  Slope  stakes  may  be  set  with  a  level  or 
with  a  hand  level.  The  stakes  are  set  by  ^  cut  and 
try  method  at  the  points  where  the  side  slopes  intersect 
the  ground  surface.  In  Fig.  35  a  6  is  the  original 
ground  line;  h  hi  ht,  the  vertical  distances  from  the 
finished  gnule  of  road  bed  fg  to  the  ground  line;  a 
the  cotangent  of  the  angle  of  slope  «;  W  the  width 
of  road  bed;  xg,  xi  the  distances  as  shown;  and  di,  dt  the  horisontal  distances 
from  the  center  to  the  stakes  a  and  b  respectively.  If  a  b  is  level ;  A  =  Ai  = 
ht;  *i  «=  xt  =»  «  A;  A  —  di  W/2  +  a  A.  The  points  a  and  b  are  thus  readily 
found.  If  the  ground  is  not  level,  the  heights  hi  and  ht  will  not  be  equal 
to  h.  In  this  case  the  pcHnts  a  and  b  would  be  found  by  trial.  To  locato 
a,  for  instance,  a  ground  elevation  on  the  onMS-aeetioii  line  would  be  taken 
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and  the  distance  out  to  the  point  where  the  rod  was  held  would  be  memnired. 
Knowing  the  dlrtanoe  of  thie  ptHnt  above  the  level  of  the  road-bed,  in  case 
of  a  out,  its  distance  out  from  the  center  is  calculated.  If  this  distance 
agrees  with  the  measured  distance  to  the  point  where  the  rod  was  held, 
a  would  be  the  point  at  which  slope  iotersected  the  ground.  If  an  agree- 
ment is  not  reached  between  the  calculated  and  measured  distance  on  the 
first  trial,  other  points  are  tried  until  the  two  distances  do  agree.  If  the 
slope  of  the  ground  is  estimated  by  eye,  the  point  to  set  the  slope  stake  can 
be  found  by  two  or  three  trials.   The  form  of  fidd  notes  for  this  method 

is  shown  in  Fig.  36.  Slope 
stakes  m«y  also  be  set 
lajnng  off  distances  from 
the  center  tine  to  the 'bot- 
toms or  tops  of  elopes  which 
have  been  scaled  from  the 
plotted  cr68a-Bections. 

Street  SttrTeys.  Stakes 
for  rough  grading  are  set 
by  any  of  the  methods  de- 
scribed under  rood  surveys. 
Curbs  are  usually  placed 
before  the  improvement  of 
the  pavement  of  the  road- 
way is  undertaken.  On 
narrow  roadways,  eleva- 
tions for  the  construction 
of  the  pavement  may  be 
obtained  from  Unes  on  the 
curbs  without  setting  any 
stakes.  Templates  coo- 
forming  to  the  shape  of  the 
crown  may  be  used  to  ad- 
vantage. On  wide  road- 
ways it  is  better  practice 
to  set  lines  of  stakes  defin- 
ing the  grade  of  the  finished 
cross-section  along  the  road- 
way at  intervals  oS  50  ft. 
The  number  of  stakes  re- 
quired to  define  the  cross- 
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sectional  grade  will  depend  upon  the  width  of  street  and  the  shape  of  the 
crown.   The  monumenting  of  street  surveys  has  been  described  in  Art.  6. 

Staking  Curbs.  One  method  is  to  drive  a  line  of  stakes  on  an  offset 
defining  the  line  of  the  curb,  making  the  tops  of  the  stakes  conform  to 
the  grade  of  the  curb.  Another  method  preferred  by  many  engineers  is 
to  use  a  line  of  ofiteet  stakes  as  in  the  previous  method  but  to  drive  them 
flush  with  the  ground.  Elevations  aro  taken  on  the  tops  of  the  stakes  and  a 
shoot  prepared  showing  the  elevation  of  the  curl)  with  reference  to  the  stakes. 

A  oDDvenient  way  to  mark  with  a  transit  the  graden  on  the  stakes  in  the  first  method 
outlined  above,  where  the  grade  is  a  uniform  rat«  lor  a  number  of  stations,  b  as  follows: 
Set  up  the  iBBtrament  near  the  flrrt  statlMi  and  muk  the  grade.  Set  iq>  the  tnstrunwnt 
near  the  last  station  of  the  uniform  grade  and  mark  tht  grade  on  that  stake.  Set  the 
transit  onr  the  stake  and  msaaure  the  distance  from  the  horisontal  axfa  to  the  grade 
maik.   Clamp  the  target  on  the  rod  at  this  distance.   Carry  the  rod  to  the  Srst  station 
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ud  hold  on  tbe  grade  mark.  Elevate  or  deprtaa  the  taleacope  until  the  horbontal 
crow  hair  tnaecta  the  torset  and  then  clamp  the  hoilsontal  axis.  Tbe  rod  ia  then  held 
00  tbe  intamediate  Btakea  and  rated  or  lowered  until  the  line  of  sight  bisects  the 
laiiet.   Tbe  bottMB  of  the  rod  vrill  then  be  grade. 

If  the  transit  haa  a  gradienter  sereir,  the  telescope  may  be  elevated  or  depressed  by 
turning  tbe  tmw  so  as  to  be  parallel  to  any  rate  of  grade.  The  H.  I.  above  the  grade 
mark  at  the  initial  station  is  found,  when  the  transit  is  set  over  the  stake,  by  measuring 
the  distanoe  to  tbe  horfsontsl  axia  from  the  grade  mark.  Tb»  target  on  tbe  rod  is 
damped  at  tUa  dtatanea.  The  telmeope  nwde  parallsl  to  the  rate  of  grade  bjr  the 
gradiint«r  screw.  Grade  alevationa  for  other  stakes  on  die  line  where  tb*  grade  to 
uniform  are  found  by  holding  the  rod  on  them  and  moving  it  up  or  down  untU  tbe  target 
ii  btoected  as  dcao^bed  in  the  previous  paragraph. 

Staldng  BoiTow-Pits.  Places  outside  of  the  right-of-way  location  irom 
which  excavated  material  to  be  used  in  the  road  construction  is  taken  are 
called  borrow-pita.  In  order  to  estimate  the  quantity  of  excavation  taken 
from  a  pit,  the  idt  must  be  crosB-sectioned.  The  followiDB  method  is 
usually  tbe  moat  convenient  one  to  use:  The  area  to  be  excavated  is 
divided  into  10  or  20-ft  squares  by  lines  of  stakes  at  right  angles  to  each 
other  set  by  means  of  a  transit  and  tape.  A 
stake  ia  placed  at  every  comer  of  each  square 
and  appropriately  marked  (see  Fig.  37). 
Levels  of  the  ground  at  each  stake  and  at  in- 
termediate points,  if  the  slope  between  stakes 
is  not  unifonn,  are  obtained.  If  the  edge  of  a 
bank  comes  between  stakes,  the  plus  distances 
are  noted  and  levels  are  ^so  taken  at  these 
points  (see  irregular  line  in  the  figure).  It  is 
best  to  make  a  sketch  of  the  pit  in  addition  to 
obtaining  the  level  notes,  and  to  place  the 
elevations  of  each  point  on  the  sketch.  When 
excavation  in  the  pit  has  been  finished,  the  same 
squares  as  in  the  beginning  are  again  laid  out 
and  levels  again  taken  at  each  corner.  Care  should  be  taken  in  first  stak- 
ing out  the  |Ht  to  provide  reference  points  on  one  or  more  lioas  far  enough 
away  from  the  work  so  as  not  to  be  disturbed.  Such  points  are  of  great 
help  in  restaking  tbe  pit. 

The  Volume  of  Bonow-Pits  may  be  found  by  adding  together  the  com- 
puted volumes  of  the  rectangular  and  triangular  prisms  and  pyramids  into 
which  the  solid  is  divided.  The  area  of  tbe  bases  of  these  solids  can  be 
found  from  the  sketch  and  their  altitudes  from  the  levels.  Referring  to 
Kg.  37,  the  volume  of  the  solid  di  dt  ct  ci  is  equal  to  A(,hi  +  ht  +  ht+ 
where  A  is  the  area  of  the  base,  in  tliis  case  400,  and  ht,  ht,  h»,  kt,  the  heights 
of  the  four  sides  obtained  from  the  difference  of  the  initial  and  final  levels 
at  the  comers.  In  the  square  dtctde  the  solid  is  made  up  of  a  rectangular 
prism  with  a  base  dtmnct  and  a  triangular  prism  with  a  base  mno.  The 
volume  irould  be  the  sum  of  these  two  volumes.  The  area  of-the  base  of 
tbe  rectangular  pristn  and  the  heights  at  m  and  n  would  be  cfUculated  from 
tbe  levels  and  its  volume  found  from  the  formula  given  above.  The  volume 
of  the  triangular  prism  would  be  A  (Ai  -|-  Ai  +  Ai)/3,  where  A  is  the  area 
mno,  and  h\,  ht,  ht,  the  side  heights  at  m,  n  and  0.  The  volume  of  a  solid 
like  et  et  dt  dt,  where  an  intermediate  point  p  has  been  taken  in  the  center 
of  tbe  equare,  would  be  the  sum  of  the  rectangular  prism  and  a  pyramid 
if  p  was  hi^wr  than  the  points  at  the  comers  or  the  difference  of  the  two 
volumes  if  p  was  knrer.  Tbe  volume  of  the  rectangular  prism  would  be 
found  as  previously  shown.    Tt»  volume  of  the  j^ramid  would  be  A  X 
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Ai/nroDK  /  3,  where  X  is  the  area  of  the  baee,  in  this  case  400  eq  ft.  U  kp 
equals  the  difference  in  initial  and  Bnal  elevations  on  point  p  and  hi.  hi,  Ai,  ht, 
the  heights  of  the  ades  on  the  four  comers  of  the  square,  the  altitude  of 
the  pyramid  is  equal  to      —  (Ai  +  At  +  ^  +  If  an  intermediate 

point  8  ia  taken  on  the  middle  of  the  side  of  a  square  as  in  di  di  ct  cj.  the 
volume  is  the  sum  of  the  rectaogular  prism  and  a  pyramid.  The  altitude 
of  the  pyramid  in  this  case  would  be  the  height  ^  —  H  (Ai  +  At),  where 
hi  and  Ai  are  the  heights  at  a  and  c»  respectively.  Where  intermediate 
points  occur  other  than  in  the  center  of  the  square  or  tn  the  center  of  the 
aide,  the  volume  would  be  found  by  dividing  ^le  solid  into  four  triangular 
prisms  as  indicated  by  the  broken  lines  in  square  ci  q  &■  &|.  See  (1),  (4), 
and  (U). 

19.  Final  Hi^way  Surras 

It  is  advisable  in  highway  work  to  make  a  final  survey  after  construction 
work  has  been  finished.  A  final  survey  will  show  how  the  wwk  as  con- 
structed conforms  to  the  original  {dan.  Plans  are  frequently  changed  in 
the  fidd  and  a  final  survey  records  all  mich  changes.  A  final  survey  is  also 
of  value  in  settling  daims  for  danugea  to  abutting  property.  The  final 
estimate  is  usually  computed  from  the  final  survey. 

A  survey  is  made  in  the  same  manner  as  the  original  survey  and 
all  of  the  information  is  referenced  to  the  miginal  transit  line.    The  center 

hne  of  the  finisbed  roadway. 
it«  width,  and  location  of  all 
im{Mt>Tements  and  monu- 
ments are  obtMned.  Cross- 
sections  at  each  station  are 
taken  as  in  the  cwi^nal  sur- 
vey. The  information  ob- 
tained in  the  final  survey  is 
plotted  on  the  original  plan 
and  croas-sections. 

SO.  Right-of-Way  Surreys 

It  is  frequently  necessary  to 
take  parcels  of  laud  abutting 
the  highway  where  curves  arc 
flattened,  detours  are  made, 
or  increased  width  of  right- 
of-way  is  desired.  The  sur- 
vey of  the  land  is  made  with 
reference  to  the  transit  line 
of  the  highway  survey  by 
means  of  a  closed  traverse 
and  the  area  enclosed  calcu- 
lated. A  deed  of  the  parcel 
taken  is  made  out  and  re- 
corded. A  veiy  simple  but 
common  case  is  illustrated  in  Fig.  38.  The  old  road  has  a  very  stuup  turn 
at  the  intersection.  To  obtain  a  good  sight  distance  and  an  easy  curve 
around  the  corner,  it  is  necessary  to  take  a  comer  of  John  JooMf  property. 
Data  for  the  old  and  new  curve  are  shown  in  the  figure. 
A  description  of  the  piece  which  should  be  Incorporated  in  the  deed 
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would  be  as  follows:  BegmniDg  at  a  point  in  the  northerly  boundary 
o(  the  hiKhway,  26.0  ft  iraeterly,  maasuted  at  right  angles  from  Sta.  1  +  95.2 

flf  Uie  hiiBbmy  survcQr  ;  thenoe  N  46**  E  a  distanoe  of  170.8  ti 

ahHic  the  northeriy  boundary  of  (he  hi^way  to  a  pcdnt  49.6  ft  measured 
westeriy  on  a  radial  line  from  Sta.  3  +  66.06  of  the  highway  survey;  thence 
N  45°  W  a  distance  of  179.8  ft  along  the  westerly  boundary  of  the  highway 
to  a  point  25  ft  westerly  measured  at  right  angles  from  Sta.  A  +  10-9  of 
the  faii^way  survey;  thence  S  0^  a  distance  254-2  ft  to  the  point  of  begin- 
oing;  b^ng  an  area  of  0.371  acres  more  or  lees. 

The  area  may  be  obtained  by  planimeter  or  by  dividing  the  plot  of  the 
surv^  into  simple  geometrical  figures,  scaling  the  neoeesaiy  dimensioos. 
computing  the  areas  of  the  separate  figures  and  adding  them  together. 
The  are*-  may  also  be  found  by  the  method,  of  double  meridian  distanoee. 

Arm.  by  DonMt  Meridian  IHstances.  The  latitude  of  a  oourae  equals  Uw 
distanoe  of  the  course  times  the  ooaine  of  the  bearing;  the  departure  of  a 
coarse  equals  the  distance  of  the  course  times  the  sine  of  the  bearing.  See 
(4)  and  <14).  The  latitudes  and  departures  are  computed  witJi  reference  to 
two  coordinate  axes  at  right  angles  to  each  other,  the  latitudes  being  parallel 
to  the  vertical  axis  and  the  departures  parallel  to  the  horisontal  axis.  The 
vertical  bob  is  drawn  thni  the  most  westerly  point  of  the  traverse.  North 
latitodee  and  east  departures  are  considered  positive,  Bouth  latitudes  and 
west  departures  negative.  Hw  error  of  dosure  is  fint  computed.  If  the 
Sdd  doaee,  the  algebraic  sum  of  the  latitudes  will  be  sero,  and  the  algebraic 
sum  of  the  departures  will  be  xeto.  If  there  is  an  error  of  closure,  and  it 
is  of  an  amount  that  could  be  expected  without  a  serious  error  having  been 
made,  it  is  distributed  over  the  various  latitudes  and  departures  according 
to  the  rule  given  in  Art,  6.  The  algebraic  sum  of  the  corrected  latitudes 
and  departures  will  then  be  sero.  The  double  meridian  distance,  D.  M.  D., 
of  the  first  oourae  equals  the  departure  of  the  course.  The  D.  M.  D.  of  any 
othsr  course  equals  the  D.  M.  D.  of  the  preceding  course,  i^us  the  departure 
<tf  (he  preceding  ooutee  plus  the  departure  of  the  course  itself.  Double 
areaa  am  found  by  multiplying  each  D.  M.  D.  of  a  course  by  its  latitude. 
The  sum  of  the  double  areas  divided  by  two  gives  the  area  of  the  field. 
The  area  of  the  pared  in  Fig.  38  Is  calculated  1^  this  method  and  tabulated 
asfbUowa: 

EHsUnea  Double 
Bsarinn  R         LaUtodes      DeparturM     D.li.D.  Arsas 

N48'E   179.8  +127.1          +1S7.1         U7.L  16164.41 

H4S*W   1T9.8  +127.1  -127.1  127. 1  161U.41 

80"   264.2  -2H.2  0.0  0.0  0.0 

8n   0.0  0.0  82MS.82 

Uthwle   0  *~  2  

Departms  0  -  0.871  sens 

mOHWAT  MAPS 

31.  Mapping  tiie  PUn 
Read  SnrreyB.  The  survey  plan  may  be  plotted  on  a  shOet  of  detail 
p^Mr  baTuiB  a  width  and  a  loiigth  suitable  to  take  from  H  to  1  mile  of 
■nmr*  1^  pl*n  should  show  tiie  truuit  Une,  invpvty  lines,  names  of 
property  owners,  and  all  the  topographical  detail  except  the  eross-sectionB 
at  the  rotfd  at  the  differmit  stations.   If  derations  were  taken  f«  contour 
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lines,  however,  the  contour  lines  would  be  drawn  on  the  plan.  The  plan 
should  have  an  appropriate  title  in  whhdi  should  be  stated  the  scale  of 
the  pUn.  The  field  notes  of  the  transit  Ijne  abould  first  be  studied  for  the 
purpose  <tf  seeins  in  what  position  the  line  may  be  laid  out  on  the  sheet  in 
order  to  have  it  come  within  the  limitB  of  the  paper  with  as  few  breaks 
in  the  continuous  plotting  of  the  line  as  possibie.  An  easy  and  quick  way 
to  do  this  is  to  calculate  the  lengths  of  tangents  and  then  roughly  plot  the 
line  to  a  small  scale,  say  1000  ft  to  the  inch,  on  a  piece  of  paper.  Then, 
by  using  each  one  of  the  tangents  as  a  base,  scale  the  perpendicular  height« 
from  this  line  to  the  highest  and  lowest  points  of  intersection.  Some  taogMit 
will  be  found  which,  if  plotted  parallel  to  the  long  edge  of  the  phui  sheet, 
will  enable  ooe  to  idot  tJie  line  with  the  least  numbn  of  breaks.  Sevnal 
methods  of  {dotting  the  transit  line  will  be  described. 

The  CoBrdtaate  IKethad.  Havbig  found  tiie  tsagent  which  h  to  be  plued  puaDel 
to  the  bottom  of  the  ■beet,  tbe  rertaagular  ooSnUnstM  to  the  dlfferrat  intmeetion 

pain  ts  are  computed  with  reference 

 ^  I      to  thk  Uiw  as  a  bue.    In  Fig.  89, 

ji^^^-jm  for  instance,  the  coOrdiiietei  k  — 
j  I  COM  a  ud  the  co0rdinet«  I  k  ~ 
j  I  lin  <u  Other  coCrdlnatee  are 
found  in  a  dmllar  meaner.  The 
eoOrdinatee  wiUi  rettrenee  to  the 
bue  line  are  then  found  by  addi- 
tion. Tbe  paper  msy  be  ruled  off 
into  large  squam  for  etnnniiDee 
in  plotthig  tbe  calculated  poaitknu 
of  tbe  pointe.  Accurate  plotting 
may  be  obtained  by  prolonging  the  baae  line  tangent  ij  and  plotting  tbe  other  points 
from  perpendiculmn  erwted  from  this  Utw,  aa  •/ In  Fig.  89,  or  by  plotting  the  coltrdl- 
natsBirf  aaeh  tangent  with  the  last  point  of  IntoTMetioa  as  the  ori|^  as  I  s^  m  a  la  tbe 
llgura.  Tbe  tangent  f  j  ta 
plotted  on  tbe  aheet  in  its 
proper  poddon;  the  cofirdin- 
atea  of  the  poiniB  are  plotted 
from  teas  dsieribed  above aad 
the  tangent  IfaMs  etc;, 
drawn  betweoB  tlie  points. 
The  plotting  should  be  care- 
fully dona  and  tbe  aealed 
length  <rf  each  tangent  ^onld 
be  compared  with  the  length 
glvm  In  the  survey  as  a  check, 
tangenta  witii  a  protractor. 

The  Tangent  Hethod,  ahown  in  Fig.  40,  conaiBta  of  proloni^ng  each  tangent  a 
definite  amount  be,  tj  and  finding  the  tangential  ofbeta  de,  ft,  etc.  For  inataaee, 
Mippcae  the  tangent  waa  prolonged  eadi  time  beyond  the  intersection  200  ft.  Then 
de  -  200tan«i,  /f  -  ZOO  tan«t,  etc  The  tine  drawn  from  b  thru  d  will  give  the 
dlRctkm  of  the  tangent  sad  its  length  will  have  to  be  aealed  off  in  order  to  get  the 
point  vt  biteraeetlon  «.  This  method  li  ehacted  by  calculating  the  bearingi  <rf  all 
the  tangmita  with  respect  to  the  finrt  tangent  a  b  aa  a  meridian.  Draw  thru  the  laat 
Intersection  point  a  line  m  o  parallel  to  a  6,  rale  the  distance  r  ■  and  m  r  and  calculate 
the  angle  > si r  and  compare  it  witb  tbe  calculated  bearing  of  m a  with  ra^Mct  to  mo. 

Protiactor  Method.   A  very 
-  >      b  Jt^-i*v  J  common  method  la  to  plot  the 

•      "  line  by  meana  of  a  protractor 

Hg,  41  and  scale.    Even  with  protract- 

on  graduated  to  read  aa  small 
ss  I' of  are  It  la  impoaUris  to  plot  the  Bne  as  accurately  as  by  either  of  the  two  methods 
pravionsly  described.   In  some  esses  where  a  prottaetor  Is  used,  tbe  tiasalt  Une  Is 


Fig.  40 

It  la  also  adviaable  to  check  tbe  angle  between  tbe 
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broken  at  each  Interaection  knd  plotted  panllel  to  the  tons  edci  ol  the  paper.  A  rdbII 
■Imcth,  Mtf  200  ft,  fa  plotted  beyond  each  IntetBection  m  abown  In  Pig.  41.  Thto 
nwtliod  fa  Med  in  praparing  plana  in  some  of  the  western  states  where  the  roads  follow 
the  section  Una  of  tbo  U.  S.  Land  Survey  and  hence  have  but  very  few  sharp  ansles. 

Tie  Curves  are  drawn  in  at  the  Intersections  when  the  plotting  of  the  tragents 
has  been  finished.  The  stations  are  then  scaled  off  and  marked  oo  the  plan,  uaing  the 
same  interval  as  waa  used  in  making  the  survey.  Thta  completce  the  plotting  of  the 
transit  line.  ■    .  .  , 

The  Topographical'  Details  taken  in  the  survey  are  now  plotted  with  reference  to 
the  plotted  transit  Une.    Some  of  the  topographical  signs  uwd  are  shown  in  l'^-  42. 

Street  Surreyi.  Plans  of  individual  atroets  arc  plotted  in  a  aimilar 
manner  to  thoae  of  road  aurveya. 

Drawing  Paper.  Detail  paper  for  mappios  Biirveys  can  be  obtained  in 
sheets  or  rolls  of  Tarioua  aigea.   The  paper  ia  mode  in  differmt  grades. 
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It  ia  advisable  to  use  a  (crade  of  pnpcr  that  ia  fairly  heavy,  will  take  ink 
and  pencil  well,  that  erasures  can  Ik-  made  on  without  deatroj'inK  the  sur- 
face, and  of  a  l«xture  and  color  that  will  stand  rough  handling  and  not  be 
easily  susceptible  to  shrinkinR  or  stretching.  Rolls  may  be  obtained  in 
various  widths,  from  24  up  to  72  in  and  in  lengths  from  10  up  to  100  yds. 
Borizoottl  Scale.   The  horiaont^  scale  used  in  plotting  the  plan  ia 
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generally  either  40,  50  or  100  ft  to  the  inch.  The  large  scale  is  more  coa- 
venieot  from  the  ataodpoiDt  of  studying  the  plan,  but  the  small  scale  is 
preferred  by  some  because  of  the  consequent  reduction  in  the  aixe  of  the  plan. 

TriciacB  are  made  from  the  plan  when  it  is  completed  so  that  bluo-printa 
may  be  prepared.    The  tracings  are  iuked  on  linen  tracing  cloth  usually  on 
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the  dull  side.  The  tracing  may  bo  made  the  same  aize  as  the  plan  abeei 
but  it  ia  better  to  trace  the  plana  on  sheets  of  a  standard  and  uniform  siM, 
my  24  tqr  38  in.  TImw  sheets  are  then  bound  together  and  are  mudi 
more  oonvenient  to  use  in  the  field  than  a  long  oontinnous  rolL 

Portions  of  two  oompleted  plana  and  profiles  are  shown  in  Fios.  43  and  44, 
one  of  v4uoh  shows  the  plan  with  contour  lines. 


22.  Mi^^ng  the  Profile 

The  Profile  should  show  the  elevations  of  the  ground  along  the  proposed 
center  line.  If  the  transit  line  is  the  proposed  center  Une,  the  elevations 
for  plotting  tite  profile  can  be  obtained  from  the  notes.  If  the  proposed 
center  tine  departs  from  tiie  transifc  line,  laofile  elevations  may  be  read 
off  from  the  plotted  cross-seotions.  The  elevations  of  car  tracks,  bridge 
openings,  manholea,  culverts,  corner  boards  of  houses,  curbs  and  ditch 
lines  are  also  sometimes  plotted  on  the  profile.  This  information,  whan 
plotted  on  the  profile,  is  of  great  help  in  establishing  the  finished  oontOT 
Une  grade,  which  is  also  drawn  on  the  profile. 

The  profile  may  be  drawn  on  the  same  sheet  as  the  plan,  in  which  case 
it  is  placed  generally  at  the  bottom  of  the  sheet  below  the  plan  so  that  tho 
stations  of  the  plan  will  be  approximately  above  the  corresponding  stations 
of  the  profile.  A  long  base  Hno  is  drawn  called  a  datum  line  and  an  eleva- 
tion given  it  sufficiently  low  so  that  the  profile  line  will  not  come  below 
it  at  any  point.  This  line  is  stationed  to  correspond  with  the  stations 
of  the  survey  where  center  line  elevations  have  been  taken.  The  same 
horisontal  scale  is  employed  that  was  used  in  plotting  the  plan.  Per- 
pendiculars to  the  base  line  are  erected  at  these  points  and  the  elevations 
of  the  points  scaled  off  with  reference  to  the  eleva^on  of  the  datum  tine. 
Ttie  points  thus  established  are  joined  together  by  a  line  and  the  elevations 
and  stations  of  the  ptunts  are  written  along  the  pn<> 
pendioular  lines,  the  stations  usually  below  the  datum 
line  and  tlia  devations  directly  above  (see  Fig.  45). 
The  other  information  mentioned,  with  the  exception 
of  the  finished  center  line  grade,  is  plotted  in  a  simi- 
lar manner.  It  ia  advisable  to  ink  in  the  different 
lines  of  the  profile  after  the  plotting  has  been  checked 
since  frequent  erasures  are  necessary  in  eetablialung 
the  grade  line.  The  different  lines  of  the  profile  can  be  readily  distinguished 
from  each  other  by  using  different  colored  inks  or  by  using  broken  or  dot 
and  dash  lines  to  designate  them.  To  lessen  the  work  of  drawing  per< 
pendiculatB  to  the  datum  line  in  case  of  a  profile 
having  a  great  difference  in  Ovation  of  the  hi^  and 
low  points,  the  datum  line  is  broken  as  shown  in  Fig. 
46.  Profiles  may  also  be  plotted  on  standard  profile 
paper  or  cloth.  The  plotting  in  this  case  is  much 
simplified  as  no  scaling  has  to  be  done  and  no  verti- 
cal linos  have  to  be  drawn. 

Profile  Paper  and  Cloth  are  manufactured  in  '20 
and  &0-yd  rolls  of  drawing  paper  unmounted  and 
mounted,  tracing  paper  and  tracing  oloth.  The  rolls  are  ruled  off  (see 
Fig.  47)  with  vertical  and  horisontal  lines  in  three  stjdes  or  scales  called 
^tes  A,  B  and  C.  In  Plate  A  there  are  4  vertical  spaces  and  20  bori- 
Kmtal  q>aoes  to  tiie  inch.   Hate  B  has  4  vertical  and  SO  boriaontal  and 
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I^te  C,  5  vertical  and  25  horuontal  apaees  to  the  icch.  RoUfl  may  be 
obtained  with  either  red,  orange  or  sreeo  lines  and  having  engraved 
widtlis  of  9,  10  or  20  in.  Profile-plan  paper  or  cloth  may  be  obtoiQed 
in  continuous  rolls  which  is  very  convenient  for  plotting  of  road  surveys. 
In  this  style  of  paper  the  profile  ruling  with  its 
ntfti^"  is  only  half  the  width  of  the  paper,  the 
other  half  being  left  Uaok  ion  the  plan  diawing. 

Vertical  and  Horliontal  Scal«.  The  aame 
horisontal  scale  is  used  as  that  m  making  the 
plan.  The  vertical  scale  is  made  larger  so  that 
the  details  of  the  profile  are  more  clearly  brought 
out.  If  a  horizontal  scale  of  40  ft  to  1  in  is 
osed,  the  vertical  scale  is  usually  8  ft  to  1  in. 
50  ft  to  1  in,  the  vertical  scale  is  10  ft  to  1  in. 
100  ft  to  1  in,  the  vertinU  scale  is  20  ft  to  1  in. 


Fif.  n 


If  the  horizontal  scale  is 
If  the  horizontal  scale  is 
In  other  words,  the  vertical 
scale  is  usually  five  timss  greater  than  the  hoiisontal  scale. 

IVadnc.  When  the  iOT>file  is  drawn  on  the  same  sheet  as  the  idan  it  is 
usually  also  traced  on  the  plan  tracing.  When  some  form  of  standard 
transparent  profile  paper  or  cloth  is  used  blue-printe  can  be  prepared 
directly  from  these  drawings.  The  prints  may  be  made  in  long  rolls  and 
thra  cut  into  dieets  of  a  conTSnient  sise  for  fidkl  use. 

38.   Mapping  Cross-Sections 

The  CroM-Ssetioiu  are  mapped  from  the  cross-section  levels  xisually  on 
some  stan<bTd  foim  of  profile  or  oross-aeetion  paper.  Sometinies,  however, 
when  the  sections  have  only  been  taken  at  inirsquent  intervals,  they  may 
be  drawn  on  the  same  sheet  as  the  plan  and  profile,  but  this-method  is  not 
recommended.  The  punts  in  any  cross-section  are  plotted  to  the  desired 
scale  with  reference  to  one  of  the  vertical  lines  of  the  paper  as  a  transit 
line  and  one  of  the  horiaontal  lines  whose  elevation  is  assumed.  The 
plotted  points  are  joined  together  by  straight  lines.  The  station  number 
and  elevation  of  line  from  which  the  points  were  plottod  are  written  below 
each  plotted  section  (see  Fig.  48).   The  cross-sections  should  be  checked 

and  inked.  Another  method 
of  mapping  the  cross -eectiona 
is  to  lay  a  sheet  of  tnudng 
paper  over  a  piece  of  cross* 
section  or  profile  paper  and 
plot  the  points  on  the  tracing 
paper,  the  piece  of  engraved 
paper  underneath  serving  as 
the  scale.  This  method  involves  less  expense  for  paper,  the  plotting  can 
be  just  as  quickly  done,  and  if  the  areas  are  to  be  determined  by  plani- 
meter,  ^ib  eathnatiog  can  be  done  as  rapidly.  The  tracing  paper,  how- 
ever, is  more  susceptible  to  changes  in  dimension  which  become  ap- 
parent if  final  cross-sections  are  plotted  on  the  original  cross-sections. 
This  same  trouble  would  not  occur  if  the  sections  are  plotted  on  the  profile 
or  cross-section  paper  itself.  Where  contour  lines  have  been  run,  cross- 
sections  may  be  dniwn  by  taking  a  section  at  right  angles  to  the  transit 
line  at  any  point  and  plotting  the  contour  elevations  at  thnr  leepective 
distances  out  on  this  section  line  from  the  transit  line. 

Cross -Ssction  Paper  may  be  obtained  id  rolls  engraved  with  squares  10 
by  10  or  8  by  S  to  the  moh  with  the  engraving  20  to  30  in  wide.    It  is  also 
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made  in  sheets  about  16  by  20  ruled  id  Bqtiares  16  by  16,  12  by  12,  10  by  10, 
8  by  8,  5  by  5  to  the  inch.  All  of  these  standard  rulings  are  printed  on 
tracing  paper  and  some  may  be  obtained  on  tracing  cloth.  When  a  ecaJe 
of  4  or  6  ft  to  the  inch  is  adopted,  Ptste  A  or  Plate  C  profile  p^wr  ia  con- 
vesient  to  use. 

Tha  Vertiea]  and  Horizontal  Scalo  is  made  the  same  in  plotting  the 

eross-fwotioiu.  More  accurate  eetimatea  of  earthwork  can  be  made  if  a 
large  scale  ia  used,  henoe  a  scale  of  either  4  or  5  ft  to  the  inoh,  for  ordinary 
conditions,  is  recommended.  A  scale  of  10  ft  to  the  inch  is  sometimea 
employed,  but  it  is  too  small  unless  the  cuts  and  fills  are  going  to  be  ex- 
tremely heavy  as  in  railroad  work  when  the  use  of  a  small  scale  may  bo 
warranted. 

Blne-Piints  of  the  crosa-sections  arc  made  in  the  same  manner  as  blue- 
prints of  profiles  are  prepared. 


A  Topographical  Sturey,  if  based  on  a  system  of  triangulatioo,  ia  mapped 
hy  first  plotting  the  triangulation  points.  If  the  area  is  a  small  one  Uka 
that  of  a  city,  the  convergence  of  the  meridians  may  be  neglected  and  the 
triangulation  points  are  plotted  by  means  of  their  rectangular  coordinates. 
The  drawing  for  this  purpose  ie  ruled  off  into  large  squares. 

If  the  area,  is  extensive  Uke  that  of  a  state,  the  poltconic  method  of 
projection  is  used  to  plot  the  meridians  and  parallels  of  latitude  and  the 
triangulation  points  are  then  plotted  by  means  of  their  latitudes  and 
loogitudea.  The  parallels  and  meridians  everywhere  intersect  at  right 
an^es.  Tables  giving  coordinates  of  curvature  are  indispensable  for  laying 
off  the  parallels  and  meridians  for  polyconic  projection.  £^xtended  tables 
in  meters  will  be  found  in  Appendix  No.  6  of  the  Report  of  the  U.  8.  Coast 
and  Geodetic  Survey  for  1884  tmd  a  similar  one  for  the  English  system  in 
Woodward's  Geogr^hioal  Tables  published  by  the  U.  8.  Smithsonian 
Institution. 

When  the  triangulation  points  have  been  plotted,  the  closed  traverses 
may  be  drawn  on  the  map  and  the  topographical  detail  filled  in  by  methods 
previously  described.  A  topographical  map  of  a  city  should  show  contours 
at  an  interval  not  greater  than  5  ft. 

Mounted  Paper  is  used  more  extensively  for  mapping  surveys  of  this 
character  than  any  other.  It  ia  manufactured  in  sheota  or  rolls  of  varying 
widths  and  is  less  susceptible  to  changes  than  the  plain  drawing  paper. 

Scales  Used.  There  is  a  wide  variation  in  the  scales  used  in  preparing 
topographical  maps,  depending  upon  the  purpose  for  which  the  map  is 
to  be  used.  A  map  for  a  city  aurvey,  if  drawn  to  a  scale  of  200  ft  to  the 
inch,  makes  it  possible  to  represent  a  lai^  area  on  a  sheet  of  practicable 
site  and  have  the  topography  In  sufficient  detail  for  purposes  of  study. 
Sectional  plans  can  be  made  of  any  portion  of  the  map  to  as  large  a  scale 
as  desired  in  working  out  details  for  any  locality.  Scales  as  large  as  40 
or  50  ft  to  the  inch  are  convenient  for  this  purpose,  altho  a  scale  as  large 
as  20  ft  to  the  in  is  sometimes  used.  The  field  maps  of  the  U.  S.  Coast 
and  Geodetic  Siirvey  are  usually  plotted  on  a  scale  of  Tg  Vint>  while  some 
special  maps  are  plotted  with  a  scale  of  j^xi  •  '^^^  U-  S.  Geologiof^  Survey 
uses  a  scale  of  tv-^itif  u>  plotting  their  field  maps. 

Maps  for  an  Ezteiuive  Area  can  be  reproduced  to  a  very  small  scale  tqr 
means  of  photo-lithography  bo  as  to  be  contained  on  a  sheet  of  convenient 
siie.    In  this  process  the  maps  of  the  area  are  plotted  and  combined  into 
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a  Dumbw  of  aectional  maps.  These  sectional  maps  are  then  photographed 
and  the  oegatives  of  the  different  maps  are  carefully  matched  together  aod 
litboEraphed.  The  scale  of  lithograph  maps  of  the  U.  S.  Geological  Survey 
is  Bi  i«a  ^  Tis^vifi  the  firat  being  nearly  equivaleat  to  1  mile  to  the  inch. 


Photo  Piiatfng  is  a  process  for  copying  drawiogB  by  means  of  li^t  in  a 
similar  manner  that  printB  are  made  from  a  photogr^hic  negative.  Tbore 
are  two  different  proceans  in  general  use  as  follovs:  Blue-piint,  negative, 
white  Uaea  on  blue  background;  black  line  or  blue  line  print,  poatiine, 
black  or  blue  lines  on  white  background. 

Blne-Piints.  The  drawing  must  be  made  with  ink  on  some  transparent 
materia],  usually  tracing  paper  or  tracing  cloth.  The  drawing  is  placed 
inked  side  up  over  a  sheet  of  aensitiEed  paper  or  doth.  Both  sheets  are 
then  placed  in  a  printing  frame  with  the  drawing  uppermost  and  exposed 
to  sunlight  or  a  strong  artificial  light  for  a  short  period.  The  length  of 
exposure  will  dqtend  upon  the  kind  of  pai>er  used  and  the  strength  of  the 
light.  Altar  ivoper  exposure  the  printing  paper  or  aloth  is  removed  frcm 
the  frame,  washed  thwoly  in  water  and  hung  up  to  dry.  All  marks  ata 
the  drawing  will  show  white  on  the  print,  the  remainder  of  the  print  bang 
blue.  A  blue-print  is  called  a  negative  print  since  it  is  like  the  photographic 
negative  in  that  the  light  and  dark  colored  parta  of  the  print  correspond 
to  dark  and  light  colored  parts  of  the  object. 

Black  or  Blue  Line  Prints.  The  tracing  is  placed  inked  side  down  against 
a  specially  prepared  sheet  of  seiisitized  puper  in  a  printing  frame  aod  exposed 
to  the  light  as  in  the  former  case.  The  sensitized  paper  is  then  washed 
in  water  |or  S  min,  in  a  solution  of  hyposulphite  and  water  tor  S  min  and 
again  in  dear  water  for  20  min.  The  drawing  will  then  appear  on  the  sheet 
as  white  transparent  lines  on  a  brown  background.  This  sheet  when  dry 
may  then  be  used  as  any  ordinary  tracing  to  make  either  blue  line  prints 
or  black  line  prints  in  the  same  manner  that  blue-priuts  are  made  and 
on  a  similar  kind  of  sensitized  paper. 

Printing  Machines  are  used  in  large  ofEces  instead  of  the  ordinary  print' 
ing  frames.  Essentially  the  machines  consist  of  a  cylindrical  glass  shell 
around  which  the  drawing  and  sensitized  paper  are  wrapped  and  held  in 
place  by  a  curtain.  Li^t  is  furnished  from  a  strong  electric  li^t.  Thae 
are  different  styles  of  these  machines  some  of  which  m  limited  as  to  the 
size  of  drawing  they  will  accommodate.  Some  styles  are  adaptaUe  for 
making  prints  of  a  width  equal  to  the  widest  rolls  of  paper  and  of  a  Iragtb 
limited  only  by  the  length  of  paper  in  the  roll. 


GRADES,  VERTICAL  CURVES.  CROWS  AND  ESTIMATES 


Determining  the  Grade.  Factors  which  have  to  be  considered  in  deter- 
mining th€  finished  grade  of  a  road  or  street  are  discussed  in  Sects.  4,  6 
and  7.  The  profile ,  plon  and  cross-sections  should  be  carefully  studied  with 
these  points  in  mind.  Some  points  nil!  be  determined  on  the  profile  which 
the  center  line  grade  must  meet.  The  problem  is  then  to  establish  a  grade 
line  that  will  conform  to  these  limiting  points  and  satisfy  the  other  oon- 
stderstiona.  It  is  gBnendly  desirable  to  obtain  a  grade  such  that  the  cuts 
and  fills  will  balanoe.    Other  oonaideratKais,  however,  may  be  eo  important 
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aa  to  make  the  balancing  of  the  cuts  and  fills  impractical  or  uneconomical. 
The  best  way  to  fit  a  grade  line  to  the  proBle  alter  the  limiting  points  have 
been  established  is  to  take  s  piece  of  thread  and  use  it  aa  the  grade  line 
instead  of  drawing  trial  lines  on  tlie  pfH>6r.  Different  poaitioos  of  the 
grade  lin«  can  be  examined  by  stretching  the  thread  between  different 
points  and  moving  one  end  or  the  other  up  or  down.  In  this  way  a  number 
of  different  grade  iinee  may  be  esamined  without  drawing  any  lines  on  the 
profile.  Each  line  may  be  studied  with  reference  to  how  it  fits  the  plan 
and  crosa-eections  at  critical  points.  A  grade  line  is  finally  found  by  this 
trial  method  that  seema  best  to  fit  the  conditions  imposed.  This  line  is 
drawn  on  the  profile  in  pencil  and  the  elevations  of  the  grade  line  intei^ 
sections  and  the  rates  of  grade  between  intersectioiiB  are  calculated.  On 
road  plans  it  is  not  necessary  to  figure  grade  elevation  or  rates  of  grade 
doaer  than  htmdredths,  whereas  on  street  plans  the  computations  may 
have  to  be  earned  to  thousandths. 

IT.  y.  StRta  Hi^wa;  Comm.  Rtiles.  "Grade  Uoes  ihall  be  drawn  only  after  eanfnl 
conaidentioa  of  mH  the  data  available,  mnd  shall  b«  adjusted  nalil  the  dedred  iwilt 
is  obtained.    The  followins  should  be  carefully  cmsldered: 

1.  Hit  leonnmeDdatlofi  of  the  inqMctton  notes. 

2.  The  relative  Importanee  of  the  hl^way;  the  charaeter  of  the  tntte;  and  the 
direction  of  the  heavy  traffle,  tbt  maalmiiTB  grade  not  neoessarily  beiag  tbt  ssas 

in  both  directiona. 

5.  Drainage. 

4.  The  duuaeter  of  the  aoQ  and  old  road-bed. 

6.  Houses,  shade  trees,  intersecting  driveways,  etc 

6.  The  avtrfdsnce,  iriMrevw  practicable,  ci  reverse  grades  on  long  hills. 

7.  The  Artorted  scale  of  the  profile. 

"Usxiinum  grade  b  to  be  determined  for  eadi  highway  seperstdy  and  ail  eon- 
tnJling  featores  must  be  taken  into  consideration.  It  shall  be  raterred  to  the  Division 
1i!ngifMiiiT  if  greatir  than  7%  is  necessary.  In  gvneral,  adverse  grades  and  grades  las 
than  200  ft  long,  should  be  avcMed.  Qrades  ebould  be  kept  down  to  6%  where  possible, 
to  avoid  paving  the  gotten.  When  a  fi%  Is  not  feasible,  in  most  esses  It  would  be 
eeonomieal  to  iBoesse  at  once  to  a  7%  unkss  the  bi^way  has  slteady  been  graded  to 
sane  Intenaedlate  rate.  Ho  7%  grade  shonid  be  sllowed  lem  than  800  ft  long  unlsM 
cne  end  Is  fixed  by  sane  uadunfeaUe  stnutur^  ss  a  large  bridge  or  rsflroad  grade 
I  rnsBhig 

"Except  la  VBry  flat  country  whore  the  exoavatian  is  naturally  Hgfat,  laQroad  grsdas 
«itii  long  tsngents  should  be  avoided  as  tbey  usually  requiie  long  shallow  euti  and  fills, 
both  of  whidi  are  undesirable,  the  former  <»  account  ot  unaeoeesary  exeavadon,  the 
latter  because  of  the  danger  of  requiring  extra  foundation.  Long  fills  may,  however, 
be  made  where  reoommended  by  inspection  either  to  raise  above  hl^water  mark 
or  to  obviate  the  need  of  stone  sub^Mue.  Care  should  be  taken  In  raising  the  roadway 
at  either  end  of  a  bridge  or  at  dther  side  of  a  laiie  cuivot,  that  the  atnictnre  be  not 
•ndangeted  by  the  dosing  of  flood  i^mnaiiL  in  ail  soda  cases  where  the  roadway 
Is  BaUe  to  fiood,  level  grades  an  required;  they  irill  not  be  permitted  under  any 
other  conditions.  Where  the  roadway  grade  is  less  than  0.4%,  the  gutters  should  be 
graded  independently  of  the  roadway  so  as  to  have  the  0.4%  grade  as  a  minimum. 

"It  is  desirable  to  plAce  the  pavement  without  brei^iag  up  tbe  prceent  traveled 
road-bed.  and  with  as  little  filling  as  possible.  If  a  reasonably  smooth  grade  can  ba 
obtained  while  so  doing. 

"Ghaaga  In  rate  of  grade  of  mcoe  than  2%  sliould  be  eased  by  vertical  curves  tt 
100  to  800  ft  in  length  according  to  conditions.  Tangente  betweoi  vertical  curves 
cvposite  in  direction,  should  not  be  less  than  100  ft  in  length.  As  far  as  practicable 
fates  of  grades  should  be  established  ttiactly  at  even  tenths  percent.   Tbe  middle 

02  —  d  UNora 

eoReetloo  tot  vertical  curves  may  be  figured  Iv  the  formula  — ^ —  X  — 200~~' 

01  and  (A  being  the  ratss  ci  Hw  two  taitarsseUng  grades;  intermedlata  consetlons 
vary  as  Os  sqiuam  of  tfaslr  Atanes  ft<om  tbe  nsorast  end  at  cam." 
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Th»  Rata  of  Ond«  is  Hi  rise     foil  in  feet  for  a  lencA  of  100  ft  and  ia 

nsoaily  expressed  as  a  percmtage  thna:  3.84%  rise,  *»*i™f"it  that  the 
line  rises  3.84  ft  for  every  100  ft  of  boriiontal  distance.  Ridng  gradea 
are  also  described  as  up  or  +  grades;  falling  gradea  as  down  or  —  grades. 
TaUe  VIII  (13)  shows  the  increased  distance  in  surface  measurement 
over  boriiontal  distance  fen:  the  several  grades  for  each  1000  ft. 

TaUa  Vm 


Pmmt  of 
Grade 

Fwentof 
Gnde 



1.0 

1000.06 

8.0 

1008.19 

1.6 

1000.11 

8.6 

1008.69 

2.0 

1000.19 

9.0 

1004.04 

2.6 

1000.81 

9.6 

1004.60 

S.O 

1000.46 

10.0 

1004.99 

S.& 

1000.61 

10.6 

1006.49 

4.0 

1000.79 

11.0 

1006.08 

4.6 

1001.01 

11.6 

1006.69 

S.O 

1001.26 

12.0 

1007.17 

6.6 

1001.61 

12.6 

1007.78 

0.0 

1001.79 

IS.O 

1008.41 

6.6 

1002.11 

18.6 

1009.07 

7.0 

1002,44 

14.0 

1009.76 

7.5 

1002.80 

14.5 

1010.46 

15.0 

1011.18 

For  road  plans  it  is  customary  to  change  the  rate  of  grade  at  some  60 
or  100-ft  station  and  to  adjust  the  elevations  so  that  the  rate  of  grade  ia 
divisible  by  two,  which  considerably  facilitates  the  computations  when 
ihB  grade  has  to  be  figured  for  each  SO-ft  station. 

On  street  plans  it  is  customary  to  make  the  grade  a  uniform  rate  between 
two  streets  unless  such  procedure  would  result  in  a  fist  erade  or  the  topog- 
raphy is  such  as  to  prevent  it  being  done.  Adjusting  the  elevations  of  the 
grade  table  at  street  intersections  will  also  cause  some  modification  of  the 
grade  between  the  intersection  of  the  center  lines  of  the  streets  and  the 
building  lines.  The  grade  points  will  frequently  come  at  odd  stations  and 
necessitate  figuring  the  grades  to  the  nearest  thousandth  of  a  foot  in  order 
to  make  the  computations  correct. 

After  the  uniform  rates  of  grade  have  been  calculated,  vertical  curves 
are  figured  as  described  in  Art.  27  and  drawn  on  the  profile  where  necessary. 
Grade  elevations  at  intersecting  roads  or  streets  are  calculated  as  explained 
in  Art.  27.  On  road  plans  the  center  line  grade  of  finished  road  is  drawn  in 
on  the  profile.  Sometnnes  the  grade  devation  for  each  station  is  i>Iaced 
vertical^  above  the  station  and 

above  the  ground  line.     Another  t  J 

and  more  common  method  is  to  <  ~~ 

^ve  the  rates  of  grade  where  they  v^*^^ 
are  uniform  for  a  distance  of  100 
ft  or  more  and  to  give  elevations 
for  all  stations  of  vertical  curves 
and  pointe  of  intersection  of  grade 
lines.  Fig.  49  represents  the  last 
method  of  recording  the  grade  on  the  plan.  On  street  plans  the  grade 
line  of  the  center  of  the  street  may  be  shown  on  the  profile  or  the  grade 
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Sect.  5 


tine  of  the  curbs  on  either  side  of  the  street  may  be  shown  (aoe  Fig. 
50).  The  description  of  the  grade  may  be  made  in  a  aimilar  manner  to 
that  of  road  pliuu.  At  properly  designed  street  intetaectioos,  kowever, 
some  <d  the  elevatxnu  around  the  interaectton  will  have  to  be  written  on 
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Fig.  » 

the  plan  of  the  intersection  in  order  to  show  completely  the  proposed 
improvement. 

The  Scale  Used  in  plotting  the  grade  is  the  same  as  the  scale  of  the  profile 
on  which  it  is  drawn. 

Dl.  State  Hi^w&7  Coniin.  Bzperimestal  Scslet  (21).  "  The  regular  scale  for  profika 
i>,  1  in  equals  8  ft  vertical  and  1  in  equals  80  ft  horizontal,  or  a  distortion  of  horizonta] 
to  vertical  of  10  to  1.  This  scale  works  in  exceptionally  well  with  the  fllinK  system 
and  it  was  hardly  thought  necessary  at  this  time  to  consider  changing  this  acal^.  How- 
ever, there  was  worked  up  in  the  offlce,  grade  Kne  and  earthwork  computations  on  68 
StsticMM  (rf  road  on  Route  6  Hooltri  County.  This  road  was  to  be  10  ft  cODcrete  dab 
in  the  esntcr  and  10  ft  earth  sboulders  on  aaefa  ride,  msldng  a  total  width  of  graded 
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raadoKOfL  Vhoa  tUp  grade  lio*  im  plotted  vfiBC  llw  i«alw  inia  vmuiUh  for 
As  G8  StatioM  thtn  were  S474  ea  yd  of  oartii  oxcentton  In  art.  Aitm  two  or  thim 
■oiihi  the  Mune  nun  plotted  this  profile  on  ■•ale  1  In  eqtula  8  It  wtiaUly  but  duu>c 
inc  the  korfaontal  eesle  eo  that  1  in  would  equal  16  ft,  nuldng  the  distortion  between 
tlM  betiantnt  Hid  nrtiesl  snles  only  2  to  1.  He  replottod  this  frade  line  and  con^ 
iwttod  quutttks  ol  ounvntion  and  the  cut  amounted  to  2831  eu  yd,  allowing  a  saving 
<rf  648  eu  yd  ol  oseamian  by  using  the  more  nearly  natural  ecale.  This  road  b  on 
gantiy  foOng  cuuutry  and  blade  loain  soiL  The  reason,  ol  eoano,  for  the  difference 
in  the  two  methods  Is  due  to  the  fact  that  when  the  acaka  are  so  great^  distorted 
it  is  a  ecxiatant  temptation  the  men  plotting  the  grade  line  to  want  to  cut  off  every 
tmnp  that  amieais  on  the  ground  Une.  Whan  the  scale  la  i^ted  to  more  nearly 
Datunl  sade  the  ssm  ssa  that  the  grade  eould  be  laid  along  the  ground  practically  as 
it  ta  wItfaMit  fluMdng  any  bad  affects  after  tits  road  is  constructed.  It  is  not  praedea^ 
tt  eoonsk  to  make  the  regular  plana  on  as  nearly  a  natural  stale  as  this  esperlmant 
wsa  cwndnctsd.  It  m,  how*w,  perfectly  feaaibis  to  plot  the  profile  ■  second  Umsb 
■dng  this  natural  scale  and  r^>lot  the  grade  Une  after  it  had  been  establlahed  and 
qnantitiieB  computed.  Grantiiv  tliat  thMre  might  not  be  any  saving  in  time  of  tlw 
cofnpntatioai  of  qoantitjaa  in  computing  the  grade  Una,  It  would  not  take  more  than 
two  naiHMUif' «trn  wwk  to  vse  the  two  sodM  ttMB  h  woiild  the  oosh  aiwi  than  wo^ 
esrtafaily  be  a  Ug  anvfng  in  the  amount  vt  excavatkja." 

An  Batinuta  of  Qnantitloa  is  made  tor  the  estabUdted  grade.  U  tUi 
eotiinate  is  not  satufactory,  the  grade  is  revised  and  other  eatnnates  made 
untU  the  desired  conditions  are  fulfilled. 

A  Field  Bzamiaation  of  the  grade  is  of  the  utmost  value.  Before  the 
filial  adoption  of  a  grade  line,  an  examioation  of  the  established  grade 
should  be  made  on  the  ground  of  the  proposed  improvement.  InfonnatioD, 
wfaieh  cannot  be  obtained  from  the  survey  notes,  may  be  obtained  in  this 
way  wfaieh  makes  a  revision  (rf  the  grade  adviaaUe. ' 

K.  T.  Slate  W^mmr  Comm.  Piaodce.  "Befon  cmamendng  an  Inspection,  the  In- 
foraation  obtained  by  the  survey  party  should  be  reviewed,  and  note  made  ot  any 
failure  to  secure  full  Information.  The  kind  and  location  of  available  road  material 
AaiM  be  invaaticated  thoroly,  the  d^  obtained  by  the  survey  par^  fully  dMdnd. 
and  an  possible  addltknal  data  pneuied.  nnlass  a  bhie-print  ot  the  pfama  fan  ha 
obtained,  the  profile  and  tnarft  notes  must  be  carried  on  all  inspections,  and  aH  in- 
spection notes  most  be  entorad  in  the  back  portion  of  tits  book.  The  inspectloD  shall 
be  made  by  walking  over  the  liighway,  using  a  conveyance  only  to  arrive  at  or  leave 
thehighwar. 

mnat  be  mads  In  every  eaae  In  regard  to  the  following  matters: 
1.  The  Idnd  and  width  of  pavement  and  the  typical  section  to  be  wed  In  Improving 
the  highway. 

5.  The  location  and  abe  of  all  new  cuiverta  and  ditch  eroaaings,  and  the  aetioa  to 
be  taken  in  each  case  regarding  old  culverts.  It  must  l>e  remembered  that  exc^t 
fai  free  perflating  soils  the  desirable  maximum  length  <A  drainage  aocumutatioDs  in 
the  gutters  Is  about  900  ft.  Outlets  for  gutt«s  Jtould  be  provided  as  frequently 
an  ptaetkaMe;  where  a  new  culvwt  will  have  to  be  and  can  be  built  ta  provide  sudt 
oatlat.  It  should  he  so  placed  aa  to  ears  for  600  to  MO  ft  of  roadway  in  either  direction. 

8.  The  change  neesssary  or  advisable  in  the  new  grade  line  as  drawn  on  the  profile. 

4.  The  advisability  ot  acquiring  additional  land  to  improve  the  alignment,  and 
oeeptfamally  full  information  if  an  additional  survey  will  be  required. 

L  The  eoDdhfon  of  eiKlstlBg  retainteg  walb  and  Bdvbalnlity  of  retaining,  rsbuildlngt 
npladBC  with  slops  wsD  or  new  ooDoete  walL 

6.  The  locatloB  of  sH  uecesssry  under  drains,  telford  beee  or  sub-bottom,  with 
atatemaat  as  to  the  kinds  avaOabla,  deqt  ditches,  or  other  construction  neceasary  to 
ssenre  a  firm  sobgrada. 

7.  The  need  of  cobble  gutters  in  violation  of  the  regular  6%  rule  because  of  soil 
eenditlons;  that  la,  cobble  gutten  aesded  on  fi%  or  andsr,  and  irtMse  titer  may  be 
divaaaed  with  on  gimdes  over  6%.  and  ahetbw  the  soil  nqnfaes  oaoMnt  Joints. 

"Thedsrire  et  the  local  county  ud  towa  suparintaadaat  la  regard  to  tiM  natnie  ot 
the  baprevaMnt  must  be  leaiaed  aad  raoordad.  CensultatleB  with  ptomloMt  mU 
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dmta  along  the  Una  of  the  hicfaway  fa  adviMble,  umI  a  statemeot  of  their  oirinfoa  ibouM 
be  recdved  and  noted." 

Masa.  Stat*  Hlffaway  Comm.,  DiTiaioa  Encmocr'a  Report.  "TIhm  pUnB,profliee, 
and  BToiaagMoM  an  tluB  sent  to  tiie  dlvMon  iftww  fa  nbxat  divUoD  the  tavrtnm- 
ntent  la  projected.  The  dlvisioa  engineer  atudlea  the  propoaed  changea  fn  gnde  and 
alignm«it  on  tix  ground,  and  Uien  makea  a  prellndnBiy  report  to  the  diief  engfaMor 
<m  a  standard  printed  form.  Tfaia  report  eonidata  of  aU  foolscap  sheeta,  j<rfaed  at  the 
top,  designed  to  be  folded  and  AM,  4  by  8^  In.  After  notmg  the  date  <rf  the  receipt 
of  the  plans,  and  of  the  examination  of  the  road,  the  divialoo  ""g*"?— •  flUs  in  the  follow- 
ing printed  ipmlea  and  eqdanatiMia: 

1.  Presmit  road  surface,  character  of. 

2.  Surface  sections  and  alignmmit,  diseaaaion  of.  Division  engineers  ire  expected 
to  recommend  the  section  of  broken  atone  irtiieh  wQl  be  moat  economical  and  satisfae- 
toiy  in  each  ciM.  It  ia  not  neoeaaary  that  the  same  section  shall  be  adopted  thmout 
the  entire  length  of  the  road.  Whco  a  change  in  section  will  result  in  a  saving  of  atme 
by  taking  advantage  of  existing  conditions,  such  a  change  should  be  recommended. 

3.  Locatiofl  Unas,  dbaiBeton  oL  If  changea  can  be  made  so  as  to  avoid  uaneeaaniy 
land  damages,  divirion  engineen  are  expected  to  recommend  them. 

4.  Grade  aubmitted,  discuHdon  of,  with  reeommutdations. 

.6.  Street  railway  trades.  Division  engineera  will  state  whether  the  pieaeDt  align- 
ment and  grade  are  aatiafactory,  and  if  not,  what  changea  are  naeoaaaiy. 

8.  Borrow  and  gravel,  material  aultalde  for,  locatlca  and  qipaHty  oL  Give  ■trilldant 
data  to  permit  approximate  estimate  of  overhaul 

7.  Culverts,  bridges  and  catch  haains.  All  structuree  with  a  span  greats  than 
8  ft  will  be  classed  as  bridgea.  Division  engineers  will  give  such  information  as  they 
can  eecure  conoMnIng  dnitii«e  areas.  When  it  appears  to  be  neeesaaiy  to  obtain 
easementa  for  the  discharge  at  cnharta  on  private  land,  mentkm  should  be  made  of  the 
matter  under  thla  '''"g, 

8.  Bituminous  treatment,  diacnarion  of. 

9.  Foundations  and  drains,  reconun^datioos  oonoemlng. 
10.  Guard  rail,  reoommendations  as  to  location  of. 

It.  TreoB,  value  ot,  for  shade. 

12.  Ledge  and  other  materiak,  not  otherwise  enumerated. 

18.  Pricea  recommended  for  use  in  the  preparation  of  the  eatlmatea  and  oontracta. 
Hers  fallows  a  list  of  operations  and  materials  with  price  per  unit:  Excavation,  earth; 
excavation,  borrow,  not  including  ovcs'baul;  excavation,  ledge;  mascxiry;  concreta^ 
not  iaduding  cement  and  sted;  gravel;  broken  stone  on  cars;  broken  stone  on  roads; 
unloading  atone;  stone  at  crusher;  breaking  stone;  teaming  atone;  spreading  stone; 
watering  stone;  rolling  stone;  supervision;  total  for  brdun  stooe;  bituminous  treat- 
ment, not  including  bituminous  material;  various  slcaa  of  culvert  pipe;  guard  rafl; 
atone  fflling  in  pUce;  cobbleatone  gutters;  ddivering  and  setting  bounds;  catcb-baalna. 
not  induding  framsa  and  grataa. 

14.  Provisions  tor  taking  care  at  travel  daring  wnatmetfoD. 

16.  Renuwka. 

"  This  scheme,  aa  leadQy  perceived,  ^vaa  adequate  InfotTnatioo  to  the  Commlsaion 
and  to  the  engineers  in  the  main  ofBoa,  where  apedfications  and  doo tracts  are  drawn. 
Ample  information  regarding  kind,  dumcter  and  method  (rflmprovemaot  It  is  dedratile 
to  make  is  given  so  that  final  plans,  pndlea  and  apedScatlinB  may  be  drawn  that  will 

properly  fit  the  local  condittons." 


A  Vertical  Cnrrc  is  a  paraboUo  or  circular  curve  drawn  tangent  to  two 

intersecting  grades  so  that  the  transitioii  from  one  rate  of  grade  to  another 
will  not  be  abrupt.  The  form  of  curve  most  generally  used  la  the  parabola. 
The  length  of  curve  varies  depending  upon  the  algebraic  differeooe  in  the 
rates  of  the  intereecting  grades.  Experience  has  proved  that  the  following 
lengths  will  make  satiufaotory  curves:  100  ft,  200  ft,  300  ft  for  algebraic 
differences  in  grades  between  1  and  3, 3  and  6,  and  more  than  6  respectively. 


27.  Vertical  Curves 
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305 


CoMtnictim  the  Carre.  la  Fig.  61  let  a  b  and  6  e  be  two  grades  inter- 
aeoting  at  b.  The  curve  is  tsogeut  to  the  two  grades  at  m  and  n.  Draw 
the  chord  m  n.  The  horizontal  distances  between  m  and  o,  o  and  b,  b  and 
p,  p  and  n  are  equal  and  correspond  to  the  station  interval.  The  vertical 
curve  m  e  n  is  a  parabola,  x  and  u  are  the  abscissa  and  ordinate  respectively  of 
any  point  on  the  curve  measured  from  e  as  an  origia,  with  the  tangent  to 
the  eurve  at  e  as  odb  of  the  ooltodinate  axes.  The  ordinate  v  is  always 
azpraeaed  as  a  fractional  part  of  /m  or  fn  and  the  abscissa  x  -  v*x  e/> 
The  election  of  /  is  the  mean  of  the  elevations  of  m  and  n,  and  e  is  half 
way  between  b  utd  /.   The  ixunt  «  Is  thus  located.   Draw  the  tansen^ 


Fig.  61 

to  the  eurve  thru  e.  It  will  be  parall^  to  m  n.  Fbr  pc^t  u,  y  ■  e  e/iV 
-  yi  and  x^y'ef  ^  Hef.  The  distance  r«-e/-«  -  %ef  laid  off 
from  r  on  the  chord  m  n  locates  u.  The  point  t  is  located  in  a  aimilar 
manner.  The  curve  is  drawn  by  connecting  the  points  m,  u,  e,  t,  and  n. 
If  points  are  calculated  for  50-ft  intervals  along  Uie  curve,  they  may  be 
connected  by  straight  lines  without  appreciable  error.  A  slight  error  is 
involved  in  practice  because  the  coordinates  y  and  x  are  measured  parallel 
to  a  horisotttal  and  vertical  axis  thru  s.  The  difference  between  theee 
eoOrdinatee  and  those  g 

a 


parallel  and  perpendicu- 
lar to  the  tangent  thru 
e  is  ao  small,  however, 
that  it  can  be  neglected. 

Krample.  Compote  the 
vertical  cum  tiantiau  at 
tmA  «Mt  Btatiao  for  a  rfs- 
fac  4%  cmde  and  a  MUiig 
8%  gntde  iriticfa  intcnect  at 
sis.  6  at  an  etsTation  of  100. 
The  alcebntie  diSereoee  is 


rig.  a 


gndm  ia  7  and  hence  a  800-ft  curve  !■  required.    The  points  of  taagenqr  win  then  be 
160  ft  either  lide  of  the  tntoneetion.   The  eomputattons  are  givan  beknr  for  dilTentit 
ptrints  of  the  eurve  as  shofm  fat  fig.  62. 
BevaUoQ  at  /  «  (  H  +  95.6  }/2  -  94.76  ft 
ElevatUn  at  «  -  (100  +  U.7i)/2  -  97.87  ft.  ^  -  2.C2  ft 
CoOrdiiutea  for  e  and  ff,  y  -  1/8,  x  -  1/9  X  2-62     0.29  ft 
CoOrdhiates  for  6  ud  /,  y  -  2/8,   x  -  4/9  X  2.62  -  1.16  ft 
Then       -fk  »«/  -0.29  ft  -2.88  ft  and 
ah  -  1J  -*/  -1.16  ft  -  1.46  ft. 
Bevattaat^M  -94.00  +  0     -  Bevation  of  sum  at  Sta.  8  +  60  -  »iM 
Elevatioa  at  b  -  9i.26  +  1.46  -  Elevation  of  curve  at  Sta.  4         -  96.71 
Sevation  at  d  -  94.60  +  2.83  -  Elentioa  of  curve  at  Sta.  4  +  60  -  96.88 
Elevatloii  at  /  -  94.76  +  2.62  -  ElevatioB  <rf  onrve  at  Sta.  6         -  97.87 
Bmrtion  at  k  -  96.00  +  2.88  -  HevatioB  of  enm  at  Sta.  6  +  60  -  KM 
Etovadoa  at  i  -  96.26  + 1.46  -  xaevation  of  curve  at  Sta.  6         -  96.71 
ElevatiaB  at  a  -  96.60  +0      -  Elevation  of  curve  at  Sta.  6  +  60  -  96.60 
The  abova  ealenlationt  can  be  rfmidified  and  the  eame  raeulta  obtained  by  measuring 
the  oAset  Cram  the  giade  tangntt  produced  Inrt— d  U  the  chord  m  n,   Cateulsta  «/ 
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u  ftbov*,  than  •/  -  2.62  ft.  Tba  offaeU  from  the  pwl«  tancnu  produesd  ta  the 
curve  et  a  end  {  era  each  1/9  ef  —  0.Z9  ft,  eiiue  «  6  —  1/8  m/  end  offieta  tnm  tiw 
grade  tuiKeiite  produced  to  e  end  g  era  emch  4/9  «/  -  1.18  ft  abiee  md  —  2/Sm/. 
The  remaining  calculetlone  are  tebuleted  belor. 

Sta.  3+&0  Elevetlon  grede  tengent-  94.0  £levetion  of  curvo-  94.00 
Sta.  4  Elavation  grade  tangoat  -  96.0    Elevation  of  curve  -  96.0  -0.29  -  95.71 

Stm.4+60  Elevatlott  grade  tangent  -  98.0  Elevation  of  curve  -  98.0-1.16  -96.84 
Sta.  6  Elevation  grade  tangent  - 100.0    Elevation  of  curve -100.0 —2.62  -97.S8 

Sta.  6+60  ELevation  grade  tangent  -  98.6  Elevatimi  (rf  curve-  98.6-1.16  -97.84 
Sta.6  Elevation  grade  tangent-  B7.0  Elevatien  of  eurve-  97J> -0.29  -96.71 
8t«.6+60  Etevatimgnid*  tangent-  95.6   Elmtkm  of  curve-  WJSO 

26.  Street  and  Road  bitersectiona 
Street  Interieettoiis.  The  calculaUon  of  grades  at  atreet  intersectionfl 
will  be  ooneidwed  in  Sect.  7.  Elevations  should  be  fieuied  not  onl^  for 
the  center  lines  of  the  intetaecting  streets  but  also  for  the  curb  lines  and 
building  lines  near  the  intctrsection  so  that  proper  transverse  sidewalk  slopes 
result.  If  the  design  is  properly  worked  up,  all  elevations  around  the 
intersection  are  definitely  established  and  they  should  be  written  on  the 
plan  of  the  intersection.  Unless  an  intersection  is  completely  designed  and 
all  elevations  definitely  fixed  by  some  standard  method,  mor&  or  leas  con- 
fusion  will  result  on  account  of  the  different  elevations  obtained  for  the 
same  comer  by  using  in  the  computations  first  the  rate  of  ^rade  of  one 
street  and  then  the  rate  of  grade  of  the  inteneoting  street. 

Road  InteraectionB.  Where  there  is  any  possibility  of  a  locality  becoming 
olosely  built  up,  it  would  be  advisable  to  work  up  the  grades  at  the  inter- 
section in  the  same  manner  aa  for  street  intersections.  A  large  percentage 
of  the  roads,  however,  run  thru  districts  that  probably  never  will  be  thickly 
settled.  In  such  cases  the  grade  of  the  improved  road  is  established  so 
that  an  easy  approach  to  it  may  be  had  from  the  intersecting  road.  The 
intersecting  roads  are  often  unimportant  roads  infrequently  traveled  and 
henoe  do  not  have  to  be  given  much  consideration.  The  profiles  taken  in 
the  survey  for  short  distances  along  each  intersecting  road  when  plotted 
on  the  cross-eections  or  [nt)file,  may  be  studied  with  reference  to  the  new 
grade  of  the  main  road.  By  cutting  and  filling  for  shcxt  diatanoes  on  the 
intersecting  roads,  the  grade  may  be  changed  so  as  to  make  a  natisfactory 
approach  to  the  new  grade  of  the  main  road. 

At  the  intersect  iotiE)  of  the  more  important  roads  the  beat  grade  can  be 
determined  by  staking  out  the  grade  planned  in  the  ofiice  and  then  chang- 
ing it  on  the  ground  so  as  to  best  fit  the  requirements.  The  jdan  grade  is 
then  made  to  agree  with  the  grade  on  the  stakes. 

S9.  Crown  F<nittubu 

The  Crown  of  a  Roadway  is  the  difference  in  height  between  the  grade 
of  the  center  and  tiie  grade  of  the  sides  at  the  edge  of  the  shoulder,  edge 
of  gutter,  or  at  the  curb  line.  The  mean  transverse  slope  is  the  crown 
divided  by  half  ihe  width  of  roadway  over  which  the  crown  is  applied. 

The  cross-aection  of  the  roadway 
surface  may  be  formed  by  two 
Fig.  53  straight  lines  meeting  at  the  cen- 

ter, or  it  may  conform  to  a  circu- 
lar or  parabolic  arc  or  to  two  flat  circular  arcs  meeting  at  the  center  (see 
fig.  53).  Numerous  formulae  have  been  derived  by  which  the  wnount  of 
crown  can  be  found.    Sec  (W),  (43)  and  (44).    Id  some  formulas,  the  kind 
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of  pavement,  grade  of  highway,  variation  in  heights  of  curbs,  arc  considered 
factors  which  affect  the  crown.  A  few  fonnulas  give  rules  for  distributing 
ths  down. 

The  Andnw  Sosamtar  Fonnak  b  as  follows:  e  <-»  (100  —  4p)/6000  Im  bii^ 
abaat  block,  wood  block  snd  eomprand  Europmo  rock  aq>lialt,  andc  — w  (100—  ip)/ 
5000  for  Auaricsn  Bheet-uphslt;  in  wbidi  e  represents  the  crown  of  pSTSment  in  feet 
■t  tbe  eentcT,  w  the  distance  between  curbs  in  feet,  sad  p  the  grade  ot  street  esprsMsd 
as  a  pereent,  tfms,  if  grade  is  4%,  p  -  4.  Elevatkuis  for  other  pofaits  thruout  ths 
width  of  tbe  street  ars  found  by  aanuning  the  curve  to  be  a  parabola  and  flgurinf  the 
ordinatfls  to  the  curve  by  tbe  fcdlowing  formula:  y  —  e  ifl/tfl  ia  wUch  e  represents  the 
crown  at  tbe  center  in  feet,  a  the  half  width  of  roadway  in  feet,  x  tbe  distance  out  in 
feet  from  the  center  to  the  point  wliose  devatlon  is  to  be  found,  and  g  tbe  decresse 
in  crown  In  feet  for  a  point  a  distance  x  from  the  center. 

Wsrrea's  Rules  are  very  practical  and  easy  to  apply. 

For  pavements  having  Hnooth  surfaces  such  as  iheet  asphalt,  mosotad  blocks,  and 
grouted  stone  blocks  and  bride,  and  havtnt  a  grade  of  2%  or  tass,  wtUi  no  car  tradn^ 
make  the  crown  1  is  to  each  6  ft  of  wMth  between  curbs. 

For  psvttnents  providing  more  secure  foothdd,  sadt  sa  stons  Uodn  and  hrkSk, 
having  Utuminous  joints,  broken  stone  or  Bitulithle  on  streets  having  a  2%  or  leas 
grades  make  the  sown  1  in  to  cadi  4  ft  ot  width. 

If  a  street  has  ear  tracks,  deduct  the  total  width  outside  to  outside  of  lalls  from 
the  width  between  curbs  and  divide  ths  diftsrenee,  double  width  between  track  and 
enrb,  by  6  and-4  reepoetively. 

For  grades  between  2%  and  4%,  provide  H  the  crown  provided  by  the  above  cen^ 
putatitMi.   ¥ot  grades  sbove  4%,  provide  a  crown  i  that  of  the  above  computstioo. 

Diabribute  the  crown  as  follows:  Drop  H  ths  crown  at  tbe  crown  mid  quarter 
point;  drop  H  the  crown  at  the  quarter  pomt;  drop  the  crown  at  the  curb  mid 
quarter  point.  By  quarter  point  i^  meant  the  point  nUdwur  bstwasn  the  OSBtsr  of  Uie 
carriageway  and  tbe  curb,  or,  in  the  case  of  streets  on  «4ueh  car  traeka  are  idaoad,  it 
is  tbe  point  midway  between  the  outwle  rail  and  curb. 

Dare's  Focmaia  has  hs«t  laigdy  used  tor  computing  crowns  In  Washiagtotir  D.  C, 
and  ia  ivpUeable  for  all  widtln  up  to  60  ft: 

c  -  «  (100  -4p)/6300  +  60p> 
la  which  e  represents  the  crown  in  inches,  w  the  width  ot  roadway  In  Inches,  p  tbe  grade 
p^prtssfd  ss  a  percent,  that  is  for  a  4%  grade,  p  -  4.    The  distribution  <rf  the 
sown,  where  curbs  era  levd,  is 

obtained  by  the  formula  8  c/0.3     Oath       ^      e     ^     f  9     ^  Cwb 

IP  —  d  in  which  e  repreasate  In         '  i  i  i ■  I 

crown  hi  fatdie^  d  the  trana.         "  5i  ^  % 

verae  grade  espfessedas  a  par-  Fig.  S4 

emtage,  and  w  the  width  of 

roadway  in  feeL  The  transverse  grade  from  quarter  point  to  gutter  !■  made  just 
twice  as  steep  ss  it  is  from  the  center  to  quarter  poinL  The  devations  at  points  t, } 
and  t  in  Fig.  64  an  as  fdlows:  ^  ^ 

Elevation  atsorf-«aor  &  +  —  Elevation  at/  -  a  or  + 

a  and  b  are  the  elevations  at  tbe  gutters  in  teet  and  bundredtha  of  a  foot  and  c  is  tbe 

crown  in  inebee. 

For  Cnrbs  st  Diflersnt  Ele- 
vations, the  crown  obtained  by 
Dare's  lormula  is  (distributed  as 
fdlows:  In  Fig.  B6  let  letters 
have  the  same  sigDiflcanoe  as 
Pig.  B6  before,  a  repressut  the  distance 

in  fsst  from  low  curb  to  Ugh 
ptrint  of  eresa  esctlon,  and  y  the  distanae  bi  feet  bom  high  curb  to  high  point  of  ereas- 

z  -  (a  -  5)/l.Bd  +W/2 
In  this  formula  and  In  those  given  lidow  i  is  mpiessud  in  hundredths  ot  a  foot; 
ElevatSoD  at  f  —  ft  +  x  d/2 
Elevation  at/  -  b  +3zd/4  -a  +8|r4/4 
Ekrration  at  *  -  a  +  y  d/Z 
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Meut  Truisrem  SIop«i.  The  oross-aeoUoa  of  state  highwayij  of  stand- 
ard widths  of  hardened  surfaces,  vaiying  from  the  mininnim  up  to  about 
20  ft,  are  oommonly  made  to  conform  to  two  strai^t  lines  intenectliig 
at 'the  center.   These  lines  have  the  same  dope  afl  the  mean  transvanw  slop*. 

If  8  equals  mean  transverse  slope,  expressed  as  inches  of  rise  to  each  foot 
of  half  width,  c  the  crown  in  inches  and  w  the  width  of  roadw^  in  feet, 
then  a  2  c/iv.  The  slope  s  is  usually  assumed  and  the  amount  of  crown 
determined  from  it  by  solving  for  c  in  the  formula. 

Example.  If  Uie  alove  of  th»  autface  is  'A  in  to  the  foot  for  a  U4t  zosd*  the  crown 
attiiecaaterwUlbee  -wV)-*/4  X"/t  -SViln. 


When  the  grade  of  the  highway  has  been  established  and  the  form  of 
cross-section  adopted,  an  estimate  of  the  earthwork  can  be  made. 

Subgrade  Elevations  on  the  center  line  for  each  station  are  determined 
from  the  center  hue  grade  elevations  by  subtracting  from  the  latter  the 
distance  from  the  finished  grade  to  the  subgrade  on  the  center  line.  The 
subgrade  devations  are  then  plotted  on  the  oroesHMOtiona  at  each  station 
on  the  line  corresponding  to  the  finished  center  line.  A  template  of  the 
same  form  as  the  finished  cross-section  of  the  highw^  up  to  subgrade  and 
made  to  the  same  scale  as  that  of  the  cross-sections  is  prepared  (see  Art.  4^. 
The  finished  section  of  road  for  grading  is  then  plotted  on  the  cross-section 
at  each  station  by  placing  the  template  on  the  cross-section  in  a  horizontal 
{K>sition  with  the  upper  edge  of  the  center  t>oint  of  the  template  coincident 
with  the  plotted  elevation  of  the  subgrade.  A  line  is  drawn  around  the 
template  and  the  side  slopes  of  the  banks  drawn  so  as  to  intersect  the 
ground  line  of  the  original  oross-section.  The  area  between  the  lines  of 
the  finished  section  and  the  original  cross-section  is  in  cut  if  below  the 
ground  line  of  the  original  cross-section  and  in  fill  if  above. 

Areas  in  Cuts  and  Fills  are  determined  by  means  of  a  planimeter,  by 
dividing  the  areas  into  approximate  geometrical  figures  and  computing 
the  same,  by  counting  the  ruled  squares  on  the  paper  included  in  the  area, 
and  by  scaling  and  adding  the  ordinates  between  the  original  ground  line 
and  the  finished  section  for  each  foot  of  width  of  the  finished  section. 

In  Using  Pluimetefs  to  detennina  the  areaa,  a  double  run  <d  the  area  ia  made  for 
dteek  poipoaea.  The  planimeter  reading  at  the  end  of  the  seeond  run  afaould  be  twice 
that  at  th*  «ad  of  the  fiiat.  Another  method  of  checking  pUtUmeter  work  is  for  two 
mm  with  differtot  planlmetera  to  determine  the  areas  ladefiendently  of  cadi  othtr. 
Two  separate  esUmatea  are  made  tram  the  two  seta  of  planlmetered  areea  and  the 
raaulta  compared.  In  some  ofReea,  If  the  two  estlmatas  do  not  agree  within  2%,  the 
areas  are  pUnhnetered  a  third  time. 

Tke  Count  HeUiod  is  usually  mads  by  two  men  working  together,  each  checking 
the  other.  Kadt  man  asUmataa  the  area  by  eoontiag  the  acpiane  between  tba  finished 
and  the  origlBal  erom  ssettgni.  Knowinc  the  number  of  sqnarea  and  the  seals  of  the 
drawing  the  area  Is  known.  Nd&er  man  announoea  the  resolt  of  hla  coast  until 
the  other  haa  fiidsbed.  If  they  do  not  agree  a  recount  is  made  until  acreoment  ia 
reached.  This  method  la  very  rapid  and  accurate  reaulta  can  be  obtained  by  men  who 
are  trained  to  the  work.  If  the  aectiona  are  plotted  to  a  acale  of  4  or  5  ft  to  the  inch. 
A  person  may  get  used  to  estimating  In  this  way  by  counting  the  aquares  and  thm 
nunlnK  over  the  aame  area  wi^  the  planimeter  and  eompailng  results. 

Ia  die  Scaling  Method  the  ordinatee  nuiy  be  scaled  and  added  or  a  pair  of  dividera 
may  be  uaed  and  ao  manipulated  that  the  distance  between  the  points,  when  each 
vcrtleal  for  each  foot  of  widtb  haa  been  waeed  off,  will  represent  the  total  aum  of 
theaa  vartlealB.  The  area  is  this  distance  mMsured  to  the  same  scale  with  whiok 
the  eroaa  aaetkan  were  plotted.  . 
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Tkrm*  tmd  Vin-iAHti  SteOaaM.  Araw  naj  abo  eompotwl  dinetlar  frmn  the 
lUd  notes  in  aome  om  without  plotting  them.  Thta  h  tbe  owe  of  thne-lavd  and 
Svfr-level  aeeti<His,  LofonnatioB  for  which  ia  obtainMl  in  tbe 

fidd  in  Mttins  slope  eteLkee  (see  Art.  18).    Let  Pigs.  66  Rod  j,  q  ^ 

&7  be  seetiona  hi  which  the  etevmtlone  of  poinU,  on  tbe   „^  ^  dr—' 

enmnd  where  a]o|>ee  run  out  ind  at  other  pUoa     hidicmted  r  I 

kk  th*  OfnreB,  hnvs  been  datenntned  in  the  flMd.   Fir  66  itrN~7r^ — -i- — "T^^X 
■hows  a  thre^-level  eectiDD  ud  Fig.  67  •  flwtevd  netion  \      \'---J^--V^  P** 
or  one  in  which  tlie  devetion  of  two  otho-  pointi  berideetiM  |> — b — ^ 
center  uid  dtqw  pointe  have  Iwen  taken.  u  /ot 

Are*  for  a  three-lavd  section,  A~  H  IH  b  (Jir  +  St)  +  °o  v«J 

eDU  For  a  levd  section  Ar  =■       ht,  and  A  "  c  (fi  +  *  e);  Area  (or  a  ftve-levd  section, 
A      ^  (fib  +  trdr  +  H<k)i  e  repreeants  the  oeater  height,  f  the  dope,  hr  and  ht  tbe 
dde hdghta, and  rf(  the  side  diataneee,  and  D^dr+di. 

It  is  not  necessary  to  estimate  areas  closer  than 
the  nearest  square  foot.  The  areas  at  each  50 
or  100-ft  station  and  at  those  stations  between 
tbe  regular  station  intervals,  which  mark  abrupt 
changes  in  the  slope  of  the  ground,  are  de- 
Flg.  67  (8)  termined.    It  is  convenient  to  tabulate  the  areas 

on  blank  forms  ruled  off  into  columns  for  this 
purpose,  the  columns  being  headed  Station,  Area  Cut,  Area  FilL 

Determination  of  Volnme.  The  volume  is  determined  from  the  areaa 
by  tbe  prismoidal  formula,  or  tbe  average  end  area  formula  with  or 
withtmt  a  priamoidal  ooireetion  being  applied.    See  (1),  (4)  and  (14). 

Tbe  Priamoidal  Fomula  las  —  l/61(ai  +  4ani  +  oi)  In  which  tu  and  «  aie  the 
areas  In  square  feet  of  two  adjacent  aeetlona  a  distance  I  feet  apart,  *  the  volume  in 
cubic  feet  and  om  an  area  wfaidi  is  computed  from  tbe  mean  of  the  dimenMons  of  oi 
and  Of.  IHvide  >  by  27  to  get  the  number  of  cubic  yards.  TUs  formula  gives  eaaet 
Tohunea  for  all  wdlnary  eases  of  earth WotIc  Tbe  work  involved  in  udng  this  formula 
is  very  great  and  henoe  it  is  not  in  common  use  lor  earthwork  computations. 

The  Average  End  Area  Formula  is  n  =  >^  !  (ai  +  <xt)  in  which  the  letters 
have  the  same  significance  as  in  the  prismoidal  formula.  Divide  v  by  27 
to  get  the  number  of  cubic  yards.  This  formula  is  easy  to  apply  and  is 
the  one  most  used,  tho  it  gives  results  that  are  too  large.  If  the  station 
interval  is  uniform  the  cubic  yardage  for  any  desired  length  of  n  stations 
can  be  found  as  fidlows:  Let  Oi  ai  oi  .  .  .On  be  the  areaa  in  cat  or  fill  at 
the  different  stations  at  a  unifoim  interval  I  apart,  the  total  length  between 
the  first  oi  and  the  last  On,  bring  L  =nL  IS  the  areas  am  taken  in  square 
feet  and  Ir  is  in  feet,  the  volume  in  cubic  yards  will  be 

ai  +2{ai  +  at  +  a«-i)  +  Om  If 

2  +  2  (n  -  1)  27  ^27  ^  ' 

Table  IX  gives  the  volume  in  cubic  yards  of  soUds  100  ft  long  having  mean 
areas  varying  from  1  to  100  SQ  ft.    The  yardage  for  any  section  is  found  as 
foUows:    Compute  the  mean  area  of  the  section  by  the  first  term  in 
formula  (17)  to  the  nearest  hundredth.    Look  up  the  volume  in  the  table 
corresponding  to  this  area,  and  multiply  this  value  by  the  length  of  sec- 
tion  in  feet  divided  by  100.    The  volume  in  the  table  for  any  other  area 
than  those  given  is  foimd  by  adding  together  the  volumes  for  areas  whose 
sum  equals  the  area  in  question. 
Snaple.   Find  vohmie  for  lOO-ft  length  having  an  area  of  806.62  sq  ft: 
Area  Volnme 
800.00  lUl.U 
6.00  22. 8Z 

0.60  1.80 
Q.Qg  0.07 
t06.62  1186.26  cu  yd      ^  . 

D'fjibzeo  by  CjOOQ  IC 
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Table  IX. — Exeavation  and  Embankment  Qtiantltle* 


Cubic  Yards  of  Excavstioo  or  Embankment  for  Average  End  Aieaa  Varying 
from  1  to  100  Sq  Ft  and  a  Length  of  100  Ft 


Am 

voiuziie 

Volunio 

A  — 

Voiunio 

*  

votuino 

Oi  JV 

Ol 

ID 

9St  RA 

AOI -DV 

■ 

£1 

OA 

1  1 

« 

11  11 

103  70 

63 

196  32 

lO 

ADO  -V* 

A 

4 

14  A  pi. 

In 

£VU  .IAS 

TO 
1 V 

909  ill 
J&VA  .DX 

E 
D 

la  •Da 

QA 

111  (1 

i  i  L  .11 

DO 

jbVO  .  to 

Ov 

CHM  ftO 

fivD 

D 

f>L 

lit .Ofi 

66 

Ol 

AAA  Aft 

OW  f  VA 

T 
1 

QE  QO 

oa 

fi7 
91 

911  in 

917. 

308.72 

4 
O 

4M> 

Oo 

91A  fU 

QO 

<MV7  *  J* 

n 
ap 

OO  ««M 

04 

191k  09 

RQ 

91  fl  U 

04 

ftll  1ft 

OXl *xo 

1 A 

Of  *v% 

OP 

194k  iU 

AA 
vv 

999  9A 

OO 

A1^  ftft 

OX9  *Oit 

1 1 
1  i 

oo 

lOO  ,tn 

ftl 

99R  OK 

OO 

Alft  U 

OX0.04 

13E 

AA  AA 

Of 

1  OT 

lo ( . UO 

A9 

O^l 

OSS  tS4 

13 

48.16 

38 

140.76 

63 

2SS.S6 

88 

826.95 

14 

61.86 

39 

144.46 

64 

237.06 

89 

329.66 

16 

66.66 

40 

148.16 

66 

240.76 

90 

383.86 

16 

69.26 

41 

161.87 

66 

244.46 

91 

337.06 

17 

62.96 

42 

16S.67 

67 

248 . 17 

92 

340.77 

18 

66.67 

43 

169.28 

68 

261 .87 

98 

344.47 

19 

70.37 

44 

162.98 

69 

266.67 

94 

848.18 

20 

74.07 

46 

166.69 

70 

259.28 

96 

861.88 

21 

77.78 

46 

170.39 

71 

262.98 

96 

866.69 

22 

81.48 

47 

174.10 

72 

266.68 

97 

369.29 

23 

86.18 

48 

177.80 

78 

270.89 

98 

863.00 

24 

88.89 

49 

181.60 

74 

274.09 

99 

866.70 

25 

92.69 

60 

186.20 

76 

277.79 

100 

870.40 

Prismoidal  Correction  ia  a  volume  expressed  by  the  formula  1/12  I  (ci  —ct) 
(Di  —  Dt)  in  which  I  is  the  length  between  two  end  areas  ai  and  at,  a  and 
C)  are  the  center  heights  in  feet  of  ui  and  ai  respectively,  Di  and  Dj  are  the 
horiiont&I  distances  in  feet  for  oi  and  oi  respectively  between  the  points 
where  the  side  slopes  of  the  finished  section  intersect  the  ground  line  as 
shown  in  Fig.  56.  If  a  volume  is  found  by  the  average  end  area  method 
and  the  volume  given  by  the  prismoidal  correction  formula  subtracted 
from  it,  the  result  is  approximatdy  the  same  as  if  the  prinnoidal  formula 
had  been  used.  Therefore  the  volumd  in  cubic  feet  may  be  computed 
by  the  formula : 

•  -  K  i  (oi  +  tn)  ~  1/12  I  (ft  -  cj)  (A  -  Di) 
Dividing  v  by  27  gives  the  number  of  cubic  yards.  TaMe  X  gives  values 
nf  the  prismoidal  correction  in  cubic  yards  fi»-  different  values  of  q  —  ct 
and  Di  —  Dt  in  feet  vhen  I  -  100  ft.  For  any  other  length  Ii  than  100  ft, 
the  volumes  in  the  table  should  be  multiplied  by  the  ratio  of  fi/100.  Tho 
volume  by  the  end  areas  must  be  expressed  in  cubic  yards  before  subtracting 
the  prismoidal  correction  obtained  from  the  table.  For  irregular  sections 
a  is  the  height  of  a  three-level  section  having  an  area  equivalent  to  Oi 
of  the  irregular  section ;  Ct  is  found  from  at  in  a  similar  manner. 

If  the  prismoidal  formula  or  the  average  end  area  formula  with  prismoidal 
correction  applied  is  used,  it  is  neceasarj'-  lo  compute  the  volumes  for  each 
interval  between  stations  where  crons-sectiooa  have  been  taken  Uiruout 
the  length  of  the  work.  Tba  voliunes  in  cut  and  in  fill  are  figured  separatel.v 
and  the  sum  of  all  the  volumes  in  cut  aad  the  siun  of  ^1  the  volume*  in 
fill  give  the  total  volume,  of  out  and  fill  respectivriy.   The  volume  must 
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also  be  found  for  each  iDterval  as  above  if  a  man  diainun  ii  to  be  con- 
structed. A  rapid  estimate  of  the  total  quantities  may  be  made  by  the 
average  end  area  formula  by  finding  the  volumes  for  a  long  fiectioo  having 
a  common  station  intcr\'al  an  per  formula  (17).  In  this  method,  however, 
where  the  regular  station  interval  is  interrupted  by  a  plus  station  designating 
an  abrupt  change  of  slope,  the  volume  in  this  inter\'al  will  have  to  be  figured 
separately. 

SiHiivle.   AxwB  have  bem  found  for  Sta.  1, 1  +  60,  2, 3  +  SO,  8,  3  +  20.  S  -|-  8fc 

3  +  60,  4,  4  +  50,  5.  It  fi  seea  that  the  sUtloo  iDterval  {■  50  f t  from  Sta.  I  to  8  and 
from  Sta.  3  +  60  to  5.  A  rapid  eatimate  <d  total  vohine  from  Sta.  1  to  6  would  be 
found  by  addin(  together  the  volumca  from  Sta.  1  to  3,  Sta.  3  to  8  +  Sta.  8+20 
to8+8S.8ta.8+a6taS+fiQandSta.S+60to8ta.6. 

Tha  Zaro  td  Cut  or  F01.  Where  a  center  line  grade  changes  from  a  out 
to  a  fill,  it  interscctji  the  ground.  This  point  c  may  be  determined  in  the 
field  hy  finding  the  station  of  a  point  on  the  center  line  where  the  ground 
elevation  and  grade  elevation  are  the  same.  If  the  ground  on  a  line  at 
right  angles  to  the  center  line  at  this  station  is  the  same  elevation  as  the 
center,  this  station  will  be  the  true  zero  of  the  cut  or  fill.  If  the  ground 
is  sloping  at  right  angles  to  the  center 
line,  the  stations  of  two  other  points  a  and 
b  in  Fig.  58  as  wdl  as  the  point  e  on  the 
center  line  have  to  be  found.  Points  a 
and  b  On  Uie  edges  of  the  nad  base  cor- 
respond to  points  on  the  ground  whose 
elevation  is  the  same  as  grades  at  a  and 
b.  Cross-sections  are  taken  at  a,  e  and  b  in  the  regular  manner.  Points  a 
and  b  will  then  be  the  stations  of  the  true  tero  of  the  cut  or  fiU.  In  the 
figure  the  area  at  a  is  sero  cut  and  all  fill,  at  c  the  area  is  part  out  and  part 
fill  and  at  6  is  aero  fill  and  all  cut    See  (1>- 

Unleas  the  earthwork  is  of  great  magnitude  it  is  hardly  necoBsary  to 
determine  the  true  lero  of  the  cuts  and  fills.  The  station  on  the  profile 
where  the  grade  intersects  the  ground  line  may  be  taken  as  the  zero  of 
the  cut  or  fill  without  great  error.  In  cases  where  the  station  interval  is 
50  ft  and  the  areas  change  from  out  to  fill,  it  ia  customary  to  consider  the 
zero  of  a  cut  to  be  the  station  of  no  cut  immediately  precet^g  or  following 
the  station  where  a  cut  occurs.  The  zero  of  a  fill  is  obtained  in  a  similar 
manner. 

Rxample.   The  end  anas  cat  and  fill  at  Mveral  station*  are  aa  follow*: 


Sta. 

Area  Cut 

Area  TVA 

1+60 

15 

0 

2 

0 

88 

2  +M 

0 

15 

8 

6 

10 

8+60 

20 

0 

4 

25 

0 

4+60 

30 

0 

6 

0 

12 

Sta.  2  ii  the  end  of  one  cat,  Sta.  2  +  60  and  6  th«  beglnalBg  and  end  of  another  cut 
Sta.  1  +  60  and  3  +  60  are  the  beglaning  and  end  of  one  flU,  Sta.  4  +  50  the  bea^nninK 
of  another  fill. 

Earth  Shrinkage.  It  is  necessary  to  make  the  estimate  so  that  the 
amount  of  cut  will  be  in  excess  of  the  amount  of  fill  by  an  amount  equal 
to  the  shrinkage  of  the  material  or  it  will  be  necessary  to  borrow  material 
in  the  course  of  the  construction  to  make  the  embankments.  The  amount 
of  shrinkage  vries  depending  upon  the  kind  of  material,  the  method  of 
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TaU*  Z.— Prinaoidtl  Comctlou  in  CoUc 
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0 

28 
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66 

0 

65 

0 

74 
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26 

0 

87 

0.49 
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74 
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99 
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9.S 

0.16 

0 

31 

0 

46 
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28 
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Tarda  for  ■  S^idi^  100  Feet  Loac  (S) 
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12.19 
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68 
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19.51 
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47 
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94 

7 

41 

9 

88 
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81 
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8.1 

2 

50 

00 

7 

60 

10 

00 

12.60 
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69 
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12 
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20.25 

22.78 
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69 

10 

25 
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87 
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87 
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compactioD,  the  weather  conditums  and  the  way  the  material  is  handled. 
See  Sect.  8  orading. 

Volttinci  on  Ciutbe.  The  {ormulas  for  computing  volumes  of  earthwork 
previously  given  are  derived  on  the  aasumption  that  the  end  areas  are  parallel 
to  each  other.  The  crose-seotions,  from  which  the  areas  are  obtained, 
on  curves  are  measured  in  the  field  on  radial  lines  and  hence  are  not  parallel. 
The  volumes  obtained  by  using  the  formulas  previously  described  will  be 
slightly  erroneous.  Unless  the  earthwork  on  curves  consists  of  very  deep 
cuts  and  fills  as  are  commou  to  railroad  work,  the  methods  tA  estimating 
earthwork  previoxisly  described  are  generally  used  without  come&m. 
See(l). 

The  exact  volume  of  a  solid  on  a  curve  u  best  found  by  multiplying  the 
mean  area  of  the  solid  by  the  length  of  the  path  of  its  center  of  gravity. 
This  rule  holds  true  for  any  solid  on  a  curve  that  can  be  generated  by  a 
revolving  plane  area  lying  wholly  bn  the  same  side  of  a  straight  line. 

Bxuiqle.   A  slmpla  case  of  the  above  is  shown  In  Fig.  68.    The  aoUd  td  unifonn 
riiape  Asm  In  the  figure  may  be  generated  by  revolving  the  an*  bedt  about  o, 
.  the  oenter  of  the  curve.   The  center  of  gravity  of  the  araa 

fM\         ia/.   AreaiodatinuBa/thelengthof  thepathoC/^vai 
the  volume.   The  tength  a/  Is  found  Iran  ani^  a  nd 
^^■^  radius  o/. 

V0  \Y       a  Complete  Bstiinate,  besides  the  amount  of 

jfClJk^  V'^  ij   earthwork,  will  include  the  quantities  of  all  the 

Ptg.  69  '         work  to  be  done,  such  as  amounts  of  guard  rail, 
concrete,  ledge,  curbing,  culvert  pipe,  drain  tile, 
catch-basins,  grubbing  and  clearing,  riprap,  foundation  material,  bitumi- 
nous material,  surfacing  material,  etc. 

Quantities  of  materials  other  than  earthwork  quantities  are  easily  found 
since  the  area  of  cross-section  usually  corresponds  to  some  regular  geo- 
metrical figure,  the  area  of  which  is  readily  computed  by  formula.  The 
area  in  square  feet  multiplied  by  the  lengths  in  feet  divided  by  27  gives 
cubic  yards. 

Units  of  Uaatvrement  used  in  stating  the  quantities  in  the  estimate 
vary.  Some  of  the  units  used  are  given  as  follows:  Earthwork  and  ledge, 
cubic  yards;  crushed  atone,  cubic  yards,  square  yards,  tons  in  place,  tons 
loose;  foundation  materials  such  as  telford,  gravel  or  stone  V-drain,  square 
yards  and  cubic  yards;  cement-concrete  surfacing  and  concrete  foundation, 
square  yards  and  cubic  yards;  sheet-asphalt,  brick,  wood  block  and  similar 
pavement,  square  yards;  curbing,  guard  rail,  linear  feet  and  sise;  pipe,  linear 
feet  and  size;  grubbing  and  clearing,  acre,  square  yard;  IntuminouB  mate- 
rial, gross  ton,  ton  pure  bitumen,  gallon,  square  yard. 

Bstlmataa  td  Coit  are  aimplifled  by  the  use  of  tables  covering  coats  and 
quantities  for  a  number  of  units.  Table  XI  gives  the  costs  per  mile  of  dif- 
ferent widths  of  roadway  for  unit  costs  per  square  yard  varying  from  10 
to  95  cents.  Table  XII  (13)  gives  square  yards  and  number  of  gallons 
required  for  I  mile  of  roadwiQ^  for  various  widths  and  various  quantities 
per  square  yard. 

The  ComputationB  are  very  much  simplified  and  facilitated  by  using 
blank  forms  on  which  the  estimates  can  be  tabulated.  Books  of  sLandard 
details  of  construction  giving  cross-sections  and  quantities  per  linear  foot 
for  different  typea  of  construction,  construction  of  culverta,  catch  basins, 
curbs,  guard  rails,  inlets,  and  so  on  with  the  quantities  of  material  used, 
are  made  up  usually  in  blue-inint  form  in  every  large  office.  Standard 
details  are  used  thruout  the  work  wherever  possible  and  the  quantities 
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TaUe  XL— Mile  of  Roadm;  of  Dlffwrat  WidOu 


m 
¥mt 

Sq  Yd 
Pn 
Mils 

Con  pn  Moa  ro*  Dimamr  Unit  Cons  fb  Sq  Yd 

lOCflBta 

16  Cents 

20  Cents 

26  CmtM 

80  Cents 

36  Cbnta 

8 
10 
IS 
14 
16 
18 

46SS 
S867 

7  040 

8  213 
9887 

10660 

$469.88 
686.67 
704.00 
821.38 
088.67 

1066.00 

$704.00 
880.00 
1056.00 
1232.00 
1408.00 
1584.00 

«988.66 
1  178.34 
1  408.00 
1  642.66 

1  877.34 

2  112.00 

11  178.88 
1466.67 

1  760.00 

2  063.83 
2  346.67 
2  640.00 

81408.00 

1  700.00 

2  112.00 
2  464.00 
2  816.00 
8  168.00 

It  642.07 
2  068.88 
2  464.00 
2  874.67 
8  286.83 
8  696.00 

8 
10 
12 
14 
16 
18 

4  693 

6  867 

7  040 

8  218 
9S87 

10  660 

40  Genu 

45  Cent! 

60  Cents 

55  Cants 

60  Cflsts 

66  Cents 

$1  877.33 
2  846.67 

2  816.00 
8  285.83 

3  764.67 

4  224.00 

12  112.00 

2  640.00 

3  168,00 

3  696.00 

4  224.00 
4  762.00 

62  846.67 
2  938.83 
8  620.00 
4  106.67 
4  693.83 
6  280.00 

12  581.88 

a  226.67 

3  872.00 

4  617.88 
8  162.67 
6  808.00 

62  816.00 
8  620.00 
4  224.00 
4  928.00 
6  682.00 
6  836.00 

$3  060.67 

3  813.33 

4  676.00 
6  338.67 
6  101.88 
6  864.00 

70C<siti 

76  Cent! 

80  C«tit« 

8S  Cents 

90  Canta 

96  Cents 

8 
10 
12 
14 
U 

u 

4  698 

6  867 

7  040 

8  218 
9S87 

10  660 

18  285.83 
4  106.67 
4  928.00 
6  749.88 
6  670.67 
7888.00 

(3  520.00 
4  400.00 
6  280.00 

6  100.00 

7  040.00 
7  980.00 

68  754.67 

4  693.83 

5  682.00 

6  670.67 

7  609.88 

8  448.00 

(8  989.83 

4  986.67 

5  984.00 

6  981.88 

7  978.67 

8  076.00 

$4  224.00 
6  280.00 

6  886.00 

7  892.00 

8  448.00 

9  604.00 

$4  468.67 

5  578.33 

6  688.00 

7  802.67 

8  917.88 
10  082.00 

Table  HL — Gallons  Reqnirsd  per  MDe  of  Roadwaj  of  INfferent  Widtlis 


■WidOt 
at  Rondmv 

Square 
Yards 

QuantitW  per 
Square  Yard 

GaDons 

10  ft 

6  866 

1  467 

10  ft 

6  866 

*A  gal 

Z9S3 

10  ft 

6  866 

1  sal 

6  867 

10  ft 

6  866 

IWtal 

8  800 

IS  ft 

7040 

HvH 

1  760 

UR 

7  040 

Hsal 

3  620 

Uft 

7  040 

1  Kal 

7  040 

12  ft 

7  040 

10  660 

14  ft 

8218 

Kk>i 

2  053 

Uft 

8  218 

J^gal 

4  107 

14  n 

8218 

1  Ksl 

8  218 

14  ft 

8218 

1'^  Ksl 

12  820 

16  ft 

9866 

Va  cal 

2  847 

Uft 

9  386 

hsal 

4693 

16  ft 

9  386 

1  Ksl 

9887 

IS  ft 

9  886 

mgal 

14  080 

Uft 

10  660 

2  640 

Uft 

10  660 

6  280 

Uft 

10  660 

1  eal 

10  560 

Uft 

10  BIO 

IHsal 

1&&40 
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involved  are  obtained  from  the  book  of  standards  with  but  very  little 
computation.  A  book  of  standard  details  abo  Bttves  much  time  in  the 
office  that  would  otherwise  be  spent  in  making  sketches.  Each  inspector 
or  resident  engineer  is  supplied  with  this  book  and  can  refer  to  it  for  in- 
formation regarding  the  construction  of  any  standard  detail. 

81.  Orerluuil  ud  Mass  Diagnm 

OrerhaoL  In  many  specifications  is  a  clause  stating  the  distance  tliat 
excavated  material,  taken  nther  from  along  the  location  of  the  work  or  from 
outside  the  location,  shall  be  hauled  Without  extra  charge.  This  distance 
is  called  the  free  haul  and  is  usually  1000  to  2000  ft.  Material  hauled  a 
greater  distance  than  the  free  haul  is  paid  for  at  so  much  a  cubic  yard, 
usually  M  to  1  cent  for  each  100  ft  of  distance  in  excess  of  the  free  haul. 
The  distance  in  excess  of  the  free  haul  is  called  overhaul.  The  overhaul 
on  material  taken  from  outside  the  location  or  borrow  is  usually  calculated 
by  measuring  the  distance  from  tlie  bcarow  pit  to  tlie  nearest  point  of  the 
highwfor  to  be  built  and  subtracting  tiia  free  haul.  The  avtibual  on  ex- 
cavated material  taken  from  the  highway  location  to  a  dump  Is  calculated  in 
a  similar  manner  from  the  distance  betmen  tbe  dump  and  the  nearest  point 
of  the  highway.    Some  specifications  make  no  provision  for  oveiiiaul  at  all. 

Mass  IMagram.  In  order  to  study  an  estimate  and  see  where  it  is 
economical  to  borrow  or  waste  excavated  material,  a  mass  diagram  should 
be  constructed.  The  cubic  yards  of  cut  and  fill  are  calculated  for  each 
interval  between  the  regular  stations  from  the  t^eginning  to  the  end  of 
the  work.  Where  a  cut  and  a  fill  occur  in  the  same  interval,  the  algebraic 
sum  is  taken  as  the  volume  of  the  interval,  conadcring  cut  to  be  plus  and 
the  fill  to  be  minus.  Where  the  volume  in  an  interval  is  either  all  out 
or  all  fill,  it  ia  noted  down  with  a  plus  or  minus  sign  before  it.  Starting 
with  the  first  station,  the  total  volumes  are  found  up  to  each  station  by 
adding  successively  the  volumes  for  each  interval  up  to  and  including 
the  station  in  question,  taking  into  account  the  plus  or  minus  sign.  The 
total  volumes  are  plotted  vertically  from  a  base  line  a  a  (see  Fig.  60),  on 
which  the  stations  have  been  scaled  off  horlson tally  in  a  simjlar  manner  to 
the  way  a  profile  is  plotted.    See  (1). 

Example.  The  stattons  and  volumn  and  total  vohunm  for  a  rimple  case  are  u 
fallows: 

Station   0         12  3  4  5 

Vohune   0     +70     +180     +100     -400  -100 

Total  Volame   0      +70      +250      +360       -SO  -150 

The  total  voluma  for  Sta.  1  !■  algebraic  sum  ol  volumea  for  Sta.  0  and  1 
The  total  volume  for  Sta.  2  is  alfcebraic  sum  of  volumea  for  Sta.  0,  1  and  2 
The  total  volume  for  Sta.  6  ia  alEebraic  mm  of  volumes  for  Sta.  0.  1,  2,  8,  4,  and  5. 
A  mass  diagram  has  several  properties  which  follow  from  its  method  of 
construction.    Fig.  60  flhows  a  diagram  constructed  with  reference  to  a  a 

as  a  base  line.  Ascending  lines  repre- 
sent cuta  and  descending  lines  fills. 
The  high  and  low  points  &  in  the  difr- 
fq-am  are  points  where  the  grade 
changes  from  cut  to  fill  or  vice  versa. 
The  difference  in  length  between  any 
two  adjacent  vertical  ordinates  is  the 
volume  of  material  between  these  two 
stations.  A  horizontal  line  c  d  or  a  a 
drawn  at  any  point  in  tiie  diagram 
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shows  that  cut  and  611  between  the  atations,  corresponding  to  the  per- 
pendiculars from  the  ends  of  the  line,  just  balance.  If  the  area  between 
the  curved  line  of  the  diagram  and  the  horixontal  lino  in  above  the  horizontal 
line,  it  indicates  that  the  cut  is  to  be  moved  forward  to  make  the  fill,  if 
below,  the  cut  is  to  be  moved  baclnranL  The  total  solidity  between  any 
two  Btationa  oorreepcmdingtoeanddis  the  value  of  the  maximum  onUnata 
eb  a,tb  measured  between  the  line  c  d  and  6.  The  average  haul  for  a  total 
solidity  above  a  horizontal  line  c  d  is  the  area  cdb  between  e  d  and  the 
curved  line  of  the  diagram  divided  by  the  total  solidity  e  6,  or  the  averaoe 
haul  is  the  horliontal  distance  betwet  a  the  centers  of  gravity  of  equivaleDt 
volumes  of  cut  and  fill. 

To  show  how  the  diagram  is  used,  it  is  necessary  to  state  how  free  haul 
and  ovwhaul  are  considered  with  reference  to  material  moved  within  the 
limits  of  the  highway  location.  The  interpretation  of  these  two  terms 
by  the  Am.  Ry.  Engrs.  and  Maintenance  of  Way  Assn.  is  briefly  stated 
as  follows:  Free  haul  is  determined  by  fixing  two  points  on  the  profile 
either  side  of  the  neutral  grade  point  such  that  the  distance  between  them 
equals  the  specified  free  haul  limit  and  the  included  quantities  of  excavation 
and  embankment  balance.  Material  within  the  free  haul  limit  need  not 
be  conaidered  further.  The  distance  between  the  center  of  gravity  of  the 
remaining  mass  of  excavation  and  center  of  gravity  of  the  resulting  em- 
bankment lees  the  limit  of  free  haul  is  the  Imgth  of  overhatil.  If  the  free 
haul  limit  is  ammed  to  be  1000  ft,  draw  lines  on  the  mass  diagram  in 
Fig.  60  oorrespondiug  to  line  o  d  idiich  is  just  1000  ft  long.  Project  the 
verticals  from  e  and  d  to  the  pn^le.  The  cut  and  fill  between  the  two 
stations  corresponding  to  these  vertu»ls  just  balance.  In  this  particular 
diagram  the  remainder  of  the  mass  rad  just  balances  rac  but  there  is 
some  overhaul  in  moving  rad  to  rac.  The  overhaul  is  the  distance 
between  the  centers  of  gravity  of  these  two  masses  minus  1000  ft.  The 
stations  of  the  centers  of  gravity  of  the  areas  rad  and  r  a  c  of  the  diagram 
can  be  computed  and  the  amount  of  overhaul  determined.  The  coat  of  a 
eoUo  yard  of  excavation  plus  the  oost  of  overhaul  should  be  compared 
with  the  cost  of  wasting  the  volume  r  d  and  borrowing  the  volume  r  c. 

Kxample.  SuppoM  the  oost  ol  overhaul  Is  2  oenta  per  cu  yd,  the  limit  of  free  haul 
1000  ft  and  tha  ovwhiul  cateolated  aa  dMoibed  b  4000  ft  and  the  scat  at  excavation 
b  SB  eents  par  eu  yd.  ThaeoattboiofiBOvliif  a  euUe  yard  dearth  from  the  volume 
red  to  r«eli86 +2  X40 -fl.05.  Sappoae  bonow  ckb  be  oUifasd  fcr  SB  WBts 
a  en  yd.  If  «auavatlon  radii  wasted  and  ra«  is  bonowed,  ths  east  pa-  aa  yd  ii 
26  +86  -  60  cent*  or  a  savlDg  of  46  emta  per  cu  yd.  Suppoaa  tha  total  aoUdity  as 
aealad  bom  rdim  600  cu  yds,  than  the  aavins  aceompUahad  1^  wasting  tha  ezcavatka 
and  bonowlnf  material  la  600  X  45  oanta  -  $270. 

This  illuatration  is  a  rin^de  one  but  shows  in  a  aenenl  way  how  the 
diagram  m^  be  used.  In  highway  work  the  prices  for  excavatfon  and 
borrow  are  generally  higher  than  prices  for  the  same  items  in  railroad  work 
and  the  cost  of  overhaul  is  low.  Hence  the  overhauls  have  to  be  of  con- 
(ddmable  length  befwe  much  saving  is  effected  in  wasting  and  borrowing. 


The  Aw$0  Coat  per  mile  for  sorveyiag.  phitting,  estimating,  and 
staking  road  surveys  may  be  taken  as  follows:  Surveying,  $40;  idotting 
and  eheekang,  $15;  estimating.  $16;  tracing,  $5;  staking,  $20;  total,  $95. 


GENERAL  DATA 


83.  Cost  of  SuxT^yinc  and  Mi^pliig 
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Sect.  5 


The  above  eoata  are  fisured  on  the  baaia  that  a  party  of  4  men  will  complete  a  1-mile 
•urrey  in  2  days  unless  the  line  requtrea  a  Kra&t  many  curves  and  the  number  of  houaes 
or  ether  objects  to  be  located  la  large,  in  which  case  the  cost  would  be  increased. 
Board  of  the  men  is  included,  but  not  transportation.  The  plotting  and  ebeetdnK 
indnde  cost  of  material,  and  la  flcured  on  the  basis  of  men  rweivins  94  per  day. 
Estimating  Indudes  the  work  of  eatabUshins  the  grade  Une  and  its  exanoinatioD  In  the 
field.  The  cost  of  ataking  is  figured  on  the  basis  that  a  party  of  4  mm  will  atake 
1  mile  in  1  day  and  includes  cost  of  board,  but  not  transportation. 

The  average  cost  per  mile  of  surveying  and  plotting  state  roads  in  Penn- 
sylvania preliminary  to  construction  from  June  1911  to  Jan.  1913  was 
aa  follows:  Survey,  $47.40;  plotting,  (11.44;  checking  and  tracing,  S8.44- 
total  cost  per  mile,  $67.28. 

The  Cost  of  Preciie  Leveling  as  carried  out  by  the  U.  S.  Ooaat  and 
Geodetic  Survey  averages  about  111  per  mile  and  rangee  from  about  S7 
to'SlT  per  mile. 

Theae  flgurea  indude  the  astabUshmait  of  bondHnarki^  tnnaportatiOD  to  and 
from  6dd  of  the  men  and  cost  of  coroputationa,  but  do  not  indude  cost  of  Inatniiaan^ 
and  stationery.  The  party  was  usually  made  up  of  6  men;  1  obsCTver,  2  rodmen,  1  to 
hold  sunshade  and  1  to  h<^d  wind  sUeld.  The  avenge  speed  of  tbe  work  varies  from 
about  100  to  160  miles  per  month. 

The  Cost  of  Heasuiing  Four  Base  Lines  by  tbe  U.  S.  Coast  and  Geodetic 
Survey  in  connection  with  the  primary  triangulation  on  the  109th  meridian 
and  the  39th  parallel  in  Colorado,  Utah  and  Nevada  varied  from  $85  to 
S134  per  mile,  an  average  cost  being  SI  10  per  mile.  The  above  coat  in- 
cludes the  cost  of  standardizing  tapes,  traveling  expenses  and  computations. 
The  average  speed  of  the  work  was  about  1  mile  per  hour. 

The  Coat  of  Primary  Triangulation  work  as  carried  on  by  the  U.  S.  Coast 
and  Geodetic  SuWey  is  shown  in  Table  XIII  for  three  different  surveys. 


Table  XnL— Cost  of  Primary  Triangnlaf.on 
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Occu-  1 
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■Point 
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Expe: 

1§ 
US 
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ll 
S£ 

U  0 

ll 

ft 

ia4th  Holdtan 

18.7 

82 

6,0 

$28860 

$8B2 

167 

1173 

720 

$40 

17000 

$1.70 

98th  Meridian 
Texa»CaUfor'a. 

39.8 

265 

6.7 

78187 

293 

849 

109 

1329 

63 

216S& 

G.19 

16.7 

84 

6.6 

38384 

408 

262 

147 

1207 

32 

49220 

0.7S 

Remarks:  The  total  expenses  indude  tbe  cost  of  prqiaiing  and  marking  tbe  stations 
but  ttot  the  east  of  leeonaimanee. 


The  Coati  of  Topographical  Snrreya  (29)  for  largo  areas  and  railroad  pre- 
liminaries are  given  in  Tables  XIV  and  XV.  The  following  notes  should 
be  used  in  connection  with  Table  XIV. 

1.  On  95%  of  tbe  area,  paints  were  eatabUsbed  on  5-ft  contours  wldi  a  wye  level  and 
locstod  with  a  plane-table.  Remaining  S%  was  wooded  and  pofaita  on  S-ft  emtoura 
were  established  by  and  located  with  a  stadia  traverae.   l«nd  hilly  with  riaaof  ISOfU 

Z.  On  40%  of  the  area,  points  were  established  on  2.5-ft  contours  and  on  another 
40%  on  6-rt  contours  with  wye  level  and  located  with  plane-uble.  Remaining  20% 
was  wooded  and  points  on  6-ft  contours  were  established  and  located  with  stadia 
traverse.    Land  hilly  with  rise  of  180  ft. 

8,  On  70%  of  the  area,  p^U  were  esUblished  on  6-tt  contours  with  wye  level  and 
located  with  a  plane-taUe.  Remaining  30%  was  wooded  and  points  on  5-t  contours 
were  esUblished  and  located  with  stadia  traverse.   Land  rolling  with  rise  of  80  fL 
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4.  On  40%  of  the  axes,  points  were  eataUished  on  S-ft  contoura  and  on  80%  on 
6-ft  eontouiB  with  wye  level  and  located  with  a  plane-Uble.  RamaininK  30%  was 
wooded  and  devatiooa  were  obtained  by  stadia  and  contoura  interpolated.  Ettra 
large  number  of  buildings  and  railroads  wen  located.  Land  rough  and  mountainoua 
with  liae  of  430  ft. 

6.  Pointa  establiibed  on  Wt  eootoura  by  wye  krel  and  located  with  plane-table. 
iMd  Mffinc  with  rin  of  flO  ft. 

«.  On  90%  of  the  area,  poinU  were  eaUbUshad  on  10-ft  contours  with  wye  lerel  and 
located  with  a  plane-table.  Remaining  10%  was  wooded  and  pointa  mi  IMt  emtaan 
were  eaUbliabed  and  located  with  sUdia  traverae.  All  roads  wen  lin>«wd  and 
chained.   Land  hilly  wtth  a  rise  of  160  ft. 

T.  Survey  made  entirely  with  stadia.  Tape  not  used.  Streams,  rMges  and  two 
coal  outcrop  lines  travraeJ  and  topocrmptay  taken  by  stadia  and  rertieal  anglca. 
Contoom  Interpolatad.  Levels  on  transit  Unea  carried  along  by  stadia  and  vertfaal 
an^ea.  Stadia  lines  tied  on  to  outline  survey  made  previously.  Land  roujh  and 
■MiuBtainoua  with  a  rise  of  IIGO  fU  2S0  miles  of  stadia  work  coat  IU.68  per  mile. 

Table  ZIT. — Cost  of  Topographic  Sorveyi  for  lugn  Areaa 


1  Number  |[ 
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Survey 
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— 1  o 

Field 

[  Office 

40  days 

1 

Penn. 

808 

6W 

3  inoD 

10  days 

$827 

U6 

1372 

$1.20 

1" 

-  100' 

Aug  to  Oct 

2 

Penn. 

190 

7 

22  days 

3  men 

9  days 

1»4 

88 

282 

1.22 

1" 

-  60" 

Dee  to  Jan 

3 

Penn. 

104 

m 

8  days 

3  men 

I  day 

74 

4 

78 

0.75 

1' 

-  100" 

June 

40  days 

4 

Penn. 

800 

8 

8  men 

22  days 

480 

92 

672 

1.90 

1" 

-  100* 

Nov  to  Dee 

12  days 

S 

Penn. 

99 

8  men 

4  W  days 

116 

2S 

188 

1.20 

1" 

-  100' 

FebtoHar 

87  d^ 

6 

Penn. 

1464 

8  men 

18  days 

1052 

92 

1144 

0.78 

1' 

=  200* 

Sept  to  Dee 

222  days 

7 

W.Va. 

112ft4 

8 

4  men 

66  days 

8791 

SS6 

4177 

0.37 

1' 

-  600" 

Oct  to  Feb 

Ronarka:   TMd  ccat  indudaa  trmuportation  sad  subristbnce  In  Nob.  4  and  7. 
Table  ZV. — Coat  of  Topographic  'SnrreTS  tia  Railroads 
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Cost 


u3 


N.  C. 

Va. 

Pm». 

Penn. 

Cuba 


26 
27.5 
12 
6.1 
84 


8H 
8 


74  days 

4  men 
76  days 

4  men 
60  days 

4  men 
14  days 

4  men 
48daya 

9 


24  days 

25  days 
86  days 
14  days 
64  dan 


$1460 
1400 
1011 
286 
848 


$144 
160 
165 
43 
288 


$1594 

15M 

279 
1086 


$61.30 

56.40 
98.00 
64.60 

sa.oo 


1"-200 
1"  =  200 
1"  -  200* 
1"  =  200' 

i''<-aoo' 


JunetoAUC 
Aug  to  Nov 
Feb  to  Mar 
May  to  June 
Nov  to  Jm 
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*  Surveys  and  Office  Practice 


RMurks:  Field  eo*t  iztehidea  tnuuportati(»  and  ■ubdigfnee  except  ia  OMe  of  No. 
6.  In  all  cMM  tlw  tniult  Hue  int  ehalnsd  couapt  in  No.  8  vfam  pvt  of  tlw  Unt  mu 
nrnowirnil  with  Madia.  The  topography  In  Noo.  1  and  t  waa  talran  with  «  Y  level 
and  eraei  aections;  in  Not.  S  and  4  with  atadia  and  plaae-table;  in  No.  5  with  Y  level  and 
■tadia.  Character  of  country:  Ho,  1.  hilly  and  wooded;  No.  2,  60%  woods  and  moun- 
tains. 60%  ofta:  No.  S,  roUing  and  open,  extra  latia  number  of  locatiooa,  towna,  nfl- 
road%  etc;  No.  4,  rolUus  and  open,  large  nunhar  of  eoOnt  loeatiooi;  Noi.  5  HMNtBt^Bona 
and  baai^  woiided,  eoat  Of  tveomialHanoe  Inopwnd  aa  no  mapa  of  eountar  wwe  at 
hand.   The  ahore  ooata  In  all  cases  indude  maUng  a  preliminary  estimate. 


There  ia  considerable  .variation  in  the  methods  used  in  differcOit  offices 
in  indexing  and  filing  drawings,  note  books  and  other  information  incidental 
to  the  work. 

Filing  Drawing!.  Drawings  are  filed  flat  or  in  rolls.  When  filed  flat 
they  are  usually  put  in  drawers.  Cases  of  drawers  an  manufactured  in 
various  OHH  for  this  purpose.  Drawings  filed  in  tliis  way  are  prepared 
on  standard  size  sheets  and  in  some  offices  the  size  of  the  standard  sheet 
ia  never  exceeded  so  that  there  is  never  any  need  of  folding  a  drawing. 
Some  title  or  number  should  appear  in  the  lower  right  hand  comer  of  the 
drawing  so  that  it  may  be  found  by  turning  up  the  right  hand  comers  of 
the  sheets  in  the  drawer.  If  there  ore  several  differmit  sisea  of  standard 
drawings,  it  ia  advisable  to  have  ooiresponding  differut  aiiea  of  drawers 
to  acconunodate  them.    See  (5). 

There  are  BO  many  different  vaya  of  filing  drawings  that  only  one  method 
will  be  suggested.  Each  drawing  should  have  a  number.  IftheyareentiTely 
difi'erent  in  character,  they  should  also  be  given  a  distinctive  daaa  letter. 
A  card  should  be  attached  to  the  drawer  that  they  are  filed  in  bearing  the 
class  letter  and  the  range  of  numbers  of  the  drawings  in  the  drawer. 

Long  drawings  cannot  readily  be  filed  flat  and  it  ia  more  customary  to 
roll  them  and  sometimee  put  them  in  pasteboard  or  metal  tubes.  The 
rolls  are  placed  in  racka.  Where  drawings  are  filed  in  this  manner,  each 
end  of  the  drawing  should  bear  an  appropriate  title  or  number  so  that  no 
matter  how  the  drawing  ia  rolled  up,  its  distinctive  mark  may  be  read  at 
the  end.  The  racks  are  ^ven  the  same  marks  as  the  drawings  which  they 
contain  in  a  similar  manner  to  marking  the  drawem  aa  deacribed  above. 

Indezliig  Drawiaga*  The  beet  and  most  flexible  method  of  indexing 
drawings  is  by  the  card  index  system.  The  index  cards  can  be  arranged 
in  alphabetical  order  in  the  cases  of  streets,  counties  or  towns  or  numerically 
where  a  system  of  numbered  routes  and  sections  is  employed.  Separate 
indexes  may  be  prepared  for  drawings  of  different  classes,  such  as  sidewalks, 
streets,  cross-sections,  bridges,  etc.  Each  card  should  contain  a  brief 
description  of  the  drawing,  stating  whether  it  is  a  tracing,  blue-print,  detail 
or  general  drawing;  in  fact,  giving  enough  information  so  that  the  drawing 
desired  may  be  found  from  the  index.  The  cud  should  obviously  be 
marked  with  the  same  distinctive  mark  aa  the  drawing.   See  (6). 

Filing  and  Indexing  Notebooks.  Notebooks  should  be  preserved  with 
great  care.  In  fact  in  some  offices  they  are  filed  in  safes  or  fire-proof  vaults. 
They  are  very  valuable,  and  in  event  of  their  loss  it  would  not  only  be  a 
matter  of  great  expense  to  replace  them,  but  the  difficulty  and  confuuon 
that  would  arise  would  be  of  even  far  greater  importance.  In  highway 
work  it  ia  very  convenient  not  to  have  more  than  one  survey  in  a  book.  If 
a  book  ia  taken  from  the  office  into  the  field,  then  only  one  survey  is  out, 
nod  if  the  book  should  be  lost  or  destroyed  only  one  survey  is  Affected* 
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Having  more  than  one  survey  in  a  ootebook  will  frequently  hinder  the 
field  or  office  work  in  cases  where  the  notes  of  two  or  more  of  the  surveys 
in  the  book  are  wanted  at  the  same  time  by  different  persfms.  Eaoh  note- 
book eboold  be  given  a  distinctive  title  or  number,  usually  placed  on  the 
back  of  the  book  so  as  to  be  readily  seen.  What  has  been  previously  said 
relative  to  marking  and  indexing  drawings  applies  as  well  to  notebooks. 
A  card  index  is  the  best  form  of  index  to  use.    See  (5), 

Piling  and  Indexing  Computations.  Many  of  the  routine  office  com- 
putations can  be  tabulated  on  printed  fonnq.  Such  forms  can  be  prepared 
for  recording  the  estimate  oompotations,  triangulation  and  traverse  work 
and  so  on.  so  that  alt  the  results  and  important  work  of  the  computations 
is  recorded  in  the  same  manner.  These  forms  not  only  save  tune  but  are 
often  an  aid  to  the  computer  in  preventing  omissions.  If  the  forms  are 
punched  they  may  be  filed  in  Ukmb  leaf  notebooks  and  later  be  removed 
and  placed  in  filing  cases  To^gf 
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which  can  be  obtained  in 
almost  any  siie  or  style  de- 
sired. A  card  index  should 
be  prepared  for  each  difTer- 
eat  kind  of  priated  form  that 
H  used.    See  (5). 

R«eording  Progresa  of 
Work  is  very  essential  to  the 
smooth  workiug  of  the  en- 
giDeering  force  where  any 
great  amount  of  work  is  in 
the  process  of  planning  or 
oonstruction.  The  funda* 
mental  idea  in  recording  ia 
to  present  the  status  of  the 
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particular  part  of  the  work  CnMSeetioiM 
in  question  so  that  it  can  be 
quicfciy  and  easily  inter* 
preted  without  looking  over 
a  mass  of  detailed  data, 
gee  (5>.   See  also  Sec.  20. 

Progns  of  eonstnictlon  work 
can  be  reeorded  on  Uue^rlnte 
of  the  plan  or  proWe  using  dif- 
ferent colored  erayona,  each 
moBth'a  worit  having  a  distiiw. 
tiveeolar.  Smaflpragraa charts 
can  be  msda,  suitable  for  flling 
in  a  looae  leaf  notebook,  on 
which  tbe  quantltiea  of  each 
dasi  «(  work  audi  as  ledge, 
eucteiete.  etc^  for  any  partlealar 
Job  is  plotted  to  any  arbitrary 
vertical  scale.  The  monthly  progreaa  of  each  daaa  of  work  can  be  marked  off  on  Its 
rcapeetive  wticsl  to  the  same  scale,  an  appropriate  desiEBBtion  being  made  by  re> 
flordios  the  date  or  otherwise  ao  that  each  month's  work  la  readily  found.  The 
protreas  of  the  cooatrurtion  of  flniabed  roada  or  of  aurveya  of  roads  on  any  ayvtam 
ot  Mghways  can  be  recorded  by  taking  a  plan  map  of  the  ayatcm  and  fnkfag  In  the 
zoad  lengths  ss  they  are  built  or  aurva^nl,  using  dWerent  eolored  faika  to  eorteqiond 
«l(k  esrtahi  intamlB  of  tfane  om  whkk  the  woA  ntanded. 
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UobOa  fonaa  aoefa  urn  nptir  lanfi  <v  amray  paitki  ma  ba  Inpt  tnA  of  n  to  tfaair 
lontfam  iiMHM  <rf  ^Hi  h—dcd  ptna  at  diS«r«iit  vAon,  ■tlld^  in  s  pten  iim>  of  th« 
QwCam  to  eorrwponci  with  the  loc«d<»i  of  the  men. 

A  form  for  noording  the  vmgnm  of  tbo  of&ee  work  for  ««eh  nirv«y  is  thcnrn  in 
Fig.  61.  Thfe  lonn  ia  on  u  8H  hy  IL-in  abeet  >nd  is  puocbed  for  AUns  in  a  loon 
Inf  notebook.  Tha  printed  bMtdinga  cover  the  different  atepa  of  the  work  neoMMry 
in  working  up  tha  fidd  notaa,  iriotting,  eatinuting  aiid  tradiig.  Aftar  hoadhig 
■  man  rigna  Us  iuitisli  and  tha  data  on  which  he  oranplated  that  particular  step  oi 
the  mtk.  When  tha  work  b  checked  or  inked  it  1b  signed  tor  in  the  aama  manner 
■ftsr  tka  Imailliig  cbacked  or  l&lrad.  This  form  shows  the  eutdition  of  tha  office  worlc 
for  any  anrvip  at  m  ^uae  aad  tnda  to  increase  tlia  attoisney  of  the  olBea  fares. 

94.  General  Tables 

The  tables  in  this  Artide  will  be  found  convenient  in  connection  with 
many  of  the  problems  arising  in  field  and  o£Bce  work. 


Table  XVI.— Linear  Meamre  (IS) 


IndM 

Feat 

Yarda 

Bods 

Furloogs 

Hiln 

1 

0.08888 

0.02778 

0.0060EOB 

0.000128M 

0.00001678 

12 

1.0 

0.88888 

0.0606061 

0.0016161K 

0.00018930 

36 

8.0 

1.0 

0.U1818Z 

0.004H64S 

0.00066818 

L98 

16.5 

6.B 

1. 

0.026 

0.008126 

7M0 

660. 

220. 
1760. 

40. 

1. 

0.126 

8S8«0 

6280. 

820-. 

8. 

1. 

Table  ZVn.— Und  Meamire  (IS) 


Sqoara 
Incbee 

Squsre 

Feet 

Square 
YardB 

Square 
Rods 

Acres 

Smtare 

Miles 

1 

14A 
1206 
89204 
627Z640 

0.006944 
1.00 
9.00 
272.26 
48660. 
27878400. 

.0007716 
.111111 
1.00 
S0.26 
4840. 
8097600. 

0.03306 
1. 
160. 
102400. 

0. 0002066 
0.00626 
1. 
640. 

0.0000O97T 

0.0016626 

1. 

TaUo  ZVm.— Cubic  or  Solid  Measttre  (M) 


CwUelnebaa 

CuUeFaat 

CaUe  Yarda 

Cord 

Farcb 

1 

.0006787 

.000021433 

1.00 

.08703704 

46666 

27.00 

1.000000 

221184 

128.00 

4.074074 

i!o 

42768 

24.76 

.916666 

i!6 

1  flord  -  4  by  4  by  8  ft. 

I  pardt  of  maaoBiy  -  16.6  by  1.6  by  1  ft.   It  ia  usually  taken  as  26  eu  IL 


D>qiti;M  by 
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Table  XIZ.— Haea  and  Tenthi  Redaead  to  Feet  (IS) 


UDm  

1.0 

1.1 

1.2 

1.8 

1.4 

1.6 

1.7 

1.8 

1,» 

0.1 

Faet  

6280 

5808 

6886 

6864 

7392 

7924 

844C 

8976 

9504 

10032 

528 

HOw... 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

0.2 

FaeC  

10660 

11088 

1161B 

12144 

12674 

13204 

18728 

14266 

14784 

16812 

1068 

HUM. . .  . 

S.O 

8.1 

S.2 

3,3 

3.4 

8.5 

8.6 

8.7 

8.8 

8.9 

O.S 

FMt  

15840 

16886 

16896 

17424 

17962 

18484 

19008 

19686 

20064 

20592 

1684 

MOW... 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

0.4 

PWt  

211Z0 

21648 

22176 

22704 

28232 

23764 

24288 

24816 

25344 

26872 

Z112 

UDoB 

6.0 

5.1 

B.2 

G.3 

6.4 

B.6 

6.6 

6.7 

6.8 

5.9 

0.6 

rMt.... 

26400 

26928 

27456 

27984 

28612 

29044 

20668 

80096 

80624 

81162 

26U 

UDm  

6.0 

6,1 

6.2 

6.3 

6.4 

6.6 

6.6 

6.7 

6.8 

6.9 

0.6 

Ftot  

31680 

3220S 

82736 

33264 

33792 

34824 

84848 

36876 

86904 

36482 

8168 

7  0 

7  1 

7  2 

4  .O 

7  4 

7  £ 

7  A 

7  7 

7  ft 

7  S 

n  7 

rmt  

36960 

87488 

380i6 

38544 

39072 

39600 

40128 

40656 

41184 

417i2 

8696 

UIIm  ..  . 

8.0 

8.1 

8.2 

8.8 

8.4 

8.6 

8.6 

8.7 

8.8 

8.9 

0.8 

FM....  . 

42240 

42768 

48296 

43824 

44362 

4488& 

46408 

46986 

46464 

46992 

4224 

HUM... 

9.0 

9.1 

9.2 

9.3 

9.4 

9.6 

9.6 

9.7 

9  8 

9.9 

0.9 

FMt  

47520 

48048 

48576 

49104 

49682 

60160 

60688 

61216 

51744 

62272 

4761 

Table  ZZ. — Inehea  and  Fncdons  Reduced  to  Dcdmali  of  a  Foot  (87) 


Inch 

OIn 

1  In 

2  In 

3  In 

4  In 

6  In 

6  In 

7  In 

8  In 

9  In 

10  In 

11  In 

0  ... 
1-64... 
1-82. . . 
8-64... 
1-16. . . 

0 

.0013 
.0026 
.0039 
.0062 

.0888 
.0846 
.0869 
.0872 
.0886 

.1667 
.1680 
.1698 
.1706 
.1719 

.2600 
.2518 
.2526 
.2589 
.2562 

.3333 
.3846 
.3369 
.3372 
.3386 

.4167 
.4180 
.4193 
.4206 
.4219 

.6000 
.5018 
.6026 
.6039 
.6052 

.6838 
.6846 

.6869 
.6872 
.6886 

.6667 
.6680 
.6693 
.6706 
.6719 

.7600 
.7518 
.7526 
.7539 
.7652 

.8883 
.8346 
.8859 
.8872 
.8886 

.9167 
.9180 
.9198 
.9206 
.9819 

5-64... 
S-S2. . . 
7-64... 

1-8.... 

.0065 
.0078 
.0091 
.0104 

.0898 
.0011 
.0924 
.0937 

.1782 
.1746 
.1768 
.1771 

.2666 
.2678 
.2591 
.2604 

.8398 
.3411 
.8424 
.8487 

.4232 
.4245 
.4268 
.4271 

.6066 
.6078 
.6091 
.6104 

.6898 
.6911 
.6924 
.6937 

.6732 
.6746 
.6758 
.6771 

.7666 
.7678 
.7591 
.7604 

.8898 
.8411 
.8424 

.8437 

.9282 
.9246 
.92M 

,9271 

»-64. . . 

6~S2..- 
11-64. . . 
8-16. .. 

.0117 
.0139 
.0143 
.0166 

.0961 
.0964 
.0977 
.0990 

.1784 
.1797 
.1810 
.1828 

.2617 
.2680 
.2648 
.2656 

.8451 
.8464 
.3477 
.8493 

.4284 
.4297 
.4310 
.4328 

.5117 
.6130 
.5143 
.6166 

.6951 
.5964 
.5977 
.5990 

.6784 
.6797 
.6810 
.6823 

.7617 
.7630 
.7648 
.7666 

.8451 
.8464 
.8477 
.8490 

.9284 
.9297 
.9810 
.9328 

l»-«4... 

7-82. .. 
Ifr^... 

1-4  

.0169 
.0182 
.0195 
.0208 

.1008 
.1016 
.1029 
.1042 

.1886 
.1849 
.1862 
.1875 

.2669 
.2682 
.2695 
.2708 

.3508 
.3616 
.8629 
.8642 

.4386 
.4349 
.4862 
.4376 

.6169 
.5182 
.5196 
.6208 

.6003 
.6016 
.6029 
.6042 

.6836 
.6849 
.6862 
.6876 

.7669 
.7682 
.7696 
.7708 

.8608 
.8516 
.8629 
.8542 

.9886 
.984* 

.am 

.9876 

17-64 . . . 

9-82  - . . 
19-64. .. 

5-16... 

.0221 
.0234 
.0247 
.0260 

.1056 
.1068 
.1081 
.1094 

.1888 
.1901 
.1914 
.1927 

.2721 
.2734 
.2747 
.2760 

.8566 
.8668 
.8561 
.8694 

.4388 
.4401 
.4414 
.4427 

.6221 
.6284 
.6247 
.6260 

^6065 
.6068 
.0081 
.6094 

.6888 
.6901 
.6914 
.6927 

.7721 
.7734 
.7747 
.7760 

.8565 
.8668 
.8581 
.8594 

.9888 
.9401 
.9414 
.9427 

21-64... 

n-az... 

2S-64... 
S-8 

.0273 
.0286 
.0299 
0812 

.1107 
.1120 
.1138 
.1146 

.1940 
.1963 
.1966 
.1979 

.2778 
.2786 
.2799 
.2812 

.8607 
.3620 
.3633 
.8646 

.4440 
.4463 
.4466 
.4479 

.6273 
.6286 
.6299 
.6812 

,6107 
.6120 
.6183 
.6146 

.6940 
.6953 
.6966 
.6979 

.7778 
.7786 
,7799 
.7812 

.8607 
.8620 
.8688 
.8646 

.9440 

.9468 
.9466 
.9479 

L.ooQle 
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Tabh  ZX. —  Inelief  tnd  Vnctioni  Redneed  to  DadnuU  ot  ■  Foot  (8T) 


Indi 

Oln 

lln 

2  In 

Sin 

4  In 

6In 

6  In 

7  In 

8Ia 

9  In 

10  In 

11  In 

26-  64... 
18-^... 

27-  64... 
7-16. . . 

.0326 
.0889 
.0862 
.0365 

.1169 
.1172 
.1186 
.1198 

.1992 
.2006 
.2018 
.2081 

.2826 
.2839 
.2862 
.2865 

.8659 
.8672 
.8686 
.8698 

.4492 
.4605 
.4618 
.4631 

.6326 
.5889 
.6362 
.6366 

.6169 
.6172 
.6186 
.6198 

.6992 

.7006 
.7018 
.7081 

.7826 
.7889 
.7852 
.7866 

.8669 
.8672 
.8686 
.8698 

.9492 
.9608 
.9618 
.9881 

29~64. . . 
15-82... 
81-64... 
1-2.  . 

.0878 
.0391 
.0404 
(H17 

.veil 
.1224 
.1237 
.1260 

.BUM 

.2067 
.2070 
.2088 

.£oi9 

.2891 
.2904 
.2917 

,0(  1 1 

.3724 
.3787 
.8760 

AKAA 

.4667 
.4570 
.4683 

.6878 
.6391 
.5404 
.6417 

.6211 
.6224 

.6237 
.6260 

.7044 

.7067 
.7070 
.7088 

.7878 
.7891 
.7904 
.7917 

.8711 
.8724 
.8737 
.8760 

.9644 
.9667 
.9670 
.9688 

88-64... 
17-32. .. 
86-64... 
9-16... 

.0480 
.0443 
.0466 
.0469 

.1268 
.1276 
.1289 
.1802 

.2096 
.2109 
.2122 
.2186 

.2980 
.2943 
.2966 
.2969 
« 

.3768 
.8776 
.3789 
.8802 

.4596 
.4609 
.4622 
.4685 

.5430 
.6443 
.5456 
.6469 

.6263 
.6276 
.6289 
.6802 

.7096 
.7109 
.7122 
.7186 

.7930 
.7948 
.7956 
.7969 

.8768 
.8776 
.8789 
.8802 

.9696 
.9609 
.9622 
.9686 

B7-B4 . . . 
l»-«2... 
S»-«4... 
6-8.... 

.U4SZ 
.0496 
.0608 
0621 

lOf  K 

.laio 
.1328 
.1341 
.1364 

41  AO 
.2145 

.2161 
.2174 
.2188 

.iflfSiB 

,2995 
.8008 
.8021 

001  c 

.solo 
.3828 
.3841 
.8864 

.4648 

.4661 
.4674 
.4688 

.MtCS 

.6496 
.6508 
.6621 

.6816 
.6328 
.6341 
.6864 

.  rl4H 
.7161 
.7174 
.7188 

.78831 

.7996 
.8008 
.8021 

OS1  E 

.8828 
.8841 
.8864 

.9648 
.9661 
.9674 
.9688 

41-64 . . . 
21-82... 
48-64.,. 
11-16... 

.UOM 

.0647 
.0660 
.0678 

.ISoY 

.1880 
.1393 
.1406 

.iSlSVl 

.2214 
.2227 
.2240 

.8V<I4 

.3047 
.3060 
.8073 

A  OAT 

,8880 
.3898 
.8906 

.4701 
.4714 
.4727 
.4740 

.5684 
.6647 
.6660 
.5573 

.6867 
.6380 
.6893 
.6406 

,7201 
.7214 
.7227 
.7240 

.8084 
.8047 
.8060 
.8078 

.8867 
.8880 
.8898 
.8906 

,9701 
.9714 
.9727 
.9740 

•O-M.  . . 

S3-82... 
47-64. . . 
8-4. ... 

.0699 
.0612 
.0626 

.1432 
.1445 
.1468 

.2266 
.2279 
.2292 

■oUSO 

.8099 
.8112 
.3126 

.8982 
.8945 
.3968 

atkh 

.*ioa 

.4766 
.4779 
.4792 

.oWo 

.6599 
.5612 
.6626 

d^i  a 

.6482 
.6446 
.6468 

.  nsos 
.7266 
.7279 
.7292 

.OVBO 

.8099 
.8112 
.8126 

oai  A 
.8982 
.8946 
.8968 

.9766 
.9779 
.9792 

4y-M. . . 
86-S2... 
61-M... 
U-lff. . . 

.0651 
.0664 
.0677 

tATt 

.14ll 

.1484 
.1497 
.1610 

.SSOD 

.2318 
.2881 
.2SU 

.OliHt 

.3161 
.3164 
.8177 

.8984 
.8997 
.4010 

.4806 
.4818 
.4881 
.4844 

.DOSa 
.6651 
.6664 
.6677 

.6471 
.6484 
.6497 
.6610 

.7305 
.7818 
.7881 
.7344 

.8188 
.8151 
.8164 
.8177 

.8971 
.8984 
.8997 
.9010 

.VIluA 
.9818 
.9881 
.9844 

Wl  m. . . 
27-82... 
66-64... 

7-8 , , . . 

.0708 
.0716 
.0729 

1  Coo 
.1636 
.1649 
.1662 

MKT 

.2870 
.2383 
.2896 

,olW| 

.8208 
.8216 
.8229 

JAM 

.4086 
.4049 
.4062 

J  OCT 

.4870 
.4883 
.4896 

.MiVU 

.5708 
.6716 
.5729 

.bOXS 
,6636 
.6549 
.6562 

-  laoi 

.7870 
.7888 
.7896 

B10A 

.8203 
.^16 
.8229 

.9086 
.9049 
.9062 

,  VooT 

.9870 
.9888 
.9896 

67-64 , . . 
2>-88... 
6B-64. .. 
16-16. . . 

,0742 

.0756 
.0768 
.0781 

.  1676 
.1689 
.1602 
.1616 

.2409 
.2422 
.2435 
,2448 

.8242 
.8266 
.8268 
.8281 

,4076 
.4089 
,4102 
.4116 

.4909 
.4922 
.4985 
.4948 

.6742 
.6766 
.6768 
.6781 

.6676 
.6589 
.6602 
.6616 

.7409 
.7422 
.7486 
.7448 

,8242 
.8266 
.8268 
.8281 

.9076 
.9089 
.9102 
.9116 

.9909 
.9922 
.9936 
.9948 

61-64... 
81-«2.., 
63~«4... 

.0794 
.0807 
.0820 

.1628 
.1641 
.1664 

.2461 
.2474 
.2487 

8294 
.8807 
.3320 

.4128 
.4141 
.4154 

.4961 
.4974 
.4987 

.5794 

.5807 
,6820 

.6628 
.6641 
.6664 

.7461 
.7474 
.7487 

.8294 
.8307 
.8820 

.9128 
.9141 
.9184 

.9961 
.9974 
.9987 

L.ooQle 
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Table  ZZX^Vattml  Sines  ead  Corinea  (10b) 
sun 


w 

2V 

8f 

mmf 

WW 

ar 

0.00000 

0.00891 

0.00682 

0.00873 

0.DUS4 

0 

01454 

0.01746 

88 

1- 

o.oms 

0.020S6 

0.02827 

0.02618 

0.02908 

0 

03199 

0.08490 

88 

» 

O.OMM) 

0. 09781 

0.04071 

0.04362 

0.04658 

0 

04943 

0.06234 

87 

s 

O.OSSM 

0.06^4 

0 .06814 

0.06106 

0.06396 

0 

06686 

0.06976 

88 

4 

0.06876 

0.07266 

0.07666 

0.07846 

0.08186 

0 

08426 

0.08716 

88" 

fl* 

0.08716 

0.09006 

0.02296 

0.09686 

0.00874 

0 

10164 

0 

10468 

84 

% 

0.10463 

0.10742 

0.11081 

0.11820 

0 

11609 

0 

11898 

0 

12187 

88 

1 

0.12187 

0.12476 

0.12764 

0 . 18058 

0 

13841 

0 

13629 

0 

18917 

82 

8 

0.18817 

0 . 14206 

0.14198 

0 . 14761 

0 

16069 

0 

16866 

0 

16648 

81 

% 

0.1S64S 

0.1^1 

0.1^18 

0.16606 

0.16792 

0 

17078 

0 

I786G 

88* 

W* 

0.17866 

0.17661 

0.17987 

0.18224 

0 

18509 

0 

18706 

0 

19081 

T8 

11 

0.19081 

0.19866 

0.19662 

0.19987 

0 

20222 

0 

20607 

0 

20791 

78 

u 

0.20791 

0 .21076 

0.21860 

0.21644 

0 

21928 

0 

22212 

0 

22496 

77 

tt 

0.22406 

0.22778 

0.28062 

0.23346 

0 

28627 

0 

23910 

0 

24192 

78 

u 

0.24192 

0.24474 

0.24766 

0.26088 

0 

25820 

0 

26601 

0 

26882 

1g> 

u* 

0.26882 

0.26168 

0.26448 

0.26724 

0 

27004 

0 

27284 

0 

27664 

74 

la 

0.27664 

0.27848 

0.28128 

0.28402 

0 

28680 

0 

28969 

0 

29287 

78 

n 

0.29237 

0,29616 

0.29798 

0.80071 

0 

80848 

0 

30626 

0 

80902 

72 

IS 

O.MBOS 

0.81178 

0.81464 

e  .81780 

0 

82006 

0 

322S2 

0 

82667 

71 

a 

0.82HT 

0.82SK 

0.88106 

0.88381 

0 

88666 

0 

88929 

0 

84202 

78* 

3r 

0,84202 

0.84476 

0.84748 

0.86021 

0 

8lffi93 

0 

86666 

0 

86887 

88 

M 

0.S6S87 

0.86108 

0.86379 

0.86660 

0 

36921 

0 

87191 

0 

37461 

as 

a 

0.37461 

0.87780 

0.37999 

0.88268 

0 

38687 

0 

88806 

0 

89078 

87 

O.S90TS 

0.89841 

0.89608 

0.89876 

0 

40142 

0 

40408 

0 

40674 

68 

M 

0.40674 

0,40989 

0.41204 

0.41469 

0 

41784 

0 

41998 

0 

42262 

6^ 

0.42288 

0.42626 

0.42788 

0.430S1 

0 

43313 

0 

48676 

0 

48887 

•4 

at 

0.48887 

0.44098 

0.44869 

0.44^ 

0 

44880 

0 

46140 

0 

46899 

68 

n 

0.4099 

0.46668 

0.46817 

0.46176 

0 

46433 

0 

46690 

0 

46947 

as 

18 

0.46847 

0.47204 

0.47460 

0.47716 

0 

47971 

0 

48226 

0 

48481 

at 

M 

0.48481 

0.48786 

0.48989 

0.49242 

0 

49496 

0 

49748 

0 

60000 

88" 

M« 

0.60000 

0.602S2 

0.60608 

0.60764 

0 

61004 

0 

61254 

0 

61S04 

88 

n 

0.51S04 

0.61768 

0.62002 

0.62260 

0 

62498 

0 

62746 

0.62992 

68 

n 

0.82992 

0.88288 

0.68484 

0.63780 

0 

68976 

0 

54220 

0 

54464 

17 

«t 

0.54464 

0.64T08 

0.64961 

0.BS194 

0 

66436 

0 

66678 

0.66018 

M 

M 

0.SW19 

0.66160 

0.66401 

0.86641 

0 

66880 

0 

57119 

0.67868 

ar> 

0.67868 

0.67606 

0.67888 

0.6^0 

0 

68807 

0 

58648 

0.68779 

H 

M 

0.68779 

0 

69716 

A 
V 

0.60182 

n 
mm 

» 

0. 80182 

0.60414 

0.60646 

0,60876 

0 

61107 

0 

61887 

0.61666 

n 

81 

0.81666 

0.61796 

0.62024 

0.62261 

0 

62479 

0 

62706 

0.62932 

61 

88 

0.8I8S2 

0.68168 

0.68888 

0.63608 

0 

63882 

0 

64056 

0.64279 

6e> 

4aio 

0.64279 

0.64601 

0.64723 

0.64M6 

0.66166 

0 

66886 

0.66606 

48 

41 

0.65606 

0.66BZ6 

0.68044 
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ROAD  STSIEMS 
1.  Derek^ent  trf  Koads 

Historical  DeTeIopm«nt.  Roads  since  the  earliest  times  have  been  a 
neceassry  and  important  factor  in  the  growth  and  development  of  a  country. 
About  200  B.  C,  Europe,  northern  Africa,  part  of  Asia  Minor  and  Arabia 
were  traversed  hy  a  system  of  roads,  comprising  some  48  500  miles,  built 
by  the  Romans.  While  the  development  of  many  roads  has  been  for 
purposes  of  military  operations,  the  (p^at  majority  have  been  built  for 
the  transportation  of  materials  or  persona,  from  one  place  to  another  in 
times  ol  peace.  The  road  systems  of  Europe  have  been  improved  to  a 
much  greater  extent  than  those  in  the  United  States,  mainly  bcf  ause  road 
buildtDfc  in  Europe  is  extensively  undertaken  by  some  of  the  national 
Rovenunents  and,  furthermore,  because  the  countries  wore  largely  settled 
before  the  advent  of  the  railroad  and  hence  roads  were  the  only  means 
of  intercommunication  between  inland  towns  and  cities. 

The  road  systems  of  the  United  States  have  grown  gradually  with  the 
development  of  the  country  and  aa  new  settlements  have  been  made.  The 
first  connecting  link  between  an  old  and  new  settlement  was  simply  a  path 
or  biased  trail.  Later,  as  necessity  demanded,  the  path  was  widened  to 
accommodate  pack  animals  and  still  further  improved  as  the  settlements 
grew  aod  wheeled  vehicles  came  into  use.  The  constant  addition  of  new 
settlements  and  the  opening  up  of  roads  connecting  them  with  the  older 
settlenaents  account  for  most  of  the  existing  roads.  Due  to  the  way  these 
iTsteins  have  gradually  dertioped  direet  routes  between  large  cities  at  a 
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srast  distance  apart  are  not  frequently  found,  but  the  route  is  made  up 
of  the  connecting  roads  between  the  smailer  towns  situated  between  the 
citiee.  Aligoment  and  grade  usually  were  not  ipveD  much  oonaidaBtion  in 
'  laying  out  the  original  roads,  the  main  object  being  to  form  a  connecting 
link  between  two  places  with  as  litUe  expense  and  labor  as  possiUe. 

Lawia,  In  •  report  (22)  to  the  Srd  Int.  Rowl  Cong,  covned  the  fnDdunantala  ot 
the  hfstorickl  development  xA  hlgfaweya  u  fi^om:  "Among  the  oldert  InstitatioBB 
ot  dvilized  eonntiln  ara  tbdr  highmys.  Thdr  origin  wm  due  to  the  neoeodty  of 
traveling  and  moving  niateriak  from  one  point  to  another  not  far  distant,  unially 
between  farm  and  market,  or  between  adjacMit  communitiei  or  ontoe  of  popolatiati. 
The  distancea  traveraed  were  short,  the  speed  was  slow,  the  methods  of  tran^OTtatioB 
w«e  crude,  and  the  total  amonat  ol  meveoMat  was  sUgbt.  As  eadi  additioaal  esnter 
of  papulattOB  develived  It  wis  eonneeted  with  the  ncueat  dmilar  eoitar  and  thus 
irit^  other  cento*  thru  abeady  existing  roads.  Towns  separated  by  eouddeiable 
diatances  were  connected  with  each  other  by  means  of  the  nriee  lA  local  ecmneclioBa, 
and  rarely  were  direct  routes  provided  between  widely  separated  towns,  except  In  a 
f^  easM  where  the  shortest  practicable  roads  between  distant  pnnts  were  laid  oat 
■ad  coestrueted  lot  mOltaiy  porposas.  bi  the  United  Ststss,  iritere  eeoten  of  ptqm- 
latlon  wwe  eariy  estnbHihed  at  points  remote  from  each  otlier,  sndi  centers  were 
connected  by  roada  which  have  rince  developed  into  important  and  reas<mably  direct 
arteries  of  traffic,  such  as  those  oonneeting  New  York  with  Boeton,  Albany  and  Phlt- 
addphia.  The  distanoeS' covered  by  these  three  roada  were,  reapectively,  about  280, 
ISO,  and  100  miles.  Transcontinental  trails  followed  by  those  saeHng  bomei  in  newly 
developing  parts  of  the  cotintiy  have  in  comparatively  few  years  become  Icmg,  direct 
highways,  but  important  and  populous  ddea  which  have  grown  up  far  from  the  lines 
of  theee  trails  have  not  been  connected  with  each  other  by  direct  roads.  TIte  original 
highways,  whether  long  or  short,  were  seldom  actually  ctmstrueted;  they  merely  grew; 
the  way  was  often  deared  thru  foreat,  but  there  was  little  greding.  very  slight  attempt 
at  drainage,  and  little  more  than  tlie  native  soil  in  the  way  of  road  surface.  The 
traetiva  (oree  recpiired  in  proportion  to  the  toad  was  very  grest,  and  the  gradients 
were  aeeassarlly  light.  Tbcee  moderate  gradients  were  not  secured  by  cutting  down 
the  UHs  and  filling  up  the  valleys,  but  by  detours,  short  or  long,  as  the  topogrmphy 
reqdtred.  While  new  roads  have  been  laid  out,  they  have  been  made  branclMS  from 
or  extensionB  of  theee  old  roads,  and  surprisingly  little  has  been  done  toward  the 
rectification  the  lines  or  the  betterment  of  the  gradients  of  what  have  become  trunk 
Ughways.  The  distsnee  tnveised  by  the  Individual  veUde  In  s  rin^  trip  wss  sUght, 
raraly  iiiiniiiilliin  20  milwi.  iridle  the  averse  distsnee  oovered  wss  probably  not  ssoie 
than  half  «■  great.  Snce  the  Introduettcm  of  self-pnqitelled  vehicles,  with  tfadr  greatly 
Increased  radius  of  action,  the  loss  of  time,  energy  and  money  caused  by  lack  of  dirsct- 
lUBB  in  highways  has  lieen  more  apparent,  and  It  Is  obvious  that  any  inteHIgent  plan 
for  the  improvement  and  extension  of  an  existing  system  of  roads  or  the  devehqnncDt 
(rf  a  new  system  must  include  the  correction  of  aHgnment  in  existing  roads,  and  prtH 
vision  for  direct  routes  between  important  centers." 

Status  of  Roads  in  the  United  States.  Table  I,  compiled  from  records 
gathered  by  the  U.  S.  O.  P.  R.,  gives  for  1914  the  mileage  of  rural  and 
mitfaced  roadsi  and  otlm  data  relative  thereto,  for  each  State. 

3.   Classification  of  Roads 

In  the  United  States  there  is  no  national  system  of  roads,  altho  several 
schemes  of  federal  aid  and  of  national  highways  have  been  proposed.  Under 
the  Federal-Aid  Road  Act  of  1016,  the  United  States  Government  was 
empowered  to  extend  finandiU  aid,  xmder  certain  provisions,  to  the  several 
fltatea  for  the  construction  of  rural  i>oat  roads.  Several  sectional  and  na- 
ti<mid  organisations  have  proposed  interstate  highway  systems.  The  most 
comi^^cnrive  system,  aggregating  100  000  miles,  is  advocated  by  the 
National  Highways  Association. 

The  construction  of  roada  is  therefore  undertaken  by  the  states  and  th^ 


D>qiti;eo  Oy 


Art.  2  Clasedfication  of  Roads  333 


TaU*  I^Road  Mileaca  In  the  United  States  in  1914  (34b) 
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subeidiatT  goTernmenta.  The  road  classification  common  to  the  United 
States  is  usually  as  follows:  state  roads,  county  roads  and  town  roads. 

CUssiOcatkMi  at  Peaa^rania  Roada  by  Foster  (19).  "The  highwayB  existing 
Je  the  atate  of  PeanvlnBia  nay  be  divided  Into  lereral  cla—w,  namely:   The  old 
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Indian  ud  anlnul  tnila;  the  aUte  rovb  including  the  provindal  highwayi;  tba  toll 
roftds,  or  thoae  built  by  corporations;  utd  the  local  or  township  roads. 

"Tile  flnt  class,  the  old  Indian  and  animal  trails  or  roads,  usually  follow  the  valleys 
made  by  amks  and  rivers  and  run  alone  tbe  line  of  least  reristance,  and  any  dianga 
In  the  alignment  will  consist,  in  a  gie«t  measure,  In  the  elimination  of  "t^Ftg  croasingB 
Of  in  the  neeesaity  of  an  bicreawd  Dumber  of  eroeofaigs  of  tlw  panUel  waterway. . 
Changes  wiU  be  necessary  In  order  to  escape  cxtccsive  «ff«lwtfliiawf*.  due  to  slips  or 
washouts;  on  aeeonnt  of  the  neosodty  of  raising  the  grade  of  the  highway  to  a  point 
beytmd  hJghwater;  and,  in  order  to  eliminate  the  usual  heavy  grade  that  Is  found 
where  a  road  has  followed  a  valley  to  its  head. 

"The  seeoad  daw,  or  state  roads,  are  those  hl^ways  known  as  stage  roads  and 
offer  a  wide  field  for  relocadon,  as  this  type  ol  highway  was  constructed  seemingly 
wtthmit  regard  to  ecoDomy,  nfa^,  or  comfort,  and.  apparently  lidd  out  with  a  vtew 
of  obtaining  the  mnt  direct  line  between  two  points.  The  changes  most  readily  deter- 
mined on  this  class  of  highways,  consist  of  relocating  them  around  the  bases  of  hllla 
and  along  the  ridges,  thus  eliminating  the  steep  gradea,  with  probably  very  little  It 
any  Inawued  length,  and  at  little  cost  or  less  cost  than  the  heavy  construction  work 
and  exoMsivo  maintenance  chargea  necessary  in  allowing  them  to  remain  where  ttwy 
are.  The  provincial  roads  also  coming  under  the  class  of  state  highways  need  little 
reaUgnment,  except  in  instances  where  a  relocation  is  necessary  oa  account  of  some 
fondgn  development  which  has  caused  a  divergence  from  the  original  alignment;  and 
the  amount  of  relocation  and  the  extent  thereof  will  depend  in  a  great  measure  on 
the  money  available  for  property  damages,  as  this  type  of  road,  owing  to  its  l<mg 
number  of  years  of  use,  irill  be  found  to  traverse  aectlons  of  the  oountiy  which  hnva 
been  more  or  less  btiQt  up. 

"The  tUrd  class,  toU-roads.  were  built  tor  oorporatkms  and  were  eoDatnteted  with 
economy  as  to  maintenance;  and  the  thoronese  of  their  construction  snd  the  extent 
to  which  they  were  improved  were  dependent  on  the  expected  monetary  reWm  from 
travel  over  than,  and  where  competing  companies  operated,  greater  attention  was 
given  to  dotalls  of  alignment  ud  giada. 

"The  fourth  dBH,  or  tba  local  highwayi,  were  laid  out  in  moat  part  eoimty 
englneera  and  boards  of  vlewen  and  were  surveyed  primarily  to  provide  the  greatest 
economy  In  labor  of  construction,  or  were  bound,  by  dedsloo  of  the  board  of  viewers, 
to  follow  existing  property  lines.  In  other  instances,  such  roads  have  been  properly 
located  by  the  county  engineer,  but,  on  account  of  the  construction  being  left  entirely 
to  the  local  authoritlee,  original  grades  and  lines  were  not  fallowed,  and  while  plan 
and  profile  probably  still  exist,  no  proper  physical  location  can  possibly  be  made,  and  the 
present  traveled  road  has  become  a  permanent  highway,  and  property  rights,  in  many 
instancee,  have  passed,  uatng  the  center  line  of  such  existing  highway  as  a  boundary. 
In  this  cUus  of  highways,  realignment  will  consist  in  the  abolition  of  sharp  tuna  and 
steep  grades  by  cotnect  location  without  regard  to  property  lines." 

ClasaUcatloa  <rf  California  Roads  (18a).  "The  primary  demand  of  the  California 
Highway  Act  is  for  trunk  line  ecastnietioli;  for  two  roughly  parallel  Unsa,  one  thru 
the  coast  eonntias  and  dte  other  tiim  the  great  intoior  valleys,  tiiie  Saenunento  and 
the  San  Joaquin,  serving  coun^  seats  and  connecting  centers  of  population  by  the 
most  direct  and  practical  routes.  In  the  ikeletoo  system  of  highways  outlined  by 
the  act,  these  coostitute  the  backbone.  The  secoadaiy  demand  of  the  act  Is  for 
lateral  rood  eooatnutlao;  to  oonneet  with  the  Ugfawaya  theoe  eoanty  Nate  iMxA 
are  not  directly  swved  by  dtiter  trunk  line. 

"The  Highway  Commission  and  Its  engineers  in  diarge  in  eadi  dfvUon  have  finished 
2D00  miles,  traveling  by  automobile,  thru  these  mountain  counties,  studying  their 
location,  needs  end  desires  at  fitst  hand.  These  county  seats,  for  the  meat  part.  Ha 
to  the  east  of  the  Sierras.  Their  connecting  roads  to  the  valley  cross  elevations  of 
from  4500  to  7600  ft,  and  are  snow  blocked  for  months  on  end.  The  problem  is  to 
build  laterals  to  these  points  which  will  utUIse  the  lowest  pamos  thru  the  mountains 
and  be  useable  thru  the  winter  months.  The  relation  of  the  lateral  to  the  trunk  line 
exproMM  itself  also  in  character  of  construction.  The  standards  of  trunk  line  con- 
struction have  been  set  high,  no  grada  in  excess  ol  7%,  no  curves  with  shorter  radii 
tlian  60  ft,  a  2Mt  roadbed,  and  with  Ideal  aUgpiment,  etc  The  type  of  construction 
has  been  fixed — the  eoaeratt  base,  permanoit  type,  l^e  lateral  roads,  however, 
warmt  a  miidi  more  flexlUe  p9U«}^>  V(         «1U  carry  suttdsnt  trafllc  to 
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mrntnt  tnmk  Im  type  ol  eonstructioa.  On  the  purely  mountidn  bitemli  wdi  con- 
•tnietioii  would  bi  folly.  No  one  mnta,  expects,  or  neede  dty  stnets  thru  the  Oems. 
An  mceurkte  study,  therefore,  trf  thia  problem  wilt  demonstrate  the  necenity  of  varyltac 
rituatioQs.  Grmdee  steeper  then  on  the  main  routes,  narrower  roed-beda,  aurfadng 
ot  native  materiak,  and  rimlter  reasonable  economies  will  be  necessary  in  Kfnifitm 
tUs  latwal  prabiMi  without  m  praUbitiva  eoaL" 


Fimdaiiieiital  Condderatioiu.  In  a  report  to  the  3rd  Int.  Road  Coni. 
Lewis  (22)  states  that  "The  moet  essential  considerationfl  which  should 
Bovon  the  planning  of  the  individual  road  or  a  complete  highw^  system 
may  be  bri^y  stunmarised  as  foUows: 

1.  The  road,  idhile  not  monotonously  straight,  should  ha  as  dinot  as 
tbe  topognvhy  and  l<"''*-i^it  grades  will  permit. 

2.  Trunk  lines,  articulated  with  those  of  ao  adjoining  Juiiidiotixm,  should 
lona  the  basis  of  a  complete,  road  system. 

3.  Detours  from  the  general  direction  of  trunk  lines  to  reach  unim- 
portant towns  are  not  justified;  such  toirns  can  be  served  by  branch  roads. 

4.  The  principal  streets  of  a  ci^  should  form  a  part  of  the  trunk  system 
of  the  territory  in  which  such  dty  is  located.  Facility  of  movonrat 
between  the  city  and  the  aurroimding  oountzy  and  neighboring  towns 
is  essential. 

5.  The  principal  highways  between  neighboring  towns  should  oonneot 
directly  with  tiirir  most  importuit  and  dignified  timofares. 

6.  Boads  should  increase  in  width  as  thay  approach  important  towns, 
so  that  as  the  towns  grow  outward  along  these  roads  it  will  not  be  neces- 
sary to  incur  great  expense  in  widening  them. 

7.  In  establishing  adequate  roads  radiating  from  important  cities  it  is 
unnecessary  to  undertake  expensive  widenings  of  the  streets  of  small  towns 
oc  villages.    By-pass  roads  around  them  will  answer  the  purpose. 

8.  At  orosmnffi  or  junctions  of  rural  hinhways  sufficient  space  should 
be  added  to  the  road  to  iA<tfd  a  .view  erf  approaoUng  vehioles.  Curves 
should  be  used  instead  of  abrupt  ddBeotions.  In  city  streets  a  widming 
at  important  junctions  is  always  desirable. 

g.  Tramways  are  inevitable  in  city  streets,  and  the  best  location  for 
them  is  in  the  middle  of  the  roadway.  When  they  follow  rural  highways, 
they  should  be  so  sepurated  from  the  traveled  road  Hbat  vehicles  cannot 
pass  from  road  to  tracks,  and  they  should  never  cross  the  highw^  at 
grade. 

10.  Roads  sbould  be  made  interesting  where  possible.  Picturesque 
vistas  and  eKtanave  outlooks  are  desiraUe  as  well'  as  easy  gradiente  ud 
a  mooth  surface.  The  highwi^  should  pnnnote  healUi  and  pteasore,  as 
wdl  as  bunnesB." 

Selectiott  of  Routes  on  Maps.  A  map  showing  the  plan  of  all  the  roads 
of  the  stats  is  a  grqat  aid  in  selecting  and  classifying  the  roads.  If  the 
map  is  one  giving  oontours  and  other  topography  similar  to  those  prepared 
by  the  U.  S.  Geol.  Survey,  it  will  save  considerable  time  that  otherwise 
mi^t  have  to  be  spent  in  making  preliminary  investigations.  With  this 
map  the  main  traffic  routes  or  those  which  serve  as  thru  routes  between 
inqxHtant  pointe  within  the  state  or  as  parts  ol  thru  routes  to  invortant 
points  in  adjoining  states  can  be  temporarily  selected.  Such  roaids  wffl 
bo  nlsssril  as  sran  boaim.  There  may  be  Instances  iriiere  tb»  same  ter- 
ndnals  ean  be  readied  by  different  routes  but  it  will  not  be  poailUe  to 
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tell  from  the  map  which  route  tibould  be  selected.  The  conNTT  roa.ds 
will  oomprise  the  importtuit  roada  of  the  county.  They  will  bo  those 
loadfl,  not  included  in  the  state  system  conoecting  tiie  inportant  towns, 
of  particular  value  to  the  county  as  a  whole  in  its  developmmt.  The 
county  roads  will  be  selected  from  the  map  in  the  same  mumer  aa  the 
roads  of  the  state  system  were.  All  of  the  remaining  roads  will  be  classed 
as  TOWN  BOADB  being  local  in  character.  If  insufficient  money  is  available 
for  the  construction  of  all  of  them,  the  important  roads  should  be  selected 
for  the  town  system.  There  will  be  some  overlapping  of  the  three  classes 
and  the  distinction  between  the  roads  in  the  county  and  town  systems 
may  not  be  aa  dear  at  first  sight  as  it  is  in  the  case  of  the  state  and  county 
systems. 

A  ReoonnaisMUiea  should  be  made  of  each  route  for  each  of  the  systems 
and  observations  made  in  a  general  way  regarding  the  several  points  as 
follows:  general  alignment,  possibility  of  detours  to  overcome  bad  align- 
ment or  grade,  general  topography,  geolof^cal  stnicture,  maximum  gradienta, 
foundations,  drunage,  availability  of  material  for  construction,  structurest 
grade  croesiiigs,  and  their  possible  elimination,  the  connection  of  the 
route  with  its  terminals  and  the  connection  of  the  thru  routes  with  the 
main  highways  of  other  states.  Where  there  is  a  choice  of  routes,  a 
nconnaissBnce  will  sometimes  detennine  without  further  investigationa 
which  route  it  is  advisable  to  adopt. 

Trafflc  Census.  When  a  reconnaisssQce  has  been  made  and  the  selection 
of  routes  modified  in  accordance  with  the  information  obtsined,  a  trafiSo 
census  should  be  taken  in  such  a  manner  that  the  amount  and  kind  of 
traffic  using  the  roads  may  be  known.  A  traffic  census  in  a  large  measure 
determines  to  what  class  a  road  belongs.  From  the  use  of  a  map  alone 
it  might  be  decided  that  a  road  should  be  classed  as  a  county  road  while 
the  traffic  census  would  show  that  it  is  used  largely  by  thru  traffic  and 
should  really  be  classed  in  tiie  state  system.  Furthennore  it  may  be  found 
from  a  traffic  census  tiiat  some  toads  are  not  so  important  as  their  location 
on  the  map  would  indicate.  In  the  case  of  some  of  the  middle  western 
states,  the  roads  of  which  follow  the  section  lines  of  the  U.  S.  PubHo  Land 
Surveys,  it  is  very  difficult  to  determine  which  are  the  important  roads 
without  a  traffic  census,  since  tiie  chessboard  plan  of  the  roads  permits 
a  wide  choice  of  routes  between  two  points.  For  instance,  in  Illinois  it 
was  found  from  a  traffic  census  that  15  000  miles  out  of  the  95  000  miles 
of  highways  within  the  state  would  cany  90%  of  all  the  traffic.  Due 
consideration  should  be  given  to  the  change  in  traffic  due  to  a  road's  im- 
provement. For  example,  the  improvement  of  one  route  mi^t  divert 
traffic  from  some  other  route  with  a  consequent  increase  in  the  one  case 
and  a  decrease  in  the  other  from  results  obtained  in  the  traffic  census. 
It  is  apparent  that  when  the  results  of  the  traffic  census  have  been  studied 
and  analyzed,  a  further  revision  of  the  routes  chosen  for  the  different 
systems  can  be  made.  The  various  methods  of  taking  traffic  censuses  and 
interpretation  of  the  results  are  given  in  Sect.  4. 

Financial  ConsiderationB.  If  the  problem- is  studied  with  r^ard  to^ 
the  considerations  previously  mentioned,  a  comprehensive  system  of  roads 
will  result.  The  cost  of  each  system  should  be  borne  by  the  state,  county 
and  town  in  a  manner  that  would  be  equitable.  If  the  state  pays  the 
entire  cost  of  the  roads  on  the  state  system,  the  oonstniotion  of  the  system 
will  generally  be  more  expeditiously  and  efficiently  carried  out  than  is 
the  case  where  the  state  pays  a  part  and  the  town  or  county  liie  remainder. 
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The  praaent  Aate  lam  in  many  instanoei  prevent  the  adoption  oi  Bn  ideal 
system  of  roads.   Where  the  law  atatea  that  appnq>ristioiiB  shall  be  divided 
b>  aome  pro  rata  scheme  amonart  the  different  towns  and  oounties,  many 
sections  of  road  will  be 
built  ae  state  rooda 
Uiatare  local  in  chano- 
ter  and  should  belong 
to  the  county  or  town 
system.    See  Sect.  28. 

Bnmple  of  Ineficleot 
DvTdopmeot  of  Bi^ 
mrt  by  tTaecoaomkal 
Hm  of  State  Appcopria- 
tiom.  Moore  ^  atatea 
that  "no  baphazud,  dis- 
Jobtad  method  of  Im- 
proYfan  nudn  roadi,  wlth- 
oot  a  defluita  plan  by 
which  the  wotk  of  today 
win  eveatuaily  becMoe  a 
partof  a  ccMaplete  system 
((  fartveoim^  U^waysi 
«n  prove  astfafaetoiy. 
The  azpertcnea  io  Fenn- 
■ytTania.  where  the  main 
ro«k  are  deirignated  by 
lew,  indicataa  that  a 

htim  win  nUeve  iteeU  id  needloM  troubte'and  the  taxpayeia  of  needkas  waste  of  moMj 
by  ratruatinK  the  aetoctloD  of  the  main  roads  to  the  etate  highway  department.  The 
Ptmwylvanla  t^islature  d«aigaated  10  200  mUea  of  its  roads  aa  atate  highways.  Only 
a  small  part  of  this  mUcage  hsa  been  improved,  and  the  roads  selected  do  not  form  a 
ntkfactory  aystaro.  Moreover,  the  length  of  the  roads  b  altogether  too  great  for 
the  money  available  for  tbeir  improvement.  The  result  is  stated  by  Chief  Engineer 
VDfiam  D.  UUer  at  the,SUta  ^hway  Department  aa  follows:  'During  1916  the 
dtpartmoit  spent  about  U  600  000  in  maintaining  this  mileage  snd  during  1916  it 
WO  spend  about  IS  000  000,  making  a  total  of  $7  600  000  spent  on  the  roada  in  2 

years,  with  nothing  of  any 
great  moment  in  the  way  of 
permsnent  improvement  to 
show  for  it  Had  it  ben  pae> 
rible  to  apend  this  $7  600  000 
in  permanent  conatrucdon, 
from  600  to  600  miles  of  high' 
ways  could  have  been  improved 
during  1916  and  1918,  which 
added  to  the  1880  miles  slready 
Improved ,  would  Iiave  f uraidwd 
a  satisfactory  nucleus  for  the 
permanent  highway  ayatem  of 
the  state.'" 

Form  of  die  Syitasi* 
The  system  will  generally 
approximate  either  the  radial  or  the  rectangular  form  with  diagonal  lines. 
The  fint  fonn  is  perhaps  more  conunoo  in  the  eastern  states,  while  the 
second  is  found  in  those  states  where  the  roads  follow  the  section  lines. 
Rg.  1  shows  the  system  of  state  roads  in  New  York,  the  county  and  town 
toads  not  being  shown.  The  roads  mdiating  from  some  of  the  large 
MBtera  will  be  noted.    Fig.  2  shoirs  the  system  of  the  prinapal  state  roada 
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Tig.  8.  Existing  Roftds  In  Vennition 
County,  ni. 


in  MasBaohuBetts.  Fig.  3  ibowa 
the  existing  roads  in  Vermilion 
Count!',  Illinoia.  Here  (he  rec- 
tangular system  typical  of  road 
layouts  in  Illinois  will  be  noted.- 
Fig.  4  shows  a  portion  of  the 
French  road  system  in  the  north 
of  France. 

THE  INDIVIDUAL  ROAD 

4.  Location 

The  principles  and  methods  ad- 
vocated in  connection  with  the 
planning  of  road  systems,  as  con- 
tained in  Art.  3,  apply,  in  general, 
to  the  determination  of  the  moat 
efficient  and  economical  location 
of  the  individual  road.  The  pre- 
liminary investigations  which 
should  be  made,  prior  to  the  final 
selection  of  a  location,  are  given 
in  detail  in  Sect.  4. 

NecesBity  for  New  Locatioas. 
Altho  the  greater  part  of  the  plan- 
ning of  roads  consists  in  improving 
those  already  in  existence,  instances 
often  arise,  particularly  in  moun- 
tainous and  sparsely  settled  dis- 
tricts, where  an  entirely  new  layout 
is  advisable.  Old  roadswere  locat- 
ed mainly  with  the  idea  of  securing 
a  route  with  as  little  expenditure 


of  money  as  ponsible.  Grades,  alignment  and  distance  were  rarely  considered. 
An  improved  road  should 
be  so  designed  as  to  keep 
the  maximum  grades 
within  a  reasonable  limit, 
with  easy  curves  and  with 
a  directness  of  route  con- 
sistent with  economy. 

To  improve  the  old  loca- 
tion and  obtain  a  road  hav- 
ing grade*  and  curve*  within 
the  limits  desired  might  be 
a  prohibitive  expense.  It 
might  be  found  that  the 
limiting  curves  uid  grades 
could  be  obtained  on  the  new 
location  with  a  consequent 
shortening  of  the  distance. 
The  Bsving  in  distance  would 
either  be  a  direct  saving  in 
the  expense  of  constnictiag 
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tha  oM  tootioa  or  woutd  kOow  a  more  direct  route  lo  be  built  with  better  Unas 
■ad  fimdM  St  an  «q>eiHe  not  grMlw  than  thilt  to  crawtruet  the  irid  locatloii. 
Ob  th»  other  hand,  the  new  loeatkn  mlgh(  IneraiM  the  OMamt*  WEwwhst  but  thtt 
MTinc  in  coMtructtng  tb»  ro*d  oa  the  new  location  with  Uisitinx  fradcs  ud  m*y 
eome  would  more  than  pay  for  the  iBcreaae  in  distance.  Tbe  old  location  might 
preeent  diffleulttee  In  the  way  of  many  stream  croninfa  where  a  direct  MvlnK  in  the 
nuinbar  vi  croealncB  ecaild  be  effected  in  a  new  looatim.  A  mora  auitable  foundaticn 
for  the  rowtway  i^gfat  be  obtained  by  ehooains  a  new  loeetton  it  the  tonndatioii  ecn- 
Atlom  oa  the  old  loeMiOD  were  poor.  Perbapo  tbe  old  kwetion  of  tbe  road  might  be 
fairly  good  with  a  few  exceptiotu  and  If  short  detoura  were  made  at  these  points, 
tbe  desired  improvement  in  location  could  be  aeeomplistted  with  economical  and 
nUWactory  rendts.  In  areas  which  are  thickly  aettled,  tbe  atModonment  of  tlw 
old  katimi  for  any  great  diatance  cannot  usually  be  accomplished  with  as  much 
freedom  as  where  the  important  terminals  are  a  long  diatance  apart,  eioce  the  question 
of  land  damages  becomes  a  very  Important  consideration.  Grade  crossings  at  railroads 
are  always  a  aonree  of  danger  to  the  users  of  the  highway.  Altho  It  Is  not  slways 
practical  to  eliminate-  all  <rf  tbem,  frequently  It  is  passible  to  do  away  with  some  of 
them  by  rfiangfatg  the  location  of  the  road  where  instances  of  the  old  road  mMsiifc 
and  rticrnsstm  tbe  railroad  occur. 

Bjr-Pus  Roads.  It  frequently  bappena  in  planning  a  road  system, 
that  the  principal  street  of  a  small  village  or  town  will  be  part  of  one  of 
tbe  main  routee  of  tbe  8tat«  Byrtem.  The  village  street  may  not  have 
sufficient  width  to  take  the  traffic  that  the  road  will  be  obliged  to  accommo- 
date and  the  expense  of  widening  the  local  street  might  be  ao  gi«at  as  to 
be  prohibitive.  One  sotutini  of  the  problem  is  to  oonstmot  the  main 
highway  on  a  slight  detour  so  that  the  nairow  local  sbeet  will  be  avoided. 
This  method  of  cunstruoting  by-pass  roads  has  been  eiuployed  in  many 
of  the  otd  towns  of  northern  France.  The  by-paas  roada  in  these  instances 
pass  outside  of  the  villagee  and  towns  and  are  constructed  to  aocommodkte 
the  traffic  to  which  they  will  be  subjected.  Such  a  scheme,  however, 
generally  is  not  adopted  where  local  interests  do  not  care  to  have  the  thru 
traffic  pass  outside  the  town. 

Report  br  British  Engineer*  (18).  "Tbe  deflection  of  tbm  traffic  from  com- 
pefBtivetr  crowded  and  narrow  buslnesa  strssta  of  our  villages  to  new  roads  to-be 
SBeeCnietod  thru  virgin  land  is  someUmes  opposed  by  those  who  have  buslBCss  premises 
OB  the  route  and  who  fear  that  they  will  be  affeciEed  financially.  This  might  have 
been  largely  so  in  tlie  old  days  of  slow  traffic  but  It  Is  much  less  so  In  these  days  of  fast 
motor  trslBc.  Indeed  it  may  be  an  advantage  to  separate  a  shopping  street  and 
tlia  bariDHB  center  from  the  main  thorofare  provided  for  .fast  traffic  Generally 
ipeahing,  considerations  of  engl&eerlaf,  ardiltecture  and  economy  will,  it  Is  thought, 
lead  to  Uw  eonstruetlon  of  new  by-paas  roads  round  rather  than  thru  the  developed 
portlass  of  villages  and  sniaB  towns." 

Cflsifleston  Adopted  by  Ird  Int.  Road  Cmg.  (32).  "As  a  general  prlndple.  It  Is 
better  that  new  main  roads  be  constructed  to  pass  outside  rather  thu  thru  towns, 
and  where  an  existing  main  road  paaaing  thru  a  town  is  unsatlafactory  for  thru 
tnOc,  It  is  often  better.  In  preference  to  widening  an  existing  narrow  main  road  tbm 
the  eorttr  of  a  tewn,  tiMt  new  niada  dHnld  be  planned  aoendlng  to  the  prladples  ti 
tte  ednee  at  town  ptanotag." 

Methods  of  Work.  The  method  followed  in  locating  a  new  hi^wtqr  or 
nloeating  an  old  one  is  the  same  as  in  railroad  location.  A  study  of  the 
area  should  be  made  with  the  help  of  maps  if  such  can  be  obtained.  A 
map  showing  the  contours  or  one  with  only  the  water  courses  on  it  will 
be  of  great  assistance.  A  reconnaissance  should  be  made  of  different 
poeaible  routes.  Preliminary  surveys  would  be  made  and  the  fin^  selection 
of  the  route  made  by  comparing  the  costs  and  advantages  of  the  different 
bcationa.  A  thoro  leconnaissanee  where  the  country  is  particularly  nni^ 
will  geoeraily  save  much  egpense  in  ina*^"g  subsequent  surveys. 


340 


Planning  of  Roads  and  Road  Systenu 


Sect.  6 


The  nMHomiMtiti  tafan  in  tlw  rsconiwiMHiet  Nmy  would  ba  my  ■ppnoiBBto 
and  fnqiMutly  no  instruzMnta  at  all  would  be  omploysd.  Th«  fdlowinc  InatnuBMiti 
an  uarful  in  reconnBlwwnee  work:  Tha  snerad  barometer  and  a  band  level  for 
measuring  helghta  roughly,  a  smaU  compass  for  measurinK  angta  and  the  pedomeUr 
for  maaauiing  dirtamoH.  The  pedooietw  la  aiinilar  to  a  wat«fa  but  only  ttdn  at  every 
■tep  at  (ha  paiaoB  who  canln  it  and  tinw  raoorda  the  dlatanoe  aa  ha  walha.  TIm 
preliminary  aurws  would  be  made  by  raethoda  daaeribed  in  SeeL  6.  otteapt  tiiat  time 
would  uaualty  not  be  wptnt  In  running  in  curves  and  tbe  metboda  deaoilied  would  be 
modiflad  somewhat  for  tlie  sake  of  apeed.  in  the  eaae  of  abort  detouia  ttie  advantagea 
<d  different  lines  ran  sametimes  be  readily  compared  on  the  ground  and  only  one 
survey  may  be  required  to  obtain  all  Uie  informaticm  neeeaary. 

General  Principles  of  Rew  Locetioa.  Points  thru  which  the  road  must 
paw  are  called  nding  points.  As  illiutratioo  of  ruling  points,  the  following 
are  eited;  Places  of  importance  along  the  rood  and  its  terminals,  gaps 
or  low  points  in  ranges  of  hills,  crosmngs  at  btreams  suitable  for  a  bridge, 
intersectioDS  with  railroads  at  points  so  that  grade  crosaioBS  can  be  avt^dad 
if  possible,  and  on  scenic  highways  points  on  tops  of  ridges  that  give  a 
commanding  view  of  the  surroimdiDg  country.  As  a  general  rule,  if  a 
road  follows  the  valley  of  a  stream  it  will  pass  the  ridgea  at  the  lowest  points 
and  it  will  be  feasible  to  build  it  with  moderate  grades.  While  the  straight 
line  is  the  shortest  and  most  direct  route  between  two  points,  it  is  not 
always  the  best  one  to  build.  Expense  is  naually  the  most  important 
factor  to  be  considered  with  regard  to  queetions  of  alignment.  It  is  im- 
practical in  exceedingly  rugged  country  to  build  a  straight  road  for  any 
great  length.  In  fact,  such  a  requirement  is  not  essential.  Curves,  pro- 
vided they  are  not  too  sharp,  are  rather  to  be  desired  than  avoided.  There 
will  be  ioBtances  where  by  putting  a  curve  in  the  line,  the  tangents  may 
be  swung  so  as  to  avoid  a  bad  foundation,  a  summit  or  a  deep  ravine,  which 
would  considerabty  add  to  the  expense  of  construction  if  tbe  road  wbs 
carried  straight  across  it.  When  tiie  road  follows  a  valley  bottom,  the 
cost  of  winding  it  in  and  out  around  the  bases  of  the  ravines  and  spun 
should  be  compared  with  the  cost  of  making  it  a  straight  line.  If  tbe 
carves  are  not  too  sharp,  the  first  method  will  probably  be  the  cheaper 
and  much  more  picturesque.  In  crossing  from  one  side  of  a  vaBey  (o  the 
other,  the  cheapest  crossing  will  usually  be  towards  the  upstream  end  of  the 
valley;  it  is  at  this  point  that  tbe  sides  of  the  valley  are  nearer  together. 
The  valley  may  narrow  towards  the  downstream  end  or  an  intervening 
ridge  may  come  between  the  sides  of  the  valley  which  might  make  the 
crossing  at  such  a  point  less  expensive  than  at  the  upper  end  of  the  valley. 
Where  two  points  on  either  side  of  a  lidge  are  to  be  connected,  the  crossing 
is  generally  most  economically  made  thru  the  low  point  of  the  ridge  or  the 
gap.  If  two  points  are  to  be  joined  on  the  same  side  of  a  ridge  halfway 
down  its  slope,  it  is  usually  more  economical  to  construct  the  rood  ather 
along  the  bottom  or  the  top  of  the  ridge  and  connect  its  ends  with  the 
two  points  halfway  down  the  ridge  than  it  is  to  build  a  straight  road 
across  the  face  of  the  ridge  between  the  two  points.  The  same  piineiples 
mentioned  above  apply  to  making  detours  but  as  the  detours  are  usually  of 
comparatively  small  extent,  the  problem  is  not  so  difficult. 

B.  Alignment 

General  Prlndplei.  It  has  been  previously  pointed  out  that  the  strai^t 
line  furnishes  the  most  direct  and  the  shortest  distance  between  two  points. 
It  is  possible  to  secure  long  straight  roads  at  a  reasonaUe  cost  in  scnne  of 
the  western  states  whore  the  topography  is  generally  Hat  and  Uw  roads 
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are  laid  out  on  the  section  linee  of  the  Public  Land  Surveys.  DirectneBS 
of  route  is  alwt^  desirable  but  an  absolutely  straight  road  buUt  for  a 
long  distance  without  any  curves  is  not  a  good  one  from  the  EDethetic  point 
of  view.  In  country  where  the  topography  is  nigged,  direotneas  of  route 
has  to  be  saerifioed  for  other  conaiderationB.  The  expense  of  building  on 
a  atraicbt  line  u  proliibitive  if  gradea  are  adopted  oonaistent  wiUi  good 
practice.  Questions  of  foundation,  drainage  and  property  damage  have 
to  be  considered  as  to  their  influence  on  the  cost  of  construction.  The 
kind  of  traffic  that  predominates  on  the  road  will  have  some  bearing  as 
to  the  relation  between  line  and  grade.  If  horse-drawn  traffic  predominates, 
alignment  should  be  sacrificed  for  grade  while  if  motor  vehicles  constitute 
the  greater  part  of  the  traffic,  grades  are  not  of  so  much  relative  importance. 
I'be  alignment,  therefore,  usually  is  made  up  of  a  seriee  of  tangeots  con- 
nected by  curves.  As  far  as  possible  the  alignment  at  bridges  of  any 
kind  should  be  straight  aoross  the  bridge  and  for  a  short  distance  either 
side  of  it  so  that  good  approaches  may  be  obtained. 

The  Improvement  of  Uie  AHgnmant  of  Existing  Roads  forms  the  greater 
part  of  the  work.  The  alignment  of  the  old  travelled  way  may  be  greatly 
improved  by  a  judidous  choice  of  tangents  to  eliminate  the  general  sinuosity 
of  the  old  line,  and  by  flattening  out  or  widening  sharp  curves.  Changes 
of  this  character  can  generally  be  effected  within  the  limits  of  the  old  right- 
of-way.  ^ort  detours  are  made  for  purposes  of  making  the  road  more 
direct,  eliminating  bad  grades  or  other  features  which  would  greatly  inofease 
the  expense  of  construction. 

IIBnob  ftactlca,  u  typical  oi  tiiat  <rf  the  Middle  West  ta  deBcr[b«d  as  foDom  by 
Bflger  (14«).  "fn  the  pnhie  states  the  general  featurea  of  highway  aHgnmetit  as 
oricbaUy  MUbtii^ed,  tn  moat  eaaee,  will  meet  mtiafactorib'  the  requirements  of 
modern  tralSe.  Tbeae  highways  as  a  rule  follow  the  section  Un«a  east  and  weat,  and 
north  and  south,  and  are  stiaighL  Bet'Base  of  tjte  unusually  favorable  eondltioiis 
afforded  by  the  topography  and  because  also  of  the  fact  that  practically  all  parts 
of  the  country  could  be  utilized  for  agricultural  purposes,  a  very  large  mileage  of 
highways  was  laid  out  fn  the  states  of  the  M  aaiaalpiri  Vall^. 

"  MsriM>d  improvement  can  be  effeeted  Is  small  details  tlmt  win  tend  giaatbr  toward 
the  geoeAl  safety  and  comfort  of  the  traveling  public.   For  example,  at  all  abrupt 
anglsa  In  the'  right-of-way,  and  particu- 
larly those  approaehingiW.grwtM-aafety   -JMStfaalHH  , 

of  travd  can  be  brooght  about  by  limply     T    I 


ahown  in  Fig.  6.  similar  to  wbidi  there  ^..i  4 

anmt  be  more  than  100  000  in  IIUn<^  Hg.  5-  Recommended  Curve  for  90°  Turns 
^one.   To  keep  the  improvement  at  the 

eoriMr  within  the  SO-tt  rl|AtH>f-way  Knea  would  require  a  curve  having  only  a  62.9  ft 
tadiua,  and  tbs  dear  right  provided  for  the  traveler  would  be  only  70  ft.  As  contrasted 
trtth  tUt,  Botlss  the  adviatagsa  aflordsd  Iqr  aequMng  the  piees  of  land  KLKN. 


psDcoifng  snoogh  addltkmsl  ifght-oC-way 
to  penult  moving  the  tamer  fence  comer 
a  distance  lA  oofy  30  or  40  ft  By  so  do- 
ing, tbe  radius  of  the  curve  can  be  cos- 
^derabiy  lengthened  and  a  mu^  better 
vim  pnnMsd.  Travd  la  baneOted  oat 
of  all  proportioa  to  tbe  cost  of  the  little 
piece  at  bud.  In  order  that  this  addl- 
tkmal  right-of-way  at  tlte  comer  may  be 
BtlBsed  to  tlie  utmost,  it  is  necessary 
that  an  vegetation  be  kept  down  and 
that  dgnboords.  If  sny,  be  trsnstered 


*'A  typical  90°  angle  hi  a  highway  Is 
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whid  ooDtBtna  0.OU  acm  and  would  ooit,  at  tha  rata  of  |800  par  asn,  only  tl6.M. 
The  loBgar  curva  provfdw  aa  oatlook  ot  142  ft,  aa  aiaiaat  the  70  ft  tw  tha  otter.  At 
the  Mtme  time  It  ihortene  the  pavemmt  from  a  to  ft  by  aa  amount  Riffldent  to  aave 
40.6  aq  yd  for  a  LB-ft  pavement,  about  }70  on  a  brick  pavement  and  (60  on  one  of 
concrete,  which  b  about  three  timea  a  reaaonable  price  for  the  land.  In  addition  to 
thia,  the  right-of-way  is  not  contracted  at  the  comer  aa  It  fi  by  th«  abortar  ratfua 
cam,  BO  that  the  17.&-ft  marfin  between  tbe  inner  edge  of  tha  pavenMOt  and  tha 
property  line  is  preaerved  for  uae  as  an  earth  road  aroimd  Q>»  oomer  aa  wdl  aa  en 
tangenta.  hforeover  the  land  KLUN  baeauae  of  Ha  eonm  locKtfon,  ia  praetieaUy 
valueless  for  agricultural  purposes. 

"At  all  croM  roads  additional  land  afaould  be  provided  by  moving  the  fences  back 
to  include  the  land  at  the  four  comen  within  the  limits  of  the  right-of-way,  as  proposed 
in  the  aketdi.  Thia  brings  tbe  control  of  the  coraera  within  the  authwfly  of  the 
road  ofldala,  who  can  have  removed  all  v^etatfam  that  obatrueta  tbe  view  of  tha 
approachea.  Where  there  fm  an  angle  graatar  Chan  46"  to  tha  aUgiuMnt  and  tha  iaa- 
provement  at  this  piece  la  on  an  cmbaBkmaBt  U^nt  than*  aay,  4  ft,  there  AouM  ha 
provided  on  the  outside  of  the  eum  a  aufaatSBtlaMooklDC  cluu'drail  pabitad  whlta^ 
to  serve  as  a  warning  to  traffic" 

CitfTM.  The  straight  portions  of  aligomeDt  are  joined  together  usually 
by  circular  curves.  Ab  a  general  rule  long  strait^t  taageat«  should  be 
joined  by  curves  of  large  radius.  Sharp  curves  should  be  eliminated  or 
flattened  as  much  as  poaaible  if  the  road  ia  subiected  to  a  combination  horse- 
drawn  and  motor  vebiele  traffic.  For  horse-drawn  veliiolea  sharp  carves 
are  not  dangennu,  but  where  motor  vehide  troffle  ooeurs.  sharp  curves 
become  exceedingly  dangerous.  Moreover,  the  vehicles  disinteiaato  the 
surface  of  the  roadway  on  a  sharp  cun-e  more  than  where  the  curve  is 
built  with  a  larger  radius.  In  level  and  Hlightly  MUy  country  it  ia  generally 
possible  to  obtain  curves  of  proper  radiui  without  undue  expense.  In 
mountainous  districts  where  steep  grades  are  encountered,  the  cost  of 
construction  will  increaee  very  rapidly  with  the  length  of  the  radius  of 
the  curve  and  the  curves  will  have  to  be  made  aa  sharp  as  the  traffic, 
eombiDed  with  the  costs  of  construction,  will  pmnit.  The  speed  of  motor 
vehidce  is  consideraUy  reduced  both  in  ascending  uid  deseending  steep 
grades,  hence,  if  sharper  curves  have  to  be  used  in  such  iastances,  they  are 
not  'so  dangerous  as  on  levd  stretches. 

MiNiHUU  Radius.  The  minimum  radius  of  curves  will  depend  upon  the 
width  of  roadway  and  the  charact'er  of  the  vehicles  upon  the  road.  A 
12-ft  width  requires  a  radius  of  about  105  ft  to  permit  a  four-horse  team 
and  vehicle  of  a  total  length  of  about  50  ft  to  keep  upon  the  roadway. 

This  radiiu  decreases  as  the  width  of  road  increases  so  that 
on  18-ft  roadwiQr,  the  required  radius  would  be  about  77 
ft.  The  minimum  radius  of  the  center  line  for  different  widths 
mii^-  be  approximately  calculated  from  the  formula  r  "  P/2w, 
where  r  is  the  radius  of  the  center  line,  I  the  length  of  team 
and  vehicle,  w  ia  the  width  of  roadway  (see  Hg.  6).  One  pair 
of  horses  will  occupy  a  length  of  about  13  ft  ahead  of  the 
wagon  and  each 'additional  pair  10  ft  more  if  hitched  ahead. 
*  The  length  occupied  by  a  wagon  or  truck  varies  from  about 
10  ft  for  the  bottom  dump  wagon  to  as  much  aa  50  ft  for 
trucks  hauling  poles,  and  in  the  latter  ease,  the  poles,  if  longer  than  AO  ft, 
will  extend  beyond  ^e  trucks.  The  minimum  radius  as  given  by  the  above 
formula  assumes  that  the  team  and  wagon  are  in  the  same  straight  line 
and  that  the  full  width  of  roadway  ia  occupied  in  going  around  the  cur%-e. 
Altho  it  is  generally  possible  to  fu'amp  the  front  wheels  and  swing  the  horses 
towards  the  in^de  of  the  curve,  very  little  clcanuuw  for  pasyiog  would  be 
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secured  if  the  radiua  of  the  curve  ia  determined  entirely  by  the  above  fonnulo. 
One  common  method  of  providing  more  clearance  on  sharp  curves  ia  to 
widen  the  roadway  on  the  inside  of  the  curve  as  shown  in  Figs.  5^d  7. 

The  minimum  radiua  ot  curves  ncommraded  by  Uw  1st  Int.  Road  Cong.,  1908.  ia 
IM  fu  Altho  this  would  be  an  eueHent  limit  to  approa^  u  an  ideal.  It  freqaanttar 
iMVpeoB  in  country  of  runed  topoymphy  that  eurrea  an  used  havlnt  a  radius  aa  low 
as  50  to  60  ft.  Ia  France  a  radhu  of  166  ft  is  used  as  a  mtnlfniiifi  for  curves  on  the 
national  roads  except  in  extreme  case^  wlien  it  is  shortened  to  100  ft.  On  the  district 
roads  the  miniinum  radius  is  GO  ft.  The  practice  in  Austria  is  to  make  the  minimum 
ladfaiB  from  80  to  160  ft  on  the  principal  roads,  from  66  to  96  ft  on  the  district  roads, 
and  on  wagon  roads  aa  low  as  32  ft.  A  radius  of  96  ft  is  recommended  as  being  a 
lainimMin  for  roads  used  by  wagooa  hauling  long  thnbers.  In  New  York  State  tiie 
practice  is  to  make  the  '"''«''■""«  radius  200  ft  wherever  pcaaible.  It  was  the  recom- 
BMBdatloD  of  the  1st  Int.  Road  Cong-  that  transition  corvee  should  be  placed  between 
each  end  of  the  dreular  curve  and  the  adjdning  tangent  to  reduce  the  abruptness 
of  change  from  a  straight  line  to  curve.  The  practice  of  this  refinement  In  highway 
eonstruetloa  has  not  been  generally  adopted.  Reversed  curves  should  be  jtnned  to- 
gether  by  a  commMi  tangent  not  less  than  60  ft  in  length. 

CI.BAB  SioHT  AT  CuRVBS.  There  should  be  b  clear  idgbt  distance  around 
the  curve  of  at  least  300  ft  so  that  the  driver  of  a  motor  vehicle  can  see 
anotlier  vehicle  traveling  in  the  same  or  opposite  direction  and  have  suffi- 
cient distance  in  which  to  bring  hia  vehicle  to  a  stop  if  necessary.  Clearing 
away  the  brush  and  small  growth  at  the  sides  of  the  road,  or  removing  a 
wall  or  a  fence,  will  frequently  accomplish  the  object  sought.  Where  the 
bank  on  the  inside  of  the  curve  is  much  above  the  grade  of  the  road  and 
the  curve  ia  very  sharp,  it  may  be  neoeoaary  to  cut  into  the  aide  of  the 
bank  at  a  hei^t  equal  to  the  average  line  of  vinon  of  the  perBons  on  the 
road  when  driving. 

Grade  Croadnga  and  Their  mmination.  All  grade  crossing  of  railroads 
should  be  eUmiaated  if  poeaiUe.  In  thickly  settled  districts  it  is  not  often 
practical  to  do  this  eotcept  at  great  expense.  The  road  may  be  made  to 
{MSB  under  or  over  the  railroad.  A  new  location  of  the  road  for  a  short 
distance  near  the  point  of  croesing  may  present  many  advantages  and 
considerably  reduce  the  cost  of  eliminating  the  croesing  on  the  old  location. 
Where  the  road  croeses  under  the  railroad  a  minimum  clearance  of  about 
14  ft  ia  usually  required  between  the  bottom  of  the  bridge  and  the  high 
point  of  the  crown  of  the  road.  The  right-angle  distance  between  the 
laoee  <Mf  the  abutments  of  the  bridge  depends  upon  the  width  of  roadway 
and  sidewalks  if  there  are  any.  Where  the  road  croesee  over  the  railroad 
a  minfamum  dearanee  of  about  21  ft  from  the  bottom  of  the  bridge  to  the 
top  of  rail  is  required. 

DUmris  Practice  as  deeetlbed  by  Bflgw  (14e)  is  as  follows:  "In  the  vidnity 
oeadngs  the  Improvement  should  be  such  as  to  provide  an  tinobstructed  view  along 
the  track  for  a  distance  of  at  least  1000  ft  each  way,  and  this  view  should  be  enjoyed 
alone  a  langtli  ot  U^way  extcwUng  a  distanes  of  at  least  SOO  ft  on  eadi  dda  of  tba 
iinaaliig  It  is  partfealaily  important  that  there  be  provided  acemnmodatloiie  for 
two  veUdea  to  pass  with  entire  safety  and  comfort  at  the  emaring,  requiring  never 
leas  than  18  ft  and  the  highway  for  a  dfatanee  erf  60  ft  or  more  on  emA  aide  of  the  cross- 
fag  should  be  practically  level  or  shoeld  at  least  have  a  very  eny  grade,  say  not  steeper 
than  about  2%.  Much  destruction  of  both  lite  and  proper^  is  caused  by  motor 
refaicica  taking  a  run  on  the  steep  grades  op  to  the  croaaing  and  then  stalling  the  engine 
on  the  track.  Occasionally  two  vehicles  make  a  run  from  the  opposite  ddea  of 
the  croesing  and  upon  raacUng  It  And  that  the  U^way  does  not  have  anflldent  widtti 
for  passfng-" 


<taade  Ciiiiilig  UoWtaB  Dedpi  as  reenamwdsd  by  Rallly  Q9).  "The  foUow- 
fag  fa  ghsB  as  aa  hsraaee  a<  how  some  «C  tha  bhUo  fsatnrss  at  a  plan  are  adopted. 
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The  nflroad,  dnee  it  payi  the  greitert  portion  of  the  cost,  uka,  u  a  role,  for  •  S  or 
6%  atroet  gredient.  For  traffic  reuotu  the  dty  unially  objectB  to  anything  over  8%. 
Tba  renilt  in  many  caaea  ia  a  compromise,  streeta  on  main  thorofaree  being  built  with 
not  over  3%  gmdes,  other  streets  not  on  main  tborofarea  with  aa  high  as  7%  gradea. 
In  one  case,  in  Fall  lUver,  Haaa.,  12%  waa  allowed  on  Mcouat  at  the  fact  tint  tUa 
gradient  ndatsd  on  adjacent  atneta.  The  qneatiaD  of  land  damage  antan  into  tUs 
question  of  street  gradea,  and  the  two  ahonid  ba  flooddarad  tagatbar.  Aa  a  genaral 
rule,  when  land  damage  b  Ugh,  street  gntdaa  an  heavy,  aad  when  land  damaga  b  low, 
street  gradea  are  low. 

"The  queetioa  as  to  whetlwr  the  street  ia  to  mm  over  the  railroad  or  vIcs-vcnB  1i 
determined  by  conaiderations  of  economy.  Where  aeveral  eroaslngs  are  to  be  eHi^ 
nated  which  are  fairly  close  together,  the  railroad  can  be  raised  above  the  streeta  or 
depressed  below  them.  It  is  not  usually  economical  to  deprw  the  railroad.  The 
important  elements  which  determine  trade  elevation,  or  street  elevation  or  deprmion, 
are  acceeaibiHty  of  dump  for  excavated  material,  the  number  and  length  of  bridgea 
croaaing  the  railroad,  the  length  of  haul  to  borrow  pit,  drainage  of  railroad  if  deprcoacd, 
the  drainage  of  streeta  If  depreased,  and  the  architectural  question  of  dvlc  beauty. 
In  the  case  of  the  elimination  of  a  aingle  crossing,  railroad  elevatlcai  or  depression  li 
not  eeoBomical  since  the  railroad  grades  are  usually  limited  to  0.67%,  wlillestraat  gradea 
vary  from  2  to  7%.  The  result  is  the  elevation  or  depresdMi  of  the  stfeeC  This 
applies  not  only  to  a  single  isolated  croaaing,  but  also  to  the  case  where  sevwal  mmiuf^ 
are  so  far  apart  that  the  coat  of  railroad  elevation  or  depreaaion  is  faigb. 

"Eadi  particular  proUem  most  be  studied  carefully  before  any  plan  la  adi^tad. 
Eatimates  ot  coat  should  be  made.  If  neoenary,  to  determine  wMdi  ot  tlie  following 
methods  should  be  uaed:  Fint,  railroad  elevation;  aecond,  railroad  depreadon; 
third,  street  elevation;  fourth,  street  depression:  or  a  combination  of  railroad  elevation 
with  street  depreasion  or  vice-vetaa.  It  must  always  be  borne  in  mind,  tlutt.  if  raUroad 
depression  is  adopted,  the  track  must  be  lowered  about  21  ft,  18  ft  for  dearanoa  and 
8  ft  for  bridge  floors.  whOe  If  track  elevation  is  used,  there  Is  a  change  in  gnde  to  b« 
made  of  about  17  ft,  14  for  clearance  and  3  ft  for  bridge  floora.  Except  in  the  caaa  <k 
aidetracks,  which  may  be  made  16  ft,  these  dearances  are  required  In  UaaaaduMtt^ 
unless  authorixed  othierwise  by  the  Public  Service  Comm. 

"The  following  is  a  recapitulation  of  the  pcrinta  to  be  observed  tn  designing  or  criti- 
dsing  the  design  of  a  grade  abolition  project;  (1)  Cost;  fi)  diacoatinoanoe  of  Im- 
portant public  ways  or  continuance  ot  same  involving  real  damage  to  property  witluMit 
redress  at  law;  (3)  drainage  railroad  and  bi^nray;  (4)  sewage  flow,  pipe  changesi, 
etc;  (fi)  street  junction,  avcdduea  trf  danger  points  and  pockets;  (6)  minimum  of  tax- 
able proper^  to  be  devoted  to  new  streeta  and  ways;  (7)  traffic  routes,  vehicular  and 
street  railway,  distances,  grades  and  maximum  avoidance  of  curves;  (8)  railroad 
gradea  should  be  alight  at  atations;  (9)  bighw^  gradea;  (10)  acceaatUH^  of  etaUoos 
to  traffic,  veUeuIar,  street  railway  and  foot;  (a)  In  grades,  deyattona  and  layout, 
(b)  station  drivewaya  and  carriage  yards;  (11)  Indnatiial  ddatradn:  (IS)  bridgs  bead< 
room;  (13)  minimum  of  land  damaga;  (14)  miabttenaaceot  tntlllc during  eonstnietloii; 
(16)  bridges  and  other  atrocturea,  atrtngUt,  pennanencfc  waterprooflng;  (16)  qiportioii- 
ment     work;  (17)  betterments." 


Longitudinftl  Grade.  The  general  topographical  condition  of  the  country 
thru  which  the  road  passes  and  the  amount  and  character  of  the  trafBc 
to  which  it  is  expected  the  road  will  be  subjected  will  larKcty  influence  the 
amount  of  grading  to  be  done  in  the  improvement  of  a  road.  The  maximum 
grade  in  a  road  will  limit  the  maximum  load  which  can  be  hauled  over  it 
and  is  called  the  ruling  grade.  A  deacendiDg  grade  ahould  not  be  used 
in  a  line  where  the  general  tendency  of  the  topography  is  rising  and  aa 
ascending  grade  should  not  be  used  in  a  line  where  the  general  topography 
is  falling.  The  cost  of  an  increase  of  distance,  due  to  securing  reduced 
grades  by  going  around  a  hill,  should  be  compared  with  the  cost  of  securing 
the  same  rates  of  grade  going  over  the  hill.  It  will  generally  bo  found 
that  a  considerable  increase  in  distance  is  permissiUe  before  the  costs  of 
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the  two  sohemea  become  equal.  Roads  with  gently  undutatiog  grades 
have  erroneously  been  thought  by  some  to  be  leas  tiring  to  horsee  thao  a 
nwd  with  a  pwfeet^  level  grade.  Undulating  grades  can  sometiiiiea  be 
used  to  advantage  in  reducing  the  amount  of  grading,  but  judgment  should 
be  exercised  in  their  adoption  or  the  road  may  have  an  objectionable 
appearance.  For  instance  a  grade  line  on  a  straight  stretch  of  road  in 
flat  country  composed  of  several  successive  short  grades  100  to  200  ft 
long  alternately  rising  and  falling  will  tivj  the  road  a  decidedly  humpy 
appearance.  A  change  from  a  rising  to  a  falling  grade  can  sometimes 
be  made  to  advantage  at  a  curve  without  detracting  from  the  road's  ap- 
pearance, provided  the  change  is  not  too  abrupt.  Altho  it  ia  of  considerable 
advantace  to  obtain  a  grade  which  will  make  the  cuts  and  fills  balance, 
other  ooBoderationB  are  often  of  far  greater  importanco.'  The  grade  must 
be  so  estaUished  ss  not  to  cause  damage  to  the  surrounding  property, 
and  so  that  proper  drainage  and  proper  foundation  can  be  obtained.  TIm 
grade  may  have  to  be  raised  in  ord«r  to  obtain  a  satisfactory  bottom  undei^ 
Death  the  road.  Again,  a  considerable  saving  may  be  effected  by  taking 
advantage  of  an  old  surface  as  a  foundation,  the  new  grade  being  established 
so  as  to  disturb  the  old  road  as  little  as  possible.  The  grades  of  bridges 
aeroea  streams  and  those  of  railroad  crossings  and  intersecting  roads  will 
have  to  be  met  in  establiriiing  the  grade  ot  tbm  road.  The  devation  or 
hi^  water  mark  will  also  have  to  be  eonsid««d  in  cases  where  iha  road 
croases  a  water  course.  In  wide  level  valleys  subject  to  floods,' if  it  is 
impoAdble  to  make  the  bridge  opening  and  channel  sufficienUy  large  to 
carry  the  flood  stream,  the  grade  should  be  made  so  that. the  water  can 
overflow  the  ro^d  at  certain  points.  The  low  places  would  be  so  located 
as  to  cause  as  little  damage  as  possible  to  adjacent  property  and  be  long 
and  shalloir,  so  that  the  water  can  overflow  them  with  as  little  velocity 
as  possible.  In  the  case  of  narrow  valleys  and  streams  having  a  swift 
vdoei^,  it  is  usually  advisable  to  establish  the  grade  above  the  reaoh 
of  hi^  water,  ^ee  maximum  floods  occur  only  at  relatively  long  periods 
apart,  ft  may  be  more  economical  to  conartruot  the  crossing  to  take  care  of 
the  average  hi^  water  and  reconstruct  it  from  time  to  time  in  the  same 
mannco*  if  destroyed  by  excessive  faighVater  than  to  construct  the  crossing 
in  the  first  pla<^  above  excessive  high  water.  The  comparative  merite 
of  the  two  schemes  may  be  obtained  by  computing  both  schemes  on  a 
capitalized  cost  basis.  If  any  danger  to  human  life  is  involved,  however, 
due  weig^.t  should  be  given  to  that  scheme  which  makes  conditions  the 
saTflsb.  Oiades  should  be  connected  with  vertical  curves  where  necessaiy, 
see  Art.  30,  Sect.  6.  Drawing  the  grade  on  the  profile  is  explained  in  Art. 
30,  Sect.  5.  General  ctmaiderations  regarding  grade  are  also  treated  in 
Sect.  4. 

fVom  the  standpoint  of  economical  hauling,  a  perfectly  level  road  is 
the  most  desirable.  Level  stretches  of  road  are  only  possible  in  flat  country 
and  are  rarely  built  except  for  very  short  sections  on  account  of  the  diffi- 
culties presented  in  draining  the  road.  A  limiting  grade,  adopted  as  a 
maximum,  should  be  adhered  to  except  in  occasional  instances  demanding 
special  conmderation.  The  limiting  grade  may  be  made  a  variable  one, 
depending  upon  the  character  of  the  topography,  whether  flat  ox  tugged, 
and  the  dass  of  road.  The  ftmds  available  for  construction  work  also 
influence  to  some  extent  the  rate  of  gra^e  which  it  is  advisable  to  adopt 
as  a  maximum.  The  *ni^Tifnu*p  grade  as  an  ascending  grade  chiefly  affects 
the  load  that  can  be  ha^ed  while  as  a  deaonuling  grade  the  matter  of 
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safety  is  of  more  importance.  Mooey  spent  in  greatly  reducing  the  grades  of 
a  road  when  one  long  grade  occurs,  which  is  the  ruling  grade,  is  usually  wasted. 
There  may  he  local  eonditioris,  however,  which  would  warrant  such  an  expen- 
diture. The  direction  in  which  the  majority  of  the  loads  are  hauled  will 
have  some  influence  in  eatablitdung  tlie  gnde  since  it  might  be  poasible  to 
establish  the  iw»»tmiitn  grade  so  as  to  be  down  hill  for  the  loaded  vehielea. 

Penn.  State  Hiciimy  Dspt  InstmctlMU  (»).  "It  ia  well  to  keep  in  mind  the 
direction  of  the  heavy  haollag  and,  if  topocr^hlcally  powible  and  pneticable,  to 
■rranga  the  gtade  line  no  that  the  maximum  gradee  will  be  deeceoding  cradea  In  thia 
direction.  If  we  have  a  oertaiu  maritet  or  sfatppins  center  to  reach,  the  profile  should 
be  carefully  atudfed  to  aacertain  the  maximum  srade  alone  the  road  which  cannot  be 
eliminated  for  topograpblcal  or  other  reaaons.  With  thia  Information  aa  a  guide, 
ccmriderable  money  can  be  saved  by  avoiding  ruthleaa  alaahlng  of  knolla  and  •xceasfve 
Ailing  in  other  place*.  It  ia  readily  seen  that  considerable  study  and  forethought 
must  be  given  to  this  question.  Onuks  should  be  eaUbUshed  so  as  not  to  damafs 
abutting  proper^  unnaeaaailly  and  legulatad  to  provide  pnptrly  for  drainage,  nndw- 
dndnage,  and  foundation.  On  exWlng  old  stons  roads  a  eoufaforBUe  mvtng  may  be 
effected  by  following  the  old  road  •ortaee  nnrly  as  poMible  ao  as  not  to  uStmh  tUi 
as  a  foundation." 

Road  Resistances.  The  tractive  force  or  pull  exerted  in  moving  a  load 
on  wheels  over  a  road  is  consumed  in  overt»ming  three  kinds  of  resistances, 
namely,  axle  friction,  rolling  resistances,  and  grade  resisbanoes.  Axle 
friction,  as  its  name  implies,  depends  upon  the  friction  between  the  axle 
and  its  bearing.  It  varies  with  the  load  on  the  wheels,  the  nature  of  the 
lubricant  used  and  with  the  kind  of  materials  which  compose  the  beariog 
Burfaoea.  The  rolling  resistance  varies  depending  upon  the  diameter  of 
wheel,  the  tire  width,  the  speed  of  the  veliicle  and  the  condition  ci  the 
surface  ever  which  i\i6  load  is  being  hauled.  The  grade  resistance  may 
be  expressed  by  the  formula  r  -  w  p,  in  which  r  represents  the  resistance 
in  pounds,  w,  the  weight  of  the  load  in  pounds,  and  p  the  percent  of  grade 
expressed  as  hundredths.  If  r  is  expressed  as  pounds  per  ton  of  load, 
then  r  «  2000  p.  For  tables  giving  the  rolling  reeiatanoe  for  wagons  in  pounds 
per  ton  of  bad  for  (Ufferent  pavementa,  see  references  in  Sect.  4.  The 
wide  range  in  experimental  data  is  parMy  due  to  using  wheels  of  different 
diameters,  tires  of  various  widths  and  the  varying  condition  of  the  surfaces 
of  pavements.  Axle  fHction  is  so  small  that  it  can  be  neglected.  Assume 
40  lb  per  ton  as  an  average  value  for  rolling  resistance  on  sheet-a^balt, 
brick,  all  forms  of  broken  atone  roads,  including  those  bound  together 
with  bituminous  materials,  stone  block,  and  wood  block  and  125  lb  per 
ton  as  an  average  value  for  earth  roads.  Grade  resistance  in  pounds  per 
ton  of  load  for  different  peroents  of  grade  may  be  computed  from  the  formula 
given  above.  The  rolling  reeistanee  pljs  the  grade  resistance  will  equal 
the  total  resistance  in  pounds  per  ton  of  load.  Dividing  the  tractive  effort 
for  any  grade  by  the  total  resistance  for  that  grade  will  give  the  amount 
of  load  which  can  be  drawn  up  it.  It  has  been  shown  by  actual  test  that 
a  horse  when  working  steadily  for  10  hr  can  exert  a  pull  of  Ko  of  his  weight, 
or  120  lb,  if  it  weighs  1200  lb.  For  a  distance  of  about  100  ft  it  can  exert 
a  pull  of  Kb  its  weight,  provided  a  good  foothold  is  available.  The 
tractive  force  for  a  2400-lb  team  on  a  level  may  be  taken  as  240  lb,  while 
on  a  grade  it  will  be  a  variable  force  depending  upon  the  percent  of  grade 
since  tlie  team  has  to  overcome  the  grade  reaigtance  due  to  its  own  weight 
or  2400  p,  where  p  is  the  percent  of  pwle.  It  is  a  fact  that  a  t«am  can 
pull  with  a  force  of  600  lb.  which  is  ^  its  wn^t,  for  a  distance  of  about 
1000  ft.    If  the  grade  is  Itmger  than  this,  the  team  will  have  to  atop  and  rest. 
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Eampl*.  Find  tfaa  load  a  Ib«b 
OD  m  10%  pade. 

S%  Gmda 

Ilollinc  reantanea   40  lb 

Urade  radBtaace   60  lb 


TMal  ladataiMa   100  Bi  per  too 

TrMtlva  forca  -  600  -  S400  X  0.08  - 


ean  draw  np  a  macadam  road  on  a  S%  grwta  and 


lib 


528 

Load  -j^-B^B  ton 


10%  Grade 

Rolling  mlatanoK   40 

Grade  renatanoe.   200 

Total  natatanoe   240 

TiactlTe  fore*  -  600  -  2400  X  0.10  - 
S90  lb 

880 

Load  -1.6  ton 


Muimam  Grades.  In  Pnueia  the  maximum  gradients  adopted  are  aa 
follows:  In  mountainous  districts  5%,  in  hiUy  country  4%,  in  flat  country 
2.6%,  In  Bavaria,  maximum  grade  in  rugged  country  on  state  and  district 
rmda  is  6%  aod  on  the  oommunal  roads  7%,  in  the  no^borhood  of  luss 
towns  on  roads  taking  heavy  traffie  3%.  In  the  north  of  France  and 
Belgium,  in  relatively  flat  oountriee,  3%  is  a  maximum  in  conatructing 
new  roads,  on  national  roads  in  mountainous  countries  5%  is  recommended. 
Many  of  the  statea  in  the  United  States  have  made  a  5%  or  a  6%  grade  the 
maximum  on  the  main  roads  of  the  state  system.  On  roads  of  lesser  im- 
portance the  maximum  limit  is  increased  in  some  instances  to  as  high  as 
8%.  There  will  alwiQ^  be  exceptional  cases  where  the  maximum  limit 
c*ntiot  be  adhered  to  and  each  case  will  have  to  be  treated  in  a  way  to 
obtain  the  best  grade  possible  oonaiBtent  with  the  conditions  encountered. 

MlidiniiB  Ondes.  A  road  might-  be  eonstruoted  perfectly  levri  longi- 
tudinally, if  proper  dralnsse  eould  be  obtained  at  the  same  time.  A  sU^t 
IHtch  is  usually  given  to  the  grade  for  purposes  of  drainage,  altho  lev^ 
grades  for  short  distances  are  sometimes  used  where  the  road  is  on  an  em- 
Itankment  or  a  good  fall  can  be  given  to  the  ditches  at  the  side.  As  a  general 
rule  the  smoother  the  surface,  the  lower  the  rate  of  grade  which  can  be 
considered  the  minimum.  The  following  nunimum  grades  for  broken  atone 
roads  have  been  used:  Eni^d  1.25%,  France  0.8%,  United  States  0.6%. 

7.  Crowns 

On  tangents  the  surface  of  the  road  slopes  downward  both  ways  from 
the  center  line.  On  curves  of  small  radius  usually  the  slope  should  be  made 
a  one-way  slope  for  the  full  width  of  roodwi^.  This  not  only  makes  a 
safer  roadway  for  the  hi^  speed  traffie  but  also  tends  to  distribute  the 
traffic  in  passing 
around  the  curve 
so  that  the  wear  on 
the  surface  is  more 
even.  The  scheme 
for  widening  aitd 
sloping  the  road- 
way on  curves  used 
by  the  Los  Angeles 
County  Highway 
Comm.  is  shown 
in  Tig.  7.  Tha 
f<dlowing  method 
is  uaed  by  the 
Mass.  Highway 
Comm.  Oneumi 
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•■CnOH  ON  TAHOEHT  1M  FROM 

p.e.  I  Rnt. 


over  fiOO  ft  radius  the  amount  of  crown  and  its  method  of  distribution  is 
the  same  aa  on  tangents.   On  curves  under  500  ft  radius  the  slope  is  made 

a  one  way  slope  between  the  P.  C.  and  the 
P.  T.  The  transition  from  the  two  way 
■lope  on  the  tangenta  to  the  one  way  slope 
o(  the  curve  is  made  a  gradual  oo«  by  start- 
ing from  a  point  100  ft  beyond  the  P. 
P.  T.  of  curve  on  the  tangent  where  the 
surface  slopes  both  ways  and  working  to  a 
point  60  ft-  beyond  the  P.  C.  or  P.  T.  where 
the  half  width  of  roadway  on  the  ride  cor- 
responding to  the  outside  of  curve  is  made 
levd  and  thence  to  the  P.  C.  or  P.  T.  where 
the  slope  is  entirely  a  one  way  slope  upward 
from  the  inride  of  the  curve.  The  three 
sections  are  shown  in  Ee.  8  for  a  width  of 
roadw^  of  20  ft  and  a  tranRvme  sk^  of 
^  in  to  the  ft.  For  crowiu  of  roadways, 
see  the  several  Sections  on  diffnmt  typea 
of  roads  and  pavements.  Typical  examples 
of  crowns  of  shoulders,  and  (rf  the  construc- 
tion of  shoulders  as  affected  by  crowns  of  roadways  and  side-slopes  in  exca- 
vations and  on  embankmsnts.  are  sbowD  in  Fig.  9. 

8.  WidtbB 

The  width  of  roads  should  be  determined  not  only  with  reference  to  the 
present  traffic  but  should  be  made  sufficiently  wide  to  accommodate  the 
traffic  of  the  near  fu- 
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ture.  The  function  of 
the  road,  whether  it  is 
one  for  thru  travel  or 
for  local  travel,  will 
have  a  direct  influence 
on  the  width  required. 

RIght-of-Way.  The 
width  of  right-of-way, 
OS  the  road  approaches 
a  town,  should  be  in- 
creased if  there  is  a 
possibility  of  the  town 
growing  in  a  direction 
that  will  follow  the 
road.  For  Uie  same 
reason  it  is  of  special 
importance  to  provide 
a  wide  right-of-way  on 
those  roods  of  the  sys- 
tem which  form  the 
main  thorofarcs  be- 
tween a  city  and  a 
neighboring  town  or 
surburban  area,  A 
100-ft  right-of-wiV 
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would  be  neceasary  for  such  roads  if  at  some  later  time  they  would  become 
one  of  the  main  streete  for  thru  traffic  in  the  city.  Great  economy  will  re- 
sult in  m&ldng  intelligeot  pIbds  for  future  expanston  at  a  time  when  the  land 
\'aluee  are  low  and  before  a  district  has  been  built  up. 

Sopente  Roadwayt  in  IfaMAnsetti  (28).  "Aumlwg  that  tbe  moimr  wwm 
avBilablB,  tbe  questioa  of  tfas  pncdcablUty  of  buUdioc  separato  roadwayi  tat  bnae. 
drawn  vehidM,  or  a  roadway  on  each  side  of  the  hardened  roadway  in  the  center,  on 
tbe  state  hlghwaya,  depends  upon  the  width  of  the  location  and  the  local  eonditions. 

"Experience  has  shown  eondiuively  Uut  with  the  preeent  traffic  a  hardened  roadway 
ol  at  leut  18  ft  in  width  i»  abeolutely  neceasary  on  ^  main  roads  and  a  greater  width 
wiU  aoon  be  required.  A  greater  width  is  neceasary  on  eurvca  and  coraen,  and  state 
hlghwaya,  where  pcMtble,  are  built  with  a  S-ft  grard  ahouMw  on  each  aide.  The 
ataadard  wUtb  fonaarly  waa  IS  ft  for  the  <rid  watatwbomd  macadam  road,  with  a 
S-ft  shoulder  ob  each  atde.  Tbe  Commissi  on  la  reeoDitnuting  and  widaniug  tbeae 
leads,  as  rapidly  as  funds  are  available,  at  a  cost  of  from  |6  000  to  |10  000  a  mile,  In- 
doding  the  improvement  at  comers  and  curves.  On  some  state  highways  the  location 
ia  only  a  Httle  over  30  ft  in  width.  A  large  majority  of  the  locatiMU,  however,  are 
M  or  60  f  t  tn  width,  pfaetieally  all  at  them  since  the  traffic  has  Increased.  On  many 
roada  there  h  a  aliigle  car  trade  with  tnraonta:  on  a  few  a  double  track.  In  a  gnat 
aaaaj  ptaees  sidewalka  are  needed. 

"It  ia  manifest  that  where  such  conditions  exist,  it  would  be  impo^ble  to  have 
two  roadways  without  very  materially  widening  tbe  locattoi  and  paying  land  dainagge, 
whidi  in  many  cases  would  be  very  large  and  in  some  <n'f*fl"''—  abeolutely  prohiUtive. 
The  widening  would  also  make  necessary  the  cutting  of  all  trees  near  the  roadside, 
the  moving  of  buildings,  etc  With  the  increase  in  motor  vehicles,  the  eonstructioo 
of  ndcwalks,  wherever  many  foot  passengers  or  school  children  use  the  road,  is  more 
in^Mrtant  for  the  public  safety  than  wider  roadways.  Taking  an  ordinary  &0-ft 
loottioD,  the  sidewalk  and  graaa  curb,  with  treea,  would  occupy  from  8  to  10  ft,  the 
roadway,  Induding  shoulders,  24  ft,  and  the  gutter,  8  ft  more,  a  width  of  60  ft  is  used. 
If  there  is  a  ear  track  on  one  side,  11  to  12  ft  more  are  neceesaiy.  If  there  is  a  double 
car  trade  or  a  turnout,  18  ft  Is  needed  for  tba  tails  and  for  18  in  on  aadi  dde,  besides 
auflldSBt  room,  if  it  ia  located  on  the  side,  to  give  the  required  clearance  for  poke, 
ttece.  etc.  Consequently,  under  modem  conditiona,  it  is  evident  that  la  many  cases 
the  locatiwu  must  be  widened  before  separate  roadways  could  be  eonatracted." 

Cooclaslon  Pettslnmc  to  Right-of-way  Adopted  by  Srd  Int  Road  Cong.  (32). 
"The  main  traffic  roads  should  be  so  designed  that  qwcea  are  provided  for  tram 
tfadn.  fast  and  slow  traffic,  and  ■^■tiJii^g  vehieles;  and  In  such  a  way  that  tbey  can 
premed  without  unduly  intermixing.  In  fixing  building  lines  alMig  what  may  ulti- 
mately becoote  main  roads,  regard  should  be  paid  to  ultimate  requirements.  Adequate 
wpmet  dunld  be  provided  between  the  bnildiiiga,  and  powere  for  enforcing  tiiio  should 
be  held  by  all  aothoiltisB  who  dsdde  the  widths  of  reads." 

mdth  ot  Roadway  required  will  depend  upon  the  amount  and  character 
of  the  traffic.  A  sclume  of  providing  for  occasional  passing  traffic  in  narrow 
roadways  ia  to  improve  the  surface  of  the  earth  shoulders  with  gravel  or 
some  other  means  a  few  feet  each  side  of  the  paved  portion  of  the  roadway. 
It  should  be  remembered,  however,  that  on  a  narrow  width  of  roadway, 
the  wear  is  greater  due  to  the  concentration  of  the  traffic.  Therefore,  in 
deciding  whether  a  narrow  or  a  wide  roadway  ia  more  economical,  the 
increased  cost  of  maintenance  should  be  taken  into  account.  Nalrow 
roadwsyi  are  usually  only  adopted  where  there  is  a  deairo  to  build  as  much 
mileage  as  possible  with  the  money  available  and  the  traffic  on  tbe  road 
is  small  in  amount  and  largely  of  the  horse-drawn  vehicle  type. 

Where  motor  vehicle  traffic  occurs  in  any  amount,  a  width  of  roadway 
should  be  provided  so  that,  in  passing,  the  vehicles  do  not  have  to  run 
onto  tbe  shoulder.  Horse-drawn  vehicles  can  pass  each  other  with  rela- 
tivdy  small  clearance  since  the  speed  at  which  they  travel  is  not  great 
enough  to  do  much  damage  even  tho  they  should  graze  each  other  a  little 
and  neither  would  there  be  danser  if  the  wheds  on  one  side  went  off  onto 
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the  shoulder.  For  motor  vehicles  there  should  be  allowed  at  least  I  ft 
between  the  wheels  and  the  outside  edge  of  the  roadway  and  a  clearance 
between  two  vdiictes  (A  at  least  IH  ft.  The  vidthB  of  different  types  of 
vehicles  is  as  fblbws:  Motor^bus  7  ft  2  in,  furniture  van  7  ft  6  in.  motor 
oar  6  ft  6  in,  wafEons  5  ft,  draya  and  motor  trucks  7  to  8  ft. 

Widths  Rec<Hiim«Dd«d.  A  width  of  metalled  or  paved  roadway  of  18  ft  I 
to  20  ft  ia  recommended  for  interstate  and  intrastate  highways;  for  roada 
of  lesser  importance,  such  as  those  composing  the  county  and  town  systvtus, 
a  width' of  from  14  ft  to  16  ft  should  be  used,  while  in  exceptional  instances 
a  single  track  width  of  7  to  9  ft  may  be  advisable,  provided  the  diouldm 
are  improved  to  accommodate  passing  traffic. 

Widths  in  Use.  In  Austria  the  width  of  roadway  on  governmetit  roads  ia  about 
21  ft,  <m  provhidal  roads  14  to  16  (t,  and  on  diatrict  roads  from  IZ  to  20  ft.  Many 
<rf  the  important  dtitriet  rooda  in  the  north  of  Fraocs  have  a  nMdway  20  ft  wide, 
th«  central  16  ft  of  which  is  paved  and  the  rmiainiiif  2^  ft  on  each  ride  ia  metalled. 
The  metalled  roadwiya  of  the  nati^nsl  roads  are  23  ft  wide.  In  EnKland  the  metalled 
roadwaya  of  the  main  roads  are  16  to  22  ft  wide.  Standard  widtha  of  roadway*  not 
inehidlng  shoulders  of  state  roada  in  several  states  of  the  United  States  are  as  follows: 
New  York  U  to  16  ft,  Rhode  Island  IS  ft,  Maaaaehosetu  Ifi  to  18  ft.  Couaeticut 
U  to  18  ft,  Washington  16  ft,  Pennsylnnla  14  to  16  ft,  Ohio  16  ft.  New  Jwaay  16  (t, 
Maryland  14  ft.  Greatar  wldtha  than  the  atandaid  width  are  built  in  spedal  eaaea 
when  the  roads  paas  thru  or  approa^  towns. 

Location  of  Car  Tracks.  The  progress  and  development  of  communities 
are  dependent  to  a  large  extent  upon  the  systems  of  transportation  con- 
necting them  with  surrounding  districts.  Street  railways  and  motor-buaea 
are  the  two  systems  which  must  be  considered  in  designing  the  roada. 
There  are  several  advantages  in  having  the  car  tracks  located  on  a  part 
of  the  highway  which  is  inaccessible  to  other  traffic.  This  arrangenaeDt 
does  not  interfere  with  the  convenience  of  those  ecterinK  and  tenvioK 
the  cars  and  has  the  added  advantafie  that  the  cars  can  be  operated  at 
hi^er  speeds  without  danger  to  the  other  traffic.  The  woric  incident  to 
the  maintenance  of  the  track  can  be  carried  on  without  disturbing  tfie 
surfacing  of  the  roadway.  A  location  within  the  highway  is  often  more 
economical  for  the  railway  company  since  the  expense  of  purchasing  a 
right-of-way  is  saved  and  the  coat  of  grading  is  small.  From  the  standpoint 
of  the  people  usinK  the  railway  a  location  within  the  hixhway  is  usually  more 
convenient  to  their  hotres  Many  intorurban  electric  railways  are  buUt  on  a 
rifdit-of-way  entirely  off  the  highway.  Car  tracks  on  roada,  which  carry  four 
lines  of  vehicle  traffic,  might  best  be  placed  in  the  center  of  the  road  with  a 
roadway  on  each  aide  sufficient  to  take  two  lines  of  vehicles.  Car  tracks  which 
carry  two  lines  of  vehicle  traffic  are  placed  usually  at  one  side  of  the  road.  A 
design  should  be  adopted  which  will  prevent  roadway  traffic  from  using  the 
car  track.  The  following  information  will  be  of  assistance  in  studying  the 
problem:  Width  out-to-out  of  cars  varies  from  8  ft  to  9  ft  1  in;  the  clear* 
ance  between  cars  passing  on  a  double  track  varies  from  a  minimum  of  5  in  to 
2  ft.    The  track  gage  in  the  United  States  is  almost  universally  4  ft  8>^  in. 


"  Boundaries  on  hi^ways  and  elsewhere  are  umially  established  by 
persons  or  municipalities  or  the  government,  by  descriptione,  thru  the 

*Ahstracted  from  "  The  Legal  Status  of  Highway  Boundaries  and  Dis- 
posal of  Surface  Waters,"  by  John  C.  Wait,  Better  Eoads,  Aug.,  1010. 
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medium  of  language,  usually  writton;  boundaries,  therefore,  become  a 
question  larg^  of  intentioD,  as  expressed  or  interpreted  by  the  lansuage 
employed.  When  the  intention  is  clear,  it  will  prevail,  the  same  as  in 
other  instruments,  such  as  deeds,  wills,  bills,  or  memoranda  of  sal  eg,  agency 
and  assignment.  The  intbntion  of  ^le  parties,  both  parties,  is  what  will 
goTem,  if  that  intention  be  expressed  clearly  and  so  that  both  parties 
should  have  comprehended  it. 

"  Law  of  Boundaries.  It  is  when  the  intention  is  not  clearly  expressed 
that  the  law  iissert«  itself  and  appUes  its  principles;  giving  to  the  parties 
the  intent,  motive  and  purpose  of  doing  that  which  is  most  rational  and 
beet  for  public  interests,  the  security  of  titles,  and  the  avoidance  of  litiga- 
tion and  trouble.  Such  is  the  basts  of  onr  jurisprudence,  samoly,  for  the 
law  to  assert  itself  and  give  to  the  parties  what  the  courts  dean  the  best 
policy  when  they  have  failed  to  be  precise  and  certain  in  the  written  declara- 
UoDS.  With  respect  to  the  description  of  property  bounded  by  streets, 
roads,  and  ways,  the  policy  of  the  law  ia  to  give  the  ways  to  the  abutting 
owners,  subject  to  the  use  of  such  ways  for  travel  and  street  purpcsee. 
That  seems  to  require  that  abutting  owners  should  own  to  the  center  of 
the  road  or  way. 

"  Law  of  Public  PoUcy.  The  law  that  prevails  with  respect  to  boundaries 
of  roads  and  ways  does  not  exist  solely  because  the  abutting  owner  ever 
did  own  to  the  center  of  the  street,  but  it  is  based  upon  public  policy.  All 
American  and  English  courts  recognize  the  existence  of  a  rule  or  presump- 
tion that  a  conveyance  of  land  bounded  on  or  by  a  highway  passes  tp  the 
grantee  a  title  to  the  center  of  the  way.  The  difference  in  the  opinions 
by  the  courts  arises  from  the  application  of  the  general  rule.  The  rule  is 
founded  upon  a  policy  which  tends  to  guard  against  inconveniences  of  the 
most  alarming  character.  If  such  a  rule  were  not  adopted,  coniusion  would 
arise  and  titles  would  not  be  secure. 

*■  Bsasoa  tot  Btde.  The  chM  nMons  f<»  holdinc  that  abutting  owners  shall  own 
to  tte  eentMr  of  the  strsat  w  stnam,  canal,  or  way  are  the  following: 

1.  To  pravent  the  exbtstce  of  [nnuinenble  strips  or  goret  of  land  iIobk  the  margin 
or  la  tbs  beds  of  streama  and  bighways,  th«  title  to  which  might  remain  in  abeyance 
for  gwaraUans,  aftw  wUefa,  upon  the  bsppeniiv  of  sonw  oneiqMcted  event,  abutting 
MHun  would  Had  tfawnselves  haiassad  wltli  litigatiiHi,  and  would  find  themselves 
without  the  msans  of  aatruoe  and  agrais  from  their  properties,  and  surroonded  by 
embarraMMnta  which  would  result 

2.  The  abatting  owner  pays  the  taxes  and  Is  usually  iiiiniiiiil  for  the  improvements 
of  the  roeds  and  streets,  «uch  ss  paving,  eorbing,  sewen,  and  it  would  be  an  injustice 
that  aome  one  «!■■  should  nap  the  benefit  of  such  eipenditures. 

3.  The  ■  butting  owner  Is  bdd  raspoadble  for  the  entdllioos  <rf  the  street,  such  as 
charing  the  walks  of  snow  and  all  other  obotmctions. 

4.  The  ordinaneea,  statutes,  and  courts  univenally  hold  abutting  owners  responsible 
for  all  bordetu  and  intprovementa  to  his  half  of  the  street,  which  ia  m  good  and  sound 
nasea  why  he  should  have  the  propria tuy  interest  in  it. 

"  Bflect  of  Contrsiy  Btde,  Any  contrary  rule  would  introduce  a  flood  of  unproflUbl* 
Mgatioe  to  abutting  owners,  unless  indeed  all  roads  and  highways  should  be  taken 
oA  by  tfaa  State,  which  would  have  exeluaiTe  ownership  in  them,  but  would  the  SUte 
SMrae  the  burden  of  all  the  IsiprovemeatB  necessary  to  be  made  in  streets,  would  the 
State  (et  the  requiaita  benefit  from  a  sidewalk  In  front  of  an  abutting  owner,  that  it 
voold  be  willing  to  pay  for  such  an  improvemrat?  Uritil  the  State  will  assume  such 
trardeas  or  swiime  to  provide  ways  and  means  (or  ssssssnmnt  of  public  improvements 
sgafast  the  pw^artiBa  bensfitad.  It  would  aeam  that  public  policy  would  require  that 
the  laws  sboold  nmda  as  they  are  and  that  abutting  owners  should  own  to  the  center 
(<tbswiya. 

"  ApfMcatiM  of  Rnla.   With  this  presumption  In  mind,  and  land  bounded  by  the 
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worda  0Q|  by,  rnhmg,  or  upon  »  public  way  or  road,  extends  to  the  center  of  the  way, 
unlaw  there  ve  worde  in  the  dcscriptlca)  to  ahow  contrary  intent,  and  the  descriptjm 
muat  be  clear  and  imequivocal  that  it  was  the  intention  of  the  srantor  to  limit  the 
landowner  to  the  edge  or  side  of  the  street.  When  land  it  described  as  lyinf  on  a 
street  or  along  the  street,  or  by  the  street,  or  by  said  road,  or  when  dty  lots  have 
bean  described  as  abuttli^  on  a  street  and  dorfgnated  by  numbers,  In  each  Instance 
the  courts  have  ruled  that  the  description  extended  to  the  center  of  the  street  or  way. 

"AbRDdoned  Streets.  After  what  has  been  said  as  to  the  ownerehip  of 
abutting  owners  in  etreeta  and  waya,  it  would  natunUly  follow  that  when 
streets  are  abandoned,  or  even  ways  such  aa  railways  and  canals,  the  land 
would  revert  to  the  abutting  owners,  and  each  would  take  to  the  middle 
of  the  way.  This  rule  prevails  generally  thruout  the  States,-  and  when 
canals  or  roads  are  abandoned  by  the  State  or  by  the  mtuucipality,  and 
the  rights  of  the  public  to  travel  over  such  w^s  ends,  then,  of  course, 
the  property  with  all  its  rights  reverts  to  the  owners  thereof. 

"  Proper^  in  Ways.  A  proper  understanding  of  boundaries  on  hi^- 
ways,  or  surface  waters  in  connection  with  them,  can  be  had  only  by  a 
clear  comprehension  of  the  rights,  title,  and  interest  of  abutting  owners 
and  the  public  or  the  State  or  county  in  such  highways.  Thruout  the 
New  En^and  and  Middle  States,  the  ownership  of  highways  and  roads  is 
almost  universally  in  the  abutting  owners,  and  the  public,  the  State,  or 
the  county  enjoy  only  an  easement  of  travel  or  right-of-way  over  si^ch 
lands.  The  soil,  any  minerals,  water,  oil,  or  gas,  all  trees  and  vegetation 
that  abound  in  or  upon  said  land,  belong  to  the  abutting  owners,  together 
with  the  fruit,  vegetcblos  or  seeds  that  may  grow  upon  them.  Some 
cases  have  gone  so  far  as  to  grant  abutting  owners  the  right  to  remove 
people  from  occupying  a  roadway  or  highway  for  other  purposes  than 
that  of  travel,  as  for  sight-seeing  purposes,  for  purposes  of  trade  or 
observation. 

"  Road  Uaterials.  This  question  of  the  ownerahlp  of  highways  frequttitly  arises 
with  the  State  Deputment  of  Highways  wheti  materials,  as  gravel  and  aand,  are 
taken  from  banks  In  the  highway  for  repairs  or  construction  purpoeea  at  other  points 
than  where  taken  from.  Abutting  ownen  have  been  known  to  come  forward  with 
their  teams  and  to  forbid  the  State  or  its  contractors  taking  such  gravel,  sand,  or  rode, 
and  to  themselves  load  their  wagmu  and  to  apimipriate  such  materials  to  their  own 
individual  pnrpoaes.  Genenlly  qwaldiig,  iriien  the  pubUe  or  the  Steta  or  eooatr 
has  only  an  easement  of  travel  or  right-of'way,  the  abutting  owa«  may  pnvant  the 
removal  of  such  materials  or  may  take  them  himself  to  his  own  uses  and  purpoeea, 
whether  for  filling  or  otherwise,  and  the  State  may  not  appropriate  them  for  repairs 
to  other  portions  of  the  driveway  or  road.  In  some  Statea  and  jurisdlctiops  this  has 
been  permitted  and  held  to  be  lawful,  and  In  others  it  has  been  forbidd«i,  where 
abutting  property-owners  liave  objected  or  protested. 

"  Highway  Specifications.  In  the  pr^taiation  of  spedflcations,  the  liighway  engineer 
may  not,  in  the  name  of  the  State  or  county,  give  (o  ttie  c(»itractor  the  use  of  gravel 
and  sand  from  the  road-bed,  nor  authorise  the  omtractor  to  appropriate  such  materiala. 
Abutting  owners  may  prevmt  such  acts  in  many  States  and  jurisdictions.  It  is  usually 
wiser  to  state  In  the  adverUaemrat  or  invitation  to  bidders  that  appropriate  and 
suitable  materials  are  to  be  had  along  the  line  of  the  work,  tmt  that  the  ooo tractor 
must  make  his  own  arrangementa  for  the  purchaae  from  abutting  w  near^ty  omten 
of  their  materials  of  construction,  and  that  the  State  SMumes  no  liability  in  the  matter. 
In  preparing  specifications  for  road-bullding,  the  moat  material  factor  is  the  use  of 
the  materials  at  hand.  Yet  frequently  the  government  may  not  avail  Itself  of  the 
nuiterlals  of  construction  found  within  ttw  road-bed  or  right-of-way.  This  situatfoo  is 
going  to  have  considerable  bearing  npon  the  future  of  our  eountiy  and  in  the  problem 
of  preparednev  or  drfenae,  for  good  roads  and  wi^  are  the  nost  vttal  elemsiit  of 
modem  warfare.  If  the  State  cannot  control,  diapoae  of  or  even  own  the  materiak 
that  occupy  tiie  roadway,  it  la  high  time  that  thorafares  were  sstabUsfaed  thruout 
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tte  country  by  tbo  condemnation  of  Unds  over  whidi  they  pan  and  tlw  mebMn 
ownenbip  of  mich  thorofuca  by  tbe  Stato  or  tbe  Pederai  GoverDmuit. 

"  Uses  of  Hi^way  Rettrictod.  In  the  preaent  situation,  where  the  abutting  owner 
and  usually  a  farmer  owns  tbe  rlsht-of-way.  It  i>  doubtful  even  if  the  use  of  the  right- 
of-way  for  contractor'a  plant  and  material  Is  within  the  eaaement  owned  by  the  public 
And  the  subject  of  tbe  ownership  of  streets  and  roads  is  closely  identjflad  with  the 
obetructi<Hi,  intMference  with  travel  and  tba  rights-of-way  over  roada  and  highways. 

"  Husbandry  in  Road.  With  the  ownetidiip  of  the  land  In  the  abutting  owner  goes 
the  right  to  pastursge  of  cattle,  awine,  and  otbw  domcatte  stodi;  also  the  plowing 
and  planting  of  such  rigbtamf-way,  oot  used  for  travel,  for  potatoes,  com,  and  other 
While  this  is  not  usual,  for  the  reason  that  tlie  fanner's  cropa  would  doubtlcaa  ' 
suffer  from  tba  pubhe  employing  the  road  for  travel  and  for  drivi^  droves  o£  KtoA, 
hnaea,  cattle,  sba^,  eta,  iriddi  would  trample  down  the  potatoea,  eat  up  or  destroy 
tbe  com  and  other  enqia,  yet  if  flw  abutting  farmer  cares  to  sMume  that  lUk  and 
cultivation  of  part  of  the  right-of-way  does  not  Interfere  with  travel,  he  undoubtedly 
may  do  so.  It  is  a  prevailing  custom  in  some  parts  of  tbe  country  to  plant  apple 
tieea  akaig  the  roads,  and  to  gather  the  hay  crop  and  to  pasture  tbe  hoisea  in  the 
roadway,  and  these  acta,  wUle  tbay  may  aniear  wdlnarily  to  the  layaaa  or  even 
to  tha  Ttt*"*"  as  acts  of  lawlcamow,  are  on  the  eontiary  acts  stricOy  iritUa  the 
rights  ot  abutting  ownera. 

"  Botinduies  Ettablished.  Boundaries  may  be  established  hy  oUwr 
means  than  by  deeds  or  willa  or  by  the  property-owners'  own  voluntary 
act;  aa,  by  the  legislature,  court  proceedings,  by  arbitration,  or  by 
acquiescence  or  long  usage.  When  the  legislature  or  court  fixes  boundaries, 
they  are  more  likely  to  be  definite  and  certain  than  when  described  by 
individuals.  If  they  are  not,  then  the  same  rules  of  construction  are 
apfdied  to  tbem  by  t}ie  courts  aa  in  tbe  caae  of  individuals;  except,  however, 
that  tiie  court  will  protect  the  interest  of  the  State  aa  against  the  individual. 

AiUtntfam.  rHsputoa  aa  to  bonadailca  may  be  submitted  to  arMtration  and  the 
parties  bound  by  an  award,  the  mmm  as  In  other  eontroverries.  In  sud  a  caae  the 
eourts  would  be  bound  to  suetaln  such  an  award. 

"Advene  User.  Boundaries  may  be  also  fixed  and  determined  by  advene  user  or 
prescription.  If  the  public  or  a  party  use  a  piece  of  land  or  a  way  over  or  thru  land 
In  a  certain  way  or  for  certain  pnrpoaea,  they  will,  after  long  usag»,  umially  21  years, 
acquire  a  right  to  continue  to  usa  the  land  or  way,  in  spite  of  the  owner's  objections. 
Such  rights  are  termed  advene  or  prescriptive  rights.  In  such  cases  the  boundaries 
are  restricted  to  the  land  actually  occupied  or  used,  for  the  full  period,  usually  21  years. 

"  Uasr  Adverse  the  State,.  Adverse  use  or  possession  can  not  be  had  against  the 
State  or  govemmuit;  so  that  persons  snd  the  public  cannot  dsprive  tbe  Stata  from 
issirriinr  at  any  time  its  rights  in  property,  unless  by  q>eda]  act  of  legislature  ludi 
lighta  are  i^ven  to  the  publle  or  to  abutting  land-owners. 

*■  Conflict  Of  QUU  In  Deseriptioiu.'  Wbentheretseanflletlnthecalleaf  adeecriptioi, 
tbe  same  roha  apply  as  to  boimdariee  between  adjacent  owners.  One  general  rule 
is  that  tbe  noet  certain  and  definite  call  or  descripdon  shall  prev^l,  aa  best  showing 
the  intention  of  the  parties.  Thus,  a  permanent  monnment  would  prevail  over  courses 
and  distances;  and  tbe  course  is  held  to  govern  the  distance,  tbo  wfay  it  should  is  not 
dear;  and  noursaa  and  distances  control  acreage." 


"  UmBatA.  Surface  watcm  Iiave  been  defined  aa  waters  on  the  mrtace 
of  dw  ground  which  are  of  a  casual  or  vagrant  character,  following  no 
definite  course  and  having  no  subetanUal  or  permanent  existence,  and 
wbidi  are  lost  by  hang  diffused  over  the  surface  of  the  ground,  thru 
it      perctdation  into  the  soil  or  from  it  by  evapcmttion.    They  are  dia- 


*  Abstracted  from  "  The  Status  of  Highway  Boundaries  and  Dis- 

posal of  Surface  Waters,"  by  John  C.  Wait,  Better  Roads,  Aug.,  1916. 
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tiosuiBhed  from  watercoursea,  which  flow  in  definite  channels,  and  from 
lake«  and  ponds,  which  have  a  substantial,  aa  distinguished  from  a  vagrant 
existence.  When  surface  waters  enter  a  stream  or  permanent  lake  or  pond, 
they  lose  tbeir  character  as  surface  waters,  and  the  rights  of  persons  in 
their  use  or  diversion  are  governed  then  by  the  law  of  watercourses  and 
of  lakes  and  pouda.  Flood  waters  caused  by  the  overflowing  of  the  banks 
of  mtercounea  are  umially  treated  aa  mufooe  waten  until  they  return 
to  tibe  stream  irium  the  watet  subeidea. 

"  Civil  and  Common  Law.  The  law  applicable  to  surface  waters  is  not 
general  thruout  the  United  States,  but  is  considerably  different  in  the 
several  states  and  in  adjoining  states,  and  two  rules  have  been  adopted, 
one  known  as  the  rule  of  the  civil  law  and  the  other  the  rule  of  the  couuon 
LAW,  and  some  states  have  adopted  a  modified  doctrine  which  embodies 
essential  principles  of  both  rules.  The  Southern  States  and  some  of  the 
Middle  States  have  adopted  the  civil  law  rule,  which  is,  geaerally  speaking, 
the  light  of  the  owner  of  the  superior  or  h^cr  lands  to  drainase  upcn 
the  h>W8r  lands,  this  being  based  upon  the  natural  law  of  water  to  se^ 
its  own  level;  and  the  reason  for  its  adoption  is  that  a  rule  which  natural 
rules  enforce  is  unquestionably  and  dearly  the  better  and  more  equitable 
law,  because  there  ean  be  no  surprises  or  hardships  in  this,  for  each  succee-  ' 
sive  owiier  takes  his  land  with  whatever  advantages  or  inoonveoienees  j 
nature  has  stamped  upon  it.  1 

"  CrviL  Law.  Under  the  civil  law,  therefore,  a  servient  owner  of  lands 
at  a  lower  level  could  not  obstruct  the  flow  of  waters  from  land  at  a  hisher 
levd,  and  if  the  servient  owner  desires  to  improve  his  land,  he  must  nuln 
provision  by  drains  or  otherwise  for  the  discharge  of  natural  flow  of  surface 
waters  from  the  higher  or  upper  lands,  and  he  must  do  this  or  obstruct 
them  at  his  peril. 

"  CoHifON  Law.  Under  the  common  law  rule,  which  prevails  in  the 
Northern  and  Eastern  States  and  in  some  of  the  Western  States,  a  servient 
landowner  has  the  right  to  take  any  measures  necessiu'y  to  the  protection 
of  his  property  even  tho  he  prevents  the  entrance  upon  his  land  of  waters 
which  natur^ly  flow  there,  and  if  damages  result  to  the  upland  owner 
they  afford  no  cause  of  action.  The  servient  owiwr  may  build  walls, 
embankments,  and  dams,  and  protect  his  property  by  levees  or  otherwise 
from  the  ovei^ow  from  his  neighbor,  under  the  common  law  rule,  tho  be 
may  not  do  so  by  trespasding  upon  tho  land  of  his  neighbor. 

"  Care  of  Waters.  The  care,  diversion,  or  obstruction  of  surface  waters 
in  the  construction  and  maintenance  of  highways,  as  statod  before,  ia  a 
serious  problem.  It  is  not  always  convenient  to  divert  the  waters  from 
a  highway  at  their  natund  point.  If  bo  diverted,  they  frequently  will 
require  ditches  or  drains  upon  adjoining  property,  which  cannot  be  built 
except  with  the  consent  of  the  adjoining  owner  or  by  condemnation  pro- 
ceedings; or,  if  such  ditches  or  drains  be  not  provided,  the  waters  may  i 
be  deflected  bock  into  the  road  at  some  lower  point.  If  a  road  be  upon  a  I 
side  hill,  surface  waters  will  accumulate  on  the  upper  side  of  the  road,  and 
after  being  conducted  some  distance  must  be  carried  either  over  or  under 
the  roadway  to  the  lower  side,  and  there  be  discharged  in  considerable 
quantity  either  into  the  gutter  upon  the  lower  side  or  upon  tho  abutting 
landowner.  Waters  so  conducted  and  collected  will  in  heavy  storms  Im> 
projected  upon  abutting  landowners  in  large  quantities,  and  will  ordinarily 
carry  eiU,  sand,  gravel,  and  stones  of  coosidwable  siH,  piling  and  heaping 
up  to  the  detriment  of  the  abutting  landowner  and  over  considerable  area. 
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sometimes  approacliiug  a  quartor-acre.  Ueually  such  a  diversion  and 
projection  of  sand  and  eilt  upon  an  abutting  landowner  bring  a  protest 
and  sometimes  damu  against  the  State  or  county.  In  sparsely  settled 
couatiea,  where  land  is  not  of  much  value,  the  question  would  not  be 
material,  but  in  localities  where  land  is  valuable,  or  where  it  is  used  for 
manufacturing,  residential,  or  even  gardening  purposes,  the  trespass  becomes 
a  serious  one,  and  it  is  equally  serious  for  ihe  State  to  undertake  to  conduct 
waters  for  any  oonnderable  distance  down  a  steep  hill  within  the  hi^way 
boundaries. 

"  Derices.  Thk  problem  wu  formerly  met  by  plsdng  fraquMit  water  tun  mcrom 
th«  rcmdmy.  The  advent  of  tbe  automobile  and  of  highspeed  vehldea  has  practically 
dam  away  with  the  water  bar,  and  the  Statt  hae  now  to  provlda  adeqiiats  (Kttar 
iHtfhiw  and  dndnsft  for  eucfa  distances  along  the  highway  as  will  reach  an  accom- 
modating abutUng  Ian  downer  or  some  watercourse  into  which  the  watw  may  be 
dfocbarged.  Theae  conditions  sometinws  neceautate  tbe  coostructicm  of  pipe  drains 
and  in  some  instanwa  of  bride  culverts  of  conaiderable  luigth  and  expense,  for  it  b 
onqncstlonably  the  law  that  the  State  or  county,  in  the  cooatrucUon  of  Ite  highways, 
may  not  accumulate  surface  waters  by  gutters,  ditches,  tfencbes.  or  otherwise,  and 
diacharge  the  water  In  a  body  upon  abutting  own«s,  to  their  damage  and  detrinaati 
any  more  than  the  owner  himself  may  collect  quantitiea  of  water  In  trandiss  or  drains 
and  discharge  It  into  tbe  highway  to  its  detriment  and  destruction. 

"  Discharge  Waters.  Aa  to  what  would  be  an  uureasonable  discharge  of  water  In 
eitbM-  direction  would  depatid  probably  upon  tbe  results  or  consequences.  If  tbe 
water  were  dlsiipsted  over  a  eonridtfable  area,  so  as  to  flow  awiqi  in  the  bushes  or 
grsm,  and  without  csstlng  debris  upca  tbe  abutting  owner,  thus  nlnimking  tlie  damagea 
wUdk  he  might  mfler,  it  would  probably  be  within  the  province  of  tbe  highway  engineer 
to  so  flivert  surface  waters,  snd  the  liability  of  tbe  State  or  county  for  sudi  acts  would 
depend  largely  upon  the  injury  or  damage  that  resulted. 

"  Person^  Liability.  Tiie  personal  HsbiUty  of  a  pubUc  offldal,  ss  a  highway  siqwr- 
Intsnknt  «t  mmmlMlrmsr.  for  socfa  Avenian  weald  depend  opon  whether  he  aelad 
in  good  Mth  ud  as  a  prtident  man  in  the  dlseharge  at  Us  duties.  If  it  wars  dns 
onUide  of  bb  duties  and  in  a  reckless  manner,  his  Ibibility  might  be  established. 

"  Ownership  ol  Abutters.  In  connection  with  the  diversion  or  easting  of  wsten 
into  the  highway  by  an  abutting  landowner,  it  should  be  remembered  that  the  land 
of  the  ordinary  and  usual  highway,  outside  of  munldpaliUeB,  belongs  to  the  abutting 
owner,  and  thst  the  State,  county,  or  public  have  only  the  right  of  travel  in  It,  and 
thoee  rights  which  are  necesssry  to  m«int»lti  the  highway  and  to  make  it  safe  for 
travel.  It  would,  therefore,  follow  that  an  abutting  landowner  would  be  given  every 
privik«e  snd  permission  In  the  uae  of  an  abutting  highway  that  he  would  have  in  hJs 
own  land,  so  lOGg  aa  It  did  not  Interfere  with  public  travel  and  tbe  pubUe  usee  of  the 
highway  for  trarel.  Originally,  the  uses  of  highways  were  solely  those  of  travel, 
but  by  statute  and  by  judicial  Isgtslatioa  highways  have  in  many  instances  beta  bur- 
dened by  other  uses,  sudi  ss  drslns,  requUte  and  necessary  to  properly  carry  off  the 
waters  tnm  the  highway;  also  In  some  Instances  telegraph  and  telephone  poles,  sewers, 
and  even  waterpipce.*  Tfacee  later  uses,  however,  hsve  been  largely  confined  to  viU^es 
and  eitkSi  where  the  comforts  and  convenlenees  and  protection  of  Iti  Inhabitants  would 
seem  to  raqulie  a  bousebotd  supply  of  water,  gas,  electricity,  and  electric  communica- 
tion, and  Bkewiss  sewers  to  cany  away  the  wastes. 

"  Hatmal  Dtaliiage.  Sorface  waters  may,  of  eourae,  be  drained  Into  natural  or  even 
artifidal  wsteroourses.  If  the  attUdal  watercourses  are  conducted  to  natural  ones, 
as  watercourses  are  outlets  provided  by  nature  for  carrying  o9  such  waters,  and  the 
law  pertaining  to  watercourses,  forMds  their  obstructing,  damming,  or  Interference 
with  to  the  datrimnt  of  abutting  or  neighboring  landowners.  Generally  spanking, 
the  draiugs  d  highways  b  governed  by  the  same  rales  aa  tmna  drainage,  and  surface 
waters  of  such  highways  can  be  cotleeted  and  discharged  Into  watercourses  even  tho 
tbe  volume  (rf  said  wstereonrseo  b  greatiy  Increased. 

"  licenses.  A  highway  eommbsiimer,  on  behalf  of  the  State,  may,  of  course,  secure 
by  COD  tract  the  right  to  divert  tbe  natural  flow  of  surface  waters  upon  bad  and  to 
ilbiliiigs  them  upcn  or  ow  the  land  at  abntttog  ownen,  or  to  malntalB  arlifldal 
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inim  over  Kiefa  lands.   In  nakbii  ■uefa  eontrmcta  or  agmnmU  with  farnwn,  tt» 

cngbwer  or  eonnniariimer  ihouM  be  earafnl  not  to  obligate  the  State  by  eontnct  to 
the  malntenanoe  and  rep^r  of  aueh  draina  or  to  make  them  liable  tor  the  rf»>wmiin  or 
obatmction  of  such  drains  or  ditcfa».  A  contract  which  would  bind  the  State  would 
mdtnaiily  be  required  to  be  made  by  some  higher  offldal  than  engineer  in  chug*  of 
ccHutmetftxif  or  even  a  highway  conunlsmxier,  utile*  he  were  given  authority  nipii^ji 
by  statute. 

"  Condemnatioa.  If  such  an  agreement  cannot  be  made  with  the  abutting  owner, 
provirioii  is  then  usually  made  by  which  the  comnaissloner  of  tiighways,  or  ■oiae  other 
deatgnated  county  or  state  official,  may  proceed  to  condemn  a  right  over  lands  for 
such  a  drain  or  ditdi. 

"  Filiing.  Low  plaeee,  as  in  marahea  or  peo^  or  eovrnd  with  snifaee  water,  may 
be  filled  In  aud'raised  by  a  commimloner  or  engineer  in  the  aaino  manner  that  any 
adjdning  owner  may  fill  in  low  plaeea  of  his  land  and  make  It  arable  or  usefuL  No 
complaint  or  action  for  injurlea  or  damages  may  be  had  by  adjoining  or  abutting 
owners  by  reason  of  the  increase  in  depth  of  surface  water  over  th^  lands,  for  the 
State  or  county  may  improve  its  land  for  the  purposm  of  a  highway,  as  for  travel,  as 
landownns  may  im]»ove  tbdr  premissa  for  farming  or  manutactuiinf  pnipnsefc 

"  Daaagaa  from  Watan.  There  an  semil  eonditims  that  aiba  Aran  BUrfMt 
water  wUdt  may  prove  a  source  of  injury  and  damage,  ramlting  in  claims  against 
the  pemon  who  directs,  diverts,  and  discharges  th«  surface  waters  In  an  unlawful  mannw. 
These  are  known  aa  obetructlon,  diversion,  repulsion,  discharge,  impounding,  pollut- 
ing, and  fouling  of  waters.  There  are  the  direct  discbarge of  wattnagainst  tbepnqiM^ 
or  land  of  anrtber,  the  aetting  bsA  of  waters  and  eonaoqmnt  orsrflow  of  lands  and 
stroc tores,  the  Impounding  of  waters  by  damming,  as  by  embanlOBsnts,  and  the 
sudden  escape  of  thoae  watera  by  washouts  or  the  failure  of  the  Mabanlanaat;  than 
there  are  the  withdrawal  and  appropriation  of  surface  waters,  whleh  tbe  lower  owner 
may  be  entitled  to  have  fiow  in  th^  natural  couiis." 


General  CoDsideratioiu.  Since  1910  eepecial  attention  haa  been  given 
to  traffic  Kgulations  oovering  alt  phaaes  of  the  use  of  public  highway 
by  hone-drawn  and  motor  vehicles. 

Tbe  safe  and  expeditious  use  by  veliicles  of  municipal  streeta  has  been 
given  thoro  consideration  with  the  result  that  many  citiee  now  have 
satisfactory  traffic  rules.  See  Sect.  7.  Similar  regulations  have  been 
adopted  by  some  states,  those  of  New  York,  passed  by  the  1917  Legisla- 
ture, being  a  notable  example. 

Regulations  pertaiuing  to  allowable  weights,  speeds  and  dimennons  of 
vehicles,  in  order  to  be  placed  upon  equitable  basis,  should  be  adopted 
only  after  extensive  investigations  by  experts.  Certain  statistical  data 
and  typical  state  lawa  of  value  in  connection  with  a  consideration  of  such 
regulations  are  cited: 

Hotor-Ttuck  Dimensions  ss  given  by  Mssury  (24).  "Overall  Hkight.  The 
overall  height  of  preeent  motoi^trucks  seldom  exceeds  12  ft  The  hoght  is  limit«d 
by  tbe  headroom  necenaiy  to  drive  under  sut^  structures  ss  rsilroad  bridges  at  grads 
gosrings,  enclosed  or  top  bridges,  elevated  railroad  structures,  overhead  trolley  wirea, 
doorways  of  buildings,  Cnry  boata.  Railroad  grade  i  iiMHts  seldom  provide  Isbh 
than  12  ft  headroom,  EIncIoeed  top  bridges  do  not  always  provide  as  muidi  ss  14  ft 
clearance. 

"OvBRAU.  Width.  The  overall  widths  of  present  motor-trucks  are  in  very  few 
instaacea  in  escees  o(  96  In.  TliIs  dinwDslon  Is  Umltod  by  the  distance  between  parts 
of  Budi  structures  thru  which  vehicles  must  be  driven,  as  doorways,  elevators  in  build- 
ing feny  boats.  Overall  widths  are  to  a  great  extent  controlled  by  conditi(«s  that 
minimiie  tbe  clearancea  between  psanng  vehicles  and  the  cleanuices  between  psaeina 
vehicles  and  stationary  objects,  as  posts,  trees,  poles,  elevated  railroad  pillars,  curbs, 
etCt  and  that  make  negotiatlan  both  diffleult  and  dangerous. 

"OvnALL  Lengths.   The  material  to  be  tranvorted  Is  the  moat  Impdrtant  factor 
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controUiDg  hogth.  Overall  kogtliB  of  emtiDg  motoF-tnidn  seldom  enMd  24  ft. 
Ovarmll  imgfbt  of  tiscton  and  »eini- trailers  aeldom  exceed  88  ft.  ladder  waipniB  for 
fire  department  km  •omstimM  sttain  langths  of  40  to  4S  ft.  Stroctunl  steel  Elrders, 
td^nirii  polaa,  timbers  and  similar  materials  wmetimM  in  excess  of  60  ft  are  traus- 
port«d  by  tractora  and  aemi-trailcn.  Tractor  and  timiler  trains  hare  attained  ICDftha 
at  over  SO  ft,  but  are  difficult  to  handle  because  the  trailen  cut  under  on  turna.  tfmf'tm 
are  sko  controlled  and  reatricted  by  the  difflcultiea  encounterBd  in  aeffotiatiiif  tumi. 
particulnrly  where  roads  are  narrow  and  crosa  at  acute  angles,  and  statfoiMty  objeda, 
m  peats,  ptdaa,  idUars,  trees,  etc,  an  loeated  in  doae  pniiiiil^  to  the  Mm  ot  Ow 
riMdi.  It  ia,  of  course,  obvious  that  wheel baao  length  Is  the  moat  ImpMtant  (actor 
that  determines  the  turning  radius  of  motor  vehicles,  and  that  the  radius  Increases 
as  the  length  increases. 

"Vehiclea  of  dtroensions  as  follows  have  been  either  projeeted,  ^flgnM 

or  bunt,  and  are  In  few  Instaneas  «ztnme,  the  ftgnres  servs  to  ^low  sfaaply  a  fmr  son- 
dltlflaiB:  FIveandotM^alftontractor-tniUerfortraDipartatJonofmlllciwldth.nHIn; 
heigfat.  11  ft;  length,  hi.    Truck  equipped  with  body  to  carry  timbers  86  ft 

Icmg.  Six  and  one-half  ton,  180>^-in  wbeelbaae  truck,  designed  with  racks  to  carry 
steel;  width,  96  in.  Two-ton,  10-ft  wheelbase  truck,  dedgned  with  q>«dal  semi- 
trailer of  20-f  t  wheel  base,  to  transport  aeroplane  80  ft  long.  Seven  and  one^hatt  ton 
tractor,  deidgned  with  special  semi-trailer,  which  eanies  a  tank  of  IS  tons  capacity; 
heigfat,  10  ft  6  in;  Imigth,  26  ft  9  in." 

Hotor-Tmck  Traffic  on  Hsw  York  Highways  (18b).  "It  was  found  that  the 
trucks  and  buses  range  from  1  ton  to  16  Uxm  In  weight,  including  the  vehicle.  By 
(ar  Uie  largsst  number  comdst  <rf  8-taa 
tnek*.  The  repots  obtained  aa  to 
each  tnid^  and  bus  vpoa  an  estimated 
yearly  period  of  40  weeks,  eliminaUng 
Um  entir*  12  weeks  during  the  winter 
suss  I  in.  show  that  Uie  tiaffle  np<ni  Inw 
proved  state  and  eounty  highvays 
from  motor-bums  and  motor-trudta 
amounta  to  14  734  680  miles  for  the 
40  we^cB,  having  60  216  620  ton- 
mOesge.  The  following  figures  show 
the  mileage  and  average  speed  for 
the  various  siaes  of  trucks: 

Regulation  of  Horso-Drawn  Vehi- 
cles 1^  McCormick  (26).  "While 
there  is  wide  variation  In  sizes  and 
types  ot  wagons  marketed  by  the 
diltemt  manufacturers,  it  is  believed 
that  fivs  sins  of  wagona  irill  bs 
soflldcDt  to  meet  all  the  needs  o( 
farming  operations  and  all  general 
woiic  except  the  heaviest  trucking 
and  cntain  specialized  hatihng,  which 
b  Bkrty  to  be  conflaed  to  tity  pave- 
ments.   Than  Ave  rises  an: 

1.  One-horse  wagon  having  a  gross 
load  capadty  of  2000  lb  and  a  sfcein 
from  2H  b>2>^in. 

2.  lS0it  2-hwse  wagon  with  a 
skein  approximately  2H  hi,  and 
a  gross  carrying  eaiwdty  of  8600  lb. 

S.  Medium  Z-horse  wagon  with  a  akstn  sot  exoeediog  8  In,  and  designed  for  a  gross 
kiad  of  4600  lb. 

4.  Standard  2-hoise  wagon  with  a  skein  iH  hi  and  a  groa  carrying  capacity  of 
MOOIb. 

5.  Heavy  2-hofae  wagon  having  a  skein  of  8M  In  gross  load  capadty  of  7600  lb. 
"As  there  Is  eanddmbls  dUerowe  la  the  practice  of  manufacturers  regarding  the 


Total  Load 
per  Truck 
la  Tons 


Total 
Mfleage  for 

the  State 
per  Year  of 

40  Weeks 


Aversfs 

Speed 
Uilnpsr 
Hour 


1... 
2 

2M 
8 

3H 
4 

■ 

6 

BH 
6 

6H 
7 

7H 

8  . 
6H 

9  . 
10  , 
II 

IIH 
12  , 
IS 

14  . 

16  . 


666  680 

19 

4 

866  720 

17 

4 

1  609  680 

17 

1 

1  620  080 

17 

7 

2  217  880 

16 

6 

1  039  920 

14 

6 

I  803  840 

14 

6 

503  680 

14 

2 

1006  400 

18 

9 

176  760 

12 

8 

662  640 

18 

2 

267  880 

11 

9 

633  960 

IS 

2 

132  880 

13 

6 

681  160 

12 

7 

24  400 

11 

8 

390  080 

12 

9 

K9  280 

18 

2 

8  880 

11 

7 

8  640 

10 

0 

69  320 

12 

1 

4  640 

10 

0 

4  640 

10 

0 

4  640 

10 

0 
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she  of  skein  used  nn  the  various  types  of  wagons,  it  is  recommended  that  wacom  be 
not  designated  by  suse  ot  skmn  but  according  to  the  gross  load  capacity,  and  that  a 
name  be  adopted  for  e«ch  of  the  sizes.  It  b  further  recommended  tlut  the  groM 
carrying  capacity  of  the  wagon  be  shown  by  stendl  or  plate  on  the  bade  of  the  rear 
axle.  The  following  widths  of  tire  are  recommended  for  each  mxe  at  wagon,  based 
on  road-rallsr  weights  and  on  results  ol  tiacti<»  teats  conducted  by  the  U.  S.  O.  P.  R." 


Type  of  Wagon 

Gross 

Weight 
Xjoaded 

Width  of 
Tire 

Pounds 

Inches 

2000 

2 

3500 

2\i 

4500 

a 

eaoo 

s 

7600 

5 

Hew  Tork  State  Traffic  RamUtiwis  as  adopted  by  the  CommlBdoDer  of  Highways 
in  1914  are  as  follows: 

"Shc  1.  No  traetioii  enpne,  road  engine,  faauUng  engine,  trailer,  steam  roller, 
automobile  truck,  motor  or  other  power  vebide  shall  be  operated  upon  or  over  State 
or  County  Highwsys  of  this  State,  the  face  ot  the  wheels  of  which  are  fitted  with 
flanges,  ribs,  clamps,  cleats,  lugs  or  spikes.  This  regulation  applies  to  all  rings  or 
flanges  upon  guiding  or  steering  wheels  on  any  such  vehicle.  In  ease  of  traction 
engines,  road  engines  or  hauling  engines  which  are  equipped  or  provided  with  Bangea, 
ribs,  clamps,  cleats,  rings  or  lugs,  such  vehicles  shall  be  permitted  to  paaa  over  such 
highways  provided  that  deats  are  lastened  upon  all  the  wheels  of  such  vehfdaa,  not 
lees  than  2!^  in  wide  and  not  more  than  1^  in  high,  and  so  placed  that  not  len  than 
two  deats  of  each  wheel  shall  touch  the  ground  at  all  times,  snd  the  weight  shall  be 
the  same  on  all  parts  of  said  cleats.  The  foregoing  regulations  relating  to  flangea, 
ribs,  damps,  deals,  rings  or  lugs  shall  not  apply  to  traction  engines  used  solely  for 
agricultural  purposes,  but  the  following  requiremente  shall  apply  to  such  traction 
en^nes:  The  guide  band  on  the  front  wheels  shall  not  be  lev  than  2  in  in  width, 
but  no  flanges,  ribs,  damps,  cleats,  rings  or  lugs  shall  be  required  upon  the  front 
wheels.  The  full  set  of  clests  upon  the  rear  wheels  of  the  original  design  aa  furnished 
with  the  engines  must  be  used,  and  no  rivet  heads  or  bolt  heads  shall  project,  and  the 
use  of  such  traction  engines  for  agricultural  purposes  shall  not  permit  the  use  for 
hauUng  puipoaea,  excepting  the  hauling  of  threshing  and  other  agricultural  equlpraeQt 
necessary  for  threshing  and  agricultural  purposes.  This  provision  shall  in  no  caaa 
relieve  the  owner  of  any  traction  engines  bum  liability  for  damage  to  roada  from 
defective  wheels.  The  use  also  trf  ice  picks  or  mod  lugs  ahall  be  strictly  prohiUted 
on  State  and  County  Highways. 

"Sac.  2.  No  traction  engine,  trailer,  steam  roller,  automoMIe  truck,  motw  or 
other  power  vehide  shall  be  operated  upon  or  over  the  State  or  County  HigfamyB 
of  this  State,  nor  shall  any  object  be  moved  over  or  upon  any  such  highways  upon 
wheels,  rollers  or  otherwise,  in  excess  of  a  total  weight  of  14  tons,  indudlng  the  vehicle, 
object  or  contrivance  and  load,  without  first  obtaining  the  permission  of  the  State 
Commission  of  Highways  as  hereinafter  provided.  No  weight  in  excess  of  9  tons  shall 
be  carried  on  any  one  axle  of  any  such  vehide. 

"Sec.  3.  The  tire  of  each  whe«[  of  a  traction  engine,  road  engine,  hauling  engine, 
trailer,.  st«sm  roller,  automobile  truck,  motor  or  other  power  vehicle,  except  traction 
engines,  road  engines,  and  hauling  engines,  shall  be  smooth,  and  the  weight  of  such 
vehide,  induding  load,  ahall  not  exceed  800  lb  upon  any  inch  in  width  of  the  tire, 
wheel,  roller  or  other  object,  and  any  weight  in'  excess  of  800  lb  upon  an  inch  of  tire 
is  prohibited  unless  permission  is  obtained  from  the  State  Commission  of  Highways 
as  herelnaftn  inwided. 

"  Sbc.  4.  No  motor  or  other  power  vehicle  shall  be  operated  upon  any  State  or 
County  Highway  of  a  greater  width  than  90  In,  exeqit  traction  engines  which  may 
haves  width  of  110  hi. 
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"Sbc  6.  No  traction  cngitie,  rood  encine,  haulins  mgine,  tnllar  ■teun  roller.  Ruto- 
mobile  trud,  motor,  or  other  power  vehicle,  carrying  a  wdght  In  axeam  of  4  toiiB, 
including  the  vehicle,  afamll  be  operated  upon  uty  Stat«  or  County  Highway  of  thii 
State  Kt  a  vead  greater  than  IS  ml  lea  an  hr;  and  no  aiieh  vahiele  carrying  a  weight  in 
exeeaa  of  6  tone,  Indudlng  the  vehlele,  ahall  be  cvwated  iqKm  any  ludt  Ui^wajr  at 
a  ^eed  greetv  than  6  n^ea  an  tar  when  luch  v^iicle  la  atfuipped  with  Iron  or  atari 
tiree,  nor  greater  than  12  mOee  an  hr  when  the  vehicle  ia  equipped  with  tires  of  tiard 
rubber  or  other  similar  substance. 

"Sec  6.  The  State  Commiaaioa  of  Highwaya  <tf  tbe  State  <rf  New  Ymk,  upon 
proper  qipUcatton  In  writinc,  may  grant  pNininlan  for  tbe  moving  of  heavy  vaUdaa, 
lond^  objeeta,  or  atroeturaa  in  eiceaa  of  a  total  wught  oi  14  toaa  over  Its  State  and 
County  Highway!  upra  prtqier  appllcatimi  in  writing  being  made  therefor,  and  under 
aoeh  restrictions  ss  said  Commission  may  prawribe. 

"Sbc.  T.  Tbe  owner,  driver,  operator  or  mover  of  any  vehicle  over  any  State  or 
Coun^  Hi^way  shall  be  resp<nuible  for  all  damage  which  said  highway  may  sustain 
as  a  reaolt  of  a  violation  of  any  of  the  provisions  of  the  foregoing  Rules  aod  Regnlationa, 
and  tlie  amount  thereof  may  be  recovered  in  an  action  of  tort  by  the  State  Commission 
of  Highways  or  by  any  County  Superintend«it  of  Highways  of  any  county  or  by  any 
Town  Superintendent  of  High'ways  of  any  tows  in  wtiich  ssid  violation  occurs. 

"Sbc  8.    These  amended  r^ulations  to  tatce  effect  February  24,  1B14. 

"Section  24  of  Chapter  26  of  the  Consolidated  laws,  entitied  'The  Highway  l^w,' 
providea  that  any  disobedience  ctf  any  of  the  forgoing  nilea  and  regutattona  ahall  he 
poniahalile  by  a  fine  of  not  le«  than  $10,  and  not  more  than  $100,  to  be  iffoaeeuted  1^ 
the  Town.  County  or  District  Superintendent,  and  paid  to  the  CooBty  Treaaum  to 
tbe  credit  of  the  fund  for  the  maintenance  of  such  highways  in  the  town  where  such 
fine  is  collected." 

"Michigan  TralBc  RegnlatkmB,  as  passed  by  the  1917  LegisUture,  are  as  follows: 
"Sac  1.   It  shall  be  unlawful  to  op«ate  any  vehlde  tqNn  the  pabUe  highways  of 
tUa  State,  tbe  groas  wdght  of  which  eifleeda  IS  tons. 

"Sec  2.  It  shall  be  unlawful  to  operate  any  vehlde,  ncapt  motor-driven  vehieks, 
upon  the  highways  of  this  State,  the  gross  weight  on  any  wheel  of  whldi  eiceeda  that 
given  in  the  schedule  under  section  3,  ttils  act. 

••Smc.  3. 


VUtbofTIre 
In  Inebea.. . 

1 

IH 

2 

2H 

8 

3!i 

4 

4JS 

5 

Maximum 
wberi  load 
in  pounds.  . 

400 

600 

800 

I  100 

1  400 

1  800 

2  200 

2  700 

8200 

Maximum 
load  for  4 

1600 

2400 

8  200 

4  400 

S600 

T200 

8800 

10  800 

12  800 

"Sbc  4.  In  case  a  vehlde  Is  equipped  with  a  braking  device  said  iMrakee  shall 
be  of  a  frictlcm  type  and  not  of  a  type  that  will  cause  a  deadlock  of  the  wheels  when 

"Sbc  S.  No  motor  trucks  or  trrilers,  hereafter  operating  upon  tha  public  highway 
ef  the  State,  shall  have  s  gauge  of  more  than  75  in  measured  from  center  of  tire  to 
center  of  tire,  and  Bhall  not  be  moh  than  96  in  wide  over  all  oor  over  12  ft  6  in  in 
height. 

"Aec  6.  No  motor  trudn  or  trailers,  liereafter  operating  upon  the  public  high- 
waya of  this  State,  shall  be  equipped  with  driving  wlieels  the  tires  of  which  are  ol 
metal  that  may  come  in  cmtact  with  the  surface  of  the  road,  or  wliich  have  a  paitial 
contact  of  the  metal  with  the  surface  of  the  road,  except  where  chains  or  other  non- 
skidding  devices  are  used:  Provided,  that  motor  trucks  or  trailers  may  be  used  on 
any  road  or  Ugtnny  which  arc  not  part  of  the  State  reward  system:  Provided,  that 
ihould  any  improved  highway  be  damaged  by  the  use  of  chaim  or  otlicr  Dtm-sklddlng 
deviees,  the  penon,  company  or  corporation  owning  or  operating  such  vehisle.  shall 
be  VMe  to  anast  and  penalties  as  hereinafter  provided.  ^  . 
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"SBC.  7.  All  motor  truela  or  trailers,  now  operating  or  hereafter  placed  in  operation, 
upoa  the  public  bighirayB  of  thii  State,  shall  have  placed  upon  them  infonnation 
nktivt  to  their  hedght  of  wheel,  width  of  tire,  Kauge,  width  overall,  wdght  and 
eairyliig  ouwdtjr.   This  information  shall  be  ooiiq>leuoudy  plaesd  npMi  the  vehicle. 

"Sic  8.  On  the  rear  axle  three-quarters  of  the  (roM  mdi^t  of  a  motor  tmdt  at 
trailer,  and  Its  r«v*etive  earryhiK  capad^.  must  bo  within  the  limita  of  the  sebedule 
of  the  respective  diameten  of  wheel,  die  of  tire,  and  speed  per  mile,  as  shown  In  the 
sdiadule  under  sectloD  14,  this  act:  Provided,  that  trailers  havinE  two  wheels, 
at  laMt  thrae-quartera  of  the  crow  weight  of  the  trailer  and  ita  reapecttve  load  ahall 
be  npoD  the  axle  of  the  trailer. 

"Sac  9.  The  front  ade  ahall  cany  the  remainder  of  the  irf4{ht  ot  a  mobn'  truck 
or  trailer  and  load  comblnad,  and  must  be  within  the  liralta  of  the  schedule  nt  the 
respective  diameter  of  wheel,  rize  of  tire  and  speed  per  mlh,  as  shown  in  the  aebedule 
for  ain^  tires,  under  sectloa  14,  this  act. 

"8k.  10.  This  set  shall  apply  to  motor  trucks  or  trailers  used  as  buaee  lor  carryfan 
INMDcen. 

"8k.  11.  This  act  shall  not  apply  to  farm  implements  or  machinery  used  In  road 
eoBstructlon. 

"Bbc  12.  The  aixe  of  tire  and  beigbt  of  wheel  shall  be  takei  as  that  ids*  printed 
upon  a  tire  by  the  manufscCurer. 

"Sk.  is.  WfaMi  a  truck  is  hauling  a  trailer,  the  apeed  shall  be  gonmed  by  the 
>  aUde  having  the  loweat  mile  per  hour  rating. 

"Bk.  U. 

Sdwdnle  for  the  Begstatiaii  at  Motor  Tntcki  and  TreHecs 

Upon  the  Hlgfimj'  , 


Tabu  n»  a  Wkbk.  or  82  in  Diaubtbr 


Size  of  Tire  In 
Ini^ 

SINGL.B  TiRS 

DouBLH  Tub 

Mszimura 
Whed  Load 
in  Pounds 

Miles  per 
Hour 

Maxhnmn 
Wheel  Load 
in  Pounds 

Mike  per 

Hour 

700 

20 

1400 

18 

|M  .. 

900 

20 

1800 

16 

1200 

20 

2400 

18 

1600 

20 

3200 

16 

1900 

18 

3800 

14 

2200 

16 

4400 

18 

2700 

14 

6400 

J2 

8200 

12 

6400 

10 

For  a  84-in  wheel,  multiply  the  above  maximum  wheel  load  figures  by  1.1. 

For  •  86-fn  wheel,  multiply  the  above  nuudmuro  wheel  load  figures  by  1.2. 

For  a  8S-hi  wheel,  multiply  the  above  maximum  wheel  load  figures  by  1.3. 

For  a  40-in  wheel,  multiply  the  above  maximum  wheel  load  figuru  by  1.4. 

For  a  42-in  whed,  multipV  tiia  above  maximum  «beel  load  flgurea  by  1.5. 

For  a  44-in  wheal,  multiply  the  above  maximum  wheel  load  Hform  hy  1.6. 

"SK.  1ft.  Whenever  by  reason  of  tlu  thawing  of  froet,  or  rains,  the  mads  are  In 
soft  condition,  the  maximum  carrying  capadty  of  tiree  on  all  vehicles  shall  be  limited 
to  one-half  the  carrying  capadty  of  tires  as  provided  in  this  act. 

"Sbc  16.  Any  person,  firm  or  eorporatian  which  moves,  or  causes  to  be  moved 
any  vehicle  over  or  along  the  public  highways  contrary  to  the  provisiims  of  this  act, 
sh^  be  guilty  of  a  miwimieanor  and  upon  conviction  Uiereot  before  a  justice  of  the 
peace  or  other  court  having  competent  jurisdiction,  shall  be  subject,  for  each  offense, 
to  a  fine  of  not  leas  than  $5  nor  more  than  $50,  or  ImpriBonmeit  in  the  county  jsll 
tor  not  tcT  exceed  30  days,  or  both  such  fine  and  impriscmment  at  the  discretion  of 
tlw  court:   Provided,  that  the  providona  of  this  act  shall  not  (PdIk^  |:ha  moving 
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ef  any  vablde,  for  which  a  permit  hu  beoi  snntad  by  the  highway  oOiMm  hftvfnc 
luriadlction.  Any  permit  so  given  ihall  state  all  conditions  thereto,  shall  be  in  writing, 
and  shall  have  eSsct  not  Icxiger  than  SO  daya  from  the  date  when  Imed. 

**Sbc.  17.  It  shall  be  the  duty  of  the  sheriff  ot  each  county  to  cause  to  be  made  as 
his  deputies  all  county,  district  and  township  highway  eommiasioDera,  and  othara 
wbera  necGasary,  and  these  deputaee  shall  have  power  to  arrest  on  sight  or  upon  a 
wafnat  any  person  having  violated  any  provisiona  of  this  act.  Any  aach  deputy  who 
abaJl  irfUully  diarafard  enforcing  the  provisions  of  thk  act  shall  ba  gaUty  of  neglect 
of  duty. 

"Sar.  IS.  This  act  ahall  not  apply  to  public  highways  In  dtiea  or  villages,  except 
M  to  State  nwardad  nmik." 
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THE  COMPHEHENSIVE  PLAN 

1.  The  Genenl  Plan  (tf  the  City  or  Town 

Four  Fundamental  Features.  The  general  plan  of  a  city  or  town  con- 
sists of  a  number  of  elements  each  of  which  is  essential  to  its  orderly  growth 
and  prosperity.  Some  writers  have  enumerated  four  or  five  such  elements, 
while  others  have  expanded  the  list  to  a  dozen  or  more.  The  convenience 
and  attractiveness  of  a  town  will  depend  upon  four  features  of  its  plan, 
Dameij" 

1.  The  tmnsportatinw  faeilitics  or  the  means  provided  for  getting  in  and 
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out  and  for  quick  tDomnent  of  pMPngera  and  freight  frozo  one  pait  of 

the  town  to  'another. 

2.  The  street  system  in  and  thru  which  the  daily  business  is  done  and  by 
which  the  people  gain  access  to  their  homes  and  pass  from  these  homes 
to  their  work,  recreation  and  amusement. 

3.  The  park  and  recreation  facilities  upon  which  the  comfort  and  health 
of  the  community  are  to  a  large  degree  dependent. 

4.  The  location  of  public  buildings  which  may  render  the  conduct  of 
public  buainess  eonvenient  or  difficult  and  may  give  a  favorable  or  imfavor- 
able  impreeacm  to  visitoTB. 

While  there  are  many  more  elements  which  go  to  make  up  the  complex 
organism  called  the  modem  city,  those  enumerated  are  the  ones  that  make 
the  greatest  impression  upon  vistors,  and  of  these  the  most  vitally  important 
is  probably  the  street  systam.  Transportation  facilities  into  and  out  of 
the  city  can  be  improved  and  extended  but  a  large  part  of  the  transporta- 
tion will  always  be  in  the  streets  themselves  and  its  adequacy  and  efBdency 
will  be  largely  determined  by  the  location  and  dimensions  of  the  streets 
in  which  the  intn-urban  transit  linee  are  located.  A  park  system  can  be 
lAost  economically  and  satisfactorily  established  In  advance  of  other  im- 
provements and  the  lack  of  proper  parks  can  be  supplied  tho  the  coat  be 
great,  but  facihty  of  access  to  the  parks  and  proper  connections  between 
the  different  park  units  will  depend  upon  an  adequate  an'd  intelligent  street 
system.  Public  buildings,  like  other  business  buildings,  can  be  changed  in 
location  as  necessity  and  convenience  m^  require,  but  the  suitability  of 
their  sites,  whether  they  are  convenient  and  commanding  or  awkward  and 
unprepossessing,  will  depend  upon  the  streets  about  them  and  leading  to 
them.  Astreetsystem.onoeadoptedanddevelopedtinustnmainindeflnitely. 
While  some  streets  may  be  widened  and  an  occasional  new  street  may  he 
out  thru  existing  improvements,  the  general  street  plan,  once  established 
and  eonttructed,  is  fastened  upon  the  town  as  long  as  the  town  itself  lasts. 
A  catastrophe,  such  as  the  great  fire  of  London  in  1666  or  the  San  Francisco 
fire  in  1906,  may  afford  an  opportunity  for  a  recasting  of  the  plan  for  a 
considerable  area,  but  the  desire  to  rebuild  and  make  a  new  start  is  usually 
so  keen  that  the  opportunity  is  not  availed  of. 

Hew  Cities  end  Towns.  It  occasionally  happens  that  a  town  is  Uid  out 
in  a  comprehensive  manner  at  the  be^nning,  on  a  site  which  is  topographi- 
cally adapted  to  the  development  of  a  stately  and  convenient  city,  as  was 
Washington  more  than  a  century  ago,  and  as  is  proposed  in  the  case  of  the 
new  Australian  capital.  Sometimes  an  industrial  city  is  planned  and  buUt 
ui>on  an  entirely  new  site  where  Uansportation  facilities  for  the  supply  of 
raw  material  and  the  shipment  of  manufactured  products  are  more  im- 
portant than  picturesque  topography.  A  national  capital  is  usually  planned 
on  a  scale  which  will  be  far  beyond  the  resources  of  the  ordinary  city,  and 
the  industrial  town  is  designed  for  a  particular  kind  of  manufacturing  and 
a  special  class  of  inhabitants. 

The  Bvolntlon  of  a  Large  Citjr.  Most  great  cities  pass  successively  thru 
the  stages  of  idllage,  town  and  small  dties,  and  their  highway  systems, 
starting  with  the  village  green  and  the  streets  surrounding  it,  are  gradually 
extended  to  meet  trafiic  needs  as  they  develop.  Even  when  a  city  haa 
attained  considerable  size  and  commercial  importance,  additional  areas 
are  from  time  to  time  added  to  it  and  the  streets  of  the  older  town  are 
commonly  extended  into  the  new  portions  and  connected  in  some  fashion 
with  those  which  may  have  been  established  by  private  develop^n.  Whil^ 
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the  nted  of  a  more  oonvenient  system  of  main  thorofaiea  to  fttrnish  quick 
and  eB«y  connectioos  between  different  parts  of  the  town  may  become 
apparent  and  some  of  than  may  have  been  created  at  large  cost,  the  new 
additions  are  seldom  planned  vith  the  view  of  avoi<&ig  old  mistakes,  or 
providing  continuoua  thorofaree  which  will  connect  with  those  which  have 
already  been  established  in  the  old  town,  or  which  it  is  quite  obvious  will 
have  to  be  created  in  the  future,  or  which  will  furnish  adequate  connections 
with  nearly  towns,  or  which  will  take  account  of  the  probable  requirements 
of  the  future.  In  other  words,  the  street  system  is  too  frequently  desisned 
to  meet  simply  the  actual  needs  of  to-day  and  takes  little  aooonnt  of  future 
expansion  and  inerease  of  traffic. 

S.  The  Infineiice  of  Topognphy 

The  Tepf^phj  of  itu  Site  should  be  the  first  thing  to  be  considered  in 
determining  the  g^eral  features  of  the  oomprehensive  plan.  Upon  it  will 
especially  depend  the  system  of  main  drainage,  provision  for  which  must 
be  kept  in  mind  from  the  beginning,  and  the  transportation  system  which, 
while  it  will  naturally  be  designed  to  carry  people  where  they  want  to  go, 
should  be  able  to  follow  the  lines  of  least  reeistance,  excessive  grades  and 
sharp  curves  involving  not  only  heavy  operating  expenses  but  a  certain 
amount  of  danger.  A  street  plan  which  is  prepared  in  the  office  without 
sufficient  information  as  to  the  topography  of  the  ground  upon  which  it 
is  to  be  laid  out  may  look  voy  well  on  paper,  but  is  likely  to  be  found 
entirely  unsuited  to  actual  oonditions  and,  if  persisted  in,  m^  impose  a 
heavy  initial  burden  for  the  eonstniction  of  Uie  streets  and  a  perpetual 
hancUeap  upon  traffic  by  reason  of  mmeeessarily  heavy  grades.  The  first 
step,  tlrerefore.  is  to  secure  a  good  topographic  survey  of  the  territory  to 
be  platted.  It  need  not  cover  the  entire  area  in  great  detail;  such  surveys 
are  expensive  and  the  work  of  planning  the  street  system  should  not  be 
loaded  up  with  needless  cost  at  the  start. 

The  Topographic  Snrve;  lequiied  for  the  initial  plan  should  show  ezist>- 
ing  roads  with  the  location  of  the  buildinsi  fronting  on  them,  the  natural 
draioaae  including  both  the  valleys  and  tiie  ridgea  dividing  the  drainage 
areas,  the  existing  railroads  and  routes  suitable  for  additional  lines,  the 
water  front  if  there  is  one  and  the  localities  beet  adapted  for  the  acconu&o- 
tion  of  water-borne  commerce,  and  the  places  which,  from  their  picturesque 
features,  are  most  suitable  for  park  reservations.  Further  topographic 
details  are  not  required  for  the  first  study  of  the  street  plan ;  they  will  come 
later.  A  contour  map  or  a  model  will  be  of  great  help  in  laying  out  the 
first  skeleton  plan.  When  this  has  been  pretty  well  settled  and  the  time 
eowes  to  fiU  in  the  details,  further  surveys  wSI  be  necessary,  but  they  can 
be  taken  up  me  section  at  a  time  as  each  of  the  areas  lying  between  the 
arterial  streets  can  and  should  be  studied  separately.  In  these  again  proper 
drainage  should  bo  the  first  consideration,  while  the  location  of  property 
lines  will  be  of  great  asmstance  in  so  planning  the  minor  streets  as  to  av(^ 
damage  caused  by  leaving  unusable  remnants  wherever  it  Is  possible  to 
do  so  and  still  secure  a  rational  and  convenient  plan. 

Avoidance  of  Heavy  Grades  and  Grading.  The  initial  step  in  the  physical 
creation  of  a  street  system  is  the  grading  and,  as  this  comes  at  a  time  when 
tlw  value  of  the  abutting  property  is  small,  the  cost  should  be  kept  down 
to  the  lowest  figure  ooniMent  with  a  reasosiabto  |dan.  The  preference  for 
netaagnlar  blooks  whldi  will  prodooe  the  greatest  possibfe  number  of 
tjUit«iigled  lots  of  oouTsntional  siae  is  quite  gpaenl,  and  ezoesrive  grading 
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or  needleesly  steep  grades  are  frequently  the  price  paid  to  secure  them. 
This  policy  often  defeats  its  own  purpose,  as  the  grading  up  or  dovn  of  the 
abutdng  lota  is  likely  to  involve  a  cost  greater  than  the  value  of  the  few 
lots  gained  by  a  rectangular  system  over  those  which  would  result  from 
one  conforming  more  closely  wi^  the  natural  aurfaoo,  while  the  lattcv  would 
be  far  more  attraetlve.  There  is  something  of  a  reaction  against  the  rigid 
rectangular  plan,  evidenced  by  the  introduction  of  curves  and  deflections 
even  where  there  is  no  obvious  reason  for  tbem.  A  long,  sweqnng  curve 
may  be  a  pleasing  feature  of  a  street  plan  on  level  ground ;  diagonal  streets 
to  afford  direct  access  from  one  part  of  the  tract  to  another  are  always 
deairaUe;  but  a  series  of  sharp  curves  and  frequent  abrupt  changes  of 
direction  are  as  inappropriate  for  a  level  site  aa  are  straight  lines  regaxdloB 
of  natural  contours  for  a  rugged  ate. 

Loeatton  of  Pnblie  BidWiiga.  Even  in  the  first  study  of  the  general 
plan  tlie  location  of  public  buildinsi  should  be  given  consideration,  and 
such  location  should  depend  upon  the  arterial  street  system,  as  they  diould 
be  ea«y  of  aooeaa  from  the  main  lines  of  travri  and  transit,  and  upon  the 
gencnal  topogrmthy  as  they  should,  if  possible,  be  so  placed  that  they  oaa 


Fii-  U   lUuBtratlns  the  Proper  and  ImpropK  Location  of  an  Important  BufldioK 
with  Rsipert  to  Lhe  Gradw  <rf  the  Streets  Approaching  It 

be  seen  to  advantage.  Grade  summits  are  the  most  appropriate  locations, 
enabling  them  to  be  seen  aa  they  are  approached  from  any  direction.  The 
advantage  of  such  a  location  with  respect  to  grade  is  shown  by  the  two 
exam[dea  given  in  Fig.  1. 

Predpltona  Hillsides  or  Deep  Ravines  may  exist  in  the  area  to  be  platted,, 
and.  while  tiiese  arc  of  little  value  for  development  as  real  estate,  they  will 
make  admirable  parks.    Such  places  should  be  located  in  the  topographic 
survey,  and  the  main  traffic  highways  should  be  so  fixed  as  to  afford  easy 
access  to  them  when  they  become  public  pleasure  grounds. 

AdapUtion  of  Plan  to  Topography.  The  general  plan  should  be  adapted 
to  the  topography.  Attempts  to  create  on  a  level  plain  a  city  having  the 
picturesque  features  of  a  hillside  town  will  result  in  failure,  while  to  lay 
out  on  a  nigged  site  a  plan  suited  to  a  level  or  gently  sloping  tract  will  not 
only  involve  needless  expense  but  will  sacrifice  opportunities  for  charming 
effects  and  produce  a  result  which  is  pali>ably  commonplace. 

3.  The  Arterial  Street  System 

The  Traffic  Tberofarea,  while  their  position  cannot  be  predicted  with  ow^ 
tainty,  will  be  likdy  to  follow  the  tiid  roads  which  have  erared,  many 
of  them  for  generattons,  to  oonnect  the  main  oenters  of  population.  Such 
roads  usually  follow  lines  (rf  least  resistanoe.  The  development  both  of 
buafneai  and  resideatial  i»roperty  is  moot  likdy  to  take  idaoe  In  and  about 
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the—  klready  eatabliahed  centore  and  to  eztecd  outwards  from  them. 
Traffic  will,  therefore,  increase  along  these  connecting  roade  which  will 
becXHne  the  main  atreeta  of  the  greato-  town.  The  old  hi^waye  will 
probably  have  been  ordinary  country  roads,  some  two,  some  three,  and 
in  ezceptioaal  easee,  four  rode  wide;  but  in  few,  if  any,  casea  of-Buffident 
capacity  to  meet  future  needs.  While  fairly  direct  there  will  be  iiregulari- 
ties  in  their  alignment  which  should  be  corrected.  This  can  usually  be 
accomplished  without  leaving  any  part  of  the  old  roads  outside  of  the 
boundaries  of  the  new  streets  which  always  results  in  difficult  problems  of 
title  adjustment  in  order  to  extinguish  the  old  eaaunents  and  the 
abutting  owners  proper  street  frontage. 

By  widening  alteniatdly  tm  one  side  and  the  other  an  80-ft  stnet  can  be 
ao  1^  out  as  to  leave  a  50-ft  road  wholly  within  its  limits  and  at  the  same 
time  reduce  the  curvature  and  the  defleetion  angles  to  a  degree  consistent 
with  the.  future  important  of  the  new  street  (see  Fig.  2).  Thoe  will 
bo  caseii  where  this  is  impossi- 


ble and  the  old  road  must  be 
ignored  for  short  distances. 

Connecting  Streets.  Hav- 
ing fixed  the  lines  of  the  main 
streets  which  an  to  take  the 
place  of  the  old  highways,  it 
will  be  apparent  that  other 
connectioQS  will  be  needed; 
short  cuts  between  strategio 
points,  intermediate  streets 


to  relieve  congestion,  the  join-  pi(.  2.    Showing   How   Existing  Narrow  and 
ing  up  of  fragments  In  order     Crooked  Roads  can  be  Induded  wttUs  the 
to  eatablish  direct  rout«a  from     Unea  of  New  Streets 
any  one  part  of  the  town  to 

any  othw  part,  and  connections  between  important  streets  in  the  older 
parts  of  the  town  and  the  main  system  now  being  planned. 

Parkways.  The  tborofares  thus  far  considered  are  those  which  are  to 
meet  the  businees  needs  of  the  city.  Some  of  them  may  also  become  routes 
for  pleasure  travel,  but  it  is  desirable  to  separate  these  two  classes  of  traffic 
as  much  as  poesible,  and  any  city  which  creates  a  park  system  should  also 
provide  a  system  of  boulevards  or  parkways  to  connect  them  with  each 
other  and  with  the  important  highways  leading  out  of  the  city.  Kansas 
City  has  created  an  admirable  systnn  of  such  parkways,  the  entire  dty 
being  divided  into  d|^t  park  dietriets  each  <rf  whidi  has  paid  by  special 
taxes  or  assessments  the  coet  ot  the  pu-ks  and  parkways  within  its  limits 
(see  Fig.  3).  These  parkways  should  be  of  sufficient  width  to  permit  the 
introduction  of  some  parking  or  ornamental  features  so  that  the  road  from 
ooe  park  to  another  will  be  obvious  even  to  those  with  the  general 

street  plan  of  the  city. 

Areas  Between  Main  Streets.  When  the  arterial  streets  shall  have 
been  laid  out  it  will  be  found  that  th^  do  not  form  a  system  of  parallel 
hidiwnn  and  that  they  do  not  connect  witii  each  other  at  right  angles. 
This  should  not  be  a  matter  of  ooneem.  A  rectangular  systraa  of  main 
thorofttrsB  is  the  most  inconvenient  that  ean  be  devised,  increaring  distances 
and  sacrificing  directness  with  do  compensating  advantages  except  the 
creation  of  ti^t-asiM  comers  for  buildings,  and  even  these  can  be  pro- 
vided to  a  certain  degree  fay  the  treatment  of  important  Junctions.  The 
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CfHMideTation  erf  their  treBtment  may  be  defen«d  until  the  main  itreet 
mrstem  is  fully  determined.  The  lines  of  the  main  Ryetem  should 
not  be  contn^ed  by  the  shape  and  sin  of  these  areas,  nor  does  it 
matter  if  they  sre  so  located  that  each  must  be  treated  independently 
of  the  other.  Such  independent  treatment  will,  in  fact,  add  interest  to 
the  general  plan. 

Permanence  of  TndKc  Thorofares.  Having  decided  upon  the  main 
traiflle  lines,  Bt«pH  should  be  taken  to  insure  thor  permanence  in  order 
that  the  entire  i^an  may  not  be  wrecked  by  the  erection  of  buildings  along 
the  Hum  of  the  old 
mails  to  such  an  ex- 
tent that  the  cost  of 
widenms  them  will 
beoome  prohilative. 
Most  of  the  older 
buildings  will  have 
been  set  back  auffici- 
eotly  to  permit  such 
widening  without 
hnfljUm  dfffiwfle,  but 
as  the  roads  gradual- 
ly assume  the  charac- 
ter of  city  streets  and 
the  abutting  prop- 
erty is  subdivided 
into  lots,  the  tend- 
etMQristoerect  buiU- 
inga  as  near  the  line 
■S  possible.  The  im- 
portant thing,  there- 
fore, is  to  secure  title  to  the  full  widtii  of  the  streets  as  soon  as  possible 
and  while  values  are  small. 

The  Subject  of  'Street  Wdths  and  Afigament  will  be  treated  in  detaU 
in  Arts.  14  and  IS,  but  in  connection  with  the  arterial  street  system  it 
should  be  pointed  out  that  surface  transit  lines  will  probably  follow  these 
streets  and  traffic  congestioD  may  develop  so  that  adequate  width  should 
be  provided.  At  the  same  time  it  is  generally  conceded  that  exoesnvely 
wide  staeets  seldom  become  important  business  thorofarea.  Streets  80  ft 
wide  are  likely  to  deyiriop  into  better  busineflB  streets  than  those  100  ft  or 
wan  in  width,  while,  with  Uie  possible  exception  of  great  retail  riiops,  buia* 
IMBB  is  quite  likely  to  go  to  streete  60  ft  and  sometimes  eveo  leas  in  width. 

4.  Secondax7  Traffic  Streets 

The  System  of  Arterial  Streets  outlined  in  the  preceding  Article  is 
rtndgnnii  to  meet  the  general  traffic  requirementa  of  the  city.  The  irregular 
areas  Into  which  they  divide  the  territory  will  vary  in  nse  as  well  as  in 
■luHw;  their  sides  may  in  some  cases  be  a  few  hundred  feet.-and  is  others 
a  mile  or  even  more  in  length.  In  each  of  them  there  will  be  need  of 
seetmdary  streets  for  business  and  traffic.  Some  of  these  may  in  time 
become  main  traffic  streets  themselves;  stnne  may  be  used  for  the  relief 
of  the  arterial  streete  when  they  become  congested;  some  may  tw  occutned 
by  snrfaoe  railwiv  tracks,  but,  if  the  railwi^  transit  system  is  devdoped 


FIc.  4.  Typical  Plan  Showing  the  Devdopment  of  an 
Arterial  Street  Syitmi  Uaking  Use  of  Exbting  Rosdi 
wftb  Additional  ConaectiotH  and  the  Aeqniaition  of  Acre> 
see  Property  for  SmaU' Paik%  BnfltUng  SItM,  etc- 
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as  a  unit,  the  main  distributing  linee,  whether  on,  above,  or  beneath  the 
surface,  will  follow  the  arterial  streets,  provided  those  streets  shall  have 
been  intelligently  planned,  while  the  surface  lines  which  may  be  located 
in  the  secondary  streets  will  serve  as  feeders  to  the  trunk  lines. 

Relation  Between  Arterial  and  Secondary  Traffic  Streets.  E&ch  of  tbe 
divisions  formed  by  the  arterial  street  system  will  be  more  or  leas  self- 
contained,  having  its  own  secondary  centers  of  buainesB,  while  connections 
with  other  secondary  centers  in  other  districts,  with  railways  and  ahtppinfl: 
terminals  or  with  the  roads  leading  into  the  country  and  to  near-by  towns, 
will  be  provided  thru  the  primary  system.  These  secondary  traffic  streets 
should,  therefore,  be  direct  but  not  necessarily  straight.  Their  junction 
with  the  main  arterial  streets  nhould  be  convenient  for  tn^c  but  should 
not  be  too  frequent,  and  a  widening  at  these  junctions  sufficient  to  permit 
a  view  of  approaching  vehicles  on  other  streets  is  always  desirable.  Inter- 
sections of  important  streets  are  usually  points  of  traffic  congestion  and 
they  should  not  occur  too  frequently.  The  highest  property  values  will 
be  along  the  main  arterial  streets;  too  frequent  street  crossingB  or  inters 
sections  absorb  an  undue  amount  of  valuaUe  frontage  and,  while  comers 
are  of  greater  value  than  interior  lots  for  business  purposes,  a  series  erf 
streets  60  ft  wide,  intersecting  the  most  important  tborofares  every  200  ft 
will  absorb  25%  of  the  entire  frontage  and  interpose  too  frequent  obstruc- 
tions to  traffic. 

Widths.  There  is  much  difference  of  opinion  as  to  the  proper  width 
for  secondary  traffic  streets.  The  Royal  Commission  of  London  Traffic 
suggested  the  following  widths:  main  avenues,  140  ft;  first-claae  arterial 
streets,  100  ft;  second-class  arterial  streets,  80  ft;  third-olass  streets,  60 
ft;  fourth-class  streets,  40  to  60  ft.  These  widths  for  the  arterial  streets 
may  be  over-generous  and  are  possibly  due  to  the  unfortunate  experience 
of  London,  owing  to  its  very  narrow  streets  which  have  resulted  in  extrane 
congestion  of  traffic.  The  chief  function  of  the  secondary  street  is  to 
permit  ready  access  to  it  from  the  tributary  streets  and  thence  to  the  main 
street  system,  thru  which  in  turn  the  transit  system,  the  transportation 
terminals,  the  shops  and  business  centers,  the  parks  and  recreation  facilities, 
and  places  of  entertainment  may  be  reached  with  a  minimum  of  time  and 
inconvenience. 

Grades.  In  planning  this  secondary  street  ssrstem,  regard  should  also 
be  had  to  the  topography,  but  not  to  the  degree  necessary  in  the  cose  ot 
the  arterial  streets,  the  traffic  along  them  being  less  in  volume  and  lighter 
in  character.  Grades  may  be  somewhat  steeper,  while  advantage  may 
always  be  taken  of  the  favorable  direction  of  the  grade  to  reach  the  main 
street  system  without  long  detours,  provided,  and  this  is  an  importfut 
consideration,  that  heavy  grades  in  opposite  directions  should  have  between 
them  a  low>grade  connection  with  the  main  system. 

Basbiess  snd  Industrial  Bnildlng  Sites.  When  the  main  and  secondaiy 
street  systems  are  still  undetermined,  manufacturing  and  business  enter- 
prises requiring  the  distribution  of  products  or  goods  thru  the  streets  are 
quite  likely  to  select  sites  where  property  is  cheapest,  even  the  they  may 
suffer  a  perpetual  handicap  by  reason  of  narrow  streets  and  excessive 
grades,  while  if  there  is  a  well  devised  plan  of  traffic  streets  which  will 
afford  convenient  access  to  all  parts  of  the  city,  they  will  be  disposed  to 
take  advantage  of  it  in  the  choice  of  sites,  and  the  hopeless  mixture  of 
manufacturing  plants,  buaness  buildings,  and  dwellings  so  characteristic 
of  many  cities  will  be  avoided.   Arbitrary  attempts  to  segregate  industries, 
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waiehooies,  shops  and  residences,  are  likely  to  be  strongly  resisted.  In- 
duceroratii  offered  to  establidi  them  in  certain  places  by  making  it  economi- 
cal to  do  eo  are  more  likely  to  acoompUah  the  deeired  purpose. 

B.  Txandt  in  tiie  StfeetB 

Derdopneat  trf  Transit  lines.  While  trunk  line  railwa^e  end  oocesion'- 
ally  intorurban  passenger  lines  will  gain  acoess  to  and  pass  thru  a  city 
on  thor  own  rights  of  way,  the  transit  system  upon  which  the  vast  majority 
of  the  people  depend  for  their  daily  trips,  whether  for  business  or  pleasure, 
will  be  in  the  city  streets,  and  reasonable  provision  should  be  made  for 
it  in  planning  the  street  system.  It  is  impossible  to  anticipate  just  how 
the  city  will  grow  or  what  transit  lines  will  be  required  first.  It  is  fair  to 
assume  that  the  transit  system  will  be  developed  as  a  unit  and  not  thru 
the  construction  of  competing  lines  occupying  adjoining  streets  when 
needed  facilitiee  can  be  furnished  hy  fewer  Unes  more  intensively  used  and 
under  one  management. 

Sabways  and  Elereted  Rcflways.  In  great  cities  elevated  and  under^ 
ground  railways  may  be  required  on  certain  streets;  these,  however, 
will  be  few  and  will  be  confined  to  the  most  heavily  travelled  routes 
on  which  the  surface  lines  will  have  preceded  them.  A  street  which 
will  accommodate  a  double-track  surface  railway  and  leave  room  for 
vehicles  between  the  cars  and  the  curb  will  also  accommodate  a  two- 
track  undeiground  railway  with  station  platfwms.  Such  roads  are  some- 
times built  with  three  or  four  b-aeks,  but  onlly  in  very  large  cities  and  where 
thne  »  extracMrdinaiily' heavy  tra6Sc  along  a  few  lines.  'Elevated  lines  offer 
such  serious  obstructioa  to  light  and  air  and  are  so  noisy  and,  aa  commonly 
nMwtmcted,  disfigure  the  streets  to  such  an  extent  that  they  will  not  often 
be  tolerated.  In  the  case  of  the  elevated  railroad  of  Philadelphia,  which  ia 
built  with  a  solid  6oor  and  is  stone  ballasted,  the  noiae  has  been  greatly 
reduced.  If  built  of  masonn'  or  if  the  steel  structure  ia  incased  in  con- 
crete, the  disfigurement  of  the  street  is  much  less  and  the  noise  can  lie 
still  further  reduced.  Of  the  latter  class  is  the  elevated  railroad  thru  the 
Fenwi^  in  Boston.  The  three-track  elevated  railway  in  Queens  Boulevard, 
New  York  City,  is  eompoeed  of  a  aeries  of  arehes  between  piers  which  are 

themselves'  pierced 
by  arched  openings 
designed  to  accom- 
modate a  double  - 
track  surface  rail  - 
road.    This  street  is 

    200  ft  in  width,  the 

t*  part  in  which  the 

Fit  S.  Cnat  ScdiQB  of  Qussns  Boelevwd.  Kew  Toit  City  elevated  railway  is 

located  having  two 

nadwaya,  each  43  ft  wide.  The  space  betvreen  them  is  74  ft  wide  so  that 
there  is  room  for  planting  on  each  side  of  the  elevated  structure  which  is 
itsdf  77  ft  from  the  side  lines  of  the  street,  so  that  there  is  no  obstruction 
to  li^t  and  air.  With  a  solid  fioor,  stone  ballast,  and  parapet  walls  outside 
the  tracks  there  will  he  little  noise.  See  Fig.  5.  This  is  probably  the  best 
type  ci  elevated  railway  yet  built  within  street  lines.  While  streets  can 
rarely  have  snefa  unusual  dimmaons,  if  a  few  avenues  leading  directly  out 
from  the  main  oenten  of  large  cities  were  given  a  width  oS  160  ft,  it  would 
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bo  poMble  to  proride  elevated  lines  of  this  kind  which  would  be  far  more 
agreeable  to  ride  od  and  would  oost  much  leas  to  build  than  underground 
roads. 

CoBt  of  Constntction  ol  Transit  lines.  The  difficulty  and  cost  of  oon- 
■tructing  rapid  transit  lines  in  dty  streets  are  so  great  and  both  ar«  ao 
intensified  in  narrow  streets  that  the  provision  of  adequate  street  width  for 
transit  purposes  is  fully  justified.  In  a  paper  presented  to  the  National 
Conferenoe  on  City  Planning  at  Toronto  in  1914,  J.  V.  Dsvies  estimated 
as  follows  the  oost  of  ocmstructing  double-track  roads  of  different  ^pes 
and  under  varying  conditions,  the  estimates  including  track  and  structural 
equipment  but  not  including  power .'jights-of-way,  easements  or  franchise 
chances,  while  the,  figures  are  reduced  to  oost  per  mile  of  tin^  track: 


Typeot  Stnietwe 


Cost  per  Hfla  of 


Ovn-hesd  trolley  rsilrosd  on  public  roads  or  private  rights-of-way, 
where  no  pavement  ia  required  

Ovenead  trolloy  railroad  In  dty  streets  indudinK  asphalt  at 
craDlte  pavement  between  tracks  and  2  ft  outside  

UnderKroiuid  troUw  raOroad  In  eonwatBd  city  streets,  indoding 
pavsraents,  conduits  and  care  of  sutisurface  structures  under 
conditions  aueh  as  those  in  Wsataington,  D.  C  

Same  eaastmetioB  as  above  under  conditions  existing  in  New 
York  City  

Elevated  raurood,  steel  strurture,  such  as  buflt  by  tlie  Public 
Service  Commiarfon  in  New  York  Cl^,  induding  stattona .... 

RaOroad  In  open  cut,  excavation  by  at«ain  diovel,  conerote  walls, 
Induding  bridgea  and  stations.  

R^lroad  on  masonry  vladue^  stone  ballasted,  as  on  QuMtis  Boule- 
vard. New  York  Oty,  Induding  stations  

UndersrauBd  railroad  near  surface,  excavation  by  steam  shovd, 
UtUe  or  no  Interfsrenee  with  subsurface  structures,  tadudlag 
stations  

Undwground  railroad  la  streets  like  Broadway,  New  York,  ex- 
treme interference  wlUt  subsurface  structures,  support  of 
nrface  tracks  with  underground  troDey  construction,  indud- 
ing stations  

Iron  tube  tunnds,  eonersta  liiied,  under  waterways  or  hiriow  water 
levd,  no  stations  


t26  000 
41500 

48  600 
126  BOO 

118  000 
226  000 
880  000 

402  000 

1  190  000 
2700  000 


Construction  of  Railways  in  Open  Cuts.  Where  underground  railroada 
will  be  required  ultimately,  but  where  they  are  built  in  advance  of  extensive 

development  and  before 
surface  trafBc  is  great,  and 
where  streets  are  suffi- 
ciently wide,  they  can  be 
built  in  open  cuts  which 
need  not  b;  covered  until 
the  space  above  them  is 
required  for  street  pur- 
poses. In  cases  where  the 
street  width  is  sufficient, 
tlw  sides  can  be  sloped 
and  retaining  walls  omit- 
ted until  the  tracks  are 
covered  the  space  occupied  by  the  stopes  ean  be  used  fix  additional 
tracks  as  indicated  1^  FIrs.  6  and  7. 


L  ■«>' 

 Zl 
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Fig.  6.  Showing  Open  Cut  for  Rapid  Trandt  RiUlroad 
with  Retaining  Walla  in  Strvet  100  ft  Wide,  Con- 
structecl  with  a  View  to  Converting  it  into  a  Tumwi 
Ni 
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Smface  Rcihrtys.  By  far  the  greatest  mileage  of  railw^  Imea  in  any 
city  will  be  tbe  surface  tracks  in  the  streets  operated  by  the  overhead 
trolley  sjrstem.  The  inflexibility  of  the  surface  railway  in  compaiisoD 
with  motor-buses  or  other  free-wheel  vehicles  necessitates  a  greater  road- 
way width  for  their  acoommodatioQ.  Unkn  tbwe  is  room  for  other  vdiicles 
to  pass  betwerai  the 
ears  and  the  curb, 
oongestion  will  result. 
A  New  York  City 
ordinanoe  prohibits 
tbe  eonstmctioD  t&  a 
doubte-track  surface 
railway  in  any  street 
having  s  roadway 
lees  than  40  ft  be- 
tween curb  lines  or  a 
single-track  railway  where  the  distance  between  curbs  is  less  than  30  ft. 
Sidewalk  widths  on  businea  streets  should  not  be  curtailed  in  order  to  pro- 
vide wgmob  for  surfaoe  railroads.  Double-track  roads  are  preferable  to  single- 
track  linee  with  movement  in  a  single  direction  and  the  secondary  traffic 
streets  which  will  or  may  be  called  upon  to  accommodate  trolley  rnibroads 
dxNild  be  given  a  width  of  not  less  than  70  It.   See  Arts.  17  and  18. 


I 

FIr.  T.  Sbowfaic  a  Doable  Trad^  Rqtld  Tnuialt  Railroad 
with  Side  Slopes  in  a  Stfeet  160  ft  Wide^  irith  s  Vtew  to 
ConvertinK  it  into  a  Four  ^adt  Underpound  Road 
when  Neeeanry 


6.  AccMB  to  Tumlnals 


Sallway  and  Shlpfrfng  Tenninals  are  frequentiy  treated  as  tho  they  were, 
as  the  name  commonly  applied  to  them  might  be  deemed  to  indicate,  the  ul- 
timate destination  of  the  passengers  and  freight  arriving  at  them,  or  the 
ori0n  erf  those  departing  from  them.  This,  however,  is  not  the  case;  they 
are  Bimply  the  points  at  which  the  method  of  transportation  changes. 
Passengers  arriving  or  departing  by  thru  trains  cannot  leave  or  enter  them 
at  their  own  doors.  Freight,  except  in  carload  lots  received  by  or  shipped 
from  mumfaoturing  plants  served  \sy  spur  tracks,  cannot  be  delivered  to 
its  deetioation  <v  shipped  directly  from  its  place  of  production.  Botb 
must  approach  or  leave  the  so-called  terminals  thru  the  city  streets  by 
means  of  street  railways,  private  vehicles  or  trucks.  The  traffic  streets 
described  in  the  preceding  Article  must,  therefore,  afford  convenient  access 
to  passenger  and  freight  stations  and  wharves.  Confusion  and  delays  are 
caused  when  narrow  and  crooked  streets  furnish  the  only  approaches  to 
these  terminals. 

Foreign  and  American  Practice.  At  the  liverpool  Street  station  of  the 
Great  Eastmi  Saflway  in  Lcmdon,  about  100000  passengers  arrive  and 
the  same  number  depart  daily,  of  which  about  71  000  arrive  between  6  and 
10  A.M.  and  an  equal  number  leave  between  6  and  9  P.M.  In  addition, 
there  are  those  umng  the  Metropolitan  Underground  whose  station  adjoins 
and  the  Central  London  whoee  station  is  imdemeath  that  of  the  Great 
Eastern,  and  yet  all  of  these  passengers  approach  and  leave  thru  a  maze 
of  tortuous  streets  varjing  from  a  maximum  of  less  than  70  ft  in  width, 
including  sidewalks,  to  mere  passageways  less  than  20  ft  wide.  In  marked 
contrast  with  this  is  the  central  station  at  Frankfort-on-the-Maia  front- 
ioB  oD  a  quuioos  fAua  from  which  broad  streets  lead  to  all  parts  of  the 
et^,  see  Kb.  8.   The  Orand  Centml  Station  of  New  York  is  located  on 

Google 


r 


1 


374 


Planning  of  Streets  and  Street  Systems 


Sect.  7 


Viz-  9.  PIui  Showing  LontioD  of  the 
Principal  RaUny  SUtton  At  Fnrak- 
fort^-tbe-Main,  Germany 


fbe  aiiB  of  a  north  and  south  Btn>et  140  ft  wide  with  a  street  100  ft  wide 
passing  in  boat  of  it,  see  Fig.  0. 

Street  Transportation  Costs.  Streets  leading  to  steamship  tenninals  are 
usually  con^sested  and  the  time  lost  in  waiting  for  the  discharge  and  receipt 

of  freight  is  a  large  item  in  the  cost  of 
II  j  I  /      I  handling  it.     Constant  movement  and 

II         1 1  L-^  — "     the  avoidance  of  delays  mean  reduced 

J  L„„- — ^  p^^^  r     ?  /  coat  of  handling  goods  and  less  cost  to 

 ' '       I  I     1 1         '   Uio  ultimata  consumer.   The  expense  of 

moving  freight  a  few  ci^  blocks  from 
terminal  to  warehouse  or  store  is  fre- 
quently much  greater  than  is  the  cost  of 
carrying  it  100  miles  or  more  by  rail 
or  wntcr,  and  this  is  commonly  duo 
to  inadequate  and  inconvenient  street 
approaches. 

7.   The  Environs  of  the  City 

Development  of  Environs.  A  plan  for 
the  future  development  of  a  dty  or  new 
portion  of  a  city  will  have  fallen  short 

of  completion  if  it  does  not  take  into  ac- 
count the  environs  of  the  city.  Local 
autonomy  is  so  jealously  guarded  that  it  is  seldom  possible  to  do  this 
offinially  or  aa  effectively  aa  if  a  metropolitan  planning  district  were  created 
and  some  board  or  commission  were  given  power  In  make  and  impose  upon 
the  smaller  municipal  authorities  within  its  limits 
a  plan  which  would  treat  the  entire  district  as  a 
unit.  This  policy  is  not  infrequently  followed  in 
the  development  of  comprehensive  plans  for  sys- 
tems of  water  supply,  sewerage  or  pnrks,  but  rarely, 
if  ever,  in  the  case  of  a  s^'stcm  of  highways.  Even 
in  contiguous  territory,  the  annexation  of  which  to 
the  city  may  confidently  be  expected  in  the  near 
future,  the  local  authorities  and  even  private  real 
estate  developers  arc  allowed,  until  the  very  day  of 
absorption  into  the  larger  city  or  town,  to  proceed 
with  the  laying  out  of  streots  in  an  entirely  inde- 
pendent manner  as  tho  they  were  to  continue  as 
separate  and  independent  towns  having  no  relation 
to  each  other  except  that  of  propinquity.  Even 
the  cities  of  Germany,  which  have  powers  to  regu- 
late their  growth  and  development  that  are  unknown 
in  America,  can  exercise  control  over  the  planning 
of  the  territory  outside  their  limits  only  thru  the 
actual  ownership  of  large  tracts  of  laud  or  in  some 
rases  thru  an  appeal  to  the  authority  of  the  State. 

The  British  Town  Planning  Act  of  190S  is  hugely 
bssed  upon  the  idea  that  in  a  thickly  populated 
country  the  plan  of  every  town  should  bo  con- 
tiidered  in  its  relation  to  the  country  about  it  and  to  the  street  systems  of 
contiguous  and  neighborinK  tuwiiK.  all  planu  being  subject  to  the  approval 
of  a  central  authority  who.-^>  jurisdiction  extends  u%-er  tlie  whole  of  Great 


Fig.  9.  Plan  Showing 
LocatioD  of  Grand  Cen- 
tral Station,  New  York 
City 
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BritatD.  The  highway  system  of  every  town,  whether  large  or  Bmall, 
should  be  articulated  with  the  highways  not  only  of  neighboring  tewos  but 
with  those  of  the  next  larger  political  unit,  the  county,  aad  theae  in  turn 
with  those  of  adjoining  counties,  the  main  roads  of  which  should  form  a 
complete  system  of  state  highways,  while  the  most  important  state  roads 
should  connect  with  those  of  other  states  to  form  a  great  national  system. 

The  Chief  Highway  Joining  Two  Towns  should  form  a  direct  connection 
between  the  most  important  traffic  thorofares  ol  each.  Frequently  this 
is  not  the  case,  but  the  main  and  sometimes  the  only  adequate  road  coo- 
necting  them  leads  at  either  end  into  narrow,  tortuous  and  shabby  streets 
which  must  be  traversed  in  order  to  reach  the  business  or  administrative 
center.  The  impression  gained  of  either  will  be  unfortunate  while  tlw 
treasure,  comfort  and  convenience  of  going  from  one  to  the  other  will  be 
greatly  increased  if  the  approach,  in  either  case,  is  thru  a  dignified,  well- 
improved  street  constantly  increasing  in  importance  and  interest  until 
the  climax  is  reached  at  a  well-designed  and  convenient  focal  point  whether 
a  civic  center,  the  buaness  distiict,  railway  terminal  or  waterfront. 

Widths  of  Trunk  Highways.  Streets  are  frequently  given  a  generous 
width  up  to  the  corporate  limits  of  a  city  where  they  connect  with  important 
and  heavily  travelled  roads,  but  their  width  is  abruptly  reduced  at  the 
boundary,  notwithstanding  the  fact  that  the  city  is  almost  certein  to  extend 
ite  limite,  when  these  roads  will  become  city  streets  and  their  widening  will 
be  necessary.  Roads  of  this  kind  should  be  gradually  increased  in  width 
as  they  approach  a  city  and  the  cost  of  doing  so  will  be  slight  if  it  be  done 
in  time  and  in  the  manner  described  in  Art.  3.  The  purpose  of  a  road  lead- 
ing from  the  city  into  the  surroundiniE  country  is  not  solely  that  of  reach- 
ing some  objective  point  in  the  shortMt  possible  time  and  1^  the  most 
direct  route.  Many  of  the  French  roads  were  laid  out  "  from  steeple 
to  steeple  "  or  from  one  town  to  another  in  perfectly  straight  lines,  over 
ridges  and  across  valleys  with  little  regard  for  easy  grades.  Such  roads 
are  becoming  more  and  more  used  for  pleasure  traffic.  With  the  greater 
Q>eed  of  motor  vehicles,  a  slightly  greater  distance  is  of  little  or  no  im- 
portance, particularly  when  by  lengthoiiiDg  the  roads  somewhat  the  grades 
will  be  improved  and  they  can  be  made  in  every  way  more  attractive. 

Ontlyiag  Parks.  Cities  commonly  confine  their  park  areas  within  their 
corporate  limits  but  in  selecting  such  reservations  the  environs  of  the 
dty  should  be  considered.  Some  of  the  most  valuable  and  useful  pleasure 
grounds  could  be  profitably  acquired  long  before  the  city  limite  are  ex- 
panded  to  include  them,  and  even  tho  they  remain  permanently  outside 
of  the  corporation,  if  they  are  made  accessible  by  transit  lines,  the  people 
will  use  tbem.   This  subject  is  more  fully  treated  in  Art.  11. 


Two  Classes  oi  Residential  Streets.  The  areas  included  between  the 
main  arterial  and  the  secondary  traffic  streets  will  be  devoted  chieSy  to 
residential  purposes,  and  the  principal  function  of  th?  streets  within  them 
will  be  to  provide  light,  air  and  access  to  the  dwellings  fronting  on  tbem. 
Business  traffic  will  be  slight  and  will  be  chieSy  confined  to  the  supply  of 
tho  needs  of  domestic  establishmente.  Such  streets  will  consist  of  two 
general  classra  which  may  be  called  the  principal  and  the  minor  residential 
stieeta.    On  the  broader  streets  will  be  found  ^jartment  houses  and  the 
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large  private  dwellings,  whether  detacbed  and  occup5^ng  spacious  grounds 
or  in  solid  blocks  with  pretentious  facades.  Apartments  and  single  house* 
of  this  class  will  naturally  select  the  wider  streets  and,  while  the  engiDeer 
cannot  determine  the  kind  of  development  which  will  take  place  on  each 
street,  he  can  anticipate  the  wants  of  different  classes  of  people,  and  their 
tastes  and  their  resources  will  control  their  final  selection. 

Th«  Reiideatial  Streets  of  the  First  Class  will  attract  a  ccotain  amount 
of  pleasure  b-affic.  The  abutting  owners  will  be  able  to  pay  for  a  greater 
area  of  pavement,  wider  sidewalks,  grasa-plots,  shrubboy  and  trees,  to- 
gether with  the  higher  coat  of  the  building  lots,  owing  to  the  larger  pro- 
portion of  street  area  to  lot  area.  Such  streets  ^ould,  therefore,  be  ffvea 
a'  generous  width.  Sixty  feet  is  not  enough  for  succeaeful  planting  and 
maintenance  of  trees  unless  there  is  a  aet-back  restriction;  80  ft  Mid  in 
some  cases  100  ft  will  be  required.  Such  streets  may  be  laid  out  widi 
gentle  curves  or  may  have  slight  deflections,  but  if  their  character  is  to  be 
maintained  they  should  not  have  abrupt  changes  in  direction  and  should 
be  long  enough  to  acquire  and  sustain  a  distinctiTe  character.  Tbey 
should  not  connect  so  easily  or  directly  with  the  arterial  and  business 
Btreeta  as  to  invite  the  traffic  which  the  latter  are  ospedally  designed  to 
accommodate.  Th«r  chief  purpose  is  to  serve  houses  <rf  the  better  daas, 
the  occupants  of  which  are  not  entirely  dependent  upon  the  eAty'e  transit 
^stem.  While  they  may  contain  the  show  places  of  the  city,  those  who 
wish  to  use  them  will  drive  or  walk  during  their  leisure  hours,  and  when 
they  are  not  hurrying  to  catch  a  trolley  car  or  a  train. 

Boulevards  or  Parkways  leading  to  the  parks  or  connecting  the  different 
pork  units  with  each  other  frequently  become  favorite  tcndential  streets, 
but  these  arc  in  a  class  by  themselves  and  are  not  considered  in  this  Article. 
The  stieets  bordering  parks,  however,  are  likely  to  beerane  residenti^ 
streets  of  the  first  class,  the  property  values  being  too  high  to  be  mthin 
reach  of  any  but  the  well-to-do  or  the  wealthy.  The  east  side  of  Central 
Park  in  New  York  City  is  devoted  almost  whol^  to  costly  private  residences 
and  th^  other  three  sides  to  large  apartment  houses,  while  the  sides  of  the 
streets  adjoining  the  park  are  much  frequented  promenades. 

Alignment.  Long  and  perfectly  straight  residential  streets  become 
monotonous  and  uninteresting,  while  it  is  quite  improbaUe  that  they  can 
maintain  a  fixed  character  for  their  entire  length.  There  is  no  possible 
reason  for  «Etmding  them  in  straight  lines  acRMS  busineas  and  main  tnffio 
streets.  It  is  better  to  introduce  deflections  or  even  offsets  at  aueh  thoro- 
fares  and  to  change  their  names.  This  last  may  be  considered  a  trivial 
detail  but  it  is  by  no  means  unimportant.  Every  street  in  a  city  should 
have  an  individuality  of  its  own.  If  one  part  of  the  same  street  is  con- 
spicuous for  its  fine  detached  homes,  another  for  its  apartments,  and  still 
another  is  devoted  to  shops,  each  part  is  likely  to  be  unfavorably  affected 
by  being  confused  with  one  or  both  of  the  others.  In  German  cities  there 
is  a  tendency  towards  a  studied  irregularity  with  the  express  purpose  of 
providing  closed  vistas  and  interesting  street  jrictores.  This  is  espeeiaUy 
conspicuous  in  the  city  of  Essen  where  a  ddiberate  effort  is  made  to  limit 
the  range  of  vimon  in  streets  to  from  650  to  1000  ft  (see  F!g.  10). 


Requirements  for  Hinor  Streets.  By  far  the  greatest  number  of  in- 
habitants of  cities  and  towns  live  in  what  may  he  called  minor  residential 
streets.   Their  homes  may  be  attractive  but  unpretentious  houses,  da- 
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tached  or  in  blocks;  they  may  be  in  two-  or  three-family  houseB,  or  they 
nmy  be  in  the  less  expcasive  apartment  houses.  While  some  of  the  latter 
are  likely  to  be  over  shops  on  some  of  the  bu^inees  and  traffic  thorofares, 
moat  of  them  will  be  on  the  side  streets.  The  traflic  on  such  streets  will  be 
alif^t  and  the  roadway  capacity  need  not  iie  great,  but  the  street  n-idth 
ahould  be  sufficient  to  provide  ample  light  and  air  and  wholesome  surround- 
ings. If  there  is  no  reason  (or  making  the  principal  residential  streets 
long  and  straight,  there  is  still  less  in  the  case  of  the  minor  streets.  The 


Pig.  10.   Street  Plan  of  Emm,  Germany 


home  owners  and  tenants  in  them  wtll  appreciate  the  individuality  of  their 
streets  fully  as  much  as  will  those  Uving  in  the  more  important  ayenuee 
and  boulevards. 

The  Cost  of  the  Lots  is  of  great  importance  and  will  depend  in  great 
ntettsure  upon  the  amount  of  land  which  is  devoted  to  public  use.  The 
streets  should  be  no  wider  than  is  needed  for  good  sanitation,  and  the 
longer  the  blocks,  the  lees  area  must  be  taken  out  for  cross  streets.  Sixty 
feet  may  be  considered  a  maximum  width  for  such  streets,  but  the  mini- 
mum will  depend  upon  whether  there  are  restrictions  as  to  building  heights 
and  the  proportion  of  the  lots  which  may  be  built  upon.  The  absence  of 
such  restrictions  compels  the  creation  of  wider  streets  to  guard  against 
the  blighting  effects  of  high  tenements  covering  nearly  all  of  the  lot  area. 
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and  thereby  imponeii  upon  both  home  owner  and  tenant  who  want  to  live 
decently  an  uuneceeaary  and  unfair  burden  in  the  cost  of  the  street  and 
its  improvement.  With  such  restrictions  the  street  widths  could  safely 
be  reduced  to  40  and  even  to  30  ft  for  very  short  streets,  in  the  latter  eaae 
only  half  as  much  land  being  required  as  in  the  case  of  60-ft  etreets  which 
are  designed  to  provide  for  the  possible  erection  of  high  buildings. 

It  occasionally  liappcns  that  irregularly 
shaped  blocks  will  be  left  which  are  too 
large  for  economic  subdivision  into  build- 
ing lots,  white  they  are  too  small  to  be 
divided  into  two  or  more  separate  blocks 
without  imposing  too  great  an  ezpenae 
for  streets.  The  interior  portions  of  such 
blooks  have  frequently  been  made  avail- 
able for  profitable  use  by  the  creation  of 
one  or  more  narrow  cdl-de-bacs.  While 
such  streets  are  often  pictiyesquc,  par- 
ticularly when  provided  with  an  enlarge- 
ment for  a  turning  space  at  the  inner 
end.  they  are  always  objectionable  on 
sanitary  groundti,  and  involve  serious  fire 
risks.  In  general  no  street  should  have 
but  a  sin^e  outiet.  In  such  cases  very  satisfactory  results  can  be  secured 
by  the  creation  of  a  small  open  space  or  court  in  the  interior  of  the  block 
provided  it  is  given  not  less  than  two  outlets.  Such  an  arrangement  is 
shown  in  Fig.  11,  where  an  open  space  in  the  interior  of  an  irregular  block 
is  provided  with  throe  outlots  by  means  of  streets  20  ft  wide.  This 
affords  frontage  for  more  lots  than  would  be  the  case  if  the  block  were 
undivided  and  will  more  than  compensate  for  the  loss  of  throe  20-ft  lots  on 
the  bounding  streets  which 
arc  appropriated  for  the 
outlet  streeta. 

The  Most  Depreisiiig 
and  Irrational  treatment  of 
streets  of  the  kind  under 
consideration  is  the  adop- 
tion of  a  stock  plan  with 
uniform  block  dimensions 
covering  an  entire  section 
and  even,  as  is  frequently 
done,  extending  over  several 
of  the  adjoining  sections 
into  which  the  business  and 
traffic  streets  divide  thecity. 
Washington  offers  an  illus- 
tration of  a  rectangular 
plan  upon  which  has  boon  superimposed  a  great  system  of  broad  diagonals 
connecting  every  part  of  the  city.  This  may  be  a  suitable  plan  for  a  great 
national  capital,  where  the  greater  part  of  the  cost  is  paid  out  of  the  Fed- 
eral treasury,  but  is  too  extravagant  for  the  oidinary  city.  The  open 
spaces  formed  by  the  intersections  of  the  avenues  are  treated  as  parks  and 
are  very  beautiful,  but  even  Washington  has  its  dums.  The  more  intimate 
short  street  in  which  the  speculative  builder  cannot  erect  unilorm  rows 


GoogU 


Art.  10 


Block  and  Lot  DimenakNu 


379 


of  exactly  similar  box-tike  dwellings  makes  it  possible  to  give  chitfacter  and 
even  a  certain  distinction  to  the  most  modest  street. 

AHenuta  Plans  for  «  Triangalar  Area.  FiRs.  12  and  13  show  alternative 
treatments  of  a  triangular  area,  bounded  by  two  streets  100  ft  wide  and  a 
third  80  ft  wide.  Fig.  12  shows  the  conveDtional  treaUnent  ao  commonly 
followed  and  which  is  the 

actual  airangement  in  this  ~'  '  '  -■  ■  -  ^  u  J  ^  i  '  I 
caae,  which  is  a  part  of 
the  plan  of  ao  American 
dty,  with  60  ft  streets  in 
one  direction,  crosaed  by 
80  ft  streets  at  right  angles, 
and  having  roadways  30 
and  44  ft  wide  respective- 
ly. In  Pig.  13  the  streets 
are  40  and  50  ft  wide,  with 
roadways  of  16  and  20  ft, 
while  a  little  more  than 
half  an  acre  is  devoted  to 
a  small  neighborhood 
park.  The  area  between 
the  three  wide  streets  is 

24.93  acres,  and  the  land  is  assumed  to  cost  S3000  an  acre.  The  building 
plota  in  one  case  are  40  ft  wide  and  100  ft  deep,  and  in  the  other  50  ft 
wide  aod  60  ft  deep.  The  estimated  cost  of  development  and  the  cost  of 
each  plot  are  as  follows: 
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Alternative 
Plan 
Fig.  13 


Coat  of  land  

Curbing  , 
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■tituted  for  wptult  

Total  number  of  plota  

ATenge  area  of  plot»  

Coot  per  plot  with  sh«et-uphalt  pavement.  

Cost  per  plot  with  broken  atone  roadway  


$74  790 
2  919 
SI  064 
8S43 
4  964 


$74  790 
4  626 
26  668 
10  480 
9  860 


smofio 

1108  986 

204 
4  041  sq  ft 

$698.33 
638.75 


$126  908 

$113  628 
269 
3  038  sq  ft 
$486.10 
438.33 


The  saving  to  the  purchaser  of  $112  a  plot  in  case  the  streets  are  paved 
with  8heetr«aphalt  and  of  $05  a  plot  in  case  they  are  pavedjwith  macadam 
will  mean  a  great  deal  to  him.  The  small  park  will  also  mean  much  to 
bis  family  and  the  entire  character  of  the  neighborhood  will  be  improved  by 
reason  of  the  fact  that  it  will  acquire  a  certain  individuality  which  would 
be  impoesiUe  if  the  improvement  had  been  carried  oat  in  a  conventional 
manner. 

10.   Block  and  Lot  Dimensions 
General  Disctission.    It  would  naturally  be  supposed  that  the  position 
with  respect  to  each  other  of  the  arterial  and  secondary  streets  would 
determine  the  Uock  dimensions  and  that  these  in  turn  would  control  to  a 
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lai^e  degree  iba  ihive  and  dimemioiw  ol  the  biiU<UnB  plots.  But  thete  haa 
been  a  dispoiitioii.  eepeeially  in  American  cities,  to  reverse  this  sequence, 
to  ftdopt  a  Btandaid  aise  and  shape  of  lot  which  has  been  persistently  ad- 
hered to  and  this  has  resulted  in  a  standardized  size  and  shape  of  bloclc. 
These  blocks,  laid  out  in  series  and  separated  by  streets  of  uniform  width, 
have  been  a  controlling  consideration  in  the  location  of  important  streets. 
While  the  lot  units  vajy  in  different  cities  they  are  usually  the  same  in 
any  one  city.  In  New  York  and  many  other  cities  the  lots  are  25  ft  wide 
by  100  ft  in  depth,  the  same  size  and  shape  being  used  in  the  best  and 
poorest  lesidential  districts,  in  the  parte  of  the  city  devoted  to  busineas 
and  manufacturing  and  even  in  the  warehouse  districts  along  the  water- 
front. These  lots  ore  combined  in  blocks  whi^h  are  200  ft  wide  and  from 
600  to  800  ft  long.  There  may  have  been  a  logical  reason  for  the  adoptioD 
of  such  a  unit  when  the  city  was  first  laid  out,  but  it  has  become  a  habit 
which  has  persisted  under  changed  and  constantly  changing  conditions. 
If  a  manufacturing  enterprise  requires  a  large  plant  which  cannot  be  ac- 
commodated in  a  block  200  ft  wide  it  is  usually  necessary  1o  place  it  in 
a  locality  where  the  streets  have  not  yet  been  opened  to  public  use,  as, 
once  they  have  been  so  opened,  it  is  d^cult  to  dose  them,  and  tbne  are 

instances  where  euch 
plants  have  been  obliged 
to  move  entirely  outside 
of  the  city  in  which  they 
were  located  in  order  to 
secure  room  for  neces- 
sary expansion  and  in- 
crease in  facilities. 

In  Residential  THb- 
tricts  also,  whether  de- 
voted to  costly  detached 
residences,  to  compactly 
built  tenements  or  to 
small  one  or  two-family 
houses,  the  same  inflexi- 
ble rule  ia  followed.  The 
same  number  of  square 
feet  must  be  acquired 
for  each  foot  of  frontage, 
regardless  of  whether  it 
is  mote  or  less  than  is 
required  for  the  use  to 
which  the  land  is  to  be 
put.  That  this  lot  unit 
is  not  an  economic  one, 
at  least  as  to  width,  is 

indicated  by  the  fact  that,  altbo  it  still  persists  as  a  sales  unit,  it  is  quite 
generally  disregarded  in  building  operations,  especially  in  sections  where 
buildings  are  erected  in  solid  blocks.  Houses  with  frontages  of  25  ft  are  rarely 
found  in  large  cities.  Expensive  houses  are  sometimes  wider,  but  it  is  said 
that  the  prevailing  house  frontage  in  New  York  City  is  now  about  17  ft, 
while  it  is  often  13  ft  4  in,  and  sometimes  only  12  ft  6  in.  Chicago  has  a 
lot  unit  of  25  ft  in  width  and  125  ft  in  depth  which  appears  to  be  almost  as 
persistently  adhered  to  as  is  the  25  by  100  ft  lot  in  New  York.    In  Phila- 
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Fig.  14.  Typieal  Method  Employed  in  PhUaddphis 
In  Subdividing  Blodcs  896  It  by  400  ft  in  Size 
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ddphia  a  ooiuideraUe  portion  of  the  dty  was  origbally  laid  out  in  Uooka 
396  1^  400  ft  bounded  1^  atreets  60  and  60  ft  wide,  and  in  <»d«r  to  pn^ 
vide  for  the  small  aiogle  family  houses  so  characteristic  of  that  city,  tbeae 
blocks  have  frequently  been  divided  into  smaller  blocks  by  ictrodueinK  two 
additional  streets  40  ft  wide  resulting  in  the  creation  of  168  building  plots, 
varying  from  14  to  16  ft  in  width  and  from  49  to  60  ft  in  depth,  with  a 
passageway  3  ft  wide  separating  the  lots  in  the  rear.  The  city  ordinances 
prescribe  a  minimum  width  of  14  ft  for  any  dwelling  house  and  a  minipnim 
open  space  of  144  sq  ft  for  each  lot  and  these  lots  are  used  to  the  greatest 
allowable  extrat,  while  some  builders  have  attempted  to.  eoont  the  rear 
passageway  in  the  required  open  space.  A  typical  plan  of  such  subdivision 
is  shown  1^  Fig.  14.  This  may  be  better  than  four  and  five-sttny  tenements 
on  lota  25  1^  100  ft  housing  four  familtes  on  each  floor,  but  it  is  a  too  in- 
tensive use  of  the  land  which  Philadelphia  is  trying  to  find  some  means 
of  correcting.  A  very  satisfactory  and  attractive  manner  of  subdividing  a 
block  200      700  ft  for  higb-clasa,  BeminJetached  houses  haa  been  adopted 
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rtg.  16.  ARaogwnant  of  Ssnd-Dstadtad  Honsw  with  Cantrsl  Heatiiic  naot,  A. 
Snpplyliig  Heat  and  Hot  Water  to  Hoons  on  Both  BUdrn  of  the  Street 


to  a  limited  extent  in  the  Borough  of  Brooklyn,  New  York  City,  and  is 
abown  by  Fig.  15.  In  this  block  there  is  a  central  heating  plant  built  below 
the  surface  of  the  back  yards,  the  chimney  of  which  is  combined  with  that 
of  a  church  at  one  end  of  the  block. 

Kumfactoxiag  aod  Warahonae  Districts.  In  portions  of  a  aty  which, 
by  reason  of  transportation  fadlitiee,  are  particularly  adapted  to  manu- 
faeturing|or  warehousing  It  is  better  to  leave  considerable  areas  unsubdivided, 
and  there  is  no  reason  why  such  streets  as  are  laid  out  should  be  placed  at 
such  distance  apart  as  will  insure  future  division  into  blocks  of  any  particular 
ue.  The  streets  which  are  located  should  permit  the  widest  latitude  for 
the  development  of  such  enterprises  as  may  seek  accommodation.  It  is 
eqiecially  desirable  that  waterfront  property  should  not  be  unduly  re- 
stricted by  placing  the  first  street  parallel  with  the  water  so  near  it  that 
there  will  not  be  mom  for  the  eoonomical  receipt,  shipment  and  landling 
of  raw  material  and  manufactured  products.  These  streets  are  often 
placed  fanmsdiately  next  the  wvter,  thus  seriously  interfering  with  nich 
enterprisea.  At  least  200  ft  is  likely  to  be  needed  for  such  purpose,  while 
300  ft  or  even  mora  is  frequently  required.  Waterfront  property  is  usually 
expensive  and  those  who  develop  i^ants  requiring  such  facilities  will  not 
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buy  more  than  is  needed,  but  they  should  be  able  to  secure  enoucb  and  to 
fed  secure  in  its  uninterrupted  use.  There  are  portions  of  the  waterfront 
which  will  be  developed  with  quay  walls  for  open  wharfage  or  with  piers 
for  the  acconunodation  of  regular  steamship  lines  and  in  tbeee  cases  a 
public  marginal  street  will  be  needed.  There  is  a  tendency  for  cities  to 
acquire  and  develop  their  entire  waterfront  aa  a  municipal  enterprise,  either 
for  substantial  net  revenue  or  for  operation  at  cost  in  order  to  stimulate 
commerce.  Even  under  such  a  policy  a  considerable  part  of  it  could 
properly  be  leased  for  mantifacturing  or  warehousing  in  which  case  space 
could  well  be  allowed  (or  the  same  development  as  would  naturally  take  plaea 
under  ptivate  ownership  and  control. 


Factors  InSnendng  Selectioa.  The  park  reaervalionB  of  a  city  should 
be  considered  in  connection  with  the  street  plan.  A  common  practice  is  to 
lay  out  the  entire  area  into  streets  and  leave  for  future  consideration  the 
selection  of  the  park  spaces,  a  singte  Mock  here  and  there  and  in  some 
cases  a  number  of  blocks  being  taken  for  the  purpose,  the  streets  widiin 
the  area  being  wiped  out.  If  such  a  policy  be  followed,  the  park  system 
will  necessarily  be  adapted  to  the  street  system,  whereas  the  park  system 
should  to  a  certain  degree  control  the  street  system.  The  location  of  parks 
should  be  determined  by  topographic  features,  and  such  reservations  can 
beat  be  located  before  or  at  the  same  time  aa  the  main  street  system.  This 
does  not  mean  that  the  engineer  who  is  responsible  for  the  preparation  of 
the  street  plan  must  %lso  determine  the  precise  area  and  location  of  the 
city's  future  parks,  but  that  he  must  keep  in  mind  the  need  of  parks,  and 
should  not  carry  ihe  street  system  across  areas  peculiariy  adapted  to  this 
purpose.  Such  areas  should  be  left  without  subdivision,  uid  at  the  same 
time  provision  should  be  made  for  streets  of  adequate  width  leading  to 
them  and  connecting  them  with  each  other,  in  order  that  when  the  system 
is  finally  developed  these  streets  may  serve  as  parkways.  The  future 
park  needs  of  a  city  cannot  be  predicted.  Charles  D.  Lay,  formerly  Land- 
scape Architect  of  the  New  York  Department  of  Parks,  has  estimated  the 
park  needs  of  a  city  of  100  OUO  population  as  1500  acres  or  on  a  basis  of 
12.5%  of  the  city  area,  these  parka  ranging  in  aiie  from  large  wild  parka 
to  small  gardens  and  squares.  His  estimate  is  based  upon  a  density  of 
population  of  but  H}^  persons  per  acre  and  an  allowance  of  one  acre  of 
park  to  66H  persons,  but  the  only  citira  that  approach  these  figures  are 
Washington  and  Boston.  To  show  the  wide  variation  in  park  reservations 
with  respect  to  area  and  population  and  the  futility  of  attempting  to  estimate 
such  needs  in  advance,  park  statistics  of  a  few  cities  ore  given  in  the  table 
on  the.following  page. 

Connectinc  Parkways.  If  there  are  tracts  of  land  so  obviously  adapted 
to  park  purposes  that  they  will  probably  be  acquired  for  that  purpoae, 
streets  leading  to  them  and  connecting  them  sfaoukl  be  laid  out  of  such 
width  that  they  can  be  converted  into  parkways  and  can  be  developed 
with  some  park  features,  such  as  planting  and  several  roadways.  Such 
streets  will  become  a  part  of  the  park  system  and  with  that  use  in  view 
their  development  into  business  thorofares  should  be  discouraged.  Ex- 
perience seems  to  show  that  streets  more  than  100  ft  wide  rare^  attract 
busncfls,  so  that  if  those  which  will  serve  aa  park  approaches  or  connections 
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are  civen  a  width  of  120  to  150  ft.busiiieas  will  be  likely  to  avoid  them, 
while  such  width  will  permit  the  land  of  treatment  which  is  deeiraUe 
when  the  time  oomai  tor  their  improvement  as  a  part  of  the  park  and 

boulevard  syBtem. 

Hrishboiliood  ParkB.  Important  as  are  the  large  parka  and  the  parkways 
of  a  city,  thfise  which  mean  most  to  the  greatest  number  are  the  smaller 
neighborhood  parks,  one  of  which  should  be  within  easy  walking  distance 
of  every  part  of  the  city.  These  can  usually  be  provided  within  the  space 
of  one  or  two  dty  Uocks  and,  as  they  are  genwally  treated  in  a  formal 
manner,  toposrai^cal  features  are  not  an  important  consideration.  It 
is  difficult  to  locate  tbiem  long  in  advance,  nor  is  it  desirable  that  this  be 
done  provided  they  are  selected  and  acquired  before  they  are  built  upon 


Populadon 
per  Acre 

Percent  of 
Area  Devoted 
to  Parka 

Population 
per  Acre 
of  Park 

60 

9 

677 

28 

4 

689 

CUaco  

19 

4 

64B 

6«riiD  

188 

7 

2  014 

20 

6 

322 

27 

8 

856 

19 

8 

781 

15 

10 

149 

9 

14 

68 

Kanaa  City  

8 

6 

144 

or  the  land  becomes  vatuaUe  by  reason  of  rapid  development  of  the  prop- 
erty in  their  immediate  vicinity. 

Aeqnirement  In  Advance  of  Development.  Whether  the  parks  be  large 
or  small  it  will  be  advantageous  to  acquire  them  at  as  early  a  date  as  pos- 
sible and  before  the  tracts  selected  are  subdivided  into  lots.  If  bought  as 
acreage  property,  the  entire  holdings  of  one  or  more  individuals  or  estates 
being  taken,  there  will  be  no  consequential  damages  to  pay  by  reason  of 
the  leaving  of  unsalable  remnants.  Irregularity  in  the  boundaries  of  the 
tract  will  not  be  objectionable,  particularly  if  the  area  be  more  than  will 
ultimately  be  required.  When  the  street  system  shall  have  been  developed 
and  the  final  park  boundaries  shall  have  been  straightened  out  there  may 
be  a  few  lots  or  several  blocks  left.  In  the  latter  case  admirable  sites  for 
schools  or  libraries  will  be  provided,  more  advantageously  located  and  at 
far  leas  cost  than  if  they  were  purchased  separately.  In  either  case  the 
surplus  property  may  be  sold,  if  this  is  permitted  by  law,  at  the  increased 
price  created  by  the  establishment  of  the  park  and  the  location  of  buildings 
of  this  character,  and  the  receipts  may  go  a  long  way  towards  paying  the 
cost  of  the  park  itself.   See  Fig.  4. 

IS.  The  LocKtion  <d  Poblle  Buildiiigs 

Public  Bnfldingt  Defined.  The  deeignation,  public  buildings,  is  com- 
monly used  in  a  very  restricted  sense  and  as  applying  only  to  those  in 
which  the  business  of  the  nation,  state  or  city  may  he  conducted.  In 
thear  relation  to  city  planning  there  are  many  others  which  can  properly 


384 


Planning  <rf  Sheets  and  Street  Systems 


Beet.7 


be  called  public  buildings,  not  only  such  as  libraries  and  museums  which 
are  much  frequented  by  the  public,  btit  all  of  the  buildings  constructed  aod 
maintained  for  the  exeroiBe  of  any  of  the  functions  performed  by  public 
authorities,  such  as  schools,  penal  and  charitable  institutions,  markets, 
hospitals,  poUce  and  fire  houses,  baths,  and  structures  ooDoected  with 
water  supply  and  drainage.  They  may  also  include  churcfaee  and  buildings 
used  for  amusement  and  entertainment  under  private  as  well  m  imblic 
management,  and  the  various  buildinga  and  idanta,  many  of  which  jn 
European  coun tries  axe  maintained  the  municipalities,  but  which  in 
America  are  commonly  .left  to  public  swice  or  othu'  ocwpwationB,  among 
these  last  being  railway  stations  and  terminals,  lighting  and  heating  plants, 
financial  institutions,  and  even  places  of  public  amusement. 

Groupiiig.  Much  attention  has  lately  been  given  to  the  more  coDvement 
grouping  and  arrangement  of  such  buildings  but  the  usual  aim  has  been 
to  secure  better  architectural  effects.  In  order  to  accomplish  this,  open 
spaces  have  been  created,  streets  have  been  widened,  and  new  streets  have 
been  laid  out  and  opened  thru  blocks  which  have  been  completely  buQt  up. 
While  the  precise  location  of  such  buildings  cannot  be  determined  far  in 
advance,  the  adtuiniatrative  center  of  a  city  will  have  been  so  definitely 
fixed  early  in  the  city's  devdopment  that  it  will  rarely  be  changed.  The 
provision  of  sufficient  space  to  give  such  buildings  a  dignified  setting  is 
of  the  greatest  importance.  The  location  of  streets  which  will  provide 
suitable  approaches  to  them  is  equally  important.  These  will  not  only 
promote  the  convenience  and  save  the  time  of  those  having  occauon  to 
visit  such  buildings  but  will  add  greatly  to  the  gfiooni  ^»)eannoe  of  the 
town.  Every  large  city  will  have  othw  centers  than  wiuA  may  be  called 
the  administrative  center.  There  will  be  an  educational  center  where  the 
more  important  educational  buildings,  the  libraries  and  the  museunos 
should  be  located.  Such  building  will  require  ample  apace  and  approaches 
from  which  they  can  be  seen  to  advantage.  The  importance  of  ample 
space  about  and  convenient  access  to  transportation  terminals  has  been 
emphasised  in  Art.  6.  Other  public  and  semi-public  buildings  will  be 
required,  the  most  advantageous  location  of  which  it  is  impossible  to  de- 
termine. The  important  consideratioa  in  designing  a  street  system  is 
to  provide  suitaUe  and  dignified  locations  which  can  be  availed  of  for  such 
purposes  and  not  create  a  situation  where  they  must  be  given  inoonvicuous 
sites  or  new  streets  must  be  cut  thru  in  order  that  they  may  be  reached 
conveniently  and  seen  to  advantage.    See  Fig.  4. 

Secondary  Public  Buildings.  There  are  still  other  types  of  pubUc  build- 
ings which  are  far  more  numerous  than  those  last  mentioned  and  which 
are  commonly  located  in  a  haphazard  fashion,  wherever  the  most  available 
or  the  cheapest  property  can  be  acquired  for  them  at  the  time  they  are 
needed.  The  buUdinsa  referred  to  are  of  two  classes  to  which  different 
kinds  of  location  are  best  suited.  In  one  class  are  schools  of  various  grades, 
hrandi  libraries  and  pubhc  baths  which  need  not  be  and  should  not  be  on 
the  main  traffic  streets.  Their  locaUon  will  depend  to  a  large  degree  upon 
the  distribution  of  population;  but  if  certain  blocks  in  different  parts  of 
the  city  were  set  aside  for  them,  they  could  be  grouped  together  and  bo 
designed  in  harmony  with  each  other  with  sufficient  space  about  them  to 
insure  abundant  Hght  and  air  and  with  room  for  future  additions,  the 
space  for  which,  until  needed,  miglit  well  be  devoted  to  playgrounds.  Such 
a  block  wouM  be  peculiarly  well  suited  to  the  purpose  if  the  street  system 
were  sufficiently  irregular  not  to  invite  traffic.   The  other  class  would 
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include  such  buildings  as  police  stations,  fire-engjiie  houses,  repair  shops, 
ft  municipal  garage  or  at&Ue,  and  buildings  of  this  character.  These  could 
also  be  desigDed  to  harmonise  with  each  other  and  form  a  consistent  group. 
They  would  naturally  be  located  on  or  in  dose  proximity  to  the  more 
important  thorofares  in  order  that  the  territory  which  they  serve  may  be 
easily  reached.  In  either  case,  such  municipal  blocks  would  be  creditable 
to  the  city,  while  the  problems  of  heating,  maintaining  and  caring  for  them 
would  be  greatly  gimpUfied. 


Dwriopmeiit  hj  Real  Estate  Operators.  One  of  the  most  difficult 
problema  confronting  the  engineer  engaged  in  the  working  out  of  a  suitable 
street  plan  Is  the  control  of  the  development  of  property  by  real  estate 
operators  in  advance  of  the  preparation  of  a  final  plan  or  without  regard 
to  such  plan  if  one  shall  have  been  prepared  and  the  streets  have  not  yet 
been  laid  out  on  the  ground  and  taken  over  for  street  purposes.  Such 
developers  buy  acreage  property  and  their  chief  purpose  is  to  convert  it 
into  as  many  building  plots  as  possible  and  dispose  of  them  as  quickly  as 
they  can.  Xh^  are  rarely  interested  in  the  future  character  of  the  neigh- 
borbood  or  in  the  welfare  of  the  purchasers.  They  have  little  interest  in 
the  relation  of  such  a  plan  as  they  may  adopt  to  that  of  neighboring  develop- 
meata  or  to  plans  which  are  under  connderation  by  the  public  authorities 
charged  with  the  responsibility  of  preparing  them.  In  most  cases  the 
right  of  an  owner  of  real  property  -to  make  such  use  of  that  property  as 
he  pleases  tmtil  it  is  taken  from  him  by  due  process  of  law  is  guaranteed 
to  him  by  statute  or  constitution.  The  city  may  have  declared  its  in- 
tentioQ  to  adopt  a  certain  street  plan.  It  may  even  have  formally  adopted 
one  and  may  have  takm  the  initial  steps  to  acquire  title  to  the  streets, 
but  tmtil  such  title  has  actually  been  secured  the  courts  will  generally 
protect  the  owner  m  selling  lota  which  are  located  without  regard  to  street 
lines  and  even  in  erecting  buildings  within  the  proposed  streets,  and  will 
pant  them  fuD  compensation  for  damages  wiiich  may  be  imposed  by  the 
taldng  of  the  property,  just  as  tho  these  lota  had  been  sold  and  buildings 
erected  in  good  faith  years  before  an  ofiBcial  plan  was  thought  of.  The 
purchasers  of  such  lots  are  usually  innocent,  tho  fooUsh,  and  upon  them  will 
foil  the  hardship  and  inconvenience  of  adapting  their  property  to  such 
changes  in  the  layout  according  to  which  they  have  bought  as  will  make 
it  conform  with  a  reasonable  plan  consistent  with  that  of  the  adjoining 
sections.  The  original  developer  will  have  unloaded  and  escaped  with  hie 
profit  before  this  time  oomes.  * 

Relation  Between  Ptirate  and  Pnbfie  Street  Systems.  But  it  is  not 
always  the  man  or  the  corporation  who  laid  out  his  proi>erty  as  he  wished 
without  regard  to  any  comprehensive  plan  who  is  wholly  to  blame  for  the 
burdens  placed  upon  the  subsequent  owners.  Such  layouts  are  some- 
times impoesible  and  must  be  substantially  changed  or  altogether  ignored, 
but  sometimes  they  are  disregarded  because  they  do  not  conform  with 
the  preconceived  notions  of  the  engineer  who,  whether  actuated  by  a 
pasMHi  for  regularity  and  geometrical  symmetry  or  entirely  indifFereot  to 
the  hardship  imposed  upon  inoooent  purchasers,  will  project  a  rectuigular 
Btieet  ^tem  Mrow  awthing  which  interferes  with  it.  The  new  system 
msy  exist  oniy  on  paper  for  years  and,  meanwhile,  building  will  continue  in 
aeoordanee  with  ^  original  layout  until  the  expense  of  chanpng  it  be- 
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comes  so  sxpensiTe  that  tiie  new  plan  has  to  be  entirely  abandooed  and 
tbe  old  streets  are  adjusted  to  those  of  the  official  plan  as  well  as  may  be, 
with  results  far  less  satisfactory  than  would  have  been  the  case  had  a 
serious  effort  been  made  to  reconcile  them  as  far  as  possible  when  the 
official  plan  was  made.  Numerous  instances  of  this  poUcy  might  be  given, 
but  an  actual  case  of  the  result  of  carrying  a  rectangular  street  system 
across  an  old  settlement  is  shown  by  Fig.  16. 

Legislation,  Existing  and  Proposed.  Laws  have  been  enacted  which 
have  declared  that  when  street  lines  or  the  boundaries  of  parks  have  been 


Fig.  16.  Plan  Showing  tbe  Diaregard  of  EUiatlng  Improvemetits  by  carrying  n 
ReetsnguUr  Street  Syitam  Actom  Old  Streets  which  could,  without  Serioua  Ot^ 
jeetion,  have  been  Incorporated  in  the  Plan 


fixed  by  competent  authority,  any  one  who  subsequently  erects  buildings 
within  the  lines  of  any  such  street  or  park  shall  not  be  entitled  to  receive 
damages  for  them  when  the  property  is  taken  for  the  purpose  for  which 
it  is  designed.  Such  statutes  have  often  been  declared  unconstitutional, 
but  in  Pennsylvania  laws  of  this  kind  have  been  found  to  be  so  obviously 
in  the  pubUc  interest  and  public  sentiment  is  so  strongly  in  favor  of  them 
that  they  have  not  been  contested.  It  must  be  admitted,  however,  that 
there  is  some  danger  of  injustice  in  unreasonably  delaying  the  actual  taking 
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of  property  for  such  a  public  purpoae  aod  thereby  depriving  the  owner  of 
the  reasonable  and  profitable  use  of  his  land.  After  a  city  has,  by  the 
adoption  of  a  plan,  indicated  its  intention  to  take  property  for  a  public 
purpose,  it  may  not  be  feasibte  immediately  to  incur  the  expenae  of  the 
aequisition  of  such  proper^,  but  if  an  owner  of  any  parcel,  acting  in  good 
ftith,  indicatM  his  desire  to  improve  such  a  parcel  by  iho  erection  of  a 
building,  the  city  might  fairly  bis  required  to  promptly  take  and  pay  for 
any  aucb  parcel  in  order  that  it  may  not  unnecessarily  deprive  the  owner 
of  the  profitable  use  of  bis  property.  To  prevent  the  plotting  and  selling 
of  lots  without  regard  to  a  final  plan  or  in  advance  of  the  adoption  of  such 
a  plan,  it  has  been  proposed  to  enact  laws  requiring  that  any  such  owner 
shall  not  offer  for  sale  lots  purporting  to  front  upon  public  streets  until 
the  plan  showing  such  proposed  streets  shall  have  bees  submitted  to  and 
qifnoved  by  tbs  municipal  autlxmties  having  jurisdiction  and  control  over 
the  preparation  of  tba  street  plan  of  the  city.  Such  a  i»ovision  would  be 
dtffietilt  of  enforcement,  but  the  desired  end  could  probably  be  attained  in- 
directly by  making  it  illegal  for  any  office  of  record  to  accept  and  record  a 
street  plan  or  layout  prepared  by  a  private  developer  in  accordance  with 
which  it  is  propceed  to  building  lots  unless  such  plan  should  have  been 
first  (^proved  by  the  proper  authorities.  Real  estate  operators  are  always 
desiious  of  having  such  plana  recorded  and  their  inability  to  do  so  would 
make  it  much  more  difficult  for  them  to  market  their  property.  It  has  also 
bsen  proposed  that  offices  of  record  be  forbidden  by  statute  to  accept  and 
record  convey ancea  of  property  fronting  upon  what  purport  to  be  lAty  streets 
unless  the  plan  of  such  streets  shall  first  have  been  approved  by  the  muni- 
cipal authorities.  The  city  and  town  planning  law  enacted  by  the  Legisla- 
ture of  New  York,  Chapter  699,  Laws  of  1913,  which  provides  for  the 
creation  of  city  and  village  planning  commissions,  distinctly  authorizes  the 
body  creating  such  commissions  to  provide  that  no  plan  showing  the  layout 
of  any  highway  or  street  upon  t^vate  property  or  of  building  lots  in  con- 
nection with  ttoy  highway  or  street  shall  be  received  for  record  in  the  office 
of  tJbe  derk  of  the  county  where  such  property  is  atuated  until  a  copy  ot 
the  plan  has  been  filed  with  such  commission  and  it  has  certified  its  ap* 
proval  theieof. 


The  Pnrpose  ol  tiM  City  Street  is  twofold:  to  afford  light,  air  and  access 
to  the  abutting  property,  and  to  ^vide  accommodation  fbr  su^^  traffic 
as  may  pass  thru  the  street  but  the  oridn  and  destination  trf  which  may 
be  elsewhere,  the  route  followed  being  that  of  least  resistance  in  the  case 
of  busineas  traffic  and  that  which  is  moat  agreeable  in  the  case  of  pleasure 
traffic.  The  width  required  for  light,  air  and  access  will  depend  upon  the 
height  to  which  the  buildings  may  be  built  and  the  proportion  of  the  lots 
which  may  be  covered;  in  other  words,  upon  how  intensive  a  use  is  made 
of  the  land.  The  greater  the  amount  of  space  which  is  giveti  up  to  streets 
in  importion  to  building  plots,  the  more  expensive  will  be  the  land  which 
ismaiBs  for  develofnnent.  Very  nairow  streets  mean  lack  of  light  and 
sir,  uoaanitary  etmditione  and  traffic  congestion;  unnecessarily  wide  streets 
usan  a  serious  burdsn  upon  the  abutting  land,  tbs  price  of  which  must 
include  the  value  of  that  taken  for  streets,  greater  expense  to  the  lot  owner 
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for  stmt  improvement,  and  additional  cost  to  the  city  for  mainteQanca 
and  cleaaioK,  while  grass-Brown  roadways  lined  with  shabby  buildings 
out  of  keeping  with  the  street  improvements  often  tell  a  story  of  on  am- 
bitious plan  which  has  resulted  in  pitiful  failure. 

Economic  Relation  of  Street  Widths  and  Lot  Areas.  Excluding  parka 
and  other  open  spaces,  the  percentage  of  the  platted  area  of  a  city  which  ia 
^ven  over  to  streets  varies  from  25%  to  about  50%  and  ia  in  most  cases 
about  30%.  This  means  that  the  owners  of  property  are  required  to  pay 
for  an  area  varyins  from  one-third  of  the  land  which  they  actually  own 
to  an  amount  equal  to  their  holdings,  of  which  they  can  make  no  profitaUe 
use.  This  is  so  serious  a  burden  that  the  proportion  of  the  total  land 
which  is  actually  required  for  streets  is  worthy  of  the  moat  careful  con- 
sideration. It  is  fair  to  assume  that  the  width  of  street  required  is  pro- 
portional to  the  depth  of  the  abutting  lots  as,  with  reasonable  restrictions 
governing  the  use  of  the  land,  which  are  commonly  expressed  in  a  per- 
centage of  the  area  which  may  be  built  upon,  the  business  or  the  street 
use  wluoh  the  abutting  property  will  create  wUl  vary  with  its  depth.  If, 
then,  50  to  60  ft  ia  the  proper  width  for  fui  ordinaiy  street  with  lots  100 
ft  in  depth,  plots  60  ft  deep  will  not  require  a  greater  street  width  than 
from  30  to  40  ft.  On  streets  where  Iota  are  125  ft  in  depth  and  the  streets 
are  80  ft  wide,  a  decrease  of  the  lot  depth  to  100  ft  or  even  to  75  ft  might 
justify  a  similar  decrease  in  the  width  of  the  street  to  65  or  even  to  50  ft. 
This  Argument  would  be  unsound  in  the  absence  of  stringent  regulations 
limiting  the  height  to  which  buildings  may  be  built  and  the  proportion  of 
the  lots  which  may  be  covered.  Even  in  this  case,  however,  there  are 
certain  streets  which  will  probably  be  occupied  by  surface  railway  tracks 
and  these  should  be  given  a  width  suffident  for  the  purpose  without  regard 
to  the  depth  of  the  lot«  which  front  upon  them.  In  general  it  may  be  said 
that'while  the  streets  which  from  their  positions  and  grades  are  likely  to  bo 
used  by  street  railways  should  not  be  less  than  70  ft  and  preferably  80  ft 
in  width,  other  streets  should  be  in  proportion  to  the  depth  of  the  abutting 
lots,  and  that  the  total  street  area  should  be  from  25  to  40%  of  the  com- 
bined area  of  streets  and  lots  as  may  be  determined  by  the  probable  nature 
of  the  development  or  the  abiUty  of  the  lot  owners  to  pay  for  more  or  leas 
space  in  addition  to  their  lots  in  order  to  give  the  neighborhood  in  which 
they  are  to  live  s  ootain  dictinetive  oharaoter. 


AUsoment.  The  uselessness,  if  not  the  folly,  of  laying  out  streets  in  per- 
fectly straight  lines  has  been  noted  in  Arts.  4,  8  and  9.  In  the  principal  and 
secondary  traffic  streets  directness  is  important,  but  the  difference  in  dis- 
tance along  a  rectilinear  Ughway  and  one  whose  general  direction  is  uniform 
but  which  faaa  occasional  ^ght  changes  in  its  course  is  so  digbt  as  to  be 
almost  inappreciaMe  and  is  entirety  immaterial.  The  free  movement  of 
traffic  is  greatly  obstructed  by  right-angled  turns  and  the  time  consumed 
in  following  a  series  of  courses  where  a  rectangular  street  sj-stem  makes  it 
necessary  to  do  so  in  passing  from  one  point  to  another  in  the  absence  of 
diagonal  streets  is  more  than  that  due  to  the  increased  distance.  Deflec- 
tions up  to  30°  and  perhaps  more  offer  no  obstacle  to  free  movement,  and 
even  at  junctions  of  important  traffic  thorofares  the  confusion  and  delay 
caused  by  the  intersecting  streams  of  traffic  are  less  if  they  come  together 
obliquely,  aa  it  is  quite  unlikely  that  traffic  would  attempt  to  pass  around 
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the  aeuto  angle,  and  if  it  did,  police  regulationo  should  not  permit  it.  A^de 
from  the  saving  of  time  and  the  avoidant-c  of  confuaion,  abrupt  changes 
of  direction  involve  a  certain  amount  of  dAnger  which  variee  inversely 
with  the  distance  at  which  approaching  vehicles  can  be  seen. 

Traffic  and  ResideaVal  Streets.  The  main  arteries  of  traffic  either 
eateod  from  the  buainese  center  or  the  railway  and  waterfront  terminals 
to  the  outlying  portionfl  of  the  dty  or  they  may  traverse  the  entire  dty  from 
one  aide  to  anoUier.  Such  routes  may  include  several  difTerent  Btreets, 
but  because  they  have  different  names  is  no  reason  why  they  sho^d  be 
considered  separately  with  respect  to  their  alignment  and  grades.  They 
form  a  single  unit  in  their  relation  to  street  traffic-  and  should  be  so  con- 
sidered. In  the  case  of  residential  atreete  the  conditions  are  entirely 
different,  as  are  the  functions  of  such  streets.  With  the  exception  of  such 
principal  street  and  boulevards  as  were  noted  in  Arta.  8  and  11,  each  one 
of  these  streets  is  a  separate  unit  and  need  not  be  considered  in  its  relation 
to  othen.  Its  traffic  will  be  slight  and  directness  of  movement  Is  not 
importfuat.  The  only  advantage  of  the  rectilinear  street  for  remdential 
purposes  is  that  it  permits  the  abutting  property  to  be  economically  divided 
into  rectangular  lota,  which  at  the  present  time  seem  to  be  more  readily 
salable,  and  if  the  purchaser  wants  a  standardised  lot  and  house  precis^ 
like  his  neighbors,  the  straight  street  and  rectangular  block  offer  some 
unquestionable  advantages.  So  far  as  the  general  public  interest  is 
concerned,  not  only  is  there  no  reason  for  rectilinear  residence  streets  but 
a  departure  from  the  standard  plan  so  much  in  vogue  will  add  interest 
and  varied  to  the  city.  There  is  danger,  however,  that  in  trying  to  avoid 
the  commonplace  by  the  introduetaon  of  certain -irregularities  one  may 
go  to  the  other  extreme  by  the  adoption  of  what  Unwin  has  called  mere 
"aindesB  wiggles."  An  illustration  of  the  result  of  such  a  treatment  is 
to  be  found  in  one  of  the  suburban  districts  of  Toronto,  where  a  system  of 
curvilinear  streeta  has  resulted  in  a  veiy  attractive  development  but,  while 
the  topography  is  somewhat  irregular  and  picturesque,  it  does  not  justify 
the  eaoessive  amount  of  curvature  which  was  introduced. 

AUgnmeot  and  Grades  Host  Be  Considered  Together.  Many  streets 
have  been  definitely  laid  out  and  imposed  upon  the  ci^  plan  before  their 
grades  have  been  determined  or  even  serioiuly  studied.  It  is  afterwards 
found  that  in  cwder  to  secure  such  moderate  rates  of  grade  as  the  impcHtence 
td  the  street  as  a  traffic  artery  would  demand,  heavy  cutting  or  ffiling  is 
required  which  will  impose  upon  the  abutting  property  a  burden  which 
is  not  oidy  unnecessary  but  which  may  eFTcctively  prevent  its  development 
in  the  manner  which  the  assumed  character  of  the  street  would  naturally 
demand.  Had  the  grades  been  considered  in  connection  with  its  location, 
that  location  would  have  been  modified  even  at  the  expense  of  a  detour 
with  some  added  distance.  No  specific  figures  can  be  given  as  to  the 
practicable  limit  of  grade  for  streets  of  different  classes.  The  tables  which 
have  been  so  of^  given  showing  the  tractive  force  required  to  move  a 
eertain  load  on  various  roadway  surfaces  having  different  rates  of  grade 
are  of  doubtful  value;  not  as  to  their  accuracy  for  the  conditions  under 
whidi  they  were  established,  but  as  to  their  applicability  to  conditions 
which  may  actually  exist.  Grades  which  are  prohibitive  for  horse-drawn 
vehicles  are  of  little  concern  to  motor  vehicles  aitho  they  impose  a  lower 
speed.  Even  in  the  case  of  electric  street  railways,  grades  of  6,  8  and  10% 
involve  no  difficulties  as  to  the  traction  problem  but  they  do  involve  serious 
danger  from  slq)ping  under  certain  weatiier  conditiona.   Grades  which 
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an  coniidered  prohibitive  in  some  cities  are  deemed  quite  moderate  in 
othetB.  Saa  Francisco  has  many  street  grades  of  20%  and  more,  aod  in 
one  case  a  doublortrack  surface  railway  ia  operated  in  a  street  having  a 
grade  of  26.5%  (seo  FIng.  Neiot,  Feb.  18,  1915).  The  horse  will  continue 
to  be  used  in  city  streets  and  horse-drawn  traffic  must  be  considered.  The 
obstacle  oCFered  by  a  grade  is  proportional  to  its  length,  altho  there  ia  an 
absolute  limit  to  the  slope  which  is  practicable  for  heavily  loaded  horae- 
drawn  vehicles.  If  that  hmit  is  exceeded,  a  detour  at  a  lighter  grade  must 
be  followed  and  if,  in  the  case  of  an  important  street,  such  detour  involves 
considerable  increase  of  distance,  the  portion  which  has  the  excessive  grade 
or  the  long  detour  will  not  become  the  traffic  artery  which  its  location 
appeared  to  indicate.  In  the  case  of  residential  Btreeta  neither  grades  nor 
alignment  are  an  important  consideration.  The  traffic  in  'mvih  streets  ia 
that  needed  to  supply  the  needs  or  to  minister  to  the  pleasure  of  those 
living  in  them.  The  coal  dealer  may  prefer  to  supply  a  patron  on  such  a 
street  by  delivery  in  a  6-ton  truck,  but  if  the  grade  is  too  heavy  for  that, 
be  can  deliver  in  smaller  loads  and  no  public  interest  will  suffer.  Residen- 
tial property  located  on  a  hill  affording  a  fine  view  will  always  be  desirable, 
none  the  less  so  because  it  must  be  approached  by  a  steep  grade  for  a 
short  distance.     In  such  cases  both  grade  and  alignment  should  fit  the 

topography  as  closely  as  possible  so  that 
natural  features  need  not  be  disturbed, 
let  the  lines  and  grades  be  what  they 
may.  Either  lines  or  grades  may  be  im- 
proved at  the  expense  of  the  other,  and  it 
will  always  be  a  matter  of  judgment  and 
taste  which  should  give  yray,  uid  no  defi- 
nite rule  for  such  eases  can  be  formulated. 

16.  Street  Intersections 

Street  Intertsctions  Form  Either  Junc- 
tions or  Crottioga.   In  the  former  case, 
lines  of  traffic  converge  and  Sow  along  a 
common  course  without  serious  inconveni- 
ence in  the  case  of  acute  angles  and  with 
considerable  interference  and  confusion  in 
the  case  of  rectangular  junctions.  In  the 
case  of  crossings,  the  interference  with  free 
traffic  movement  is  greater.   Tho  most 
awkward  intersections  are  those  whore 
there  is  an  offset  in  the  crossing  street 
involvina  two  rightr-an^ed  turns.  While 
an  enlargement  of  the  street  area  is  de- 
sirable at  all  intersections  where  any  con- 
siderable traffic  may  be  expected,  it  is 
especially  necessary  where  there  are  off- 
sets.   Such  breaks  in  the  continuity  of  a  street  have  the  advantage  of 
affording  opportunities  for  interesting  street  pictures  and  advantageous  sites 
for  bu'ldingi  which  require  ample  light  and  whi<di  are  worthy  of  sites  which 
enable  them  to  be  seen  to  advantage.    Several  methods  of  treating  offset 
intersertioQB  are  shown  in  Fig.  17,  from  which  it  will  be  seen  that  by  the 
acquisition  of  a  slight  additional  area  very  pleasing  results  can  be  secured. 
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Treatment  o(  Street  Junctiona  by 
a  Slight  Enlargement  of  the  Open 
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At  acute-angled  I'nterseetionB  the  street  lines  msy  be  delihorstsly  shiftecl  in 
order  to  iH^k  the  alignment  without  the  Blightest  embarmasment  to  traffic, 
while  the  streets  will  acquire  added  interest  and  some  admirable  sites  will 
be  provided  for  important  buildings  a?  illustrated  by  Fig,  17,  J  and  K. 

Enlarc*mBnt  of  Street  Area  at  Intersections.  Where  two  important 
streets  intersect  Mther  at  right  aneles  or  obliquely,  an  enlargement  of 
the  area  is  always  desirable,  the  open  spaces 
being  either  rectangular  or  circular  in  form 
and  occasionally  irregular  in  shape.  The  drde 
is  best  adapted  to  cases  where  five,  six  or 
more  streets  come  together  when  it  can  be 
made  a  consiucuoua  feature  of  the  general 
plan.  Among  the  symmetrical  places  of  this 
Idnd  are  the  Place  de  I'Etoile  with  its  twelve 
converging  avenues  and  the  Arc  de  Triomphe 
in  ita  center,  and  the  Place  de  la  Nation,  where 
ten  streets  center  at  the  bmnse  group  repre- 
senting the  Triomphe  de  la  RSpublique,  botli 
of  these  traces  beixis  on  what  mi^t  be  called 
the  main  axis  of  the  city  of  Paris.  Other  ex- 
amples are  the  circular  place  at  Indianapoh'a 
with  a  diameter  of  493  ft  and  the  tall  shaft  of  the  Soldiers  Monument  in 
the  center  whence  the  four  principal  streets  of  the  City  radiate,  and  Colum- 
bus Circle  in  New  York,  430  ft  in  diameter,  where  six  important  streets  join 
at  the  Columbus  Monument.  Washington  has  many  open  spaces  at  the 
junctions  of  ita  great  diagonal  avenuee  with  each  other  and  the  rectangular 
streets.    Tlieae,  however,  ue  treated  not  as  traffic  oentera  but  aa  parka. 

and  are  planted  and  adorned  with  monu- 
ments or  statues  in  a  manner  suited  to  a 
great  national  capital. 

Platform  Grades  at  Intersections.  A  detail 
of  street  intersections,  the  importance  of  which 
is  not  generally  appreciated,  is  the  establish- 
ment of  platform  grades  or  the  interpretation 
of  grades  shown  upon  street  plans.  It  is  a 
common  practice  to  indicate  <m  such  idans  the 
grade  elevation  of  the  intersection  of  center 
lines.  Where  grades  are  very  light  platform 
intmsectiona  can  be  worked  out  with  a  fair 
degree  of  uniformity  by  different  persons,  but 
where  the  grades  are  steep  and  the  intersec- 
tions are  irregular  no  two  persona  are  likely  to 
agree  in  their  interpretation  without  some  defi- 
nite rule  to  govern  them.  This  subject  has 
been  comprehensivdy  treated  by  V.  S.  Moon, 
Aanstut  Ennneer  of  the  Board  of  Estimate  and  Apportionment  of  New 
York  City  (36),  who  recommends  the  following  rules  tor  the  interiMretation 
of  grades  at  street  intersections; 

"i.  Definition  of  Pbtfoinu.  Tbe  centkh  uhb  intbimbltioh  ahsn  be  deemed  to 
be  tbe  point  of  inteneetion  of  the  center  lines,  except  for  esaea  where  the  center  lines 
do  not  meet  at  a  common  point,  when  it  shall  be  the  area  included  within  the  center 
Bses  at  tfacfr  intmection  (dMnni  as  ptrfnt  c  and  area  eec,  Fiffi.  18  and  19). 

"The  ctms  UHB  PLAtrOBH  shall  be  deemed  to  eompriae  tbe  area  iaduded  within 
tht  Uasa  eaaneetfaig  tbe  ptrinta  of  interuetloD  of  thn  curb  Ungnl^  or  m  the  G«a»  of 
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B  Btraet  Urmiutinf  mt  anotlier  street  It  shall  com  prise  the  arm  within  the  proloDgationa 
of  the  curb  Unea  seroa  the  intersection  and  a  line  joining  the  curb  tanisnts  (shown 
M  arms  maa.  Figs.  18  and  19). 

"The  BUtu>isa  uni  platporm  for  rectangular  intersections  shall  be  'Wny^l  to  (d- 
dude  the  arm  bounded  by  the  proloDgatlons  of  the  building  lines  ot  both  streets  irnw 
the  Intarsectlon  so  as  to  comprise  the  grmtest  platform  area.  In  the  case  of  other 
than  right-«n^ed  tottenections,  it  shall  comprise  the  arm  bounded  by  the  reepeedve 
Unea  of  each  street  and  by  lines  at  right  an^ea  or  normal  to  the  crater  lines  and  passjng 
thru  acute-angled  building  line  comera,  or  the  oomen  giving  the  grmtest  platfonn 
area.  If  the  interseetion  of  the  eeatar  lines  falls  without  the  BuUdhig  line  Platform, 
above  deMribed,  the  b«M  platfonn  akuU  be  tnereaaed  suflteieiitly  to  faidudo  the 
aM  InteraeetloD.  When  the  building  line  comer  Is  turned  with  a  curve  dM  [datforms 
above  defined  shsU  be  indicated  upon  the  map  unlen  her«lD  d^nltely  fixed.  The 
Building  line  Flatfc»iii  is  defined  by  the  lines  AA,  Ffgs.  18  and  19. 

-2.  DeOnitiatu  of  Elevatloiu  Fi^ag  Grades.  Unless  ottwrwise  indicated  on  the 
map,  the  elevations  shown  at  a  street  iBtsneeUoa  shall  be  deemed  to  be  that  fixed 
for  the  point  of  intwsection  ot  the  center  Unea  of  ttoth  streets  affaetMl,  or  for  the 
Center  line  Interseetion. 

"  3.  Treatment  ol  Center  Line  Interaection.  The  Center  line  Intersection,  when 
It  ownpriem  an  appreciable  ares  and  unless  otherwise  shown  on  the  map,  shall  have 
a  uniform  devation  at  its  boundaries,  and  in  determining  the  devations  for  the  other 
platfomM  horein  described  the  Center  Line  Intersection  referred  to  ss  a  bads  of 
calculation  shall  be  deemed  to  bo  the  nmrest  point  on  the  center  line  of  each  street 
at  the  boundary  of  the  said  idatbnu. 

**4*  TnMtmeat  of  Platform  tcs  Streets  Having  a  Ught  Grade.  If  the  grade  of 
each  <tf  the  intersecting  streets  is  3%  or  lees,  as  determined  by  calculating  the  rate 
between  the  eatabliahed  elevationa,  the  devation  of  the  center  lines  of  each  street 
within  the  limits  of  the  Curb  Une  Platform  shall  be  the  same  as  that  fixed  for  the 
Center  Une  Intarseetiw.  The  elevation  of  the  curbs  shall  he  detemdned  aa  Indicated 
In  paragraph  8.  Provided,  however,  that  the  difference  In  the  elevation  of  paiota  on 
the  center  lines  opposite  any  building  line  comer  shall  not  provide  a  grmter  trans- 
versa sidewalk  dope  than  that  fixed  as  the  maximum  in  paragraph  7,  in  whidi  latter 
event  the  BuUding  line  Platf<»m  shall  be  used  and  the  gradm  of  that  portion  of  tiie 
streets  adjoining  the  said  eomers  shall  be  flattened  between  the  boundaries  of  the 
Building  line  natfbrm  and  the  Coiter  line  Inteneetlon,  aa  provided  in  paragraph 
6  (a). 

"  5.  Treatment  of  Platform  for  Streets  Having  a  Steep  Grade  or  Meeting  at  an 
Acute- Angled  Intersection,  (a)  If  the  grsde  of  any  portion  or  portions  of  Intersecting 
streets  adi<rfnlng  a  building  line  comer  is  over  S%,  as  calculated  between  the  estab- 
lidwd  devations,  or  if  a  further  flatt^iing  of  the  platform  grade  is  required  to  provide 
proper  ddewalk  dopaa  for  any  part  of  an  Intmeetion  deoeribed  in  paragraph  4,  the 
grades  of  the  said  portion  or  portions  of  each  street  shall  be  reduced  between  the 
boundaries  ot  the  Building  line  Platform  and  Uie  Center  line  Intersection  aa  fd- 
lows:  If  the  intersecting  streets  are  of  the  same  width,  the  grade  of  the  street  travers- 
ing the  shorter  block  length  adjoining  the  intersection  shall  be  reduced  one-third  and 
that  of  the  street  traversing  the  longer  block  shall  be  reduced  two-thirds.  In  ease  the 
streets  have  diffarent  widths,  the  grade  of  the  wider  street  shall  be  reduced  one-third 
and  that  ot  the  narrower  street  two-thirds  between  the  above  limits.  All  grsdes  leas 
than  3%  «4iich  ore  not  herein  required  to  be  flattened  abaD  be  applied  at  the  same 
rate  as  originally  computed  between  established  devations;  provided,  that  in  no  case 
shall  the  maximum  platform  and  sidewalk  dopes  fixed  in  paragraphs  6  and  7  ba  ax- 
ceeded.  Any  excess  in  grade  over  that  allowed  In  paragraph  7  shaU  be  removed  by 
further  flattMiing,  as  fdlows;  (h)  Special  flattening  of  platform  grades  for  eOEtrems 
eosea  of  steep  gradaa  or  acute  angled  intersections.  If  the  difference  In  devation  tenta- 
tivdy  fixed  for  points  on  the  center  lines  of  intersecting  streets  oppodto  any  building 
line  corner,  after  applying  the  minimum  and  up  to  the  maximum  tronsvetae  sidewalk 
dope  on  the  higher  and  lower  sides  rmpectively,  exceeds  the  maximum  transverse  dde- 
wdk  grades  hereinbefore  described,  the  devation  of  each  street  at  the  boundary  of 
the  Building  Line  Platform  shall  be  adjusted  to  remove  the  excess,  the  adjustment  of 
each  of  tba  Mid  devotions  being  directly  proportional  to  the  grade  of  each  as  origl- 
aally  flattoned  or  applied.   For  .all  omb  eovered  by  paragraphs  (a)  and  (b)  the 
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dantioaa  it  the  tiiterwetloni  of  the  cenUr  line  of  emeh  of  Urn  narrower  »Ue<iU  or  at 
the  etraete  traversing  the  Iodebt  blocks,  if  they  are  of  equal  width,  with  the  Curb  line 
Ratform  of  the  interaected  street  shall  be  the  same  as  the  eleratioa  al  a  point  on  the 
eeater  line  of  the  interaected  street  immediately  opposite  the  Hrat-named  inteneetioD, 
except  that  the  devstlon  at  this  point  shall  be  abandoned  when  the  grade  alonK  the 
center  line  between  the  Curb  line  natfomn  and  the  Building  Line  Platfom  exeoeda  the 
gnMle  aa  oiictnally  computed.  The  grades  <rf  the  eaitM-  line  of  the  wider  street  or  of 
the  street  trarersing  the  shorter  block,  it  tbej  are  of  equal  width,  shall  be  uniform 
between  the  exterior  boundaries  of  the  Building  line  Platform  and  tba  Center  Line 
Intenaetioa,  except  that  the  maximum  platform  slope  berefaiafter  flasd  ^iJ]  not  b* 
nin— ilnil  The  grata  of  the  cmter  line  of  the  narrower  street  or  of  the  atfMt 
U»»eialng  the  longer  block,  if  they  are  of  equal  width,  ihall  be  uniform  betwet  tim 
slevatJons  fixed  at  the  exterior  boundarte*  of  the  BuDdlBc  Um  Flatfomt  and  tlMM 
fixed  at  the  boondariea  of  the  Curb  Line  Flatfonn,  and  abo  batwaen  the  latter  pofatt 
and  the  Gsoter  Line  Lnteraactioo.  , 

**  6.  Mariaimii  Platfom  Ondea.  The  maximum  allDwaUe  cntda  aloag  the  enter 
Una  batiw  the  Curb  Una  Platform  and  the  Center  Line  Intemetlon  shall  be  at 
the  rate  of  4%.  unless  othcrwlae  indicated  on  the  map.  The  grades  along  the  center 
tine  between  devattons  eetablf^ed  within  the  limits  of  a  Building  line  Platform 
shall  be  miiform,  subject  only  to  the  flattening  provided  for  in  paragraph  6  (b). 

"  r.  Tranaeerao  Sidewalk  Gradea.  Whenever  practicable,  the  sidewalk  diall  dope 
upwards  in  a  direction  at  right  angles  to  the  curb  toward  the  building  line  at  the  rats 
of  2  %.  The  deration  of  the  aidewalfc  at  the  building  line  comer  shall  be  deter- 
mined by  apfdying  this  rate  to  the  devatiixi  <rf  the  curb,  giving  the  higher  bufldlng 
Hne  devation,  at  a  p<rint  immediately  opposite  the  comer,  unleee  the  resulting  grade 
on  the  lowiv  dde  exceeds  6  %,  in  whidi  case  the  sidewalk  shall  be  levW  on  the  higbv 
nde  and  a  greater  transverse  sidewalk  slope  up  to  the  maximum  iball  be  used  on  tlM 
lower  aide.  The  maximum  transverse  sidewalk  al<q>e  ahall  be  6%,  except  in  those 
cases  wbtn  the  street  grade  as  originally  computed  on  any  street  adjoining  a  boOd- 
ing  line  earner  fs  more  than  i%,  vhm  the  maximum  slope  shall  be  10%  for  eithar 
street,  opponte  the  said  comer.  In  no  case  shall  the  sidewalk  at  the  building  line  be 
lower  than  that  o(  a  point  immediately  oppoaite  it  on  the  curb.  If  the  transvnse 
sidewalk  dope  at  the  building  Una  comer  ie  mora  or  less  than  2%,  it  shall  be  made 
to  agree  with  this  latter  rate  at  a  point  distant  2S  ft  from  the  building  line  eoraer. 

"8.  Curb  Bleratkos.  The  rdatlon  between  the  elevation  of  the  eentar  lines  and 
of  the  top  of  the  curbs  at  points  Immedlatdy  opposite  it  at  the  boundary  of  and 
ootwardty  from  the  Building  line  Platform  shall  be  as  follows:  For  roadway|Widthr 
of  24  ft  or  less  the  top  of  the  curbs  shall  be  0.1  ft  higher  than  the  center  line.  For 
roadway  widtha  ranging  from  24  ft  up  to  and  including  S4  ft  the  top  of  the  curbs  and 
the  eeater  line  shall  be  at  the  Mune  elevatioD.  For  roadway  widths  ranging  from 
S4  ft  up  to  and  including  44  ft  the  top  of  the  curba  shall  be  0.1  ft  lower  than  the  center 
line.  For  roadway  widths  raai^g  from  44  ft  up  to  and  induding  54  ft  the  top  of  the 
curbs  shall  be  0.2  ft  lower  than  the  center  line,  and  for  roadway  widths  ranging  from 
64  ft  up  to  and  indudlng  64  ft  the  top  of  the  curbs  shall  be  0.3  ft  lower  than  the 
center  line.  The  devation  of  the  interaection  of  the  ctirb  tangraits  shall  be  deter- 
mined from  a  point  bnmediatdy  opporite  on  the  center  line  of  the  wider  street  or  the 
street  tnmrAig  tba  shorter  bloek,  if  ttay  aia  of  eqoal  irldth,  snbiset,  howvnr,  to 
the  same  correction  In  sieve  tion  between  the  top  of  the  curbs  and  the  eentar  line  aa 
herein  provided. 

**  9.  Depth  of  Gnttaci^  WhMMvar  practicablo  a  standard  depth  ol  gutter  of  0.4 
ft  shall  be  used. 

**  lo.  Curb  Oradea  at  Cora  era.  The  tangents  in  the  curbs  shall  be  graded  uniformly 
between  tiw  devation*  established  for  them  at  the  banndarfea  of  the  Bidldlng  Line 
natform  and  at  the  Intersection  oi  the  curb  tanginta.  eorve  formed  in  tba  curb 
jofadns  the  tangents  shall  foDow  a  uniform  grade  between  the  devationa  ol  the  curb 
tangents  at  the  pointe  of  curve. 

**  II.  Grades  Between  Platforms.  The  grades  of  the  center  line  and  of  the  curba 
between  the  devationa  computed  at  platf;>rm  intersections*  or  batwaen  a  idatfonn 
and  an  Intermediate  established  devation,  shall  be  uniform." 
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Regulatioa  hj  OnUnasM.  It  »  the  usual  loactiee  of  dties  to  fix  by  or- 
dioaoce  the  roadway  and  sidewalk  widtlu  of  all  Btreets,  and  the  roadway 
ia  umuJly  given  a  width  of  approximately  one-half  the  total  atieet  width, 
the  remaininjt  half  b^g  divided  between  the  two  sidewalks.  In  New 
York  City  this  ordinance  prescribes  the  following  widths: 


StnetTCdth 


Roadway  Vndth 


20  to  60  ft,  not  oecupM  by  s  railrosd  

50"  to  60  ft,  not  occupied  by  a  doubl«-tnu:k  raUrosd, 


60%  atraet  width 
80  ft 


60  to  M  ft  8  hi.  not  oeeupM  tqr  a  douUe-tnek  ralboad,   60%  atnet  width 


Mtt8tai,aadew,    {  »g*?*width. 


I  SO  ft 


standards  for  the  siibdivision  of  street  widths  are  undoubtedly  desirable 
rather  than  leaving  these  details  to  be  fixed  according  to  the  whim  of  thr> 
developer  or  the  notions  of  the  engineer  in  each  particular  case,  but  the 
■tandaids  adopted  have  not  often  been  the  ranilt  of  a  careful  study  of 
the  needs  of  traffic  of  various  classes.  One  line  of  average  vehiclea  under 
regulated  traffic  in  an  urban  district  requires  for  free  movement  about 
8  ft  of  roadway  width.  Two  lines  in  each  direction,  or  one  standing  next 
the  curb  and  the  other  moving,  will  therefore  require  32  ft,  altho  30  ft  is 
generally  sufficient  for  the  purpose,  and  this  should  be  the  minimum  width 
for  business  streeta  without  surface  railway  tracks.  Provision  for  an  odd 
number  of  lines  of  traffic  is  not  justified  as  the  odd  or  middle  line  would 
be  obUged  to  accommodate  vehiclea  moving  in  both  directions  and  the 
interference  would  be  so  great  that  it  would  be  of  Uttle  use.  In  case  there 
are  railway  tracks  in  the  street,  special  treatment  will  be  neoessaiy.  A 
single-track  railroad  will  use  about  0  ft  of  width,  and  if  provision  is  made 
on  each  side  for  a  stn^e  line  of  vehicles  in  addition,  whether  standing  at 
the  curb  or  moving,  at  least  25  ft  of  roadway  will  be  required.  The  New 
York  City  ordinances  require  not  1^  than  30  ft  where  there  is  a  sin^e- 
track  rood,  this  allowing  for  exceptionally  wide  vehicles,  such  as  moving 
vans,  ice  wagons  or  coal  trucks  standing  at  the  curb  without  interfering 
with  the  free  movement  of  cars.  In  the  case  of  double-track  railways,  the 
space  required  for  them  is  about  10  fti  and  a  single  line  of  vehicles  on  each 
would  require  a  total  width  of  at  least  35  ft,  and  for  two  lines  51  ft. 
The  New  York  ordinance  requires  not  less  than  40  ft  where  there  are  double- 
track  railways. 

Excess  Widths  of  Roadways.  While  in  neariy  all  cities  there  are  some 
streets  whose  roadways  are  inadequate  for  the  traffic  which  they  attract, 
there  are  a  far  greater  number  where  the  roadways  are  much  wider  than 
required.  This  means  a  needless  expense  to  the  owners  of  the  abutting 
property  for  the  original  improvement  and  a  serious  burden  for  the  city 
in  maintenance,  repairs  and  renewals.  Street  traffic  gradually  increasee 
V  the  abutting  property  is  improved  and  the  general  buainees  of  the  local- 
ity is  increased.  While  it  is  wias  to  lay  out  streets  of  Buffi<»ent  width  to 
permit  as  intensive  development  of  the  adjoining  property  as  the  ordi- 
nancea  idlow,  there  is  no  good  reason  for  the  laying  and  maintenance  of 
an  area  of  pavement  which  ia  obviously  greater  than  will  be  required  for 


D>qiti;e<J  by 


Art.  18 


Subdivision  of  Wide  Streets 


305 


many  yean  to  come.  A  reaideDtial  street  60  ft  in  width  will  not  need  s 
roadway  30  ft  wide  unless  it  ia  called  upon  to  accommodate  a  considerable 
amount  of  thru  traffic.  Twenty  feet  or  even  lees  would  in  most  cases  be 
sufficient  for  the  initial  improvement.  This  saving  of  ft  in  width  will 
mean  a  substantial  decrease  in  the  burden  of  assessment  for  the  first  im- 
provement, probably  as  much  ae  (.30  for  each  26  ft  of  frontage.  It  may 
be  that  additional  roadway  width  will  not  be  required  during  the  UfMime 
of  the  first  pavement  or  even  of  two  pavements,  eome times  not  at  alL  When 
more  space  ia  necessary  the  curb  can  be  set  back  and  the  sewer  inlets  can 
be  readjusted.  When  there  is  such  a  reduction  in  width,  the  street  ap- 
purtenances back  of  the  curb,  such  as  lamp  posts,  fire  hydrants  and  trees, 
can  be  so  located  as  to  conform  with  the  ultimate  position  of  the  curb 
BO  that  it  may  be  set  back  with  a  minimum  of  expense  and  disturbance  of 
existing  conditions.  Such  a  policy  would  save  the  property  owners  on  a 
Uock  700  ft  long  about  S1500  in  the  first  cost  of  their  pavement  and  the 
city  would  save  a  substantial  sum  annually  for  maintenance.  When  a 
wSdening  is  required,  the  cost  of  the  additiraial  pavement  can  properly  be 
assessed  upon. the  abutting  property. 

^dewalks.  It  is  impossible  to  estimate  with  any  degree  of  accuracy  the 
width  of  sidewalks  which  will  be  needed.  In  ordinary  streets  pedestrian 
traffic  varies  greatly  with  the  weather  and  at  different  times  of  d^,  and 
in  most  cases  there  is  an  excess  of  sidewalk  space  which  can  advantageously 
be  used  for  grass,  trees  and  other  planting,  a  stone,  concrete  or  brick  walk 
4  or  5  ft  wide  being  all  that  is  required.  In  the  case  of  retail  shopping 
streets,  however,  more  generous  sidewalks  are  needed,  while  in  such  narrow 
thorofares  as  Hohe  Straaae  in  Cologne  and  Kalver  Sb'aat  in  Amsterdam, 
the  bunest  shoppins  streets  in  these  cities,  the  pedestrians  use  the  road- 
ways as  well  as  the  sidewalks,  especialb'  in  the  evenings.  In  the  fiwatw^al 
and  office  districts  of  London,  New  York  and  other  large  citiea,  the  same 
use  of  the  entire  street  by  pedestrians  is  often  seen  and  vehicular  traffic  is 
practically  excluded  at  certain  hours  of  the  day.  Where  there  is  spef  ial 
need  of  sidewalk  capacity  on  narrow  streets,  the  roadway  is  sometimes 
reduced  to  a  width  which  will  accommodate  but  a  single  vehicle  and  the 
traffic  in  such  streets  is  confined  to  a  (angle  direction.  It  is  q)parent, 
therefore,  that  no  general  principles  as  to  the  relative  amount  of  roadway 
and  ndewalk  space  required  can  be  laid  down. 


Ezceptionallr  Wide  Streets,  of  which  there  are  some  in  every  largo 
city,  present  a  special  class  of  pniblcms.  It  is  impossible  to  formulate 
any  but  the  most  general  principles  by  which  plans  for  their  subdivision 
should  be  governed.  Not  only  do  the  conditions  vary  in  each  particular 
ease,  but  there  ia  a  great  opportunity  for  the  exercise  of  personal  judgment 
and  taste.  A  discussion  of  the  different  conditions  which  may  exist  and 
the  diff^ent  ways  in  i^ch  the  same  problem  may  be  solved  will  be  of 
less  value  than  a  few  examples  of  the  treatment  adopted  for  a  number 
of  wide  streets  in  some  of  the  great  cities  of  the  woiid.  Such  examples 
ate  shown  in  Fig.  20.  The  simple  dignity  of  the  Avenue  des  Champs- 
filysftes,  260  ft  wide,  with  its  single  roadway  114  ft  in  width,  renders  it  one 
of  the  most  notable  streets  in  the  world,  if  it  is  not  indeed  the  most  uota- 
Ue.  It  was  a  duing  treatment,  however,  which  could  only  he  successful 
in  such  a  street  with  the  spacious  Place  de  la  Concorde  at  one  end  and  tiie 
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Ffg;  20.  Showing  lutanew  of  tha  Subdiyidon  ot  Wide  Streeta  in  VuiotM  Citiw 


I.  Avenue  dot  Chunpa-filyfltob  Paris 
U.  Stitb^AllM,  Otmim 
in.  AdoUe-AUee,  WicMbftden.  Germany 
XV.  Upper  Broadway,  New  York  City 
V.  Bumarclc  Stnuse,  CbariottenburK, 
Germany 

VL  Queeu  Boulevard.  New  York  City 


VII.  RinK  Straase,  Vienna 
VIII.  Avenue  Louise,  Bmasels 
IX.  Ocean  Parkway,  Brooklyn,  N.Y. 
X.  Avenue  de  Tervueren,  Bnuaela 
XI.  Kronprinzen  Straw,  Mannheinit 
Germany 
XII.  TypipR]  Boulevard,  Beriin 


XIII.  Boulevard  between  Lille  and  Tourcoins,  Fmrn 
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great  Arc  de  Triompbe  at  the  other.    Streets  of  this  cooeptional  width  are 
usually  divided  into  two  or  three  roadways,  one  of  vhich  is  oommoQly 
stricted  to  pleasure  traffic. 

Surface  Railway  Tracks  are  frequently  located  in  streets  of  this  kind 
and  their  position  varies  greaUy,  as  will  appear  from  the  illustratioDB. 
While  such  tracks  are  Bomotunes  idaoed  in  the  wide  loadwqr  which  is 
especially  adapted  to  pleasure  traffie,  it  is  better  to  put  them  in  the  side 
roodwaye.  Two  tracks  are  in  soine  raeee  placed  in  a  rin^  one  of  the 
Bide  roadways,  a  serious  objection  to  this  airangement  being  that  while 
some  of  those  wishing  to  use  the  surface  cars  may  reach  those  going  ixt. 
both  directions  without  crossing  the  central  driveway,  all  who  live  on 
the  other  side  of  the  wide  street  are  obliged  to  cross  the  central  and 
one  side  roadway  in  reaching  or  leaving  cars  going  in  either  direction. 
Railway  tracks  are  occasionally  placed  in  one  of  the  parking  spaces,  but 
it  is  difficult  under  such  droumstanoes  to  nnaitit-yn  the  grass  in  gpod  con- 
dition, and  the  space  uaed  for  tUs  purpose  is  neitiier  a  suocessful  pjerked 
area  nor  a  mmpk  nilroad  ri^t-of-way.  A  ocmapicnoudy  successful  in* 
stance  of  Hob  tieatment  is  found  in  Bismarek  Strasse,  Charlottenfaurg, 
whme  between  the  municipally  owned  and  operated  surface  railroad  tracks 
excellent  tuif  is  mtuntained,  and  the  space  in  which  Ute  ttaeka  are  located 
is  edged  with  flowering  plants,  and  for  a  porUon  of  the  distance  by  vines 
planted  at  intervals  festooned  to  standards  placed  midway  between  them. 
Such  success  is  so  rare,  however,  as  to  render  the  plan  an  unsafe  one  to 
follow  under  the  conditions  which  usually  prevail,  especially  where  the 
railway  tracks  are  owned  luid  operated  not  by  the  municipali^  but  by 
public  aervioe  cffirpfntions.  An  inatanoe  ot  an  elevated  railroad  located 
in  the  eentral  part  of  a  very  wide  street  with  spaoe  ita  plantincon  each 
aide  of  the  struotnxe  ie  dUMra  in  Fig.  6.  ■ 

KE6ULATI0NS  AND  REStlOCtlOlVS 
19.  Traffic  R^olations 

la  the  Small  Gty  and  Town  the  problem  of  traffic  regulation  is  a  simide 
one  and  the  increase  in  the  street  use  which  occurs  on  certain  days  adds 
a  certain  amount  of  life  and  interest  which  is  an  agreeable  change  fttnn 
tbe  monotony  of  ezistenoe  In  a  provincial  oommunity.  As  tbo  town  be- 
comes a  tAty  and  as  the  tAty  continues  to  grow  the  increase  in  traffic  resulte 
*  in  congestion  with  its  attendant  delays  and  dangers.  The  time  comes 
when  the  free  and  irresponsible  movement  of  vehicles  must  give  way  to  a 
certain  degree  of  control,  and  intelligent  police  control  has  accomplished 
much  in  avoiding  both  danger  and  delay.  Rules  for  traffic  regulation  are 
frequently  resented  when  first  imposed,  but  tbey  are  soon  found  to  be  for 
tbe  best  interests  of  both  tbe  public  and  the  individual  and  are  then  accepted 
and  respected.  The  ptobtem  to-day,  as  stated  in  the  report  for  1913  of  the 
London  Traffic  Branch  of  the  Board  <d  Trade,  is  "  to  pcus  1:^  artificial 
legtilation  thru  existing  streets  of  inadequate  capacity,  with  safety  to  both 
passengers  and  pedestrians,  a  lariter  volume  of  traffic  than  the  streete  would 
scconunodato  were  the  movement  of  vehicles  and  pedestrians  left  un- 
controlled." The  electrically  operated  surface  railway  which  has  become 
so  efficient  a  means  of  transportation  in  the  streets,  while  carrying  a  greater 
number  of  paesmgera  than  any  other  vehicle,  has  preempted  to  its  own  use 
»  eonaideral:^  portion  of  the  roadways  and  interferes  very  seriously 
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frae-wbeeled  vehicle  traffic  which  the  stieeta  would  otherwiie  be  called 
upon  to  aooommodate. 

Street  Traffic  Increacet  in  a  much  greater  ratio  thao  population.  The 
report  of  the  London  TraiGc  Branch  of  the  Board  of  Trade  abo've  referred 
to  gives  the  increase  in  the  number  of  passengers  carried  in  1913  over  the 
number  carried  in  1903  as  50.1%  by  the  underground  railways,  102.2% 
by  the  surface  railways,  81.9%  omnibuses,  the  total  niunber  of  joumeys 
per  bead,  ezoluding  tboae  by  trunk  line  lailwaya,  baring  increaaed  68J%, 
while  during  the  aame  period  the  population  of  greater  Ltrndcm  iDcreaaed 
(nly  9%. 

The  Snbttitotion  of  Motor  for  Horae-dniwa  ▼dddea.  resulting  in  greater 
■peed,  allows  fewer  vehiclea  to  render  the  same  service.  This  is  etrildngly 
shown  by  the  traffic  statistics  of  the  London  motor-buses.  Of  the  increase 
in  the  number  of  passengers  carried  during  the  10  years  from  1903  to 
1913,  66%  took  place  from  1910  to  1912,  the  pe4od  during  which  the 
change  in  motive  power  occurred.  But  during  these  10  years  there  wae 
■n  a^ual  decrease  of  9.7%  in  the  numb»  of  omnibuBee  operated.  At  the 
same  time  there  baa  been  a  steady  incieaae  in  the  numbw  paoring  certain 
points  in  busy  atteets.  In  Oxford  Street  between  6  and  7  P.M.  the  aver- 
age interval  ^between  omnibuses  in  each  direction  decreased  from  15H 
sec  in  1912  to  12^  sec  in  1913,  while  in  Piccadilly  during  the  same  hour 
the  average  interval  decreased  from  26}4  aec  in  1912  to  18  sec  in  1913, 
While  the  above  statistics  relate  to  the  city  of  London,  they  are  typical  of 
what  is  taking  place  in  other  great  capitals,  and  the  London  figures  have 
been  used  because  this  problem  appears  to  have  been  tbe  subject  of  more 
eerious  study  in  that  city  than  elsewhere. 

The  HuiAcr  of  Acddents  in  the  streets  of  a  dty  will  naturally  vary 
with  the  densi^  of  traffic  but  they  will  also  indicate  the  effectiveoMS  of 
the  methods  emidoyed  tw  traffic  r^^lation.  From  statistics  compiled 
by  the  National  Hi^way  Protective  Society  and  a  British  Parliamentary 
Committee  appointed  to  study  the  subject,  it  appears  that  during  the 
year  1911  the  fatal  accidents  in  tbe  Btreets  of  the  six  largest  cities  of  the 
world  were  as  follows: 
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Fatal 
AoddMtts 
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Fatal 
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2  186  288 
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mmm  

« 

2086888 

S.9T 

While  London  appears  to  lead  all  of  these  ciUea  in  the  actual  number  of 
fata)  acddents,  when  population  is  conndered  tbe  streets  of  the  London 
Metropolitan  District  appear  to  be  safer  than  those  of  other  cities  of  more 
than  2  000  000  population  with  the  single  exception  of  Vienna.  The  risk 
of  accident  appears  greatest  in  Chicago,  with  New  York  second,  and  both 
of  the  American  cities  have  a  greater  proportion  of  fatalities  charged  against 
them  than  the  four  ^tiee  o;t  fiyrppei  altho  Paris  is  very  little  behind  New 
Yosk  in  this  reflect.  ^, 
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Block  Sjitem.  Traffic  rasulation  baa  the  two-fold  intrpow  of  fadUtAt- 
ing  movajnent  and  avoiding  accident.  The  mnplest  and  moat  commoii 
method  of  reguUtion  ia  what  ia  known  as  the  block  system  under  whibh 
all  traffic  at  important  erosrings  is  periodically  baited  in  order  to  allow 
that  on  the  cross 
streets  to  proceed. 
When  the  blocks 
are  very  short  and 
e«ofa  crossing  is  regu- 
lated independently 
of  iha  othen  tbece 
are  stall  very  annoy- 
ing flelays,  passage 
across  one  street  be- 
ing frequently  per- 
mitted just  in  time 
to  allow  the.  travel 
to  be  stopped  at  the 
croanng  of  the  next 
street.  An  attempt 
has  lately  been  made 
on  Fifth  Avenue, 
New  York  City,  to 
treat  about  ten 
bk>ck8  or  half  a  mile 
as  a  unit.  A  police 
officer  is  stationed 
at  each  of  the  cross 
streets.  One  of  these 
stteeta   will   be  of  Fig.  21.  Columbui  Cirde,  N«w  York  City 

such  importance 

that  it  should  control  the  movement  on  the  others.  When  the  avenue 
traffic  is  halted  at  the  controlling  street  a  signal  is  at  once  transmitted  to 
the  other  street  crossiDgs  within  the  larger  unit  of  control  and  the  same 
halt  is  imposed  at  every  croesing,  so  that  there  is  free  movement  across  the 
avenue  a*  all  of  the  ten  streets  simultaneously.  When  the  delayed  vehicles 
at  the  controlling  cross  street  have  been  passed 
another  signal  is  transmitted  and  there  is  free  move- 
ment along  the  avenue  for  ball  a  mile.  While  this 
plan  has  not  been  given  a  very  extensive  toial,  it 
promises  to  result  in  freer  movement  for  vehicles. 

Gyratory  System.  At  important  junctions  where 
there  is  an  enlargement  of  the  street  area,  and  es- 
pecially where  there  is  a  circular  space,  the  gyratory 
system  id  frequently  adopted.  This  is  strongly  ad- 
vocated by  William  Phelps  Eno,  who  ifgoes  that 
Fig.  82  it  IB  capable  of  a  much  wider  use  and  is  even 

adaptable  to  right-angled  crossings,  where  it  would 
do  away  with  the  deisms  in  leparable  from  the  block  system.  An  illustration 
of  the  application  of  the  gyratory  system  to  vehicular  traffic  is  furnished  by 
Cohunbus  Circle,  New  York,  Fig.  21,  while  Fig.  22  illustrates  its  proposed 
application  to  right-am^  crossings  of  two  streets  100  ft  in  width  with 
Rfnges  in  each  of  the  streets  and  a  circular  refuge  at  the  intersection  oi 
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the  center  lines  upon  wUcfa  a  policeman  could  be  stationed.  Further  infor- 
maUoD  upon  this  subject  will  be  found  in  the  paper  presented  by  st 
the  Third  Intomatioiul  Road  Congreas  held  in  London  in  1013. 


AdTUit«ge>  and  DiMdranttget.  Islea  of  safety  are  daOgped  primarily 
as  refuges  for  pedestrians  crossing  busy  streets,  affording  them  an  oppor^ 
tunity  after  crossing  the  line  of  traffic  of  vehicles  moving  in  one  direction 
to  stop  and  look  before  crossing  the  part  of  the  roadway  in  which  the  move- 
ment is  in  the  opposite  direction.  Such  refuges  are  in  genend  use  in  Lon- 
don, Palis,  and  other  European  cities,  but  much  lesH  frequently  found  in 
those  of  the  United  States.  It  is  generally  admitted  that  they  offer  some 
obstruction  to  vehicular  traflSo,  but  in  European  cities  they  are  considered 
easantial  to  safety.  Subwt^  for  |>edestrians  have  been  built  at  busy 
crossings,  notably  at  the  Bank  of  London  where  the  underground  passage 
extends  entirely  around  the  junction  of  the  several  streets  with  entrances 
for  each  street  and  connections  with  the  underground  railway  stations; 
but  such  subways  are  not  very  generally  used,  the  public  apparently  being 
;Hrilling  to  take  the  risk  of  crossing  busy  thorofares  on  the  surface  rather 
than  use  the  stairs  leading  to  undergroimd  or  overhead  crossings.  The 
location  of  lamp-posts  or  central  standards  supporting  overhead  trolley 
wires  may,  when  placed  short  distances  apart,  offer  a  certain  degree  of 
protection  to  pedestrians  crossing  the  streets,  but  th<^  are  considered  so 
serious  an  obstruction  to  traffic  that  they  are  generally  condemned,  altho 
lamp  standards  of  an  ornamental  design  are  frequently  found  in  the  centen 
of  isles  of  safety,  especiotty  in  European  cities.  Vehicles  sometimes  strike 
these  refuge  platforms  and  even  mount  them,  to  the  great  danger  of  pedee- 
trians  who  may  be  occupying  them — and  in  order  to  prevent  accidents  from 
this  cause  substantial  stone  or  iron  protection  posts  are  frequently  placed 
at  the  ends  and  sometimes  also  at  the  sides  of  these  islands.  It  is  fre- 
quently urged  that  center  refuges  serve  a  useful  purpose  in  the  control  of 
vehicular  traffic,  performing  a  function  somewhat  similar  to  the  subdivirion 
of  wide  streets  into  several  roadways,  each  limited  to  traffic  moving  in  a 
single  direction.  Where  the  traffic  movement  is  fairly  uniform  in  both 
directions  at  all  times  of  the  day  this  is  doubtless  true,  aa  they  tend  to 
keep  the  vehicles  in  line,  but  where  there  is  a  preponderance  of  movement 
in  one  direction  at  certain  hours  and  in  the  opposite  direction  at  other 
hours  the  roadway  capacity  is  seriously  curtailed.  If  the  movement  in 
one  direction  is  double  that  in  the  other,  two-thirds  of  the  roadway  can 
readily  be  devoted  to  vebiclce  moving  in  one  direction,  and  when  the  tide 
turns  this  division  between  lines  of  traffic  will  automatically  be  moved 
to  the  other  side  of  the  street  axis.  The  isle  of  safety  is  consid^ed  an 
essential  feature  of  the  gyratory  system  of  traffic  regulation  as  applied 
to  crossings  which  are  right-angled  or  nearly  so,  as  illustrated  by  Fig.  22. 
While  the  introduction  of  islands  of  safety  at  cectangular  intersections  of 
streets  of  ordinary  width  may  offer  some  obstruction  to  traffic,  they  are 
of  unquestionable  advantage  in  large  open  spaces  where  the  street  junc- 
tions are  irregular.  In  their  al^nce  it  is  common  practice  to  rope  off 
certain  areas  within  which  vehicular  traffic  is  not  permitted.  The  pro- 
tection thus  afforded  to  pedestrians  might  be  e\'on  more  effective  if  tficra 
areas  were  converted  into  raised  islands  of  refuge,  altho  tlie  use  of  tem- 
porary standards  connected  by  n>pes  has  one  advantage,  namel>*>  that 
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tiwr  can  be  removed  or  the  space  enclosed  by  them  may  be  extended  or 
eiiitailed  at  times  when  the  character  of  the  traffic  at  sach  junctions  is 
tnatcsudlr  chanced. 

21.  The  Effect  (rf  the  Motor  .Vehicle  upon  the  Street  VUax 

^ntt  flw  Iaere«M  in  flie  Use  of  flie  Motor  Vehicle  new  problems  have 
been  presented  in  street  idanning  by  reoaon  of  the  great  increase  in  the 
number  of  vehicles,  tfae  increase  in  the  siie  and  whe«4  loads  of  motor  bucks 
and  the  need  of  i«oviding  parking  spaces  (or  vehiclea  left  etaaduig  in  the 
streets. 

PaiUng  of  Motor  Vehicles.  The  greater  speed  and  flexibility  of  the  motor 
vehicle  han  greatly  increased  the  capacity  of  streets  so  far  as  traffic  move- 
ment is  coDcemed,  but  the  parking  of  motor  cars  along  the  curb,  whether 
parallel  therewith  or  at  right  ang^  thereto  or  in  the  center  of  the  roadway 
when  its  width  is  eufficient,  has  reduced  the  available  space  for  moving 
traffic,  and  in  many  cases  roadways  have  had  to  be  widened  at  the  expense 
of  the  sidewalks.  As  the  character  of  the  street  surface  is  jEenerally  im- 
proved motor  traffio  wiU  become  more  diffused  and  the  problem  so  far 
as  moving  vehicles  are  concerned  will  tend  to  solve  itself,  but  the  increas- 
ing flise  of  the  motor  truck  preseute  a  serious  problem. 

Influence  of  Width  and  Length  of  Motor  Vehicles.  If  a  street  has  been 
designed  to  accommodate  four  lines  of  traffic  and  if,  by  reason  of  the  in- 
crease in  ^e  width  of  vehicles,  only  three  lines  of  traffic  can  be  accom- 
modated, tlw  traffic  capaci^  of  the  street  is  reduced  hy  much  more  than 
one-fourth  for  the  leaacm  that  the  oentral  space  must  be  occupied  by  vehiolce 
moving  in  botii  directions  and  the  resulting  interference  will  render  it  of 
relatively  little  use.  Motor  trucks  as  now  constructed  frequently  cany 
on  the  rear  axle  more  than  20  000  lb,  including  the  weights  of  both  vehicle 
and  load.  With  solid  rubber  tires  the  load  per  inch  width  of  tire  reaches 
800  lb  and  this  limit  is  probably  due  to  the  inability  of  such  tires  to  sustain 
any  heavier  load.  The  width  of  such  trucks  has  increased  to  8  ft  in  many 
eases,  while  the  width  of  special  loads,  such  as  plate  glass  carried  fiat,  msy 
be  still  peater.  The  ov«^  Imgth  in  some  cases  is  aa  much  as  28  ft, 
and  there  is  a  disposition  to  use  trailers  where  the  highway  regulationa 
«U  permit.  As  trailen  are  now  so  desiffaed  that  they  will  ctosely  follow 
the  tractor  and  will  not  cut  the  corners  in  making  turns,  some  manufacturers 
of  motor  trucks  have  expressed  the  opinion  that  the  total  length  of  tractor 
and  trailern  may  reach  50  ft.  The  use  of  vehicles  of  this  size  on  streets 
devoted  to  mixed  traffic  is  Ukely  to  reeult  in  confusion,  delay  and  danger, 
while  it  also  will  nseessitato  the  readjustment  of  curb  comers  hy  increasing 
tiieir  radius. 

Economic  Losds  and  Speeds.  The  manufacturers  of  commercial  motor 
vehiclee  are  naturally  disposed  to  produce  those  which  will  give  the  most 
effieient  results  by  reducing  the  ton-mile  cost  of  moving  their  loads.  If 
this  can  be  accomplished  by  increasing  the  loads,  the  speed  or  the  dimensions 
ot  the  vehicles  tbey  are  likely  to  assume  that  roadway  conditions  will  be 
adapted  to  the  vefaidefl.  The  cost  of  such  adaptation  would  involve  great 
expense,  which  the  -public  will  scarcely  he  willing  to  assume.  It  is  neces- 
my,  therefore,  that  the  manufacturers  devote  more  attention  to  the  prob- 
lem of  adapting  vehicles  to  existing  conditions.  Pavement  crusts  and  their 
foundations  can  so  be  strengthened  as  to  carry  Kreater  wheel  load?  at 
retotively  little  increased  expense,  but  the  widening  of  strecte  and  road- 
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ways  will  be  so  coBtly  aa  to  be  oufe-of  the  question.  Fortunately,  the  nakera 
of  motor  trucks  appefu*  to  have  reached  the  concluBion  that  the  £Ost  per 
ton-mile  of  moving  their  loads  Is  lowest  in  the  caae  of  a  ft-too  tiuck  at  a 
speed  of  .0  miles  an  hr,  or  a  6-ton  truck  at  7  miles  an  hr.  the  cost  inereas- 
ins  both  in  the  case  <tf  lifter  loads  at  higber  speeds  and  in  that  of  heavier 
loads  at  lower  speeds. 

Peansylraaia  Regnlatioiis.  There  is  need  also  of  the  adotvtioa  by  munio- 
ipal,  county  and  state  authorities  of  re^ulatioaa  restricting  the  width  and 
wheel  loads  of  veliicles  as  well  as  their  speed.  The  State  of  Pennsylvania 
in  1913  enacted  the  following  law,  which,  however,  appears  to  permit  a 
width  which,  if  used  to  any  great  extent,  may  seriously  reetrict  the  capacity 
of  city  streets:  "  No  motor  vehicle  shall  be  regitit«rable  which  shall  exceed 
90  in  outside,  over-all  width  of  vehicle  and  load  combined,  oieept  that 
motor-busaB  fbr  carryina  paaaengen,  to  he  used  within  the  city  limits  only, 
in  dties  of  the  first,  second  and  th^  classes,  may  be  registered  up  to  100 
in  outside,  over-all  width  oF  vehicle  and  load  combined;  or  shall  exceed 
a  maximum  of  24  000  lb,  gxo&a  weii^t  of  vehicle  and  load  combined;  or 
shall  exceed  18  000  lb,  TnnTitniim  gross  weight  of  vehicle  and  load  combined 
upon  any  axle;  or  shall  exceed  750  lb,  maximum  gross  weight  of  vehicle 
and  load  combined  upon  any  one  wheel,  for  each  nominal  inch  <d  width 
of  solid  tire  upon  the  iriieel." 

22.  aicnMdiiaenti  npoa  Streets 

The  Ohstmction  of  PnbHc  Hii^waya  is  very  eonunon.  Thue  is  a  natural 
disposition  to  convert  public  property  to  jnivate  use  where  such  action  b 
tolerated,  and  the  most  frequent  instance  of  such  use  is  the  conversion  of 
thdt  part  of  the  sidewalk  which  does  not  seem  to  be  needed  by  pedeotrians 
at  the  time  to  the  convenient  or  profitable  use  of  the  abutting  owner.  The 
exposure  of  goods  for  sale  on  the  sidewalks  in  front  of  shops,  the  loading 
and  unloading  of  bulky  packages  and  barrels  by  means  of  skids  eztending 
across  the  sictewslks  witii  complete  intornption  of  their  intmded  use.  the 
erection  of  permanent  platfonns  on  the  parts  of  the  ridewalks  in  boot  ot 
shops  and  warehouses  handling  heavy  materials,  the  erection  of  storm 
doore,  porches,  steps  to  floors  both  above  and  below  the  street  level,  and 
even  the  storage  of  trucks  and  machinery  in  the  streets  at  ni^t,  are  not 
uncommon  sights  in  many  cities,  whether  the  title  to  these  streets  is  simply 
a  public  easement  for  street  purposea  or  whether  it  is  a  fee  absolute  held  in 
trust  for  the  use  and  benefit  of  the  whole  dty.  In  New  York  the  juactioe 
<A  encroaching  upon  streets  I:^  steps,  porches,  show-windows,  entrances, 
and  even  by  supporting  columns  forming  an  integral  part  of  the  building 
structure,  hss  beoome  so  common  that  the  abutting  owners  have  come 
to  consider  them  entirely  lawful  and  efforts  to  remove  them  are  Ukaly  to 
be  reosted  as  an  invasion  of  their  folly  eetaUished  rii^to. 

The  Case  of  ^fth  Avenne  in  New  York  is  a  ocMupicuoos  but  tyiuoal 
instance  of  this  practice.  This  avenue  was  laid  out  and  acquired  at  a 
width  of  100  ft.  The  roadway  was  40  ft  wide  with  sidewalks  of  30  ft  on 
each  side,  but  half  of  the  sidewalk  space  had  for  many  years  been  con- 
verted to  private  use.  Many  costly  buildings  had  been  erected  along  the 
avenue  whose  entrances,  steps,  bay-windows  and  in  many  cases  supporting 
oolumna  and  pilasters  extended  beyond  the  street  lines.  Fences  luid  been 
wected  endo^ng  one-half  the  sidewalk,  and  in  some  cases  sunken  ffrdme 
and  ornamental  planting  occupied  the  apaaa  innde  of  tbeae  fenoea  or  low 
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walls.  So  long  aa  the  street  remained  devoted  to  bigb-claas  roddenoes 
these  encroachmeiitB  excited  little  commeat  or  criticiran,  but  when  the  street 
was  given  over  chiefly  to  busiDeBB  and  the  vehicular  traffic  was  greatly 
increaaed,  the  roadway  of  40  ft  became  inadequate  and  it  was  widened  to 
55  ft  witjii  sidewalks  22H  ft  in  width  on  each  aide.  Hie  (vpoaition  to  the 
removal  of  these  obatnictiona,  which  was  done  at  the  entire  expense  ,  of  the 
abttttiDg  owners,  was  less  tlum  had  been  anticipated,  and  the  change  was 
found  to  be  so  beneficial,  not  only  to  the  general  public  but  to  the  occu- 
pants of  the  shops,  that  the  same  course  lias  been  followed  in  many  other 
streets. 

American  and  European  Cities.  The  conditions  in  New  York  are  typical 
oi  those  found  in  other  American  cities  and  which  frequently  prevail  In 
those  of  Europe  wb««  such  encroachments  are  sometimes  maintained  hjr 
private  owners  and  not  infrequently  1^  the  city  itself,  lUtho  inveatigation 
would  probably  show  that  fbey  have  existed  for  generations  and  have  not 
been  erected  in  violation  of  public  rights  which  may  have  been  acquired 
and  paid  for  by  the  city.  The  recoveiy  of  tliis  space  for  the  public  use 
for  which  it  was  designed  is  naturally  the  first  step  to  be  taken  to  increase 
the  capacity  of  public  streets  which  have  become  congested,  the  space  so 
recovered  being  added  to  the  roadway  where  necessary  or  divided  between 
the  roadway  and  sidewalks.  The  best  way  to  avoid  the  difficulty  and 
annoyance  of  this  procedure  is  not  to  allow  such  conditions  to  oome  about. 
If  there  is  more'  space  WtUn  the  street  lines  tlum  is  seeded  for  vehicular 
and  pedestrian  traffic  for  the  time  bong,  tiiat  is  no  reason  why  the  appro- 
primtion  of  any  portion  of  it  to  prrrate  use  should  be  permitted.  If  the 
toadwqn  and  ^ew^Uks  are  temporarily  treated  as  described  in  Art.  17, 
adjiutment  to  the  inereaauig  needs  of  traffic  can  be  acoomidished  with  a 
minimum  of  anno^noe  and  expense. 


BidWBC  Uhm  Back  of  Stmt  Udm.  In  some  dties  buiUfing  lines  are 
estabUaibed  vriildi  an  a  certain  distanos  back  of  the  actual  street  lines, 
but  tiiia  is  really  the  taking  of  private  property  for  public  use  which  is 
generally  forbidden  by  statute  or  constitution  unless  compensation  be 
made.  The  liverpool  CorporatioD  Act  of  1008  provides  that  it  ^lall  not 
be  lawful  to  erect  in  any  street  any  building  or  part  of  a  building  until  the 
building  line  for  such  street  has  been  approved  by  the  Corporation,  nor 
beyond  nor  in  front  of  a  building  line  so  approved.  The  building  line  does 
not  mean  the  street  line,  but  it  may  be  coincident  with  such  sbeet  line  or 
a  certain  distance  back  of  it.  If  the  Corporation  requires  as  a  condition ' 
of  its  approval  of  any  plan  the  setting  back  of  the  building  line  to  a  greater 
diitanee  from  the  street  Hne  than  one-tenth  of  the  ftfteeribed  width  of  the 
street,  the  OorporatioD  shall  make  eompensation  to  the  owner  of  any  land 
bring  between  such  one-tenth  and  the  building  Une  which  may  be  estab- 
liriied  (or  any  damage  sustained  by  him  by  reason  of  his  being  unable 
to  bofld  upon  the  land.  This  means  that  while  the  municipal  authorities 
may  forbid  the  use  of  a  strip  of  private  property  equal  to  one-tenth  the 
width  of  the  street  without  compensation,  it  must  compensate  the  owner 
if  it  forlnds  him  to  build  upon  any  portion  of  his  lot  in  addition  to  a  strip 
of  frontage  equal  in  depth  to  one-tenth  the  width  of  the  street.  While 
laws  of  this  k^d  wooAd  almost  invariably  be  contested  io  the  United  States, 
many  real  estate  developers  impose  set-back  restrictions  for  a  term  of 
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years,  sddotn  more  thaa  26' yean,  and  the  purchaaen  walooine  suoh  n- 
BtziotKma  aa  giviog  a  oertain  diatinotion  to  the  neighborhood,  and  they 
actually  enhance  the  value  of  the  property  for  reaidential  purposea,  ea- 
pecnally  where  the  bouses  are  detached  and  each  dwelling  u  required  to 
occupy  a  plot  having  not  less  than  a  specified  frontage.  As  in  the  course, 
of  time  the  character  of  the  district  changes  and  the  property  becomes 
so  valuable  that  detached  houses  are  too  ezpensive  a  luxury  for  the  average 
owner,  these  set-back  restrictions  depreciate  values,  as  they  may  prevent 
a  more  intensive  development  by  the  erection  of  apartment  houses  requir- 
ing  the  full  depth  of  the  i^bts.  Consequently,  when  auoh  raatoictiona 
expire  they  are  not  likely  to  be  renewed  unlea  the  character  of  the  neighbor- 
faood  remains  unchanged  or  tho  property  has  not,  as  a  result  of  improved 
transit  with  greater  acceesibihty  and  the  greater  development  of  the  con- 
tiguous districts,  become  too  valuable  for  continued  use  for  detached  bouses. 
If  such  restrictions  could  be  permanently  maintained,  the  problem  of  street 
widening  to  provide  additional  traffic  capacity  would  be  greatly  simplified. 

In  Some  Cities  the  Widening  of  Old  Streets  is  accomplished  by  pro- 
gressively setting  back  the  building  line,  this  being  acoomplisbed  by  a 
provision  th&t  all  new  buildings  which  are  erected  or  all  dd  buUdinga  which 
are  remodeled  must  conform  with  a  new  tine  some  distance  back  of  the 
former  street  line,  the  property  thus  relinquished  to  puUic  use  being  ac- 
quired and  paid  for  at  the  time  of  the  change.  This  plan  has  the  advantage 
of  allowing  the  expense  of  the  change  to  be  spread  over  a  number  of  years 
and  avoiding  the  element  of  building  damage,  but  there  is  the  disadvantage 
of  a  ragged  and  unsightly  street  line  during  the  period  of  transformation 
and  it  would  in  most  cases  be  thought  better  to  do  the  work  at  once  and 
have  it  over  with  than  allow  it  to  be  carried  over  a  long  term  of  years. 
Some  oS  iho  expensive  street  wideninKs  in  Paris  and  other  European  cities 
have  been  accomplished  in  this  progreenve  manner  but  it  Is  if  ever 

adopted  by  American  dties. 

Reatrictions  Impoaed  by  Private  Devdopen.  In  the  ease  oi  privnte 
developments  where  streets  have  been  laid  out  in  advance  of  the  adoption 
of  a  final  plan  and  the  buildiuKS  have  been  set  back  under  restrictions 
imposed  by  the  developer,  it  is  frequently  thought  best,  when  making  the 
final  plan,  to  give  the  street  a  more  generous  width,  which  could  often 
be  done  withojt  any  damage  to  buildings.  This,  however,  is  likely  to 
meet  with  objection  on  the  part  of  the  owners  who  regard  as  their  own 
property  the  apace  between  their  houses  tuid  the  alleged  street  line  accord- 
ing to  which  they  bou^t,  even  tho  they  have  made  no  use  of  it  and  cannot 
use  it  dTiring  the  term  covered  by  the  life  of  the  restiictiona.  In  such 
oases  these  objections  to  the  proposed  new  etreet  lines  may  be  overcome 
by  an  agreement  on  tho  part  of  the  city  that  the  roadway,  which  ia  in 
most  instances  not  yet  paved,  may  be  considerably  reduced  in  width,  re- 
sulting in  a  much  smaller  assessment  for  paving. 


ne  RflgnUtion  of  the  Proportion  of  Building  noti  whioh  may  be  oo- 
cupied  is  now  eonsidered  a  proper  zeroise  of  municipal  authority  as  it  is 
essential  to  good  sanitation  and  a  reasonable  supply  of  light  and  air,  and 
their  existence  or  non-existence  will  greatly  iuflucncc  the  design  of  tho 
street  ^stem.  Such  regulations  vary  greatly  in  different  countries  and  in 
the  difr<»ent  rdtios  of  the  same  country. 
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Forogn  Practice.  The  most  atringeDt  and  apeci&c  are  those  of  German 
cities,  several  examples  of  which  will  be  given.  In  Bbrun  the  proportion 
of  any  lot  which  may  be  built  upon  dependa  upon  the  area  of  the  lot  and 
its  location.  For  all  tots  up  to  32  m  (105  ft)  in  depth  the  regulations  are 
similar  for  all  portions  of  the  city,  both  within  and  without  the  former 
walls:  for  the  purpose  of  computing  the  portion  which  may  be  built  upon, 
the  lot  is  divided  into  strips  or  tones,  the  first  of  which  ext^nda  from  the 
building  line  to  a  depth  , 
of  6  m  (20  ft),  the  sec-  \  \-^(f»»|! 
ond  from  the  6-m  line  ^  * 
to  a  depth  of  32  m 
( 106  ft)  from  the  build- 
ing line.  On  the  first 
strip  the  entire  area 
may  be  covered ;  on  the 
second  strip  70%  of 
the  area  may  be 
covered,  while  if  the 
lot  is  deeper  than  32  m 
(105  ft)  60%  of  the 
area  back  of  the  SZ-m 
(105-ft)  line  may  be 
built  upon  if  it  lies  in- 
side the  former  city 
walls  and  five-tentha 
if  without  the  old 
walls.  In  computing 
the  area  which  may  be 
occupied,  the  areas  up- 
on which  building  is 
permitted  on  the  differ-- 
ent  strips  are  added 
toeetber  and  the  resul- 
ting total  area  may  be 
occupied  by  buildings 
without  regard  to  the 
proportion  so  occupied 
on  any  one  of  the  strips. 

In  DiisSBLDOBF 

there  are  five  sones 
with  several  classed  in 
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— r^^Zhl^uTi!^^  28-  Typical  Plsn  Showing  the  Regulationa  Gorera- 
each  for  wluch  the  pro-  charartw  of  Bufldings  and  the  PurpowMi  for  which 

portion  of  the  lot  which     They  may  be  Used  which  m  InipoMd  upon  Specific 
may  be  built  upon  is     Areas  by  the  City  of  LeipdE 
prescribed.      In  zone 

one  there  are  three  classes,  in  one  of  which  66.7%  of  the  lot  may  be  covered, 
in  another  50%  if  there  are  reat  buildings,  and  in  the  third  75%,  pro\4ded 
the  buildings  are  not  more  than  10  m  (33  ft)  or  two  stories  in  height.  In 
the  second  lone  there  are  also  three  classea,  in  one  of  which  50%  of  the 
tots  may  be  covered  by  buildings,  in  another  40%  if  there  are  rear  build- 
ings, and  in  the  third  60%  for  buildings  accommodating  from  one  to  four 
families  and  even  more  than  four  familes  if  there  are  not  more  than  two 
apartments  on  each  fioor.    The  third,  fourth  and  fifth  xonea  have  two. 
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five  aad  three  classes  respectively,  the  proportioo  of  the  lots  which  may 
be  covered  being  gradually  decreased  until  in  some  cases  not  more  than 
aO%  <tf  the  lot  may  be  bidlt  upon.  The  detaU  with  which  regalaUons  of 
ibie  kind  are  prescribed  by  the  German  cities  is  illustrated  by  Fig.  23. 
showing  those  applying  to  a  restricted  area  in  the  eity  of  Lsipsig. 

In  GiuEAT  Britain  such  regulationa  are  less  precise  and  there  is  a  greater 
similarity  between  those  in  force  in  different  cities.  In  Binnlngham,  tar 
example,  the  regulations  provide  that  all  new  huildino  shall  be  so  erected 
as  to  leave  in  the  rear  an  open  space  having  an  aggregate  area  of  not  less 
than  300  sq  ft  which  shall  be  free  from  any  structure  above  the  ground 
level  except  water-closets,  earth-closets  or  ash-pits. 

American  Practice.  In  the  United  States  some  cities  have  more  drastic 
regulations  than  others,  but  in  no  cases  have  they  been  worked  out  in  such 
great  detail  as  in  Gomany.  The  laws  and  ordinances  goreming  open 
spaces  are  found  in  building  codes,  health  regulations,  facttxy  and  la&n- 
laws,  taxd  the  city  ordinances. 

In  New  York,  dwelling  bouses  accommodating  not  mors  tban  two  families 
may  cover  90%  of  the  lot;  hotels  may  occupy  90%  of  interior  and  95% 
of  comer  lota  above  the  second  floor,  but  for  each  and  every  story  over 
five  an  additional  2.5%  of  the  lot  must  be  left  free,  so  that  at  the  fifteenth 
floor  35%  of  interior  and  30%  of  comer  lots  must  be  left  open;  office  build- 
ings located  on  interior  lots  may  cover  90%  of  the  lots,  while  on  oocner 
lots  having  an  area  ol  3000  sq  ft  or  less  they  may  cover  the  satire  lot; 
tenement  houses  accommodating  Uiree  or  more  fomtUes  may  cover  00% 
of  corner  lots  having  an  area  ot  not  more  than  3000  sq  ft,  but  on  interior  lots 
30%  of  the  space  must  remain  open. 

In  Chicago,  tenement  houses  may  not  be  built  nearer  than  10  ft  to  the 
rear  lot  line,  exsept  that  when  the  lot  abuts  upon  a  pubUo  alley  the  rear 
line  of  the  building  may  be  within  16  ft  of  the  opposite  side  of  the  alley. 
Rear  buildings  may  be  erected  on  a  lot  only  on  condition  that  the  minimum 
distance  between  front  and  rear  buildings  is  10  ft  and  that  nutfaer  building 
exceeds  one  story  in  height,  an  additional  5  ft  being  added  to  tiie  minimum 
distance  for  every  story  more  than  one  of  the  higher  buildins  on  the  lot, 
provided  that  a  one-story  building  not  used  for  habitation  may  be  idoced 
on  the  rear  of  a  lot  containing  a  tenement  house  if  a  minimum  diatanee  of 
10  ft  between  the  buildings  is  maintained  at  every  point. 

In  PuiLAnELPHtA,  the  only  regulation  is  that  no  building  for  dwelling 
purposes  shall  have  a  frontage  of  less  than  14  ft  and  that  at  least  144  sq  ft 
of  the  lot  shall  be  left  open. 

Boston  requires  that  where  tenement  houses  have  no  open  qtace  on 
either  side  they  must  have  a  yard  the  full  width  of  the  buUding  at  least 
12  ft  in  depth  in  the  rear  and  the  building  must  not  exceed  1800  sq  f t  in 
area. 


Legal  RestrictionB.  While  the  need  of  regulations  governing  the  arrange- 
ment of  buildings  and  the  amount  of  apace  which  must  be  left  open  are  ao 
obvious  that  they  are  not  likely  to  be  opposed,  those  which  are  designed 
to  limit  the  height  of  buildings  are  not  always  accepted  as  reasonable.  The 
eroction  of  office  buildings  to  any  height  whieh  the  owner  finds  practicsUe 
has  bsen  carried  so  for  that  a  seriom  situation  has  been  created.  When 
built  in  close  proximity  to  each  other  they  not  only  rob  their  nui^Uioni  of 
light  and  air  and  darken  the  streets,  but  the  conssstion  in  the  adloining 
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ctreetB  gnatly  intaferes  with  free  movement.  American  dties  are*  just 
beguminc  to  realise  the  Mriousness  of  this  problem  and  efforta  are  being 
made  to  solve  it.  Either  the  street  must  be  widened  or  the  hei^t  of 
buildings  must  be  limited.  Street  widenings  after  the  erection  of  tall  and 
coatly  buildings  involve  prohibitive  expense,  and  the  only  feasible  remedy 
appeals  to  be  the  imposition  of  reasonable  height  limitations  before  it  is 
too  late. 

Porticn  Practice.  Bsbun  limits  the  height  of  buildings  to  the  width  of 
the  street  upon  which  they  front  measured  between  the  buildiDB  Bnes, 
but  there  ia  a  general  regolstioo  that  the  ftxmts  of  no  buildmgB  for  habitat 
turn  eamy  exceed  five  storiee  in  height  altho  the  roof  may  be  carried  to  a 
greater  luoght  loovided  no  part  of  it  projects  beyond  a  Une  drawn  at  45° 
bacic  from  the  top  of  the  front  wall.  In  the  case  of  rear  buildings  or  those 
fronting  upon  inside  courts,  which  are  too  common  in  this  and  other  German 
dtiee,  the  Umits  of  height  are  governed  by  the  dimensions  of  the  court, 
but  the  height  may  not  exceed  by  more  than  6  m  (20  ft)  the  width  of  the 
court  on  which  they  front,  and  in  no  case  may  it  excoed  22  m  (72  ft). 

Ddsskldobt  prescribes  tlie  following  height  limitations  for  each  of  the 
five  lonea  referred  to  in  Art.  2t:  Zone  one,  20  m  (66  ft) ;  sones  two  and 
three.  16  m  (62  ft)  ot,  where  four  stories  are  allowed,  20  m  (66  ft) ;  zone 
four,  16  m  ft) ;  lone  five,  IS  m  (43  or,  where  three  stories  ore  allowed, 
10  m  (52  ft).  In  none  of  the  tones,  however,  may  the  height  of  buildings 
exceed  the  width  of  the-streets  upon  which  they  ainit. 

BiRinNOHAM  prohibits  the  erection  of  any  building  to  a  greater  height 
than  100  ft,  and,  while  Liverpool  restricts  the  height  of  dwellings  erected 
in  new  streets  to  the  width  of  the  street  between  opposite  buildings,  there 
is  no  limit  to  the  height  to  which  business  buildings  may  be  carried. 

American  Practice.  In  the  United  States  the  regulations  respecting 
pwmiasible  heights  oi  buildings  vary  greatly,  and  in  most  places  the  per- 
missible hdgbt  Is  so  great  m  to  pteaent  no  real  Umitation.  In  New  York, 
while  the  tenement  house  and  other  special  laws  imposed  a  virtual  limit 
upon  the  height  of  certain  classes  of  buUdings,  there  was,  prior  to  July  25, 
1916,  no  direct  limit  i>re8cribed  by  statute  or  ordinance  except  that  which 
restricted  buildings  used  as  dwellings  to  a  height  of  one  and  a  half  times  the 
width  of  the  widest  abutting  streets.  Office  buildings  could  be  carried  to 
any  height,  the  talleat  buildins  of  tUs  daas  yet  erected  being  752  ft  above 
the  street  level 

In  CasoAoo,  tenement*  or  dwdUng  houaea  miqr  not  exceed  by  nkore  than 
one-half  the  width  of  the  widest  street  on  which  they  front,  buildings  which 
are  set  back  from  the  street  line  being  allowed  to  add  the  amount  of  such 
set-back  to  the  street  width  in  computing  the  allowaUe  height.  Fire-proof 
office  and  business  buildings  may  be  carried  to  a  hmght  of  200  ft  above  the 
Btdewalk,  this  limit  having  been  reduced  from  260  ft  on  September  1,  1911. 
Philadelphia  impoees  no  restrictions  whatever  upon  builchug  heights.  In 
Boston,  buildings  in  the  business  section  may  not  exceed  two  and  one-half 
times  the  street  width  and  in  no  case  may  be  more  than  125  ft  high.  In 
other  parts  of  tiie  city  the  limit  ia  80  f  t,  exc^  where  but  one  nde  of  the 
street  b  built  upon  or  udme  a  street  is  80  ft  or  mam  in  widtii,  when  the 
height  may  be  100  ft 

Wasbinoton  impoeea  a  heidit  limit  ot  160  ft  for  buildings  on  Peon- 
Qrtvania  Avenue;  20  ft  more  than  the  street  width  on  other  businees  streets, 
with  a  flat  limit  of  130  ft;  85  ft  on  residential  streets,  provided  that  on 
streets  over  70  ft  wide  the  hei^t  may  not  exceed  the  street  width  minus 
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10  ft;  60  ft  OH  streets  from  60  to  70  ft  wide,  and  the  atjteet  width  when 
that  width  ia  less  than  60  ft. 

Charleston.  New  Orleans.  Ci-bvbland  and  Fort  Watnb  restrict 
buildiiui  heights  to  two  and  one-half  timea  the  width  of  the  widest  street 
with  absolute  Limits  of  125  ft  in  Chaiieston,  160  ft  in  New  Orleans,  and 
200  ft  in  Cleveland  and  Fort  Wa^ne.  Buffalo  and  Rockkstbr  limit  the 
height  to  four  times  the  average  least  dimension  of  the  building  without 
specific  limit  in  feet,  while  Toronto  permita  a  bei^t  of  five  times  the  least 
dimensioo  with  an  absolute  Umit  of  130  ft. 

New  York  Cit7  LimiUtionB,  1916.  On  July  25,  1916,  the  Board  of  Esti- 
mate and  Apportionment  of  the  City  of  New  York  adopted  a  comprehensive 
plan  for  the  regulation  of  building  heights.  These  regulations  were  recom- 
mended by  a  oommissioQ  created  for  the  purpoee,  and  were  presented  after 
than  study  and  many  public  hearings,  and  were  almost  unanimously 
proved  by  all  of  the  interests  repn-sented  at  the  heuings.  The  regulations 
contained  in  Art.  Ill,  "  Height  Districts,"  are  as  follows: 

"  Height  Districts.  For  the  purpose  of  reguUting  and  limiting  the  height  uid 
bulk  ot  bundinga  hwasftar  erected,  the  City  of  New  Yotk  is  hereby  ^vided  into  Ave 
dsMM  of  diotrieta:  CI)  One  times  districts.  (2)  one  and  one-qusito-  times  districts, 
(3)  one  and  one-half  tlaws  districts,  (4)  two  times  districts,  (6)  two  and  one-balf  times 
districts;  as  shown  on  the  heiglit  district  map  which  accompanies  this  resolution 
and  is  hereby  declared  to  be  port  hereol.  The  height  districts  designated  on  said 
map  are  hereby  established.  The  height  district  map  designstioDs  and  map  deaigns- 
tion  rules  vbiih  accompany  said  height  district  map  ars  hereby  dedared  to  he  part 
thereof.  No  building  or  part  of  a  building  shall  be  erected  except  in  conformity  with  the 
regulations  herein  prescribed  for  the  height  district  in  which  such  building  is  located. 

1.  In  a  one  times  district  no  building  shall  be  erected  to  a  height  in  excess  of 
the  width  of  the  street,  but  for  each  1  ft  that  the  building  or  a  portion  of  it  aete  back 
from  the  street  line  2  feet  aball  be  added  to  the  height  limit  of  such  building  or  such 
portion  thereof. 

2.  In  a  one  and  one-qusrter  times  district  no  building  diall  be  erected  to  a  height 
in  excess  of  one  and  one-quarter  times  the  width  of  the  street,  but  for  sssh  1  ft  ttet 
the  building  or  a  portion  of  it  sets  back  from  the  street  line  2  ft  shall  be  sdded  to 
*Jie  height  Umit  of  such  building  or  such  portion  thereof. 

3.  In  a  one  and  one-halt  times  district  no  building  shall  be  erected  to  a  height  in 
azeen  of  one  and  OM-balf  times  the  width  of  the  street,  but  for  each  t  ft  th^  the 
building  or  a  portion  of  It  sets  back  from  the  street  line  8  ft  shall  be  added  to  the  height 
Umit  ot  sDch  buUdlng  or  audi  portim  Uiereof. 

1.  In  a  two  times  district  no  tniQ^g  shall  be  erected  to  a  hd^t  in  exeess  of 
twice  the  width  ot  the  street,  but  for  each  1  ft  that  the  building  or  a  portion  of  It  sets 
back  from  the  street  line  4  ft  shall  be  added  to  the  height  limit  of  such  building  or 
tueh  portion  thereof. 

5.  In  s  two  and  one-lialt  times  district  no  building  shall  be  erected  to  a  height  in 
exeem  ot  two  and  one-halt  times  the  width  of  the  street,  but  for  esdi  1  ft  that  the 
building  or  a  portion  of  it  sets  back  frora  the  street  line  6  ft  shall  be  added  to  the 
height  Umit  ot  such  building  or  such  portion  thereof. 

"  Helalit  Diatrict  Exceptions.  I.  On  streets  less  than  60  ft  in  width  the  same 
height  regulations  shall  be  applied  as  on  streets  60  ft  in  width  and,  vxeapt  tor  the 
purposes  of  paragraph  4  of  this  section,  on  streets  more  than  100  ft  In  width  the  asme 
height  regulations  shsU  be  applied  as  on  streets  100  ft  in  width. 

2.  Along  a  narrowv  street  near  its  intersectfon  with  a  wider  street,  any  building 
or  any  part  of  any  building  fronting  on  tiie  narrower  street  within  100  ft,  messured 
at  right  ani^ee  to  the  side  ot  the  wider  street,  shall  be  governed  by  the  height  regula- 
tions provided  for  the  wider  street.  A  corner  building  on  su^  ioteneettng  streets 
shall  be  governed  by  the  height  regulations  provided  for  the  wider  street  for  160  ft 
from  the  iMe  of  sueh  wider  street,  messured  along  mil  nstrower  atisoC 

8.  Above  the  hoght  Umit  st  sny  levd  tor  any  part  of  a  building  a  dwmar,  elevator 
bulkhead  or  other  structure  may  be  erected  provided  its  frontage  length  on  any  given 
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■traet  bo  not  Era*t«r  than  80%  of  the  leasUi  of  such  straet  ftvotase  of  nicfa  put  of 
ths  buUding.  Such  fronUze  Isngtli  o(  auch  >tnietura  at  uy  flvan  itvfi  ah>U  be  de- 
craMBd  by  aa  aataunt  eqwl  to  1  %  of  weh  atnet  Iron  tag*  of  nieb  part  of  tha  building 
for  svoy  foot  auch  level  la  abova  aueh  haicht  limit.  If  there  are  more  than  one  suefa 
itniEtun,  thdr  aggraiatA  [rontage  ohaU  not  exceed  the  frontage  length  above  per- 
Btittad  at  any.  given  levd. 

4.  If  the  area  of  the  building  la  reduced  ao  that  above  a  given  level  It  coveta  In 
the  aggregata  not  more  than  26  %  of  the  area  of  the  lot,  the  building  above  such  level 
rikall  be  excepted  from  tbe  foregoing  provisionB  of  this  article.  Such  portion  of  the 
building  may  be  ereeted  to  any  bdght,  provided  that  tbe  distance  which  it  aeta  back 
tram  the  atraet  Uoe  oo  each  street  on  which  It  faeea,  plua  half  of  the  width  of  the  atreet, 
equals  at  laaat  76  ft.  But  for  each  1%  of  the  width  of  the  lot  on  the  street  line  that 
aiadi  atreet  wall  la  leas  in  length  than  auch  width  of  the  lot,  such  wall  may  be  erected 
4  fa  nearer  to  tbe  street  line. 

6.  When  at  tbe  time  plana  are  tiled  tor  tba  erection  of  a  buiUUng  there  are  build- 
fD|^  to  axoNa  of  tha  h^g^t  Umfta  herrin  provided  within  50  ft  of  dthw  end  of  the 
street  f rootage  of  the  proposed  building  or  directly  opi>oeit«  such  buDding  aeroaa  the 
atreat,  tbe  height  to  which  tbe  street  wall  of  tbe  propoaed  building  may  riae  gbalt  be 
mocaaed  by  an  amount  not  greats  than  the  average  exoesa  height  of  the  walla  oa 
tbe  street  liiw  within  60  ft  of  titber  end  of  the  street  frontage  of  tbe  proposed  building 
ind  at  right  au^ea  to  the  street  frontage  of  the  propooed  building  on  the  oppoaita 
■de  of  tbe  street.  Tbe  average  amount  oi  such  excess  height  shall  be  computed  by 
adding  together  the  exeeas  heights  above  the  prescribed  height  limit  for  the  street 
frontage  in  question  of  all  of  the  walls  on  tbe  street  line  of  the  buildings  and  parts 
of  bnildings  within  Uie  above  defined  frontage  and  dividing  the  sum  by  ttte  total 
Bomber  of  buildings  and  vacant  plots  within  such  frontage. 

6.  Nothing  in  this  artide  shall  prevent  tbe  projection  of  a  cornice  beyond  the 
street  wall  to  an  extent  not  exceeding  B%  of  the  width  of  the  atreet  nor  more  than 
6  ft  in  any  caae.  Nothing  in  tbia  article  shall  prevent  the  erection  above  the  height 
limit  of  a  para^t  wall  or  cornice  eoldy  for  ornament  and  without  windows  extending 
above  such  height  limit  not  more  than  of  such  height  limit,  but  such  parapet 
wall  or  cornice  may  in  any  caae  be  at  least  6     ft  high  above  such  h^ght  timit, 

7.  Tbe  proviaona  of  this  artide  ahaU  not  ^>idy  to  tbe  erection  of  dinrdi  tpitm, 
bdlrlea,  ddmBem  fI<H4  <"  t»  boldin. 

8.  Wbtn  not  more  than  60  ft  of  a  atreet  trantago  would  othenrin  be  subjected 
to  a  beigbt  limit  lower  than  that  aDowad  immediately  beyond  both  anda  of  socfa 
Irontage.  the  height  limit  tn  audi  frontage  diaU  be  equal  to  the  leaaar  ol  audi  greater 
bdgbtlimita. 

9.  If  an  additional  story  or  stories  are  added  to  a  boOding  existing  at  the  time  of 
tba  paasage  of  this  readution,  tbe  existing  walla  of  which  are  in  exeeas  of  tbe  bdght 
limila  preacribed  in  this  artide,  tbe  bdght  limits  lor  sudt  additional  story  or  atoriea 
■hall  be  computed  from  tbe  top  of  the  existing  walls  aa  tho  tbe  lattof  ^ere  not  in  excess 
of  tbe  preaeribed  hdgbt  limits  and  the  eartying  up  of  axiatlng  devator  and  stair  ea- 
daanrea  shall  be  exempted  from  the  provisions  <rf  this  artide." 


The  existence  of  regulations  respecting  the  uses  to  which  property  may 
he  put  and  the  eetsblishment  of  districts  within  which  certain  activities 
shall  be  confined  will  contnd  to  a  large  degree  the  arrangemeDt  of  the  streets 

and  the  block  dimenflions  in  the  different  parts  of  a  city. 

Foreign  Practice.  In  this  respect,  also,  the  Gorman  cities  have  gone 
further  than  have  those  of  other  countries  in  th^ir  efforts  to  define  the 
character  of  different  districts  and  to  maintain  that  character  when  es- 
tablished. The  factory  dietricta  are  naturally  located  along  the  lines  of 
rail  or  water  bansportation,  but  their  position  with  respect  to  the  remainder 
of  tbe  city  is  often  determined  by  the  direction  of  tlie  prevaiUnR  winds,  io 
order  that  smoke  and  odors  may  not  become  a  nuisBDce  in  the  bu^ess 
and  residential  distriets. 
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American  Practice.  A  Dumber  of  Ainericaa  oitiea  have  adopted  district 
regul8tk>ns,  but  none  of  them  have  gone  oa  far  in  this  reflect  as  Loe  Angeles. 
By  ao  <»dituuioe  enacted  in  1009  this  entire  eity.  with  ttw  esieption  trf  two 
suburba,  is  divided  into  induatrial  and  residentfad  districts,  there  being  25 
of  the  former  and  but  one  of  the  latter.  The  industrial  districts  are  widely 
scattered  and  the  reudential  district  includes  the  remaining  area  so  that  it 
entirely  surrounds  many  of  the  industrial  districts  and  really  covera  the 
entire  city  with  limited  areas  taken  out  here  and  there.  Provision  is  also 
made  for  residence  exceptions  within  the  residential  district  where  business 
is  permitted  subject  to  certain  conditions,  and  58  of  these  exceptions  have 
been  designated.  The  industrial  districts  vary  greatly  in  sise  and  shape, 
the  largest  including  an  area  of  several  square  miles  and  the  smallest  a 
sin^e  lot.  They  are  generally  confined  to  one  part  of  the  city  and 
th^  combined  area  is  about  one-tenth  that  of  the  residential  district. 
Seattle  adopted  a  building  code  in  1913  which  imposes  restrictions  upon 
the  use  to  which  property  within  the  city  may  be  put,  while  the  State 
Legislature  of  Maryland  has  regulated  the  use  of  property  within  certain 
parts  of  Baltimore.  The  State  of  New  York  in  1913  authorized  the  munio- 
ipal  legislative  body  in  any  city  of  the  second  class,  on  petition  of  two- 
thirds  of  the  property  owners  affected,  to  establish  residential  districts 
within  which  no  buildings  other  than  ongle  or  two-family  dwellings  may 
ha  erected.  In  1912  the  Maasachusette  Legislature  gave  auUiority  to  any 
city  or  town  in  the  State,  except  Boston,  which  was  covered  by  special  acta, 
to  regulate  the  height,  area  and  location  and  use  of  buildings  and  other 
structures  within  the  whole  or  any  defined  part  of  its  limits,  excepting, 
however,  bridges,  wharves  and  structures  under  control  of  and  occupied 
by  the  National  or  State  Government.  Minnesota  has  authorized  the  cities 
of  Minneapolis,  St.  Paul  and  Duluth  to  establish  residential  and  industrial 
districts  by  a  two-thirda  vote  of  the  municipal  iegiBlative  bodies,  and  Wis- 
oonaia  has  conferred  similar  powers  upon  ei^t  of  the  principal  cities  oi 
the  State.  The  Provincial  Legislature  of  Ontario  has  authorised  the 
councils  of  cities  of  more  than  100  000  population  to  reetriet  the  erection 
of  buildings  to  certain  classes  in  designated  parts  of  the  city,  and  Ttmmto. 
acting  under  this  authority,  has  prescribed  the  use  to  which  property  may 
be  put  in  a  considerable  portion  of  the  city. 

Rew  York  City  Restrictions,  1916.  The  most  recent  regulations  affecting 
the  use  of  property  are  those  adopted  by  the  Board  of  Estimate  and  Ap< 
portionment  the  City  of  New  York  on  July  2$,  1916,  as  part  of  the 
general  scheme  tjt  building  and  use  regulations  referred  to  in  the  preceding 
Article.  The  use  restrictions  are  indlbiated  by  a  map  covering  the  entire 
City,  upon  which  is  designated  the  use  to  which  property  abutting  on  every 
street  in  the  City  may  be  put.  The  general  regulations  contained  in  Art. 
II,  "  Use  Districts,"  are  as  follows: 

"  JJm  Districts.  For  the  puipoae  of  regulating  and  restiietiiiK  the  locatioa  of  tndes 
and  industries  and  the  location  of  bufldings  designed  for  qwdSed  usee,  the  City  of 
Mew  York  is  hereby  Avlded  into  three  dasMa  of  districts:  (1)  Reddeaee  <Ustiieti^ 
(2)  bttilnesB  disMets,  and  (S)  unrestricted  districts;  as  shown  on  the  use  district  map 
which  accompanies  Oiis  resolution  and  is  hereby  declared  to  be  part  hereof.  The  uae 
districts  deaiEnated  oo  said  map  are  hereby  establiabed.  The  uae  district  map  derig- 
nationa  and  map  deaignstion  rules  whieh  accompany  said  use  district  map  ara  berd>y 
dadarad  to  be  part  tberaof.  No  buOding  or  pramlaea  diaU  be  erected  or  used  for  any 
purpose  other  than  a  purpcas  permitted  in  the  uae  district  in  wUeb  sudi  buHdlBg  or 
prraiiBeB  is  located. 

"Restdenee  Districts.  In  a  lesidenee  district  no  building  shall  be  erected  other 
thaa  a  bonding,  with  ita  uaoal  aeeoworioa,  arranged,  intended  or  dsiigiied  ezdudniy 
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for  MM  or  mon  at  the  following  ■pedfled  una:  (1)  DwvlUngB,  which  ahall  induda 
dweQinfB  for  om  or  mora  fMoiliea,  and  boarding  bouaes,  and  alao  liotda  which  havs 
30  or  more  deeping  rooma;  (2)  duba,  ezoepting  duba  the  diief  activity  of  which  ia 
a  aerviee  customarily  carried  on  aa  a  busineaa:  (3)  efaurchea;  (4)  aehoola,  librariea  or 
public  muaeunu:  (S)  philanthropic  or  deemosynary  uaea  or  Inotltutiona,  other  than 
cometional  inatitutiona;  (6)  hoapitsla  and  aanltariuma:  (?)  railro«d  puMnfer  ata- 
tkns;  (S)  fanning,  tnick  gardening,  BUfaerlea  or  pvenhouaea. 

"In  a  rcaidencs  diatiiet  no  bidldlng  or  pmniaea  ihall  be  uaed  for  any  uae  other  than  a 
uae  aliove  ap«dfled  for  which  bufidinga  may  be  erected  and  tor  the  accc— ory  tma 
cuetomarily  inddent  thereto.  The  term  aceeeeary  uae  dieU  not  fndude  a  burineei  nor 
ahall  it  indude  any  building  or  use  not  located  on  the  nme  lot  with  the  buUdIng  or 
uae  to  which  it  is  acceasory.  A  private  gmrmge  tor  more  than  Are  motor  veUdM 
dtaU  not  be  deemed  an  acceasory  uae. 

■*  BudneM  IHalrlcta.  1.  In  a  bodaew  dtatrfet  no  boltdbv  or  pnmlaea  ehall  be 
oeed,  and  no  buOiBng  diaD  be  erected  wfaM  ta  ananged.  Intended  or  diaigned  to 
he  mnd,  for  any  of  the  f<dlowlng  apedfled  tradea,  Induatriea  or,  uaea:  Ammonia, 
ddorioe  or  bleaching  powder  manufacture;  asphalt  manufacture  or  refining;  aaaaying, 
other  than  gdd  or  diver;  blacksmithing  or  horaeehonng;  boiler  making;  brewing  or 
of  liquors;  carpet  deanlng;  celluloid  manufacture;  crematory;  diatlUatlan 
of  eoal.  wood  or  bona;  dyeing  or  drjr  cleaning;  electric  central  station  power  plant; 
fat  rendaring;  fertHIier  manufacture;  garage  for  more  than  five  motor  vehldea,  not 
indudiog  a  warehouae  where  motor  vehidee  an  received  for  dead  storage  only,  and 
not  faiduding  a  salesroom  where  motor  vehidee  are  kept  for  sale  or  for  demonstration 
parpoeea  only;  gss.  illuminating  or  beating,  tnaniifa^uie  or  atorage;  glue,  aiie  and 
gelatine  manufacture;  indneration  or  reductiM  of  garbage,  otfal,  dead  animals  or 
lehiae;  iron,  ated,  hraaa  or  copper  works;  Junk,  aerap  paper  or  rag  storage  or  baling; 
lanip^bladE  manufaetiue;  lime,  eament  or  plaatar  of  Paiia  manufacture;  mflk  bottling 
and  distributing  station:  ^doth  or  Hndeum  manufacture;  paint,  ofl  vamUi  or  turpen- 
tine manufacture;  petroleum  refining  or  storage;  printing  ink  manufacture;  raw  hides 
or  ddns,  storage,  curing  or  tanoing;  repair  shop  for  motor  vehldea;  rubtier  manu- 
facture from  the  crude  material;  saw  or  planing  mDl:  shoddy  manufacture  or  wool 
seourfng;  dau^terliv  of  aidmala;  aaettlng;  nap  manufacture;  etable  for  more 
than  Ave  horaea;  atarrii,  ghwose  er.destrlne  manufaeture;  stod^  jrards;  stone  or 
monumental  works;  sugar  refining;  sulphurous,  sulphuric,  nttrie  or  hydrodilorle  add 
manufacture;  tallow,  grease  at  lard  manufacturing  or  refining;  tar  dlstOlatloo  or 
manufacture;  tar  roofing  or  tar  waterproofing  manufacture. 

2.  In  a  bualnBss  district  no  building  or  premises  shall  be  used,  and  no  buOding 
diall  be  erected,  which  ia  arranged,  intended  or  deaigned  to  be  used  for  any  trade, 
fatduatry  or  uae  tltat  is  noxious  or  offendve  by  reason  (rf  the  emisdon  of  odor,  dust, 
■moke,  gaa  or  nobe;  but  car  hams  or  places  of  amusement  dudl  not  be  ezduded. 

3.  In  a  budneaa  diatriet  no  building  or  premEan  ahall  be  used,  and  no  buOding 
dull  be  erected,  which  is  arranged,  bitended  or  deaigned  to  be  used  for  any  kind  of 
manufacturing,  except  tltat  any  kind  of  manufacturing  not  induded  within  the  pro- 
hibHi^"  of  paragraphs  1  and  2  <rf  this  aecticm  may  be  carried  on  provided  not  mon 
tlum  26%  of  the  total  floor  apaoe  of  the  building  la  ao  need,  but  space  equal  to  the 
area  of  the  lot  may  he  so  used  in  any  case,  sltbo  tn  nttm  of  said  26  %.  The  printing 
of  a  newqmper  dudl  not  be  deemed  manufacturing.  No  use  permitted  in  a  residence 
district  by  section  on  'Reddence  Districts'  ahall  be  exduded  from  a  budness  district. 

X  Unraatncted  Dtotricts.  The  term  'unrestricted  tUstaricU*  is  used  to  daaignate  the 
distrieta  for  whldi  no  tagulaHona  or  reatrletlcaa  are  provided  by  this  artide. 

M  Bxlxting  BuOdiagi  and  Premises.  In  any  building  or  premiaea  any  lawful  use 
existing  therdn  at  the  time  of  the  pasnge  of  this  rcadutitm  may  be  continued  thwdn, 
ahho  not  confonning  to  the  regulationa  of  the  uae  district  in  which  it  is  maintained, 
or  such  use  may  be  changed  or  converted  or  extended  thruout  the  building,  provided, 
in  dtber  caae,  that  no  atructural  alterations,  except  as  required  by  exiating  lawa  and 
ordinances,  are  made  therein  and  no  new  building  1m  erected,  and  provided  farther 
that:  (1)  In  a  reddence  diatriet  no  building  or  premises  unless  now  devoted  to  a  nn 
that  is  by  section  on  'Budness  Districta*  jmhlbitad  in  a  budnea  district,  shall  be 
converted  to  such  use;  and  (2)  in  a  residmoa  or  bualnw  district  no  building  or 
pceaaisea  unlew  now  devoted  to  a  use  that  is  by  paragraph  1  or  S  at'asetkm  on 
'Budneaa  Districts'  prohibited  fai  a  busfnasa  district  shall  be  converted  to  such  use. 
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"No  odatlng  building  doagned,  amnged,  iatended  or  devoted  to  ft  use  not  per- 
mitted by  this  vtide  in  the  dlsUict  in  wbich  sueb  ute  ia  located  abBJl  be  enlarged, 
eitttided,  reconstructed  or  «tructurally  altered  unlea  sucb  uae  !■  dianged  ta  a  use 
permittad  in  the  district  in  whidi  nich  building  b  located;  wmept  that  such  buOding 
may  be  reconatrueted  w  atrueturally  altered  to  an  extrat  not  greater  than  50  %  of 
thevalueof  the  building,  ezduaiverfloundatloQB,  for  the  purpoae  of  eontinuiiig  tbo^n, 
irithout  any  extenmoa  thereof,  a  lawful  uae  existing  therein  at  the  time  of  the  paaaaoe 
of  this  reeolution,  and  auch  use  may  be  continued  therein,  altho  not  eonfonnlng  to 
the  regulationa  of  the  use  district  in  which  it  is  maintained. 

"  Um  District  Bxceptknu.   The  Board  of  Appeals,  created  by  Chapter  608  of  the 
L«wa  of  1916,  may,  in  ^>propriate  eaaea,  after  pubUc  notice  and  bearing,  and  nibjaet 
to  appropriate  conditions  and  safegnards.  detmnlne  and  vary  the  apptleatioB  of 
usQ  district  regulations  herein  established  in  harmony  with  th^  general  puipdoe 
and  intent  as  toilows: 

1.  Permit  the  extension  of  an  existing  l)ui]diDg  and  the  existing 'use  thereof  upon 
the  lot  occupied  by  such  building  at  the  time  of  the  passage  of  this  reeolution  or  peiii^ 
the  erection  of  an  additional  building  upon  a  lot  occupied  at  tlM  Ume  of  the  paawigo 
of  this  resolution  by  a  commercial  or  industrial  establishment  and  which  additional 
building  ia  a  part  o(  such  establishment. 

2.  Where  a  use  district  boundary  line  dividea  a  lot  in  a  single  ownership  at  the 
time  of  the  paange  of  this  resdution,  permit  a  use  authorized  on  dther  portion  of 
■u^  lot  to  extend  to  tbe  enUre  lot,  but  not  more  than  25  ft  beyond  the  boondaty 
line  of  the  district  in  whidi  such  uae  ia  authorised. 

8.  Permit  the  eortenalan  of  a  building  Into  a  more  leililclied  district  under  audi 
etmditlons  as  will  safeguard  the  character  of  the  more  restricted  district. 

4.  Permit  in  a  residence  district  a  central  tdephooe  exchange  or  any  building  or 
use  in  Iceeping  with  the  uses  expreaaly  enumerated  in  section  on  'Residence  Districts' 
as  the  purpoeee  for  vhicb  buildlnga  or  premises  may  be  erected  or  used  in  a  rasidesMa 
district 

6.  Permit  Id  a  bnrineaa  diatriet  the  erection  of  a  garage  or  stabla  in  any  portiat 

of  a  street  between  two  interseeting  streets  in  which  portion  or  block  there  exists  a 
public  garage  or  public  stable  at  the  time  of  the  passage  of  this  reoolution. 

6.  Grant  in  undevdoped  sections  of  the  city  temporary  and  oonditiooal  permits 
for  not  man  than  2  yeaia  for  structures  and  uses  in  Gontraventint  of  the  leqidr*- 
menta  of  thia  artide." 

27.  Zoning 

Reed  of  Zoning.  No  plan  for  the  regulation  of  building  heights,  the  uses 
to  which  property  may  be  put,  and  the  proportion  of  the  plots  which  may 
be  built  upon  can  be  intelligently  worked  out  except  under  a  soning  system. 
BegulaUoDs  governing  the  height  of  buildings  or  the  area  which  may  be 
covered  in  office  building,  financial  or  industrial  dictricta  would  be  entirely 
inappropriate  in  residential  or  suburban  districts,  and  it  a  only  by  the 
adoption  of  a  system  of  zones  that  such  restrictions  can  be  appropriate 
and  equitable  and  will  have  the  effect  of  insuring  the  character  of  a  neigh- 
borhood and  stabilizing  land  values. 

Plan  Adopted  by  New  York  City  in  1916.  The  zoning  plan  has  been 
highly  developed  in  German  cities  and  is  an  essential  feature  of  the  general 
scheme  of  building  regulation  recently  adopted  by  the  City  of  New  York 
as  described  in  Arts.  25  and  26.  While  height  restrictions  are  imposed 
according  to  districts  or  sones,  those  districts  are  not  identical  with  those 
adopted  for  determining  the  proportion  of  the  plots  which  may  be  buUt 
upon.  The  New  York  ordinance  provides  five  different  kinds  of  districts, 
and  there  are  many  districts  of  the  same  kind  scattered  over  the  Ci^  and 
separated  from  each  other  by  districts  of  other  claases.  Art.  IV  of  the 
ordinance  dealing  with  area  districts  is  as  follows: 

"  Area  Districts.  For  the  purpose  of  regulating  and  determining  tlie  area  of  yards, 
courts  and  other  open  spaces  for  buildlnga  hereafter  erected,  the  City  U  New  York 
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h  hanAgr  divided  Into  flv«  duM  of  ma  <U«trleti:  A,  B.  G,  D  atid  -E;  aa  ■bown 
Ki  ths  MM  ^itriet  mmp  vhich  mecompsulM  this  nxduticni  and  !■  hanby  dedared 
to  be  part  henof.  The  area  diatricta  derignated  on  said  map  are  bcnby  eataUiahed. 
Tha  ana  Aatriet  map  deoisnatlons  and  map  dealfnation  nika  wUdi  aeeotnpaDy 
mid  area  district  map  are  hereby  declared  to  be  a  part  thereof.  No  bofhUn;  or  part 
al  a  building  ahall  ba  erected  except  in  conformity  with  the  repilationa  herein  pre- 
aoBwd  for  the  ana  dlatrict  in  wlil^  moA  buDdinc  la  located.  Unlen  otbenriae 
iiHaaaaTj  provided,  the  terma  rear  yard,  side  yard,  outer  ootnt  or  hmer  court  when 
Med  in  tUa  article- riudl  be  deemed  to  refer  only  to  a  rear  yard,  ride  yard,  outer  court 
or  inner  court  required  by  th!a  artlde.  No  lot  area  ahall  be  ao  reduced  or  diminMiad 
that  tlie  yards,  courta  or  open^  spacea  ahall  be  analler  than  preeeribed  in  thla  artide. 

"A  DisnucTS.  In  an  A  district  a  court  at  any  clvea  hdsht  shall  be  at  leaat  1  in 
in  leaat  dinaendon  fw  each  1  ft  of  such  height. 

"  B  DtBTKicm  In  a  B  district  a  rear  yard  at  any  given  hdght  shall  be  at  least 
2  hi  in  least  dhnendon  for  each  I  ft  of  micb  height.  The  depth  of  a  rear  yard  at  ita 
lowest  levd  shall  be  at  least  10%  of  the  depth  of  the  lot,  but  need  not  exceed  10  ft 
at  audi  levd.  An  outer  court  or  a  ride  yard  at  any  given  hdght  shall  be  at  least  1  In 
in  least  dimension  for  each  1  ft  of  such  hdght.  An  outer  court  at  any  given  point 
shall  be  at  least  1 H  tn  in  least  dtanenrion  for  each  1  ft  of  length.  But  for  eadi  1  ft 
Oat  an  outer  eoort  at  any  given  beiglit  would,  under  the  above  rulaa,  be  wider  in  Its 
Isaat  diniMidon  for  audi  h^ht  than  tha  minhnqm  required  by  Ita  length,  1  in  shall 
be  dedneted  from  file  required  kast  dfanenafcm  ior  sndt  hdght  for  eadi  24  ft  of  andh 
Irtcht  A  dde  yard  for  ita  length  within  50  f t  (rf  the  street  may  tor  tiie  purposes 
of  tha  abova  rule  be  oonddered  an  outer  court. 

**  C  DiRBicn.  1.  In  a  G  district  a  raar  yard  at  any  i^ven  hd^t  shsB  be  at  least 
S  in  in  least  dhnendon  tor  aadi  1  ft  of  audi  hsl^t  The  depth  of  a  nar  yard  at  Ita 
loiwaat  levd  diaD  be  at  least  10%  of  the  depth  of  the  lot  but  need  not  auead  10  ft 
at  audi  levd.  An  outer  court  or  a  ride  yard  at  any  given  height  ahall  be  at  least  1  >i  in 
In  least  dlmenrion  for  each  1  ft  of  such  height.  An  outer  court  at  any  given  point 
shall  be  at  least  m  in  In  least  diraenrion  for  each  1  ft  of  length.  On  a  lot  not  more 
than  80  ft  in  mean  width  an  oata  court  or  a  dde  yard  at  any  givtai  hdght  shall  be 
not  teas  than  1  in  in  leaat  dim«idm)  for  each  1  ft  of  such  height,  and  an  inner  court 
at  any  given  height  shall  be  dther  (1)  not  len  than  2  in  In  least  diroenakm  for  «adi 
1  ft  of  audi  hdght  or  (2)  it  obaO  be  of  an  equivalent  area  aa  horabiaftsr  t— In 
paragraph  8  of  section  on  '  Courts.' 

Z.  If  the  owner]  or  ownen  of  any  part  of  a  C  district  set  adds  perpetoalty  for  the 
joint  recreational  use  of  the  reddents  of  sudi  part  dedgnated  by  them  an  area  at 
laaat  equal  to  10%  of  the  ar«a  of  end)  part  In  additlcm  to  all  yard  and  court  leqube- 
menta  for  a  B  dkMet,  such  part  shall  be  subject  to  the  regulations  herein  preecrlbed 
tor  a  B  district.  Sneh  joint  leereatlaDal  apoae  didl  be  composed  et  one  or  more 
tracts,  each  of  whidi  shall  be  at  hast  40  ft  hi  kaat  ^memiaii  and  6000  aq  ft  in  ana 
and  diaH  be  approved  by  the  Board  of  Appeala  as  aidtaUe  tor  thm  joint  Feoaatfanal 
OSS  of  such  reaidatta. 

"D  DisntlCTB.  1.  In  a  D  ^rtrlet  a  rsar  yard  at  any  gjvflo  hd^  dull  ba  at  least 
4  in  in  least  dhnendon  for  aadt  1  ft  of  audi  hdght.  The  depth  m  a  rear  yard  at  ita 
lowed  levd  AaQ  be  at  least  10  %  of  the  depA  of  the  lot,  but  need  not  exceed  10  ft  at  sneh 
level.  If  a  building  in  a  D  district  is  located  in  a  reddenee  district  sa  dedgnated  on 
the  use  district  map,  the  depth  of  a  rear  yard  at  Its  lowest  levd  shall  be  at  least  20  % 
of  the  depth  of  the  lot,  but  need  not  exceed  20  ft  at  such  levd.  However,  for  eadl 
1  ft  in  exeeas  of  10  ft  of  the  depth  of  such  rear  yard  at  its  lowest  levd,  there  may  be 
snbadtated  1  ft  of  depth  of  unoccupied  space  across  the  whde  width  of  the  front  of 
ths  lot  at  the  edib  levd  between  the  street  line  ani|  the  street  wall  of  the  buSdlng. 

2.  In  a  D  district  an  outer  court  or  a  ride  yard  at  any  given  height  sball  be  at 
leaat  2  in  in  least  dhnendon  for  each  I  ft  of  such  hdght.  An  outer  court  at  any  given 
pdnt  shall  be  at  least  2  in  hi  least  dimendon  for  each  1  ft  of  length.  On  a  lot  not 
nwra  than  SO  ft  in  mean  width  an  outer  court  or  a  aide  yard  at  any  i^ven  hdf^t  diaD 
bo  not  Itm  tiian  IM  in  in  least  dhnendon  far  each  1  ft  of  audi  hdght.  On  aneh  lot 
aa  oatar  oonrt  at  any  ^ven  pdnt  dial!  be  not  kaa  than  1  !^  in  in  least  dtmsnsion  for 
taA  1  ft  of  langUi.  On  sudi  lot  an  hiner  court  at  any  given  hdght  shell  be  dther 
(I)  not  laas  than  3  in  in  least  dimendon  for  each  1  ft  of  such  hdght  or  (2)  tt  shall  be  of 
aa  aqatvalsnt  area  as  speeUted  in  paragrqih  8  of  aeetion  on  '  Courta.' 
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8.  In  a  D  dbtriet  no  building  lonted  within  a  raridaie*  district  w  rttirfffittJ 
on  tlM  uae  district  nutp  shall  occupy  at  the  curb  Uvd  more  than  60%  of  tlw  area  of 
the  lot  tf  Ml  IntMriar  lot  or  80%  if  a  comer  lot.  In  computing  audi  pcraentace  any 
part  <rf  tlw  area  of  any  contn  lot  in  Bzceea  of  SCKW  aq  ft  ahall  be  ctmddend  an  interior  loL 

4.  It  the  owner  or  owners  of  any  part  of  a  D  district  set  aside  perpetually  for  tite 
Jrint  recreational  use  of  tbe  residenU  of  ouch  part  designated  by  thsm.  an  am  at 
least  equal  to  10%  of  the  area  of  sudi  part  In  additicoi  to  all  yard  and  <xnut  reqnir*- 
ments  f or  a  C  district,  su^  part  shall  be  subject  to  the  regulations  hereto  prcactitted 
for  a  G  district.  Such  joint  reereational  ^>aoe  shall  be  composed  of  one  or  more  tracts 
each  of  which  shall  be  at  least  M  ft  in  least  dimeniton  and  6000  aq  f t  in  area  and 
ahaQ  be  approved  by  Uie  Board  of  Appaala  as  suitable  tor  tJia  jdnt  racrMticBal  vm 
of  audi  rendents. 

"E  DMtHICTB.  1.  In  an  E  district  a  rear  yard  at  any  given  hdght  shall  be  at 
teaat  6  In  in  least  dimenrion  for  each  1  ft  of  such  height.  Tbe  depth  of  a  rear  yard 
at  Ha  iBwert  level  ahaU  be  at  least*  16%  of  the  depth  of  the  lot.  but  need  not  oxosed 
IB  ft  at  audi  Itvd.  If  a  building  in  an  E  district  is  located  in  a  reaidaMe  distiist 
derfgnsbed  on  the  use  district  nap,  the  depth  of  a  rear  yard  at  its  loweat  Isvd  Adt 
be  at  least  2S%  <rf  the  depth  of  the  lot,  but  need  not  exceed  25  ft  at  such  levsl.  How- 
ever, for  each  1  ft  in  excess  of  10  ft  of  the  depth  of  auch  rear  yard  at  Its  lowest  level 
there  may  be  sutMtltuted  1  ft  of  depth  of  onoecupied  space  acrosa  tba  whole  width 
of  the  front  of  tbe  lot  at  the  curb  level  between  the  street  line  and  tbe  street  wall  of 
the  buflding.  Id  an  B  district  on  at  least  one  side  of  every  buflding  located  within 
a  residence  district  there  diall  be  a  aide  yard  along  the  side  lot  line  for  the  full  depth 
of  the  lot  or  baelc  to  tbe  rear  yard. 

2.  In  an  £  district  an  outer  court  or  side  yard  at  any  given  bdgfat  diaU  be  at  least 
Zyi  in  in  least  dimensioti  for  each  1  ft  of  such  lieight.  On  a  lot  not  more  tlian  60  ft 
in  mean  width  an  outer  court  or  a  side  yard  at  any  given  bright  shall  be  at  least  S  in 
in  least  dimension  for  each  1  ft  irf  such  hel^t.  An  outer  court  at  any  ^vea  poiiU 
ahaU  be  at  leaat  2H  In  in  iMut  dimension  (or  each  1  ft  of  length. 

8.  In  an  E  (Hstriet  no  buil^g  located  within  «  rewdance  district  aa  deJgnaUd 
on  the  use  district  map  shall  occupy  at  tbe  curb  level  more  than  60  %  of  the  area  of 
the  lot  If  an  interior  lot,  or  70%  if  a  comer  lot,  and  above  a  levd  18  ft  above  the 
curb  no  building  shall  occupy  more  than  80%  of  the  area  of  the  lot  if  an  interior  lo^ 
or  40%  if  a  comer  lot.  In  computing  such  percentage,  any  part  of  the  area  of  any 
eomor  lot  fat  exeeas  of  8000  sq  ft  shall  be  considered  an  Interior  lot. 

"  Rear  Yards.  1.  Except  in  A  districts,  for  lots  or  portions  of  lots  that  are  back 
to  back  there  shall  be  rear  yards  extending  along  the  rear  lot  lines  of  such  lots  or  por- 
tiooM  of  lots  wherever  tltey  are  more  than  Gfi  ft  Imek  from  tite  nearest  street.  Such 
rear  yard  shall  be  at  least  of  the  area  ar.d  dimensions  herein  preaeribed  for  the  area 
district  in  which  it  u  located  at  every  point  along  such  rear  lot  line.  Within  65  ft 
of  the  nearest  street  no  rear  yards  shall  be  required.  No  rear  yard  shall  be  required 
on  any  oomer  lot  nor  on  tbe  portion  of  any  lot  that  is  back  to  back  with  a  oomsr  lot. 

2.  Wbm  a  building  is  not  within  a  residenee  dirtriet  aa  derfgnatcd  on  the  use 
district  map,  the  lowest  levd  of  a  rear  yard  shall  not  be  above  the  sill  tevd  of  tbe 
second  story  windows,  nor  ia  any  case  more  than  28  ft  above  the  curb  levd.  Where 
a  building  ia  within  a  restdoMe  district  the  lowest  ]xmA  of  a  rsar  yard  shall  not  be 
•hove  th»  curb  level,  emept  that  not  more  thaa  40%  of  the  area  <tf  the  yard  may  bs 
oeonpled  by  the  building  up  to  a  levd  18  ft  above  the  eurb  level.  In  the  case  of  a 
diurch,  whether  within  or  without  a  residenco  district,  such  40%  may  be  occupied 
up  to  a  level  of  30  ft  above  the  eurb  level. 

8.  Chimneys  or  flues  may  be  erected  within  a  rsar  yard  provided  tbey  do  not 
exceed  6  sq  ft  in  area  in  ttie  aggregate  and  do  not  obstruct  venHlaticn. 

4.  Except  in  A  districts,  where  a  building  on  an  Interior  lot  betwsen  lots  for  which 
rear  yards  are  required  runs  thru  the  block  frcnn  street  to  street  or  to  within  66  ft 
of  another  street,  there  shall  be  on  each  aide  lot  line  above  tbe  sill  level  of  the  second- 
story  windows  and  in  any  case  above  a  levd  23  ft  above  the  eurb  level  a  court  of  at 
least  equivalent  area  at  atky  given  bright  to  that  required  for  an  inner  court  at  audi 
bright  and  having  a  least  ^menrioD  net  lasa  than  that  required  for  an  outer  eourt  at 
the  same  height. 

6.  When  a  proposed  building  is  on  a  lot  which  is  back  to  bade  with  a  lot  or  lots 
on  wlileh  there  b  a  building  or  bwlMIng  having  rear  yards  lass  in  depth  thaa  would 
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V*  wqulii4  mdar  thb  artUU,  tht  diptli  of  the  rear  yard  of  the  propoeed  boOdiBc 
riwQ  not  bo  required  to  be  gnator  at  any  glywa  feval  than  the  avenco  depth  of  the 
rear  yards  directly  back  to  back  with  it  at  sMh  levd,  but  in  no  eaaa  lAiall  tbe  dapth 
ol  much  rear  yard  be  less  at  any  hricht  than  tbe  laait  dlmanilon  pworibid  for  an 
outer  court  at  such  height. 

"  Coorts.  1.  If  a  room  fat  wUdi  peraona  live,  daqi.  wgrii  or  eongracata  raeeivaa 
Ita  Hgbt  and  air  in  whole  or  in  part  directly  tngn  an  open  (pace  on  tbe  aanw  lot  with 
the  buOding,  there  gball  b«  at  least  one  liuwr  court,  out«r  court,  aide  yard  or  rear 
yard  upon  which  a  window  or  ventilating  slQ'tight  opens  from  sudi  room.  Such  inner 
eoort.  outer  court  or  side  yard  shall  be  at  least  of  tbe  area  and  dlmwrions  herein  pt^ 
scribed  for  the  area  district  tn  which  it  is  located.  Such  rear  yard  dull  ba  at  least  of 
tbe  araa  and  dimensiona  herein  prescribed  for  an  inner  court  in  tbe  area  district  In 
which  it  la  located.  In  an'  A  district,  such  inner  court,  outw  court,  ride  yard  or  rear 
yard  shall  be  at  least  of  the  area  and  dimmrions  her^  preacribed  for  a  court  in  audi 
dartrict.  The  unoccupied  space  within  the  lot  in  front  of  every  part  of  such  window 
■hall  be  not  leas  than  3  ft,  measured  at  right  angles  thereto.  Courts,  yards  and  other 
open  spaces,  it  provided  In  addition  to  thoae  required  by  this  section,  need  not  be  of 
tbs  araa  and  dhnenalwM  hardn  preacribed.  The  provisions  of  thia  netion  ihaQ  not 
ba  deemad  to  miy  to  eonrta  or  riwfts  fbr  batbrooma,  toilet  eompartmntB,  haOinya 
or  atalrwayi. 

2.  Tbe  least  dimendon  of  on  outer  eotirt.  Inner  court  or  side  yard  at  Its  lowest 
level  shall  be  not  less  than  4  ft,  except  that  where  the  walls  bounding  a  side  yard  within 
tbe  lot  are  not  mora  than  25  ft  in  mean  bright  and  not  more  than  40  ft  Is 
kngth,  audi  least  dfanndoti,  auapt  in  an  E  diatrlet,  may  be  not  Imb  than  t  ft. 
Wtera  any  outer  court  opens  on  a  street,  such  street  may  be  eonsfdaed  as  part  of 
sncb  eourt. 

*3.  The  least  dimension  of  an  inner  court  at  any  given  hei^t  shall  be  not  less 
than  that  which  would  be  required  in  Indies  for  each  1  ft  of  height  for  a  rear  yard  of 
th«  aame  height,  except  that  an  inner  court  of  equivalent  area  may  be  substituted  for 
■aid  eourt,  provided  that  for  such  area  its  least  dimension  be  not  less  than  one-half  of 
ita  Breateat  dfanendon.  If  an  inner  court  ia  connected  with  a  street  by  a  side  yard, 
for  «adt  1  ft  that  auch  dde  yard  la  leas  than  66  ft  in  depth  fnmi  the  street  1  sq  ft  may 
be  dedoeted  from  the  required  area  of  the  inner  court  for  each  15  ft  of  height  of  such 
court.  If  the  lot  is  not  required  under  this 'resolution  to  have  a  rear  yard,  an  outer 
court,  not  Dpanihg  on  a  street,  shsll  open  at  any  levd  on  an  Inner  court  on  tbe  rear 
Um  aif  tbo  lot  and  sudt  imior  court  ahdl  ba  deemed  a  rear  yard  in  auefa  ease, 

"Jna  Dlaliict  WiwipMow.  1.  Tba  ana  loqulrad  in  a  eourt  or  yard  at  any  given 
laval  dtaO  ba  open  from  such  levd  to  the  sky  unobstructed,  except  tor  the  ordinary 
projections  of  skylights  and  parapets  above  the  bottom  of  such  court  or  yard,  and 
aaeept  for  the  ordinary  projections  of  window  sills,  bdt  courses,  comiees  and  other 
OrnamaBtal  features  to  the  extent  of  not  more  than  4  in.  However,  where  a  side 
yard  or  an  outer  court  opens  on  a  street  a  cornice  may  project  not  over  6  ft  into  such 
dda  yard  or  outer  court  within  5  ft  of  the  street  wall  of  tbe  building. 

2.  An  open  or  1attIce.endoeed  iron  fire  escape,  fireproof  outside  stairway  or  solid- 
floored  balcony  to  a  fire  tower  may  project  not  more  than  4  ft  into  a  rear  yard  or  an 
EBDsr  eourt,  axeept  that  an  open  or  lattice-endoaed  Iron  Are  eacape  may  project  not 
man  than  8  ft  into  a  rear  yard  or  into  an  inner  eourt  wben  it  does  not  occupy  mora 
than  20%  of  tbe  area  of  such  inner  court. 

t.  A  earner  at  a  court  or  yard  may  be  out  off  between  walls  of  the  same  building 
imidad  that  Oa  Ingth  of  tha  wan  of  audi  cut.oS  dosa  not  ateeed  7  It. 

4.  An  dtaat  M  •  oourt  or  yard  may  be  oonaideied  as  a  part  of  audi  court  or  yard 
provided  that  It  Is  no  deeper  in  any  part  than  it  is  wide  on  the  open  side  and  that 
aa^  opaa  dde  be  in  no  ease  less  than  5  ft  wide. 

5.  If  •  building  la  cfoetad  on  the  same  lot  anth  another  building,  tba  savaral  bnOd- 
higi  akaO,  for  tha  purpoaaa  of  tUa  artide,  ba  oonddered  aa  a  ain^  building.  Aiqr 
Mroetora,  whether  indepaodent  of  or  attached  to  a  building,  Rhall  for  the  purposes 
ot  this  artide  be  deemed  a  building  or  a  part  of  a  building. 

6.  If  an  additional  story  or  stories  are  added  to  a  buOding  exfsUng  at  the  time  of 
tbe  passage  of  this  raodutioa,  the  courts  and  yards  of  whidi  do  not  conform  to  the 
raqudramantn  of  this  arttda,  the  laaat  dhnenalana  of  yaida  and  comta  ahaU  ba  Inrraaaad 
froBB  dw  tor  ot  tba  adatinc  yard  or  oont  walla  aa  tho  tfaay  wan  at  tbo  preaarlbed 
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diBMBiiaiH  «t  MMlt  bdghta,  and  tha  owrylBf  vp  of  olrtiDC  abvator  and  atadr  n- 
doHira*  ahall  b«  enmptad  from  the  prorWou  of  thfa  artMn." 

The  resulationa  described  m  Arts.  26,  26  and  27  have  been  outlined  in 
some  detail  in  order  that  enfdneen  who  are  responaible  for  the  planning 

of  streets  and  street  BystemB  may  appreciate  the  tendencies  in  this  direc- 
tion. If  municipal  authorities  are  to  impose  restrictions  of  the  kind  de- 
scribed, the  streets  can  often  be  planned  in  quite  a  different  manner  than 
would  be  the  case  if  the  owners  of  private  property  are  to  be  allowed  to 
continue  the  development  of  their  holdings  in  any  manner  which  may  oeem 
most  advB&tageoua  to  thenuelvefl. 
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GRADnro 

1.   Clearing  and  Grabbing 

Before  the  construction  of  embankments  and  excavations  are  begun,  trees, 
stumps,  large  mote,  brush  and  other  objectionable  material  within  the  entire 
area  to  be  covered  by  the  fill  should  be  removed.  Where  the  fill  is  leas 
than  about  2  ft  in  depth,  all  vegetable  matter  should  be  removed  from 
the  original  uurfaoe.  These  requirements  are  necessary  in  order  to  secure 
embankments  free  from  soft  and  spongy  pockets. 

Spaciflcationi.  Also  contained  in  general  grading  specifications  (see 
Art.  5). 

Psaa.  Hlghwi^  Dept.   "Tlte  gnwDd  shall  be  dsarsd  of  all  trsn,  stumps,  bntsh, 

roots,  fcnoas,  walls,  buHdlBfa,  or  other  iaeumbrmDces  upon  or  within  the  Un&ite  of  tha 
roadway  before  (mdin{  la  commenced.  The  Contractor  absU  bum,  or  otherwise  diapoaa 
ot  all  socfa  trees,  stomps,  roots,  etc.  In  a  astiafsctory  manner  and  ahslt  remove  ail 
rubbish  or  refuse  to  sueh  point,  or  points,  beyond  the  Uraits  of  the  work,  as  may  be 
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directed.  When  it  ia  neoMNry  to  nmvn  a  Umm,  or  IMmm,  for  the  prweoBoii  of 
the  work,  the  Contractor  iImII  do  Mich  wotk  with  fffopar  cue  aad  thall  ]^M»  the 
materUla  eo  removed  on  the  abutttng  property  in  m,  ntKfkctoiy  mmnoer." 

Am.  Ky.  Bni.  Ann.  <18).  "Extbnt  of  Clearing.  The  rigbt-o(-w«y  uid  station 
erousda,  except  may  portione  tbweof  that  nuy  be  reeerved,  thsU  be  ciwred  of  all 
treee,  brwh  uwl  pwlduble  matnlab  of  wbataoaver  nature. 

"DiHPOSAL  or  Bbush.  rrc.  All  tbaee  matariale,  except  «a  henlnatter  mwitiaoed, 
riiall  be  burned  or  othwwlae  removed,  a>  may  be  directed,  and  without  injury  Co 
adj  lining  property. 

"Stuups.  Where  "l-aring  im  to  be  done,  etumpo  shall  be  cut  doae  to  the  ground, 
not  tugh«r  than  the  stump-top  diameter  for  trees  12  in  and  Isaa  hi  dtameter,  and  not 
higher  than  IS  in  for  trees  whose  stump-top  diameter  exceeds  12  in,  except  between 
slope  stakes  of  embankmrats,  where  stumps  shall  be  cut  so  that  the  depth  ol  flUing 
over  them  shsll  be  not  leas  than  2<  j  ft. 

"CLEARiNa  IN  Advangb.  The  work  of  ctearing  altall  be  Icept  at  least  1000  ft  In 
advance  of  grading. 

"CUTTINO  AND  PlUNQ  WoOD.  All  trees  which  may  be  reserved  shall  be  stripped 
of  their  topm  and  brancbss,  made  into  tiea,  or  cut  to  such  lengths  as  may  be  directed, 
and  neatly  piled  at  such  pUeea  on  the  right-of-way  as  may  be  dasignatad,  for  wUcb 
service  payment  shall  be  made  by  the  tie,  or  by  the  cord  of  128  eo  ft. 

"IsoLATVD  Tana,  Buildinos,  rrc  Where  Isolated  trees,  or  where  buDdingt  exist, 
payment  ahall  b«  nukde  for  the  removal  thereof  at  a  price  to  fa*  agreed  upon  btlan 
removal. 

"HaABcaSMMT  or  Cubudki  and  povmeat  for  the  aama  dull  be  Iqr  nalla  of  100 
ft  BcpiBre,  or  tractloa  thereirf,  actually  cleared. 

"Extent  or  Gbobbino.  Sturape  shall  be  grubbed  entirely  from  aO  placaa  nhan 
excavations  occur.  Including  ground  from  which  material  la  to  be  borrowed  as  well 
as  from  ditches,  new  channels  for  waterways  and  other  places  wiitfe  required.  Grub- 
bing ahall  also  be  required  between  the  slope  stakes  of  all  onbaidaMUta  of  less  than 
2H  ft  in  hdght 

"Gbubsino  IN  ADVANca.  The  work  of  grubbing  shall  be  kept  at  least  SOO  f t  in 
advance  of  grading. 

"Mbasukbiunt  of  GauaBiHO  ahall  be  eatlmated  upon  all  excavation  actually 
done,  and  the  qiaee  to  be  eovind  by  ail  anbaakmenta  of  lea  than  2H  ft  in  liei^t. 
Payment  for  the  Hma  ahall  be  by  uaita  of  100  ft  equara,  at  fraction  tiiareot,  aebMHy 
grubbed." 

Hattioda  aad  Cost  Data.  Cuuanra  and  Gbubbino  (40b).  "The  area  covered 
was  nine  acres,  the  treee  being  rather  closely  spaced,  and  the  undergrowth,  without 
being  rank,  was  of  long  standing.  The  trees  ranged  in  size  from  6  in  to  8  ft  in  diameter, 
the  awage  being  about  20  in.  Everything  smaller  than  tliis  was  daased  ma  brush 
and  the  atumps  were  grubbed  with  a  mattock.  The  stumps  of  treea  were  blasted. 
TbenumlMT  of  treea  cut  was  over  HOC,  wldle  the  actual  Bumiber  of  stumpa  blasted  «as 
1212.  The  tress  were  first  cut  down,  and  tlie  l>nuh  and  leaf  wood  piled  and  burnt. 
Then  the  blasting  commenced,  while  choppers  sawed  and  split  up  the  treea  into  cord 
wood  and  saw  logs.  The  timber  consisted  of  oak,  hidcory,  chestnut,  and  a  scattering 
of  a  few  other  varieties.  The  work  was  done  ih  the  spring  of  the  year,  the  weather 
bring  good. 

"The  tools  uaed  for  cutting  and  grubbing  w«n  as  follewa:  S8  axes,  28' mattocks. 
30  shovels,  I  hatchet,  1  handsaw,  ooe  4-ft  erosa  eut  law,  two  A-ft  croee  cut  sawa, 
2  fllee,  2  water  buckete,  and  2 
grindstonea.  For  blasting  the 
following  were  used:  1  chum 
drill,  1  large  auger  and  1  bucket. 
Theae  tools  coat  about  |80, 
irttieh  could  be  diarged  at  a  rate 
of  $9  per  acre  to  the  job.  Fore- 
men were  paid  $2.60  per  10-hr 
day  and  laborers,  mostly  Ital- 
ians, were  paid  f  1.2K.  The  de- 
tails of  the  total  coat  of  the 
entire  Job  wen  aa  followa: 

D>giti;M  by 


Chopidng  

Gruobiog  pwi  elaaring . , 
Haldng  eord  wood. . . . . 

Blaadng  

Grabbing  after  Masting. 

Grinding  axes  

Taokt  

Total  


Total 

«169.«1 
1S9.T4 
91.26 
668.59 
817.86 
6.87 
81.00 


Per  Acre 

$18.84 
16.68 
10.U 
7S.7S 
BbM 
M 
9.00 


81468.42 


8188.26 
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BLtmna  Stuufs  01h}.  "Th«  number,  sice  tad  eoDdlUon  of  atumps  and  the 
Uitd  of  soil  in  which  they  rest  b»ve  ma  fmportsnt  be&rinK  od  the  coet  of  land  deai^. 
It  takes  perhaps  twice  as  much  dynamite  to  blast  a  stump  out  of  dry,  aandy  soil  r.t>»»^ 
it  does  out  of  moist  and  dense  grauDd.  The  removal  of  a  Kre«a)  stump  abo  requires 
the  use  of  much  more  dynamite  than  is  necessary  for  the  blastins  of  an  old  stump. 

"  Ruzek  reports  that  he  removed  482  stumps  from  a  farm  near  WatertowD,  Wis., 
at  a  total  cost  of  a  little  Imb  than  1100.  The  atumpa  ranted  in  size  from  6  in  to  8  ft 
and  the  timber  had  been  cut  for  about  9  ywa.  It  required  from  }i  to  6>i  lb  of  40% 
drnainlte  to  the  stump. 

"Cuq)!)*!!  ^na  sonw  compaimtiva  flguraa  mi  blastinc  io  aandy  and  day  soils.  On 
«B>  farm  thm  wen  28  pine  stoznpa  In  light,  sandy  aoiL  The  cost  was  $38.77,  As 
high  M  18  lb  d  djiuunite  were  used  under  one  stump.  12  lb  under  another  and  from 
IH  to  10  lb  under  the  rest.  On  another  farm,  when  a  dry  soil  predominates,  81 
atumps  were  taker  out.  The  work  coat  $14.11.  The  stumps  were  elm,  oak,  maple, 
aah,  and  baswood.  Theae  stumpa  wen  ol  about  the  same  average  size  aa  the  stumps 
m  tiw  first  farm,  yet  it  was  poesible  to  get  out  SI  of  them  for  a  Uttla  more  than  a  thM 
what  It  coat  to  blast  28  out  of  aasdy  sotL 

"Bradley  reports  that  he  blasted  126  red  and  burr  oak  stumps,  rantinE  from  30  to 
TS  tai  in  diameter  out  of  some  black  sandy  soil.  The  timber  had  been  cut  6  years. 
The  only  tool  required  waa  a  l>j-in  wood  auger.  With  this  tool  he  bored  hoka  in  the 
graoBd,  balng  caraful  to  get  the  end  of  Um  hole  down  4  to  8  in  paat  the  center  of  the 
stomp.  He  etnridera  it  very  important  to  have  at  least  20  in  of  aol\  between  the 
charge  and  the  stump  itself.  If  the  charges  are  loaded  too  close  up  under  the  stumps 
tbey  are  apt  merely  to  split  the  stump  and  blow  the  sand  out  from  around  the  baae^ 
The  roots  remain  firmly  Imbedded  in  the  ground.  In  thia  ecmditlon  th^  are  prae- 
tiddly  impossible  to  blast  out  and  must  be  dug  and  cho|ved  out.  For  these  126 
stumpa,  he  used  486  lb  of  40%  dynamite,  189  cape  and  878  ft  of  foaa.  The  ectira 
cost  of  the  work,  including  labor,  was  1112.79." 

Pulling  Stumps.  Shattuck  states  that  (66)  "The  donkey  engine,  the  caterpillar, 
or  the  ordinary  traction  engine  used  in  threshing  may  each  be  operated  to  advantage 
oa  aUunpa  of  various  siaes,  depending  on  the  power  of  the  engine  used.  Ttie  60-hp 
deAkcar  engine  will  pull  practically  any  sound  stump  up  to  30  in  in  diameter  and  almost 
any  eracked  stump.  It  will  also  dear  from  3  to  6  acres  at  one  setting  and  pile  the  saneb 
An  effldeat  crew  can  pull,  pile,  and  bum  the  stumpa  remaining  where  heavy  cedar, 
ftr,  white  pine,  and  tamarack  timber  haa  been  removed  «t  from  $76  to  9116  per  aer% 
the  Boat  being  distributed  as  follows:  Preliminary  work,  $25  to  $40.00;  pulling,  $80  to 
$60.00;  burning,  $10  to  $12.60;  leveling.  $10  to  $12.60;  total,  $75  to  $116.00.  The 
ttaea  probably  avenged  80  to  the  acre  and  30  in  in  diameter,  and  were  mostly  sound. 
Th*  east  of  burning  ntd  lenling  la  conddarably  Increased  by  faihira  to  remove  aD  tits 
earth  poesibla  from  the  stumps  before  piling  and  also  by  ra^dng  the  pile"  too  large. 

"Tbe  Holt  caterjnllar  6(X-bp  engine  will  remove  sound  stumps  up  to  18  or  20  In 
and  the  caterpillar  feature  givea  it  a  very  decided  advantage  in  getting  over  uneven 
or  Bwampy  ground.  It  also  works  rapidly  and  Is  very  efficient  for  small  stumps  and 
young  standing  timber.  It  iiaa  been  known  to  pull  100  stumps  per  hour  for  tH  hr 
on  a  Mfttad  teat,  and  has  also  averaged  460  smmps  per  day  at  regular  land-clearing  work. 

"The  wdinary  traction  engine  used  in  threehing,  wood-sawing,  etc,  can  be  bo  rigged 
as  to  pun  smaD  stumps  and  young  trees  much  ss  described  for  the  caterpillar.  TUa 
machine  worka  well  on  sound  atumpe  under  12  In  and  on  wdl-eraelnd  stumps  or  on 
small  timber.  These  macUnca  are  not  so  easily  handled  on  rough  or  swamp  ground, 
■or  are  tliar  h  tut  aa  tlw  catetirillar  engine." 


CluaiflCAttoii  of  Mstefuds.  Different  kinds  of  soils  are  described  under  tho 
terms  gravel,  sand,  clay,  marl,  loam,  peat,  and  muck.  See  Sect.  3.  It  is 
quite  common  in  Rrading  specifications  to  classify  the  materials  to  be  ex- 
cavated as  earth,  hardpan,  loose  rock,  and  solid  rock:  earth  to  include  clay, 
■and,  loam,  gravel,  and  all  hard  material  that  can  be  reasonably  plowed,  and 
■11  earthy  matter  or  earth  contaimng  loose  stones  or  boulders  intermixed, 
and  all  other  material  that  does  not  come  under  the  claasiGcation  of  hard- 
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pan,  loose  or  solid  rnck;  hardpao  to  include  all  material,  not  loose  or  solid 
rock,  that  cannut  l>e  reasonably  plowed  on  account  of  its  own  inherent 
hardness;  loose  rock  lo  include  all  stone  and  detached  rock,  found  in 
separate  masses,  contaiuitift  not  leiw  than  1  cu  ft,  nor  more  than  H  yd. 
and  all  slate  or  other  rack  soft  or  loose  enough  to  be  removed  without 
blasting,  altho  blasting  may  occasionally  be  used;  solid  rock  to  include 
all  rock  in  place  and  boulders  measuring  cu  yd  and  over,  in  removing 
which  it  is  necessary  to  resort  to  drillinf;  and  blasting.    Bee  Art.  5. 

Portkndi  Or^oB,  Spedflcatiou  Corering  ClaadflcatloB  vi  Uateritli.  "Materials 
«ceoiuitered  In  excavation  will  be  dasaifled'  is  tolknn: 

"Basth  irill  include  clay,  sand,  gravel,  loam  and  all  other  materials  of  an  earthy 
nature,  however  excavated,  and  decomposed  rock,  slate,  boulderg,  etc,  bavfoig  ■  volume 
of  leaa  than  i4  cu  ft; 

"  Looss  Rock  will  include  all  bouldera  and  detailed  nunee  of  rock  having  a  volume 
of  not  leas  than  }^  cu  ft  and  not  more  than  ^  cu  yd,  and  such  other  material  as  may 
not  be  looeeoed,  plowed  or  broken  by  means  of  a  heavy  10-ln  rootlng-plow,  drawn 
by  6  heavy  horses,  such  as  Is  commonly  used  in  breaking  heavy  pound; 

"SouD  Rock  wilt  include  all  rock  found  in  ledges  and  in  masses  of  over  14  cu  yd. 

"Note:  Old  macadam  roadway  shall  not  be  considered  as  inchided  in  any  of  the 
above  classifications  and  excavation  of  such  material  shall  be  paid  for  under  the  unit 
price  quoted  In  the  bid  for  the  particular  thidcnees  of  roadway." 

Excavation.  In  excavating  niaterial  in  order  that  the  cross-section  of 
a  highway  should  conform  to  the  desired  lines  and  grades,  the  operations 
vary  from  the  removal  of  a  small  amount  of  material  in  surface  grading 
to  excavations  of  many  feet  in  depth.  Excavation  generally  includes  ex- 
cavation of  the  roadw^,  ditches  and  side  slopes.  Usually  excavated 
material  is  used  in  the  construction  of  fills.  Surplus  excavation  is  used  id 
many  cases  to  widen  embankments  and  to  flatten  aids  slopes,  hut  in  seme 
oases  is  wasted  by  being  deposited  in  spoil  banks.  Methods  of  excavation 
with  various  machines  are  explained  in  Art.  4  in  connection  with  the  de- 
scriptions of  grading  machines. 

LooeENlNO  Soil  with  EXFlxjsiVEa  (62a}.  "For  removing  stumps  and  bouldera  Its 
value  is  gmerally  recognised  but  it  has  been  found  economical  in  many  cases  to  use  It  in 
excavating  'drainage  dltdies  along  the  sides  of  roads  and  in  aaristing  grading  down  to 
the  road  level. 

"Where  a  ditch  ti  to  be  dug  in  hard  soil,  this  may  be  loosened  and  to  a  considerable 
ezt«it  blown  out  by  punching  a  number  of  shallow  holes  along  the  line  of  the  ditch 
and  cIuuglnK  these  with  small  amounts  of  dynamite.  The  boles  should  be  deeper 
than  the  bottom  of  the  ditch  and  can  be  spaced  two  or  three  feet  apart.  Where  the 
ditch  is  in  saturated  soil,  it  is  recommended  that  the  boles  be  placed  about  18  to  24 
in  apart  and  60%  dynamite  be  placed  at  a  depth  a  little  kas  than  that  of  the  ditch. 
One  hundred  or  more  (d  these  chargea  may  be  fired  with  a  single  cap.  If  the  grouiid  Is 
dry  or  oold,  the  boles  are  punched  further  apart  and  loaded  with  loiMreering  explosive, 
each  charge  being  primed  with  an  electric  blasting  cap  so  that  all  may  be  fired  at  oae 
time.  For  small  ditches,  quarry  powder  or  other  with  similar  characteriBtics  will  give 
good  results.  A  single  row  of  holes  can  be  used  to  bleat  out  a  ditch  from  IH  to 
ft  deep  mad  from  4  to  7  ft  wide  In  dry  aoila  and  6  to  9  ft  wide  in  wet  soIIb.  If  wider 
ditches  are  required,  two  rows  of  holM  3  or  4  ft  apar^  fired  at  the  same  time,  can  be 
used. 

"Still  another  method  of  using  exploaivee  is  in  making  deep  cuts,  as  In  grading  or 
widening  a  road.  In  this  caae  the  excavation  Is  given  a  comparatively  vertical  face  or 
bench  and  a  Une  of  holes  is  drilled  or  pund>ed  down  from  the  top  paralld  to  the  fkce 
and  qiaeed  back  a  distance  about  one-quarter  greater  than  the  depth  of  the  cut  and 
about  the  same  distance  apart.  The  holes  are  loaded  with  low  strength  dj-namite, 
20  or  30%,  the  amount  used  in  each  hole  depending  on  the  hardness  of  the  ground  and 
depth  of  hole.  If  the  cut  Is  deeper  than  6  ft,  the  holes  are  seldom  placed  more  than 
that  distanee  from  the  face.  The  holes  should  not  be  carried  bdow  grade  as  this  may 
loossn  the  aabgrade  too  much.  With  low-grade  ezplodve  the  bole  may  be  filled  about 
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ooe-hall  full  of  dynunlte  mnd  caiefuUy  tamped  to  the  eoUar.  A  number  of  btAaa  should 
lie  And  U  once  with  etectric  tmfM,  u  batter  remits  are  obteined  In  this  w»y." 

BwovAL  or  Uqrt  Excavation  (27d).  "Wben  it  la  desired  to  load  the  looeened 
iBatw<al  Into  wagona,  the  material  can  flnt  be  scraped  into  pllea  by  aevaral  methoda. 
If  the  excavmtion  is  more  than  6  or  8  in  deep  and  band  loadioc  must  be  done,  it  is  not 
neeeswy  to  scrape  the  mrtb  into  piles,  as  a  ahovd  can  be  filled  in  the  wdl  looMned 
mafarial.  For  lighter  depths,  however,  a  man  eannot  (et  a  abovtiful,  oo  it  ia  oeoaMry 
frst  to  p&e  tbe  material  in  lone  windrowa.  The  ordinary  drag  or  the  Fresao  aeraper 
can  be  used  (or  this  purpose.  With  these  serapen  tbe  pile  can  be  a  long  one  or  s  num- 
bs  of  Knall  pQes  can  be  made.  When  horses  are  used  for  plowing,  the  Mme  ■■■tTh 
can  be  used  to  make  tbe  piles.  The  road  graden  can  also  be  used  to  idaee  the  looaened 
dirt  Into  a  row,  but  the  machine  may  have  to  go  over  tbe  same  area  several  times  in 
ocdv  to  get  It  up  dean.  A  better  machine  than  these  for  tUa  purpose  la  a  trench  bmA 
DDer.  These  maehines  eonsst  of  a  hoisting  device  and  a  ser»p«r  that  puQa  the  dirt 
towarda  the  madiine,  dumping  It  into  the  open  trench.  Par  piUng,  it  ma  be  used  Id 
ifae  same  mann«,  by  Hrst  going  down  one  side  of  tbe  road  dm  wing  ^  the  earth  on  the 
other  side  into  a  pile  at  tbe  center.  Then  the  machine  travels  on  tbe  side  it  has  cleaned 
op.  drawing  tbe  material  on  tbe  first  aide  into  the  same  in  tlw  center.  Thus  tbe 
earth  is  all  piled  mechanically. 

Rock  Excavation  (27e).  "If  there  is  a  large  amount  at  rock  in  one  cut  or  in  dif- 
te«nt  enta  on  tbe  job,  then  hammer  drills  should  be  installed  upon  the  work,  Tbeee 
drills  can  be  operated  by  steam,  electricity  or  air.  A  small  portable  bofler  can  be  used 
for  ateam,  or  a  small  portable  air  compressor  operated  by  gasoline  ean  supply  tbe  air. 
Either  at  tbeee  can  be  operated  eoononucaUy.  Tbeee  plug  or  hammer  drills  will  drill 
holes  s  few  inches  deep  as  wdl  as  a  few  feet.  In  fact,  they  are  ideal  for  botes  5  to  8  ft 
dsap  and  tlie  latest  types  win  drill  holes  up  to  a  dqith  of  12  ft.  Thus  a  aat  of  these 
diDIa  win  answer  for  much  roefc  work.  Time  is  saved  by  them  In  the  ease  with  whld 
mm  can  handle  them,  changing  from  one  hole  to  another,  while  the  wdlnary  air  drill 
must  be  taken  down,  tbe  tripod  moved  and  tbe  drill  set  up  and  trued  for  tbe  hole. 
One  man  will  opoate  a  plug  drill  while  two  men  must  be  used  on  tbe  wdinary  steam 
or  air  driUa.  Then,  too,  time  is  saved  in  niucking  out  the  holee  uidaai  a  jet  of  water 
Is  used  for  tbe  Isrger  drills. 

"  Homver,  If  the  roek  cuts  are  large  and  8  or  more  feet  deep,  tbe  regular  drills  should 
be  used,  a  few  idug  driUa  being  employed  to  break  up  boiddsrs  and  for  drilling  tbe 
bottom  ot  edges  of  the  cut.  On  heavy  work  the  larger  drills  will  do  more  eoonomical 
vca-k.  If  very  heavy  rock  cuts  must  be  occavated,  instead  of  taking  tbem  out  in  two 
lifts  as  will  be  iteeeasary  with  the  mdinary  drills,  well  drillers  should  be  used  (or  driving 
tbe  boles.  For  very  deep  drilling,  these  wIO  be  found  man  eomomiflal,  but  to  use 
them  does  not  mean  that  some  of  tbe  other  two  typee  of  drills  should  not  be  kept  on 
the  job.  A  common  f»t«>«iw»  ik  to  get  rid  of  all  the  other  drills  as  soon  as  a  wdl  driller 
is  installed.  Even  where  most  of  the  drilling  b  for  deep  hiries,  thcoe  are  bound  to  be 
some  shallow  holes  to  drill,  and  tbe  heavier  the  rock  blasting  the  more  large  boulden 
there  wiQ  be.  For  this  work  the  ligbter  drill  must  be  used,  not  that  the  Inrgv  type  of 
drQl  eannot  be  used,  bat  it  is  too  expoiaivs  to  move  it  aad  ast  It  up. 

"For  all  the  rock  blasting  except  the  very  light  cuts  and  for  shale  or  rotten  sand- 
stone, the  rock  should  be  worked  from  a  breast  in  order  to  attam  the  most  eeonomifld 
resolta.  Not  only  is  the  drilling  less  expensive,  due  to  tbe  fact  that  less  drilling  muA 
be  done,  but  the  work  ot  the  explosive  is  mwe  effective.  As  a  rule,  too,  tbe  muddng 
ean  be  done  cheaper.  In  very  light  rock  work  tbe  muekiag  must  be  done  by  hand, 
Bteept  whets  such  machines  as  steam  sbovda  are  installed  for  the  reet  of  tbe  exoavation. 
For  heavier  work,  besidee  steam  shovds,  several  types  of  loaders  and  excavators  ean 
be  used.  Denieks  with  skips  or  grab  budtets,  and  scrapen  of  several  different  types 
will  also  handle  excavated  rook.  Hand  methods  for  this  work  should  not  be  used  if  it 
wfll  pay  to  install  madiinery.  Inasmwdi  as  almost  any  maabino  that  wfU  handle  rode 
win  likewise  handle  earth,  It  la  pomlble  to  make  machbMiy  pay  on  atnst  and  road 
excavation. 

"For  heavy  rock  Uastfaig,  dynamite  should  bo  used  to  break  boulders  and  tor  otbar 
Aallow  hole  blasting,  but  fOr  the  heavier  work  it  is  seldom  economical.  For  sU  iMavy 
UastEng,  blod(  powder  or,  better  still,  some  form  of  granular  powder  oontaining  a 
snail  pereent  of  nittoglycerine,  should  be  used.  Tbe  nearness  o(  improved  property 
to  roek  excavation  means  that  heaw  blasts  cannot  always  be  mads.   Under  sucfa  dr- 
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cunutaneM,  the  rock  mfty  have  to  be  taken  out  In  lifts,  tmd  It  will  be  neccmy  to  cover 
euh  Uut  with  msta,  lopi  >uid  rock.  Howover,  it  la  quite  airprislns  how  heavy  Uutts 
can  Im  made  wltbout  doiBS  daaiage  to  umrandiBg  property  if  the  proper  eara  ia  takra 
and  aadh  Aarse  is  eaMfi^  flcwad  to  break  up  the  roek  wftbout  faeavinc  it.  It  is 
for  Mich  rode  that  the  zranular  powders  are  eepedally  suited,  u  the  blast  may  be  wdl 
aoaflned,  eauainK  it  to  break  up  and  pulverize  the  rock  without  throwing  it  out  and 
failnrins  tUnga.  If  the  prc^Mf  charge  b  used  there  wUl  be  but  a  dlght  ooneusaion,  as 
the  energy  of  the  exploelve  wffl  be  uead  upon  the  roek.  The  Jarring  of  the  earth  by  a 
Mast  eannot  lie  prevnted." 

Blasting  Booldera.  Knight  (46)  states  that:  "There  are  three  dlsUnet  methods 
successfully  employed  to-day  In  the  blasting  of  boulders  from  building  rites  or  railroad 
and  highway  right-of-ways.  Theae  are  blodchoUng,  snakeholing,  and  mudrcapping. 
A  ^ot  combining  both  snakeholing  and  mud-capping  la  somettmee  made  on  very  large 
bouldte  where  it  is  not  practical  to  drill  into  the  roek  for  a  bloekhole  shot.  Of  these 
methods  employed,  blockholdlng  requires  the  least  amount  of  dynamite,  but  calls  for 
the  greaBsst  amount  of  labor.  Mud-capping  demands  the  graatest  amount  of  dynamite 
and  the  least  amount  of  labor  and  time,  whQe  snakehdlng  lies  between  the  two.  aa  it 
requires  a  moderate  amount  of  both  dynamite  and  labor. 

Blockholb  Mbthop.  "Probably  the  best  way  to  break  up  very  hard  boulders  is 
by  the  bloekhole  method.  This  eMisists  in  bming  a  hole  about  1 H  In  in  diameter 
about  half  my  thru  the  boulder.   Tlie  dsmamite  wad  abould  be  removed  from  the 

eartrldge  and  padced  Srmiy 
into  the  hottma  of  the  hole. 

"A  small  hole  is  made  in  this 
flrmly  preasid  dynamite  «ith  a 
diarp  atidi,  and  in  this  is  In- 
serted a  blasting  cap  and  fuaa. 
The  hole  la  then  tamped  full  of 
moist  earth.  Care  should  be 
taken  to  have  Uiis  tamping  ma- 
tettal  padced  very  firmly.  The 
gassB  caused  by  the  ezjrioebn 
are  so  perfectly  confined  by 
this  method  that  exerilent  re- 
sults may  be  secured  with  a 
comparatively  small  amount  o( 
a  low  strength  dynamite.  A 
glaDOe  at  the  aecompaaytng 
taUe  shows  that  It  nquirea 
only  about  one-eighth  as  much 
dynamite  to  break  a  boulder  this  way  as  it  would  to  break  it  by  mud-capi^ns, 

Snarbhole  Method.  "In  breaking  s  boulder  by  the  anakehole  proceaa,  a  hole  is 
punched  down  with  a  bar  directly  under  but  alongside  of  the  boulder.  The  lwt« 
dwuld  be  punched  deep  enough  bo  that  tbe  diarge  of  dynamite  will  teat  directly  undw 
the  beavleat  part  o(  the  boulder.  The  dynamite  cartridgee  are  iriaeed  in  the  bore  bote 
In  as  compact  a  position  as  possible,  and  to  secure  this  Uie  cartridgea  are  generally  riit. 
A  primer  is  inserted  and  the  bore  hole  packed  tightly  with  a  moist,  [riastie  materiaL 
Blasts  of  this  sort  are  generally  fired  with  blasting  cap  and  fuse.  A  40%  Extra  dyna- 
mite is  beat  suited  for  work  of  this  sort.  Electric  blasting  is  not  genially  resorted 
to  unleea  the  boulder  is  very  large  and  two  or  more  shots  are  required. 

"Hud-Cappino  Is  the  easieet  method  of  all.  While  it  requirea  the  mostdynamite 
of  any,  yet  It  is  not  necessarily  the  eostUeat,  as  the  saving  of  time  and  labor  goes  a 
long  way  toward  pajing  for  the  extra  dynamHe  that  is  required.  In  mud-capping,  the 
dynamite  is  taken  from  the  cartridge  and  is  placed  on  the  boulder  in  a  conic^  shaped 
pile  just  where  the  boulder  would  be  hit  with  a  sledge,  if  it  were  possible  to  break  it  in 
this  manner.  Tbe  explosive  is  packed  down  flrmly  and  a  blasting  cap  and  fuse  are  put 
in  tbe  top  of  this  miniature  pyramid.  A  covering  ol  thick,  plastle  mud  must  he  placed 
over  this  dynamite.  This  should  be  at  least  6  or  6  bi  in  thickness.  Care  should  be 
observed  to  see  that  this  mud  covering  is  free  from  stones  or  other  heavy  matter, 
as  the  force  of  the  explosion  will  throw  such  material  at  terrific  speed.  A  stone  or 
plank  diould  never  be  idaoed  on  top  of  tbe  mud-cap  for  the  same  reason.  A  quiek- 
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■cdoc  djrBUDite  it  required  for  thb  dun  of  work,  mad  the  Extras  or  a  Stnixht  Nltro- 
■lynrine  djnumite  wiU  produce  the  best  results.  A  40%  Extra  wUl  be  found  satis- 
betory  on  easily  broken  rock,  but  on  very  hard  rock  a  60%  Straisht  dynamite  will  be 
requiicd.  If  a  portion  of  the  boulder  exteoda  into  the  cround,  do  not  try  to  break  it 
by  mud-cappins,  as  the  confining  dirt  malcea  it  harder  for  the  explodvea  to  do  Ibeir  work. 
In  eaaea  d  this  sort  the  boulder  may  be  rolled  out  by  a  enakehole  shot  and  then  broken 
by  inud-cq>ping. 

"Fbing  Cbawibl  When  blastiiii  boulders  near  a  highway  or  raOnnd  where  thne 
ii  nmw  or  less  travel,  ft  will  probably  be  bettsr  to  fire  the  efaarsca  electcieally.  This 
has  the  advantage  <mr  the  blasting  cap  and  fose  insomuch  that  the  exaet  Instant  of 
explosion  ta  under  the  control  of  the  (q>erator  of  the  blasting  machine,  and  the  chnrge 
may  be  flred  at  the  moment  desired." 

Coat  Data  on  Breaking  and  Removal  oi  Boulders  (40a).  "In  breaking  up  boulders 
the  following  six  methods  can  he  uaed:  (1)  Bouldara  can  be  broken  with  plug  and 
feathers;  (2)  by  beating  and  pouring  water  on  tbem;  (8)  by  Oedf^itig  ;  (4)  by  nud-eap- 
ping;  (S)  by  blocking;  and  (6)  by  placing  a  charge  of  explosives  under  the  boulders. 
Each  of  these  methods  has  its  usee  and  misuses. 

"Plug  and  Fbatrehb.  Drilling  the  rock  with  a  hand-drill  and  then  splitting  with 
plu|V  and  feethera  is  in  common  use,  when  the  stone  is  to  Im  used  for  building  pur- 
poses  as  (or  culverts  and  bridges.  The  east  of  this  work  varies  according  to  the  hard- 
ness  ot  the  rock,  the  size  to  which  the  stone  is  to  be  tfroken  and  the  price  paid  for 
miA  work.  The  fdloiring  are  the  costs  of  some  examples  ot  this  elasa  <^  work,  hand- 
driDen  baing  paid  %l.W  tor  10  hr  work:  1}^  aiyd  were  taken  off  the  dope  of  a  sand- 
stone cut  at  a  cost  of  $1.60;  3  eu  yd  were  taken  off  the  slope  of  a  sandstone  cut  at 
a  ecHt  (rf  $2.26. 

"SUDOIHG.  Under  m  competent  and  watchful  foreman  many  large  size  boulders 
can  be  tecrim  up  with  a  stone  dedge  and  gad,  saving  the  use  of  exploslvea.  By  look- 
ing closely  for  wiiia  and  cracks  and  taking  advantage  of  these,  and  at  other  times 
using  the  pean  end  of  the  hammer  with  the  rift  of  the  rock,  many  boulders  containing 
I  cu  yd  or  less  can  be  quickly  broken.  The  following  are  some  records  of  costs  of 
breaking  up  boulders  by  sledging.  These  figures  do  not  include  moving  the  pieces 
after  the  boulder  is  broken,  but  all  the  pieces  could  be  easily  handled.  Wages  paid 
were  fl.50  for  a  working  day  of  10  hr.  (1)  Hard  blue  sandstone,  1^  cu  ft,  I'man, 
3  min,  makes  a  cost  of  0.76  cents,  or  2.7  cents  per  eu  yd.  <2)  Blue  sandstone,  12  H 
cu  ft,  1  man.  6  min,  2  men,  2  min,  makes  a  cost  of  2.25  cents,  or  4.86  cents  per  ou 
yd.  (3}  Blue  sandstone,  16  eu  ft,  1  man,  3  min,  makes  a  cost  of  0.75  cents,  or  1.26 
cents  per  en  yd.  (4)  Bed  sandstone,  1  eu  yd,  8  men,  10  min,  mskcw  a  cost  of  7.6  cents 
per  eu  yd. 

'* MuB-CAFFtNG.  TUs  work  can,  aa  a  nile,  be  done  so  quickly  thattbe  method 
has  come  into  universal  ta'tar  among  foramen  but  the  great  objection  to  it  Is  the  slmoet 
prohilntmv  cost.  On  account  of  tbia  great  loss  mud-capping  should  be  condemned, 
as  upon  most  occasions  cheaper  methods  can  be  used.  The  only  reason  that  should 
ever  commend  it  to  the  thoughtful  contractor,  is  the  ssving  of  time  in  preparing  the 
ihcTt.  For  this  reason.  In  thru  cuts,  mud-capping  may  oecasionaHy  ba  resorted  to, 
bat  in  tUm  hlD  euts  and  borrow  jAta,  where  tba  work  of  stodging  and  drilling  wiH  not 
interfere  with  tin  labor  oi  the  mudwn,  tlds  method  should  under  no  eireumetanoes 
be  used.  TRe  following  are  records  ot  costs.  Labor  was  paid  $1.60  per  day  of  10  Itr, 
40%  dynamite  cost  10  cents  per  lb,  caps  60  oents  per  100  end  fuse  42  cents  per  100  ft. 
Bed  sandstone,  1.6  cu  yd,  labor  8  cents,  dynamite  20  cents,  cap  and  fuse  2  cents; 
total  cost  30  cents  or  nearly  18  cents  per  cu  yd.  Rod  sandstone  1  eu  yd,  labor  8 
cents,  dynamite  16  cents,  cap  and  fuse  2  cents;  total  2S  cents.  Bhw  sandotone, 
1.2  cu  yd,  labor  8  cents,  dynamite  20  cents,  cap  and  fuse  2  cents;  total  cost  80  cents 
or  26  eenU  per  eu  yd;  this  broke  the  boulder,  but  a  part  of  it  had  to  be  dedged  at 
a  coat  of  6  cants.  Blue  sandstone,  H  cu  yd,  labor  10  cents,  dynamite  7^  cents,  cap 
and'fuaa  2  eeots;  total  19  H  esots  or  39  e»its  per  eu  yd. 

"PlAONa  Chabob  ondbi  Boulder.  The  netliod  of  placing  tbe  charge  of  dynamite 
under  tbe  boulder  in  order  to  break  it  has  not  bean  used  sxtenMvely,  and  for  this 
reason  It  is  diflkult  to  obtain  ooMa  of  tUs  metliod.  That  it  can  and  sliotad  lie  used 
on  account  of  its  cheapness  over  other  methods,  shoukl  oommend  it  to  contractors. 
The  dMUfa  Mneasily  be  pUead  undar  tlte  rock  by  eitlier  nidng  tbe  Iwuider  up  with 
lam  cr  tovan,  or  diumlng  a  hde  under  it  with  a  drill.   In  some  eases  the  boulder 
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can  b«  turned  over  and  the  durge  placed  u  this  !■  being  done.  At  least  50  to  60% 
el  the  charge  iii  i  iiMiy  to  mud  cap  a  boulder  can  be  saved  by  this  method,  and  the 
work  can  be  done  as  quickly.  The  rock,  as  a  rule,  will  not  only  be  broken  up,  but 
moat  at  it  will  be  thrown  out  of  the  cut.  For  this  reason,  i^re  there  can  be  nu  waste 
of  material,  engineers  may  prohibit  thia  method.  A  red  aandstane  boulder,  9  cu  yd, 
was  completely  blown  away  at  the  following  cost:  Labor  10  cents,  dynamite  Bii  caita, 
cap  and  fuae  2  cents;  total  coat  17H  cents;  coat  per  cu  yd,  19.4  c«ts.  Labor  in  this 
case  was  $1.3S  per  day  and  dynamite  cost  11  cents  per  lb.  A  large  boulder  sticking 
into  the  bitae  of  tbe  alope  of  a  cut  had  Vy^  cu  yd  shot  oIT  of  it  by  putting  the  charge 
undw  the  projecting  md.  Labor  13  cents,  dynamite  16>s  oenU,  cap  and  fuss  2  ouila; 
total  coat  SIH  eanta;  coat  pw  cu  yd  21  emta.  About  H  en  yd  was  thrown  out  of 
the  cut  and  ttw  rest  was  broken  up,  so  it  could  be  handled.  Labor  and  dynamite 
coat  the  aame  as  in  the  first  case. 

BmbankmantB.  If  stone  fill  is  employed,  usually  the  stone  should  not 
exceed  ^  cu  ft  in  size  and  the  large  stones  should  be  placed  in  the  bottom 
of  the  excavation.  No  Iotkc  stone  should  be  used  within  6  in  of  the  surface 
of  the  subgrade  or  shoulders.  In  the  construction  of  embankmento  it  is 
of  the  utmost  importance  that  the  material  should  l>e  thoroly  compacted 
in  order  to  avoid  later  settlement.  In  order  to  accomplish  tUs  result,  the 
material  to  form  the  embankments  should  be  deposited  in  thin  layers, 
not  over  12  in  in  depth,  lor  the  fuU  width  of  the  embankments  and  thoroly 
compacted.  The  compaction  is  accomplishod  by  machines  and  loaded 
wagons  used  in  grading  operations,  beinff  drawn  continually  over  the  em- 
bankment, and  by  rolling.  In  some  cases,  the  best  results  have  been 
obtained  by  the  use  of  seolional  rollers  or  comparatively  light  rollers  on 
thin  layers  of  materials.  Methods  of  constructing  embankments  with 
various  machines  are  explained  i.i  Art  4  in  connection  with  the  descriptioiM 
of  grading  machine. 

Use  of  Water  in  Embankment  Conatnictioo  C2Tb).  "Water  is  a  gnat  aid  in 
settling  new  embankments,  so  that  any  bank  built  by  a  hydraulic  proceaa  will  show 
little  lettlemait.  Thus  a  bank  sluiced  into  place  with  a  hydraulic  giant  is  an  astflrilcnt 
one  tor  a  road.  Likewise,  those  placed  by  hydraulic  auction  dredges  can  be  recom- 
mended and  even  tbe  embankments  for  roads  built  near  or  on  the  banks  of  streams 
from  the  materials  from  thnr  beds,  by  cableway  excavations,  as  in  Indianapolis,  Ind., 
and  other  aections  of  tbe  Middle  West,  show  but  little  settlement.  In  other  placee,  such 
•mlMnkmenla  are  built  by  drag  line  acrapera,  grab  buckets,  or  dipper  dredges  from  the 
bed  of  atraama,  either  dumidng  directly  hiLo  the  embankments  or  '"""""g  tbe  material 
into  can  or  sldpa  for  placing  in  the  bank. 

"EvMi  witJj  other  excavating  machines,  it  is  sometimes  possible  to  use  water  to 
puddle  tbe  embankment.  Thia  can  be  dbne  by  two  methods.  One  is  by  using  water 
from  a  hoee  or  pipe  to  wet  the  material  at  certain  intervals,  not  simply  sprinkling,  but 
■o  saturating  it  with  water  as  to  drench  it,  using  water  up  to  the  limit,  yet  not  washing 
tue  material  away.  It  is  not  always  possible  to  use  this  method  and  yet  continue 
hauling  onto  tbe  embankment,  unless  the  work  b  so  planned  as  to  wet  the  embankments 
In  seetiana  and  yet  retain  some  sections  for  hauling  and  dumping.  The  second  method 
ii  to  build  the  aides  of  an  embankment  up  for  short  heights  first,  and  to  build  small 
embankments  of  the  same  height  acroBs  the  bank,  dividing  it  into  sections.  This  will 
give  a  number  of  shallow  ponds  which  can  be  filled  with  water.  Then,  while  the  water 
b  maintained  by  theae  dariv.,  earth  can  be  dumped  into  the  pooda  until  they  are  filled. 
Thia  completely  puddles  the  embankment.  However,  these  methods  cannot  be  used 
when  the  water  will  injure  adjacent  property  or  where  It  la  not  posrible  to  (Atain  tbe 
supply  of  water  economically." 

Shrinkage  of  Msteriala,  It  is  important  in  grading  operations  to  dis- 
tinguish between  loose  measurement  and  measurement  in  place.  E&- 
timates  are  usually  baaed  on  the  yardage  of  material  in  place.  It  is  a 
well  established  fact  that  earth,  when  removed  from  its  original  position 
in  a  bank,  increasea  in  bulk  or  swells.  It  is  also  well  known  that  when 
the  excavated  material  ia  placed  in  a  fitl  it  will  shrink  and  settle  so  thai 
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it  will  usually  occupy  a  amaller  apace  than  it  did  origiiially.  Tbo  awelling  on 
removal  from  the  original  bank  will  vaiy  generally  from  about  8  to  15%, 
but  in  Bome  cases  may  be  as  hi^  as  40  to  50%.  The  shrinkage  is  variable 
and  depends  upon  the  kind  of  earth,  the  manner  in  which  the  embankment 
is  made,  and  the  climatic  conditions. 

Loss  ot  Hatarial  by  Remonl  of  Stumpa  (38).  "The  foUowing  data  will  apply 
oa  the  Pacific  coast  for  computing  loaa  of  excavatiiHi  by  falowioK  out  atumps.  Fir, 
eadar,  q>ruce,  bemlodt  are  averaged;  6  to  12  in,  1  cu  yd  eadi;  12  to  24  tq,  S  cu  yd  each; 
U  to  86  in,  &  cu  yd  aacli;  above  36  ta,  10  cu  yd  each.  In  awampa  wbera  the  growth  k 
ipruc«,  hemlock,  cedar,  m^le,  60',e  abauM  be  added  to  thaae  qnandtka,  as  it  mquins 
more  dynamite  to  lift  a  atump  of  gtven  rise,  owing  to  ths  dsosssed  ivsirtaBoe  of  tbe 
■wamp  ioUb." 

Overhaul.  When  the  excavatiog  material  suitable  for  use  in  the  con- 
structioD  of  embankments  is  insufficient,  additional  material  is  obtained 
.from  borrow  pits  ex  other  sources.  In  cases  whwe  the  haul  of  matnial 
required  for  embankments  exceeds  a  given  distance,  the  work  entailed  is 
classified  as  overhaul.  If  this  distance  is  500  ft,  payment  for  overhaul 
would  be  based  upon  a  rate  per  cubic  yard  for  each  100  lin  ft  greater  than 
500  ft  which  the  material  is  hauled.  For  specifications  covering  overhaul, 
sea  Art.  5. 

Grading  on  Side  Hills.  In  the  construction  of  highways  on  side  hills, 
it  is  advisable  to  stagger  or  roughen  the  material  of  Uw  hillside  in  order 
to  form  a  mechanical  bond  between  tbe  material  of  the  fill  and  the  surface 
of  the  ground,  thus  guarding  against  tbe  slipping  of  the  embankment.  See 
Sect.  3. 

Penn.  Highway  Dept.  Speciflcatlooa  for  Hillaide  Bmbanhmenta.  "When  embank- 
menta  are  to  be  made  on  a  hillside  the  slope  of  the  original  ground  under  tbe  fill  shall 
be  ploughed  deeply  or  cut  Into  steps  before  the  filling  or  embankmoit  Is  commenced. 
All  such  embankments  so  made  shall  be  rolled  tfaoro^,  as  stated  above,  or  where  the 
bottom  of  the  fill  is  of  IneufSdent  width  to  permit  tbe  use  ot  a  roller,  the  .mateilBl 
^lall  be  tamped  thoroly  and  satisfactorily." 

Viadact  on  Hillside  (32b).  "The  highway  at  these  places  is  located  on  a  ateep 
BBountslnaide.  To  excavate  a  24-ft  roadway  out  of  the  hillaide  would  have  meant 
the  moving  tA  so  enormous  quantity  of  earth  with  no  place  to  dump  it.  In  order 
to  avoid  thla,  viaducts  were  erected.  Eoaentially  the  construction  is  a  solid  reinforced 
concrete  slab,  crowned  to  tbe  road  crown,  which  rests  on  transverse  floor-beams  span- 
ning between  columns  on  tbe  low  ride  and  a  contbiuoua  girder  on  the  high  ride.  Tiuae 
columns  are  spaied  every  20  ft  and  toot  on  prismatic  baaea.  Tbe  up-hill  gtrdw  rats 
on  square  concrete  plates  and  the  plates  and  column  tootinga  are  tied  together  by 
r«nforced  concrete  atruta  taking  the  alope  and  embedded  in  the  ground.  Longitudinal 
atifTneea  is  also  given  by  girders  at  the  top  of  the  columns  under  the  raiting." 

Side  Slopes.  When  the  excavations  and  embankments  are  on  roads, 
one  of  the  most  important  details  of  grading  operations  is  the  fornoation 
vS  tbe  ride  slopes  in  such  a  manner  that  the  cross-secticm  of  the  highway 
will  retfun  its  form.  In  many  cases,  in  Order  to  avoid  washing  away  of 
ride  riopes  during  heavy  rains,  the  dopes  of  both  excavations  and 
emlmnkmcnts  are  sowed  with  grass  seed  or  covered  with  sod.  The  slopes 
of  banks  are  commonly  expressed  "in  terms  of  tbe  boriaontal  distance  for 
each  vortical  foot  of  rise,  thus  I'/i  :  1  would  mean  that  the  line  of  tbe  slope 
makes  an  angle  with  the  boriaontal  whose  tangent  was  I/lVi,  The  slopes 
vary  depending  upon  tbe  material  of  which  the  bank  is  composed  and 
should  be  made  equal  to  the  angle  of  repose  of  tbe  material  in  order  to 
keep  tbe  same  from  ritding.  Following  are  given  some  of  the  slopes  in 
cuts  adopted  in  practice  for  dilTerent  materials:  earth  IVt  :  1.  sand  2  :  1, 
TDck  V4  :  1  or  Vs  :  1.  On  embankments  the  bank  slopes  are  generally 
made  IVi :  1  for  fills  over  4  ft  in  depth.   For  fills  under  4  ft,  tiie  rioiMe  are 
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■ometimes  made  4  :  1  in  order  to  eliminate  danger  to  traffic.  Thifl  practioe 
is  generally  more  economical  than  building  a  guard  rail  on  a  4-ft  fill  with  a 
IVi  :  1  slope.  The  width  of  shoulders  is  increased  from  1  to  2  ft  on  em- 
bankmento  where  a  IVi  :  I  slope  is  used,  and  is  made  the  same  as  in  cuts 
where  a  4  : 1  slope  is  used. 

Ontses  for  Slopes.  Buetow  (2S)  states  that;  "When  seleetinc  grswes  to  be 
plan  tad  on  the  slopM,  it  should  be  kept  In  mind  that  a  grata  with  a  good  systetn  of  roots 
ia  to  be  used,  as  well  as  one  able  to  withstand  the  hot  rays  o(  the  aim.  GraaNs  that 
will  grow  on  a  sunny  bank  probably  will  not  take  root  and  form  a  nat  on  the  shaded 
slopss.  In  which  case  a  diSerent  kind  of  grass  is  neoessary.  The  protection  to  the  bank 
Hes  almoat  wholly  in  the  ability  of  the  roots  to  interweave  so  minutely  as  to  form  a 
system  to  reinfi^ce  the  surface  stratum.  Hungarian  brome-grass,  Caoadlaa  liliii'  iism. 
fescue-graMM  and  Western  wheat-gran  are  good  to  plant.  In  rnsny  cases  sod  Is  handy 
to  get  and,  when  properly  cut  and  placed,  offers  very  good  protection.  The  sods  must 
be  held  In  place  hy  wooden  pegs  imtil  the  gnus  Iws  taken  root.  ^ 

"Seeding  and  plsnting  are  equally  successful  whoi  coaducted  properly.  The  lur- 
face  in  each  esse  must  be  prepared  in  order  to  make  It  at  all  conducive  to  a  good  growth. 
The  seed  cannot  be  merely  distributed  on  the  dope  and  left  with  the  bc^e  diat  it  win 
catch.  If  necessary,  the  ground  should  be  manured  before  any  seeding  is  done  and  If 
a  sandy  slope  is  treated,  the  surface  must  be  protected  from  the  wind  with  straw  or 
brush  until  the  graeses  are  able  to  withstand  the  elements. 

"  Different  kinds  of  soil  require  a  certain  kind  of  grsss  or  a  combinaUoo  of  several 
kinds.  For  shaded  places  a  combinatjon  of  Kentucky  btue-graas,  wood  meadow-grass, 
crested  dog's  t^  and  various  leaved  fcMuea  are  well  adapted.  Clay  sella  can  be  traatad 
with  a  mixture  of  Kentucky  blue-grass,  English  rye  and  fancy  redtop.  The  rye  grass 
gives  an  early  quick  result,  the  redtop  makee  a  bottom  gnun,  end  the  blue-grass  is  the 
permanent  featttre.  Sandy  soils  require  a  quickly  growing  binding  grass  that  will 
withstand  the  drought  Creeping  b«nt,  Rhode  Island  beat  and  flne-lesved  feecue  are 
grasses  tiiat  answer  this  purpose.  Watem  wheat-grsss  has  unusual  ability  to  grow  on 
the  sunny  side  of  an  embankment.  Creeping  bent,  Canada  and  Kmtucky  blue-grass 
and  crested  dog's  tail  are  quick-growing,  deep-rooting  grasses  that  will  bind  the  soil 
until  such  time  as  the  more  permanent  granes  are  in  possession.  Sweet  clover  and 
creeping  honeysuckle  are  recommended  for  planting  in  nits." 

Am.  By.  ^ig.  Assn.  Specifications  Covering  Construction  of  Slopes  (13).  "The 
slopes  of  embankments  and  excavstions  shall  be  of  the  following  inclinations,  as  ex- 
pressed In  Uie  ratio  of  the  horiaontsl  distance  to  the  vertical  rise.  Embankments, 
sarth,  lyi  to  1;  rock  from  1  to  1,  to  13^  to  1.  Excavations.  earUi,  04  to  1;  loose 
rock,  H  to  I;  solid  rock,  to  1.  These  ratios  may  be  varied  according  to  drcum- 
Btancea,  and  the  slopes  shall  be  made  as  directed  in  each  particular  case." 

SoDDUto  Slotbs  with  BeauuDA  GaASS.  "The  slopes  shall  be  graded  to  a  uniform 
surface  and  all  deprosrfons  filled  in  with  suitable  material  and  pwlded  down  flimly 
with  a  shoveL 

"It  the  material  of  the  slope  is  not  fertile  it  shall  be  given  a  drodng  of  6  In  of  good 
rich  loam.  If  good  loam  is  not  avtilable,  a  dressing  of  manure  shall  be  placed  on 
the  surface  and  well  rake<I  in.  Care,  however,  shall  be  taken  against  the  use  of  sndi 
manures  aa  have  seeds  of  objectional  grasses  or  weeds.  Before  pladng  the  loam  fhs 
surface  of  the  slope  shall  be  loosened  up  roughly  to  insure  a  good  bond.  The  surfaes 
of  the  slope  to  be  sodded  shall  be  laid  out  in  idiallow  horizontal  trenches  12  in  apart 
and  3  In  deep.  The  Bermuda  sod  shall  be  separated  into  tufts  or  small  pieces  nob 
more  than  4  in  square  and  applied  in  trencbes  at  intervals  of  6  in  to  1  ft  apart,  a^ 
cording  to  quality  of  sod  and  character  of  soil,  the  object  being  to  place  only  enough 
of  old  sod  to  furnish  enough  creeping  stems  to  cover  the  slope  in  a  reasonably  short 
time,  thus  creating  a  new  sod  on  the  slope  In  preference  to  the  old  sod.  The  top 
of  the  sod  ahall  not  extend  above  the  surface  erf  the  slope,  and  If  the  season  is  advanced 
BO  that  it  is  liable  to  have  hot  weather  or  freedng  weather,  the  sod  shall  be  depressed 
just  below  the  surface  and  a  covering  of  loam  placed  over  the  soil  and  loose  earth 
packed  firmly  around  the  sod. 

"Sod  laid  during  the  day  shall  be  thoroly  watered  as  soon  as  practicable  alter  lay- 
ing and  no  sod  shall  be  left  over  sight  not  laid  irithout  water.  All  sod  abaU  b*  watered 
daily  for  SO  days  after  Isylag  when  neoeMwy.  On  slopea  steeper  than  2  to  t.  thp  so<4 
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^th  uuUl  itakM  8  In  to  1  ft  loog^  rt«kw  bdnf  plaosd  «v«ry  IH  ft  aput.  After  the 
riop«  bw  been  filled  sod  shsll  be  rolled  or  firmly  padded  down  with  ebord  to  a  amootb 
oniform  aurfsoe.  All  aod  must  be  taketi  from  z^oA  rich  aoil,  be  uniform  in  texture, 
free  from  objvctioneble  grawei  or  weeda  aod  in  good  healthy  condition  with  no  iicna 
of  daoar  aad  noat  oontaln  uriHdwt  mofctara  to  iBalntatn  tta  vltiUtr  doAtg 
tnnaportatlaii. 

"Sod  efaall  preferably  be  cot  8  ft  or  more  loof  and  l^i^  to  2  ft  wide  and  not  ten 
than  2}^  in  tUA,  larfe  irieeea  tA  sod  betng  prefenble  on  aocoont  of  ctntalninK  tbdr 
moietare  and  staodinc  traiMportation  better  than  small  {rfeeae.  Sod  ahall  be  aa  fredi 
as  possible  and  recdved  on  the  work  daily,  and  any  sod  to  be  Mt  ovw  niffat  shall  be 
tboraly  watered;  and  sod  that  ia  beated  will  not  be  aeesptad.  All  Boddinc  ahall  be 
ftridtbf^  before  tiie  contlniied  frost  seta  in. 

"Sod  ahall  be  paid  far  as  measured  in  place,  aod  shall  include  the  entire  anifaee 
sodded,  thia  price  to  Include  fumbhing  of  sod  and  ttandling  of  nme.  Transporta- 
doQ  erf  sod,  men  and  materia  abo.  to  include  stakes  where  it  ia  neeeesary  to  stake 
the  sod.  The  entire  work  aball  be  done  to  a  thoro,  workmanlike  manner  to  the  end 
that  the  appeamnce  after  completitm  ahall  be  as  neariy  poarfble  that  of  good  natunl 
fTowtfa  fa)  place. 

"  Objectlooable  graaaes  and  wssJs  shall  be  renioved  from  time  to  tlow  to  |Mcmt 
tK«/^1tij  the  uiawie  nntil  snch  time  that  the  sod  has  taken  bold  or  the  creeping  stona 
hsTS  covered  the  mtira  slope. 

"Where  springs  have  developed  oo  the  slope,  a  bUnd  drain  of  dnders  or  broken 
atesw  ahall  be  laid  from  spring  to  the  toe  of  the  slope." 

Aa.  Ry.  Bog.  Aasn.  ReeotamindatloaB  Relattre  to  SUda*  aS).  "Eitdi  iUde 
should  be  considered  as  a  problem  by  itaelf .  The  canae  of  the  aUde  should  be  sought. 
The  removal  or  prevention  of  the  cause  is  as  important  aa  the  rcatoration  of  the  road- 
way. Piles  or  retaining  walla  for  the  prevention  and  cure  of  slidea  are  not  recom- 
mended; but  their  use  is  permlarible  for  temporary  repairs  and  in  q>edal  rsiws 
Uoderground  water  should  be  drained  away  or  intercepted  before  it  reachea  the  aUde. 
The  surface  of  the  slide  and  the  restored  roadway  should  be  graded  so  that  water  will 
mn  off  and  not  lie  in  pools.  The  surface  may  be'  compacted  or  sodded.  The  flatten* 
ing  of  the  slope  is  thie  most  economical  and  pennanoit  method  of  curing  a  aUding 
tnhanknient.  The  welghtfatg  of  the  toe  <rf  the  slope  to  netore  equiUbriom  may  sooe- 
Vmm  be  found  sOcfant.  The  removal  of  the  tnaterial  is  nearly  ahraya  Aa  moat 
eeoBondcol  and  permanaat  method  of  coring  a  sUde  in  exeavatlon.'' 


The  subi^ade  coniiBia  of  the  upper  mirfooe  of  the  native  foandation 
on  whkh  ia  placed  the  road  metal  or  the  artificial  foundatioii.  In  ease  the 
lotter  is  provided.  The  subgrade  is  thoroly  compacted  \xy  rolling  to  con- 
form to  the  lines  and  grades.  All  muck,  quick-Band,  soft  day,  or  spongy 
material  which  will  not  consolidate  under  the  roller,  ia  removed  to  such 
depth  as  is  necessary  and  the  space  refilled  with  suitable  material  from 
excavations  or  with  other  materials  such  aa  earth,  gravel,  or  broken  atone. 
All  hollows  or  depressions  which  develop  in  rolling  are  filled  with  suitable 
material  and  the  process  of  filling  and  rolling  is  repeated  untfl  no  depres- 
sions develop. 

,  Pens.  Highway  Dept.  SpeeUcalloBS  Coreitac  Cenitnclba  of  Snbgtade.  "The 
bottom  of  the  excavation  and  the  top  of  the  flll  when  completed,  shall  be  known  aa 
the  subgrade  and  at  all  pUcee  shall  he  true  to  the  Hnea,  gradea,  and  cross  sectfta»s  ss 
Aown  OB  the  plans.  All  woric  in  eonneettoo  with  the  preparatiai  thweof  will  he  in- 
dodad  in  the  eoatnet  price  for  excavadoD  or  borrow. 

"CONsntucnoH  or  Suaraura.  The  subgrade  ahall  be  I>rougfat  to  ^flrm,  unyield- 
ing surface  by  rolling  the  entire  area  with  an  approved  8  wheel  power  roller,  weighing 
not  lees  than  10  tons,  and  all  portions  of  the  snitace  of  the  subgrade,  wMdi  are  in- 
scrrssIMn  to  the  roller,  shall  be  tamped  thoroly  with  a  hand  tamper,  weighing  not 
\m  than  50  fb,  the  face  of  whldi  ahall  not  excasd  100  sq  la  la  area.  AH  aoft  and 
yWdiog  spots  and  all  vsgetable  sobetsaoe  or  other  unsuitable  material,  ahall  be  removed 
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and  tb*  van  MBUad  wtth  apprond  mBtarisL  In  plowtnc  for  tin  hnnriiw  o(  tke 
oU  inde,  cus  ilwll  be  taJna  aot  to  plow  below  the  flnUted  grmd*  of  Uw  new  anbindew 

"Pbotbction  of  SUBtaADB.  In  handlins  nuiteriele,  toob,  equipment,  etc,  tba 
Contractor  afaall  protect  tbe  "ubgnuie  from  danuge  laying  pluka  therMn,  wfam 
directed  and  •hall  take  such  other  precauticms  as  may  be  deemed  neeesBary. 

"AoCBPTANCa  or  SUBOBADB.  No  foundation  or  surfadng  material  shall  be  d»- 
poeited  until  the  subgrade  has  been  dtedted  and  accepted." 

ID.  Practice  Corerint  Construction  of  Subgtades  oa  DiflerenI  Types  of  Soil  (18). 
*'¥ntb  raapeet  to  tbrir  prt^tertka  ot  sbedding  or  abaorWng  surface  water  all  cfaarac- 
ten  (rf  soil  encountered  in  Illinois  road  work  may  be  aasisned  to  one  of  tbe  three  fol- 
lowing classeft:  (1)  Impervious  sdls,  sucfa  as  tbe  prevailing  gumbo  tbruout  the  corn 
belt,  or  any  dense  day  or  other  noil  thru  wblcb  surfaoa  water  wiU  not  readily  pe&etrmte; 
(2)  semipervlouB  soUe,  those  soik  of  an  intennediate  character  that  evidcotiy  are  not 
T**Cn^*''*  to  efUiw  dam  1  or  daas  8;  (8)  very  porous  scrila,  including  wnd.  gravel 
or  loose  stooei  acdla  thru  wUeh  surface  water  wfll  readily  penetrata.  Id  case  of  doubt 
as  to  whethor  a  particular  sail  ■hould  be  awlgiid  to  dMi  1  or  daaa  S  It  ahould  be 
aadgned  to  tlio  former,  aad  tor  doubt  bataawi  daMs  2  and  3  the  an%Rnient  Aonld 
be  made  to  daai  2. 

TaaaniaNT  or  EacR  CLaai  or  Son.  (l)  "No  natter  wbatfaar  on  an  dentad 
taUdand  or  on  a  low  bottom,  when  die  obtainable  ade-ditdi  inda  la  kai  than  QA%, 
not  more  than  800  ft  of  road  in  one  stretdi  ahould  have  tbe  crown  of  its  sufaftade 
(finished  crown  for  earth  roads)  leas  than  12  ia  above  the  general  elevation  of  tbe  ad- 
jaeent  land  without  the  limits  of  the  right-of'-way,  notwithstanding  the  dae  at  tbe 
ride-ditdMB.  Exceptions  to  thia  rule  would  be  where  the  Mgbway  follow  a  prac- 
tleally  levd  ridge  and  tbe  adjacent  land  drains  away  from  the  road  on  both  Msa: 
aia^  where  tbe  highway  foDowa  along  land  that  all  drains  one  way.  In  the  latter 
ease,  need  leas  to  say.  afoas  enlverta  should  be  placed  at  suitable  Intervale  to  carry 
tbe  watv  from  the  U^wr  ditch  to  natural  outleta.  (2)  Same  as  class  1,  except  that 
0.2%  ahould  be  substituted  for  0,4%.  (8)  The  crown  of  tbe  anbgrade  should  be  at 
least  6  Id  above  the  feoenU  elevation  of  tbe  adjacent  land  without  the  Hmtti  of  the 
right-crf-way. 

"Notwithstanding  tlie  character  eg  soil,  where  tbe  grade  of  the  side-ditcfaM  la  from 
0,4  to  1%  an  endeavor  should  be  made  to  keep  tlie  crown  of  the  subgrade  at  least 
6  in  above  tbe  general  elevation  of  the  adjaowt  fldda.  With  a  n<n-porous  soli  and 
an  opeiHditch  gradient  of  lese  than  0.4%  It  is  dllBcult  to  provide  aurface  road  drain- 
age by  aeeldng  natural  channek  located  at  conaidemble  distances  mput,  A  nmc 
efltedve  and  more  positive  practice  is  to  elevate  the  road-bed  by  filling  from  b<HTow 
pits  to  an  elevation  above  the  accumulated  water  level,  which  under  tbe  ccaditicms 
aasumed  b  the  general  level  of  the  adjacent  Adds." 

4.  Grading  Machinery,  Hediods  of  Use  and  Cost  Data 
Coaaidflrationa  Affecting  the  Purchaea  of  Machinery.  The  purchase  of 
an  ideal  equipment  will  be  justified  and  is  usually  Bdvisable  if  the  work 
is  to  be  extensive  in  character.  As  a  fundamental  economic  principle,  maxi- 
mum use  should  be  made  of  time  and  labor  saving  machinery,  due  especially 
to  the  ever  increasing  cost  of  common,  as  well  as  skilled  labor,  and  the  in- 
cidental  charges  entailed  its  employmmt.  Highway  departments 
and  coDtractorti  are  necesBarily  forced  to  consider  6rst  cost  of  equipment 
as  the  funds  available  may  not  permit  the  installation  of  the  most  economical 
and  efficient  machines.  In  many  cases  where  such  conditions  are  en- 
countered, it  is  obvious  that  it  will  not  be  practicable  to  anticipate  that 
the  work  can  be  accomplished  with  the  same  degtee  of  rapidity  and  at  tbe 
same  cost,  as  if  more  efficient  machioefy  constituted  the  plant  equimnent. 

Before  ptirchasing  a  special  type  of  machine  which  has  been  designed 
with  a  view  of  reducing  to  a  minimum  the  cost  of  a  certain  class  of  grading, 
the  ivobaUe  scope  of  work  to  be  carried  on  by  a  department  or  contractor 
should  be  analysed  to  determine  if  the  amount  of  one  kind  of  grading  work 
will  warrant  the  purchase  of  the  special  ""w^hii^  or  if ,  in  the  long  run. 
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wuk  flhould  not  bo  done  with  more  OTdlnaty  types  of  maeUnea  at  a 
tdight  incnaae  in  ooet. 

Depredation  charges  on  plant  equipment  always  should  be  given  careful 
consideration  prbr  to  the  purchase  of  machines  and  acceaeoriea  as  well 
aa  in  estimating  the  cost  of  highway  work.  The  larger  typea  of  grading 
machinery  umally  must  be  uaed  for  a  considerable  percentage  of  the  working 
MABon,  aa  otherwue  tmch  overhead  charges  aa  interest  on  first  ooet,  ooet 
of  housing  or  storage,  painting,  etc,  will  be  prohibitively  high  when  ap- 
l^ed  to  the  eoet  of  a  unit  of  grading  on  a  given  piece  of  work. 

If  an  organiiation  does  not  include  men  who  are  specialists  In  the  manip- 
ulation of  complicated  machinery  or  if  skilled  labor  is  not  economically 
availmble,  aimplicity  of  machines  imd  ease  of  manipulation  should  be  given 
great  weight  in  Uie  adection  of  eqtiipment.  For  example,  common  ]abot 
DUky  efficiently  perform  grading  work  with  scrapers,  shovels,  wagons,  etc, 
while  skilled  labor  wilt  be  required  to  operate  a  steam  shovel  or  an  elevating 
or  traction  grader.  Again,  graders  may  be  hauled  by  animals  driven 
ordinary  labor,  while,  if  traction  engines  are  empU^red,  skilled  labor  must  be 
utilised. 

Ufkeep  ef  Bqatpaent  by  Haner  (40e).  "Vban  aaewmsdilBelBpnrcliaMd,  Aara 
ihoidd  always  be  booglit  at  Uie  Mme  Ume  a  aomber  of  spare  parta,  wfafdi  aiiould  be 
kept  OB  head  to  be  used  as  needed.  No  msn  can  build  a  madiiiie  tfaat  wDI  not  break 
down  in  wune  vital  part  ■ooner  or  later.  A  breakdown  in  a  conaCructiQo  job  meana 
not  only  a  ddiVi  but  a  waste  erf  mon^,  for  even  if  men  can  be  laid  off  and  not  paid, 
or  can  be  given  other  work,  yet  the  job,  due  to  the  cbanses  nade  neceanry  by  the 
bfeakdowB,  will  net  be  worked  In  the  moat  economical  manner.  It  is  true  tfaat  many 
eontraeton  do  keep  some  qwre  parta,  but  they  letdooi  have  on  band  enough,  or  the 
proper  ones,  due  to  the  fact  that  as  the  parta  are  used  to  r^lace  broken  ones,  new  onea 
are  not  ordNed  from  the  factory.  Thai  eitber  one  of  two  thincs  oecnra:  Tbe  Job  Is 
idmt  down  or  aoma  part  trf  tt,  or  tbe  machine  !■  worked  with  the  brokai  part  until  a 
new  one  can  be  ordned  and  put  In  jdaes.  This  means  that  tbe  machine  is  raded  by 
the  work  it  doea,  doing  pemanent  fatiury  to  U.  A  good  bUdtsmith  shop  on  the  Job, 
•qabved  with  tMge  fw  haatfaig  heavy  steal  and  with  stodn  and  diss  iai  bolta  and  |dpe, 
asd  with  good  drills  and  vtoes,  will  be  toond  to  be  a  great  aalstanee  in  tbe  uplraep  o( 
tout  equipmait.  For  heavy  machines  a  few  roller  tiearlng  or  small  liydrai^e  jadm 
wfll  be  found  useful  In  ""1^"^  repain  and  renewala. 

"Tliaall  took  can  be  repaired  promptly  in  a  blacksmith  ebop.  Attention  should  be 
^na  te  thase  aa  well  as  to  the  iaiger  maehhwa  To  prsvsnt  soeh  tools  bring  loat, 
they  rita«M<ttot  only  be  branded  with  a  die  of  the  eontraetor^  name  or  Initials,  but 
they  should  Hkewlse  be  painted  with  a  sat  of  colon,  selected  by  the  contractor,  to 
iVrfpiaTr  his  equipment  and  advertise  hie  liiiiiliiins  Theaa  oolora  can  be  used  on 
tha  bead  el  amne  tocria,  and  in 
MSteaaaaontha  handles.  Tools 
cannot  be  thus  stolen  or  loat. 
AD  bri^t  parta  of  tools  and 
raadklnes  that  cannot  Iw  painted 
aliould  be  well  greased  so  ss  to 
prevent  rustinf." 

Life  of  Road  Constnictioo 
Bqwlpnieat  (Sle).  "  The  Aria. 
Hlcfaway  Dept.  has  adopted  an 
equipment  dapredatton  table  to 
be  used  in  coat  estimating.  The 
talde  ia  as  follows: 

"In  calculating  dqnedatian 
and  nvalrib  It  h  usually  da- 
draUa  to  aq^amta  the  two. 
Bstfanata  depieelatiaii  tor  the 
fun  ysaiBi  bat  eatinate  repairs 


Annual 
Depredathm 

»% 

M% 

«0% 

60% 

100% 

Ttatm...!77:  

76% 
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by  the  mcatb  ot  aetu»]  work.  Thiu,  in  tfae  gsm  of  *  ntmm  riiovel,  th«  Annual  de- 
predatioB  nuy  be  estimated  at  6%.  ud  the  repairs  may  be  eaUmated  at  2%  ptf 
month  of  nngle-ahUt  work.  Then  if  It  is  estimated  that  the  shovel  will  actaaflr 
worit  8  month*  durlns  a  yew,  the  depredation  amounta  to  1%  and  the  rapain  2% 
per  month  of  actual  work.  Roadbutldhtc  equipment  averaces  leea  than  6  monthi* 
actual  work  in  the  northern  atatfla,  probably  about  4  months.  This  nina  up  the  inter- 
art  and  depredation  chariea  per  month  of  actual  woric  Thua,  with  annual  intereat  at 
«%  and  dapradatian  at  12%.  thm  win  btt  16%  f or  the  yaar,  or  4^%  per  wofUnc  noath 
ff  chaiiad  entMy  acalnat  the  woridng  tfane.  Add  to  tfala,  ny.  2.fi%  for  npdi^  «pd 
the  total  will  be  7%  per  working  meath  4or  Intenat,  dwradatioa  and  repaiia." 

SmtU  Tools.  Picks.  The  pick  may  be  pointed  at  both  enda,  or  it 
may  have  one  end  flattened  to  b  chisel  point  for  use  in  trimming  up  slopes 
of  cuts.  The  pick  head  weighs  from  7  to  9  lb  and  is  made  of  s  high  grade 
steel,  the  points  being  made  of  crucible  tool  steel.  An  average  price  per 
doien  for  pick  heads  ia  about  $Q.  Pick  handles  cost  from  SI. 50  to  S3 
per  doxen,  depending  upon  the  selection  and  finiah  of  stock. 

SaoVBLS.  A  pointed  shovel  with  a  short  D  handle  is  the  one  most 
commonly  utted  in  grading  opsrations  ia  the  United  StatoB.  In  Europe 
the  same  style  of  shovel  wiUi  a  long,  straight  handle  is  more  is  favor. 
Square-pointed  shovels,  are  better  adapted  for  mixing  either  cement  or 
bituminous  concrete,  and  for  handhng  sheet-asphalt  mixtures.  Scoop 
shovels  are  used  to  advantage  in  street-cleaoing  operations,  for  handling 
■and  or  other  fine  material,  and  for  removing  snow.  Shovels  are  made  in 
different  sizes  and  of  different  grades  of  steel,  the  blades  having  eithn- 
a  black  or  a  polished  finish.  The  following  table  (31b)  gives  prices  for 
shovels  with  black-finish  blades.  Shovels  with  square  or  round  points  with 
D  or  long  handles  are  the  same.  A  No.  2  slwvel  is  the  sise  gennal^  usod. 
For  a  iralidwd  finid  add  SO  cents: 


Siaa 

Width 

of 
Blade, 
Inch 

L^^th 

Blade, 
Inch 

Extra 
Grade 

Doses 

Pint 
Grade 

per 
Docen 

Second 
Grade 

Dosen 

TUrd 
Grada 

Doaan 

9H 

IIH 
12 'A 

$9.90 
10.20 
10.60 

98.70 
9.00 
9.30 

$7.20 

$5.70 

8  

Mattocks  ahd  Busb  Hooks.  Mattocks  are  used  mainly  for  trimming 
up  slopea,  for  loosening  eoUa  full  of  roots,  and  around  stumps.  The  heads 
weigh  about  6  lb  each  and  the  average  price  is  about  S4  per  dosen. 
Handles  are  the  same  price  as  pick  handles.  Bush  hooks  are  used  mainly 
in  clearing  away  brush  and  small  undergrowth. 

BaUBH  SCYTHBs  (27a).  "For  cutting  down  small  brush  a  brush  scythe  ahould  be 
uaed,  not  a  brush  hook  as  is  often  done.  With  the  hook  or  an  axe  the  man  usinc  it 
must  grab  each  piece  of  brush  with  one  hand  and  hit  It  with  the  hook  to  cut  it  off,  while 
with  aadi  Mttolm  of  the  scythe  from  two  to  a  doaen  pieces  of  brash  ean  be  out  dom. 
Some  bnuh,  however,  is  too  heavy  to  be  cut  with  a  scythe,  and  then  it  It  BManvy  to 
use  a  bniah  book.   For  Urge  saplbisi  and  tnaa  as  am  must  be  employed." 

HoEB  Aim  Raekb.  Hoes  and  rakes  are  prineipaUy  umA  ia  ■***r*"g  up 
the  surface.  Hoes  are  also  used  in  street^leaning  operatfoas.  The  price 
of  hoes  is  about  S6  per  dosen  with  6-ft  handles. 

WheelbaiTOwi.  Wheelbarrows  are  made  of  wood,  steel,  or  witlT  a  wooden 
frame  and  aibti  bowl.  The  wooden  form  is  more  commonly  used  in  Europe 
and  possesses  the  following  advantages  over  those  built  with  a  steel  Iwwl 
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or  all  Btwl.  (1)  It  is  cheaper;  (2)  it  is  more  cheaply  kept  in  shape  and 
is  much  better  adapted  for  quarty  work,  where  a  steel  bowl  is  liable  to 
beeoma  mnch  abused  by  having  stone  thrown  into  it;  (3)  it  is  somewhat 
lishtor  than  the  other  two.  On  the  other  hand,  if  it  is  desired  to  handle 
a  semifluid  material  or  a  concrete  or  bituminous  mixture,  a  barrow  with 
a  8t«el  bowl  will  serve  the  purptwe  much  better.  The  weight  of  a  wooden 
wheelbarrow  is  about  60  lb  and  of  an  all-steel  barrow  75  to  80  lb.  They 
are  made  in  diilerent  sises,  those  having  a  capacity  of  3  to  4  cu  ft  being 
senerally  used.  The  price  of  a  wooden  wheelbarrow  is  about  $2;  one  of 
all  Bt«ei  about  |7. 

Carta  and  Wagons.  A  one-horse  tip-cart  is  generally  built  with  2  wheels. 
The  body  tips  over  the  axle  in  discharging  its  conte&ta.  The  bodies,  without 
Btde-boards.  have  a  capacity  of  about  21  to  24  eu  ft.  The  average  cost 
is  about  S50.  Two-horse  tip-carts  are  operated  on  the  same  principle, 
but  are  built  on  4  wheels.  They  hold  about  1  >^  cu  yd  of  material,  loose 
measurement.  They  cost  between  $50  and  $75.  Pat«nt  bottom  dump- 
wagons  are  made  in  1,  IJ^,  2,  2^,  and  3  on  yd  nzes.  The  bottom  of  the 
wagon  is  made  up  generally  of  2  leaves,  hinged  cither  to  the  sides  or  to  the 
ends  of  the  box.  The  doors  are  held  in  place  with  chains  which  are  wound 
up  on  a  windlass,  operated  by  the  driver.  To  dump  the  load,  the  driver 
witik  his  foot  kicks  a  release  lever  and  the  doors  fly  open,  thus  d'ffp*"t''et'^B 
the  load.  The  doors  are  closed  by  the  driver  turning  the  windlass.  While 
the  body  of  the  wagon  is  generally  made  of  wood,  the  bottom  doors  are 
sometimes  made  of  wood  and  sometimes  of  sheet-iron.  One  of  the  doors 
is  usually  provided  with  a  lip,  which  overlaps  the  joint  formed  by  the 
doors,  and  thus  prevents  the  material  from  sifting  thru.  The  price  of 
wagons  of  this  type  varies  from  $25  to  $200,  dependent  upon  the  capacity. 

Coafsifsoas.  of  Wagoas  by  EUb  (SO).  "Four  kinds  of  waguiB  have  btm  used 
eo  road  bnlldliig,  the  4-wheaM  bottom  damping  wagon,  4-wbeded  Z-bone  tip  cart, 
the  2-wheeIad  l-hone  tip  cart  mud  th«  ^-wheeled  slat  mgon.  Tha  alat  wagm  offers 
no  advantsgM  except  that  it  is  s  Uttle  lighter,  lower  and  es^ier  to  load;  this  advantage 
is  outmlflMd  when  the  time  lost  in  dumping  and  """'"g  around  Is  taken  Into  eoa- 
sMsrallon.  ^is'l-hom  cart  is  eeonondial  on  abort  hauls  and  for  worii  tat  a  con- 
tracted qjaea,  for  ™Hwg  end  and  side  dumps  m  embankments  or  for  diort  hauls  oi 
stone  to  muhet.  The  4-wheel0d  Up  cart  hauls  and  Is  handled  very  earily  on  road  work, 
but  the  weight  bdog  on  the  rear  wheels  it  is  very  destructive  to  the  road  surface  and 
sobgiade  and  much  time  lost  In  dumping  and  rioting  the  wsgon.  The  bottom  dump- 
fng  wagon  can  he  nsed  anywhere  that  the  other  2-hoTfle  wag<mB  can  be  used  and  is 
mora  eeonomica]  than  dtber.  The  eqtense  of  piiTi'>*sfni"g  the  roadway  Is  very 
mudi  less  than  with  the  Up  carta.  Material  can  be  dumped  more  quickly,  It  not  bong 
neeessaiy  to  stop  while  dumping  and  tlie  material  can  be  distributed  to  better  sdvant- 
ac*  than  with  tbe  other  types  of  wagons.  Any  wagon  used  on  road  woik  should  have 
ttna  not  lass  tiian  4  in  wide." 

KoadDragt.   See  Sect.  9,  Art.  14.  <> 

Plows.  The  grading  plow  is  so  made  that  the  furrow  may  be  turned 
either  to  the  left  or  to  the  right.  The  function  of  the  shoe  or  wheel  near 
tbe  front  end  of  the  beam  is  to  regulate  the  depth  plowed.  As  ordinary 
grading  plow  will  make  a  furrow  about  10  in  wide 
and  /rom  6  to  12  in  deep.  The  price  of  grading 
ploita  varies  from  $15  to  $30.  For  breaking  up 
hardpan,  old  macadam,  or  other  stiff  material,  a  Rooter  Flow 

rooter  plow,  aa  tUustrated  in  Fig.  1.  is  employed. 

A  plow  of  Uiis  kind  is  generaUy  pulled  by  a  steam  roller  or  a  tractor.  If 
bones  ate  uaed  it  miqr  require  fh>m  6  to  12,  depending  upon  the  material 
plowed.   The  coat  of  rooter  plows  varifis  from  $30  to  $40. 


D>qiti;M  by  L.ooQle 


434 


Grading,  Drainage  and  Foundation)) 


Sect.  8 


Drag  Scnpers.  A  drag  scraper,  as  shown  by  Fig.  2,  consistB  of  a  pressed 
steel  bowl  to  which  a  bail  and  handles  arc  attached.  They  have  capacities 
from  3  to  12  cu  ft.  These  capacities,  however,  are  figured  on  the  basis  of 
loose  measurement  and  for  a  scraper  heaped  full.  This  form  of  ser^ier 
wears  out  very  rapidly  on  its  cuttinc  edge  and  on  the 
bottom ,  particularly  when  working  in  hard  pan  or  gravel. 
The  price  of  drag  scrapers  ranges  from  S5  to  $15. 

McTROD  OF  Operation.  A  drag  scraper  is  usually 
drawn  by  1  or  2  horses.  To  load,  a  man  grasps  the 
handles  and  pushes  the  cutting  edge  down  into  the 
loosened  earth  as  the  aoraper  is  pulled  along.  Then  the  full  scraper  is 
dragged  along  on  its  bottom  to  iht  point  of  dump,  where  Mther  the  driver 
or  a  dump  man  takes  hold  of  one  or  both  of  the  handles  and  lifts  the  scraper 
so  that  it  turns  upside  down  about  its  cutting  edge. 

The  FresBO  or  Buck  Samper  as  deaeribed  by  Priekstad  (Sfia).  "It  eondsts  OMen dally 
ot  a  pan,  open  in  front,  with  vertical  sides  and  back  to  hold  the  earth.  To  tha  back  b 
attadted  a  handle,  and  to  the  handle  a  piece  of  ropo  (or  eonveniMMe  In  nan^nila- 
tlon.  When  loaded  the  scraper  aUdes  oa  the  pan,  but  whan  empty  the  paa  tips  up 
and  rides  on  runners  to  mve  wear  and  to  evade  irregularities  fn  the  ground.  Two, 
fsur,  or  aiz  horses  are  used,  lour  in  a  great  majority  of  cases.  The  capacity  of  ■  4- 
hoise  Fresao  Is  6  or  8  eu  (t,  a*  computed  by  multiplying  the  width  by  area  o(  the 
enls,  but  the  amount  moved  depends  upon  the  chaiaetor  of  the  earth,  the  ™^f™^ 
of  manipulation,  and  the  hauling  ability  of  the  horses.  It  may  occasionally  be  has 
than  the  amount  indicated,  and  Is  frequently  more  than  1  cu  yd,  tf  the  earth  la  moist 
end  adhesive  eaousfa  to  pile  up  and  to  push  ahead  of  tbe  scraper.  The  usual  practice 
ii  to  operate  the  serapen  in  runs  of  3  to  8,  according  to  length  of  haul.  The  Fresno 
ij  generally  limited  to  a  haul  trf  200  or  800  ft,  tbo  of  course  tbe  nature  ot  the  ooo tractor's 
available  equipment  frequently  modifies  that.  It  requires  leas  time  and  hibor  to 
bad  and  unload  than  does  a  wheeler,  but  tbe  expense  of  the  2  extra  harses  balancea 
these  items  when  the  haul  exceeds  200  or  300  ft.  It  Is  capedally  useful  on  highways, 
cn  light  railroad  work,  on  Irrigation  and  drainage  ditclm  where  the  cut  makes  tbe 
bank  or  Is  wasted,  and  for  loading  large  cuts  into  ears  thru  a  ti^i.  A  steep  downhOl 
haul,  far  from  being  a  difficulty  adds  tremendously  to  tbe  yardage  handled,  if  not 
too  long.    Records  range  from  28  to  1 30  cu  yd  per  scraper  per  day. 

"  Following  is  a  record  made  under  moat  favorable  conditions,  in  Jan.,  1904.  Weather, 
clear  and  cold;  aoil  dry,  breaking  readily,  being  loam,  sand  and  clay  hi  Irregular  beda; 
earth  moved  from  ditch  to  make  the  baas  of  both  banks  ot  canal,  extreme  lift  being 
about  10  ft;  a  amall  amount  of  earth  hauled  as  much  as  200  ft: 


Foreman,  16  days  at  94.60   *  67.60 

Four-horse  Fresno  and  driver.  84  days  at  96.S0   440  .SO 

Sht-horse  plow,  driver  and  holder,  IS  days  at  |9   117.00 

Labor,  dealing,  helping  plow  holder,  etc,  SO  Aqfs  at  S2   60.00 

Labor,  loading  serapen,  S2  days  at  |2   64.00 

1768.70 


Engineer's  estimate,  10  219  cu  yd.  Deducting  988  as  the  cost  of  clearing,  tha  coat 
per  yd  was  7  cents.  It  shows  122  cu  yd  moved  per  scraper  per  day,  and  it  is  certain 
that  the  average  would  have  been  180  cu  yd  had  all  hauls  over  100  ft  been  eliminated. 

"  Following  is  a  record  of  extremely  difficult  conditions.  The  earth  was  thoroly  mixed 
with  stone,  in  all  sizes  up  to  6  cu  ft.  Tbe  greater  part  of  theee  had  to  be  taken  to  the 
outer  edge  of  the  embankment.  The  material  waa  hard' to  plow  and  harder  to  load. 
It  was  all  used  In  maldng  the  banks,  mainly  on  one  side,  with  little  kmgitudinal  hauL 


Foreman,  16.5  days  at  |8   S  49.60 

Four-horae  Freraios,  61.6  daya  at  $5.80    826.96 

Two-horae  stoneboat,  11.2  days  at  $3.66   40.88 

Four-horse  plow,  etc,  6.6  days  at  87.40    48.10 

Six-horse  plow.  6.2  daya  at  |9   46.80 

Labor  loading  scrapers  and  sttneboat,  76.2  days  at  |S   1M.40 

«66S.68 
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Ilhlii—hi  8S00  oi  yd.  Supporing  the  1 1 .2  ■tofMboata  to  haw  beeo  eqiul  to 8H Freenos 
tfaiB  woojd  fin  BS.6  cu  yd  par  dAy  per  Fmo.  The  ooet  would  be  sbout  17}^  cents 
per  yd." 

Wheel  Scrapen.  A  wheel  scraper.  Fig.  3,  ia  aimilor  hi  shape  to  a  drag 
Bcnper,  but  the  bowl  ia  fixed  to  2  wheels  fitted  with  a  pole  and  is  iisuaUy 
drawn  by  2  horses.  They  have  capacities  of  9  to  18  cu 
ft.  Scrapers  with  4  wheels  are  also  manufactured.  The 
price  of  this  type  of  scraper  varies  from  S30  to  S75. 

Mbtbod  or  Opesation.    A  wheel  scraper  is  operated   

m  foUoin:  As  it  is  pulled  thru  the  plowed  material  ia  Vhed  Sous 

its  lowered  position,  a  man  grasps  the  small  haodles 
at  the  rear  of  the  bowl  and  tilts  the  bowl  so  that  the  cutting  edge  en- 
gages with  the  earth.  When  the  scraper  is  full,  he  pulls  down  on  the  long 
lever  at  the  rear,  which  raises  the  bowl  from  the  ground.  The  lever  is 
locked  by  a  catch  and  the  scraper  is  hauled  to  the  dump.  On  the  small-etze 
scrapera  no  snatch  team  is  used;  on  the  medium  size  a  snatch  team  is  gen- 
erally used;  and  on  the  large  sise  a  snatch  team  is  always  used.  A  snatch 
learn  consists  of  a  pair  of  horses,  which  is  hitched  to  the  pole  in  front  of 
the  team  dracgiiiB  the  sciaper  during  the  prooess  of  loading. 

Cost  Data.  LawvMiee  (47)  states  Uiat:  "In  one  job  reeentiy  completed  (1917), 
fear  Baker-Manv  l-wbeeled  acnpeis  were  used,  each  1  cu  yd  capadty,  a  boiat- 
iac  eogfue  instead  of  a  snap  team  for  loading  the  scraper.  The  total  amount  of  ex- 
cavation in  this  job  was  4156  ca  yd.  The  dump  waa  about  760  ft  way,  maldng  tfao 
average  round  trip  of  the  scraper  IfiOO  ft.  Theae  aer^Mn  avaagad  about  40  trips  ia 
a  9-hr  day.  The  final  croes^ectloBS  of  the  work,  when  compared  irith  the  total  num- 
ber at  loads,  showed  that  the  average  amount  carried  was  juat  about  1  cu  yd  per  load. 
The  eoU  waa  part  top  soil  and  part  day  and  the  depth  of  excavation  averaged  about 
4  ft.  The  daily  coat  of  moving  160  yd  was  as  foUowa;  1  foreman,  fS.OO;  1  aaapman, 
tSJW;  1  hoieting  em^.  $4.00;  1  otgi^eer,  f2.00:  H  ton  coal,  12-00;  oil  and  water,  f.BO; 
RfNdra,  tM;  4  aoapei*.  1  eo  yd  capad^,  928.00;  1  plow  team,  97.60;  1  plow  man, 
^00;  depredation  oo  4  ecrapen,  $6.00;  total  coat  per  day,  961.86.  This  gives  about 
40  eats  a  CO  yd.  This  cost  eoidd  have  been  reduced  by  using  two  more  scrapers  on 
die  work,  as  ths  four  soapen  did  not  keep  the  loadfaig  engine  buay,  and  the  plow  team 
eooid  have  ho— lad  fime  860  to  400  en  yd  per  day." 

Table  L — Coat  of  Bzcavatioo  of  Loam  and  Clay  with  Foor-Wheel  Scraper  (4S) 

2  fireman,  at  IS   96.00 

leableman   2.00 

7  teaxns  and  drlvera,  at  96   35,00 

Total  eoat  of  labor  per  10-hr  day   943  .00 

Coat  at  labor  per  cubic  yard  excavated,  948/800    0 .063 

1  traction  engine  and  operator   16 . 00 

Cost  per  cubic  yard  excavated,  $16/800   0.02 

SupenrisoD  and  general  expenaea   3  .00 

Intereet  on  Inveatmoit  (7%  of  91800)   0.62 

Depredation,  baaed  on  5~year  life   0 . 88 

Sepaira,  eAimated   1.00 


Total  general  and  overhead  expenses   95>^ 

Coat'  pv  cubic  yard  excavated,  96.60/800    0 . 007 

Total  eoat  of  wm-k  per  day   64.50 

Total  amount  of  excavation,  cubic  yards   800 

Costal  worii  per  cid>ie  yard  excavated,  964.60/800    0.08 

UgU  atn^  Ondiag  In  Cliic«c»,  wm  deaeribed  by  Stlvan  (68).  "The  grade  of 
the  streets  Is  usually  a  Httle  above  that  of  the  flat  adjoining  land.  A  cut  trf  1  ft  to 
18  in  has  to  be  made,  removing  the  old  earth  road  and  bringing  the  grade  down  to 
7  in  below  the  budde  upper  edge  of  the  gutter.  On  some  of  the  streets  many  of  the 
adjoining  tots  are  unimproved  and  the  excavated  material  can  be  q>read  over  Uiem, 
bringing  them  up  to  the  sidewalk  grade.  On  others, -the  earth  must  be  carried  aeveral 
Uodn  bs£m  It  cm  be  wasted.  Tlw  outfit  ooorists  of  a  nu  ctf  6  Maacy  4-wheBl  aeatf- 
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«ri,  Io«dod  by  a  l<Mon  Buffalo-I^tte  Btoun  roller  of  the  mMadun  type.  Tlw  Maaays 
bite  Into  the  old  earth  roadway  ouily,  taking  mn  unumaUy  full  load  at  aach  trip. 
Tha  roUtf  haa  plenty  of  power  and  loada  tlia  wenpm  with  wemliitly  Uttla  affort. 
The  loaded  scrapers  are  driven  onto  adjbfninc  loti  and  dumped  to  ipread  the  matariai 
to  a  depth  of  about  1  ft." 

U.  S.  O.  p.  R.  Comparison  of  Gtadinc'  with  Drag  Scrapera,  Wheel  Sera  pen,  and 
Wafons  (60).  "The  choice  of  proper  implements  to  employ  in  movinf  material 
from  excavatioo  to  embankment  deitendB,  firet,  on  the  nature  and  qoantl^  of  th« 
nuterial  to  be  moved,  and,  aecond,  on  the  length  of  haul.  In  general,  where  the  ma- 
terial coDslata  erf  earth  it  la  looaened  with  plowi  and  the  eeonon^cal  method  of  hauUng 
la  flied  by  the  haul  length  about  aa  foUowa:  For  langtha  of  haul  not  «eeedlng  ISO  ft. 
dng  ecrapera;  for  lengths  ti  haul  butiwiBU  160  ft  and  600  ft,  whaatod  acrapera;  for 
lengtha  of  haul  above  600  ft,  wagons.  Where  the  material  ecauiBti  of  solid  rock  it 
moat  be  looaened  by  drilling  and  blasting  and  pradieally  ahraya  fa  hauled  in  wagooa 
or  carta,  regardlesa  of  the  haul  length. 

"Drm  Scbatbu.  In  iqieratlng  drag  acnqMiB  tha  drirerB  also  may  load  and  tmp^ 
the  aeraper,  but  frequently  it  ia  economical  to  provide  additional  laborers  for  tUa 
IMnpoae.  With  a  haul  length  of  100  ft  and  the  teams  moving  steadily.  1  laborer 
should  be  able  to  load  or  empty  and  spread  the  material  for  about  S  serapwa.  For 
scraper  work  to  be  effective  the  material  to  be  excavated  must  be  thoroly  looanad 
by  the  plows  and  should  bs  free  from  large  roots  or  stonea.  Where  aoeh  obatnictloaa 
occur  time  is  WTed  by  liavlng  tiieni  removed  by  hand  dnrfng  Ot»  progr—  of  the 
plowing. 

"The  average  small  organization  for  carrying  on  road-^grading  work  irith  drag 
aerapers  is  made  up  about  as  follows.  Force:  1  foreman,  4  to  $  scraper  drivera,  2 
laborers  for  loading  serapera,  2  laboren  for  dumping  and  spreading,  1  driver  for  plow, 

1  laborer  to  hold  plow,  1  laborer  for  trimming  shoulders,  etc,  t  to  6  two-horae  teama 
for  BcrapecB,  1  or  2  two-horae  teama  for  plow.  Total,  1  forHuan,  U  Uioma,  and  7 
teama.  Tocda:  6  drag  acrapera,  o^acily  6  cu  ft,  1  road  plow,  2  jddn,  i  acas,  2  mat- 
tocka,  8  ahovela.  The  ti^ee  employed  ahould  vary  aomeiriiat  with  tite  haul  length, 
whidii  ia  usually  between  25  and  160  ft.  Under  average  omdltions  aa  organiaatam 
audi  as  that  deacribed  above  should  move  from  300  to  350  eu  yd  of  earth  pn  10-hr  day< 

"An  objectionable  feature  trf  drag^craper  work  is  that  the  embankments  tend 
to  settle  very  Irragulariy.  The  leaaon  Is  that  the  suceaariva  bade  are  not  viaad 
out  uniformly  as  they  are  dumped,  but  are  deposited  as  a  sueeearion  of  rather  com- 
pact corea  with  the  Intervening  q>acea  ccaislsttag  of  comparatively  looae  material. 
The  loose  material  settlea  more  than  the  compacted  spots,  and  this  unequal  settlement 
produces  pockets  In  the  surface  which  hold  water  and  gradually  become  de^MOied 
under  the  action  of  traffic  Where  the  material  to  be  moved  is  looee  and  light,  such 
as  the  prairie  soils  of  the  Middle  West,  this  objection  can  be  overcome  largely  by 
substituting  Fresno  or  Budc  scrapers  for  the  common  type  of  drag  scrapers.  One 
of  the  principal  advantages  4rf  Fmno  scrapem  is  that  the  runners  may  be  adjusted 
to  spread  out  the  load  to  any  dcalred  depth  from  2  or  8  in  up  to  12  in  and- this  better 
distribution  of  the  material  In  the  embankment  tends  to  prevmt  inequalitiea  fran 
developing  in  the  finished  road  surface. 

"Whskubd  SCKAms  are  uaad  to  a  greater  extent  in  road  grading  than  either  drag 
acrapera  or  wagona.  The  reaaon  tor  ^ia  la  that  In  road  worit  tite  haul  length  talla, 
more  frequently  than  otherwisa^  widiln  the  Umits  tor  which  wheeled  acrapan  are 
economical. 

"A  small  oiganisation  for  carrying  on  grading  work  with  wheeled  serapera  may  be 
made  up  about  aa  follows.   Force:  1  foreman,  6  to  11  drivers,  1  laboro-  for  plowing, 

2  laboren  tmr  loading  ae^wra,  2  laboren  for  dumiring  and  spreading,  I  laborar  to 
trim  slopea,  etc,  1  two^one  team  for  plow,  4  to  8  two-horae  teams  for  acrapras,  1  or  2 
two-horae  snatdi  teams.  Total:  1  foreman,  17  laborers,  II  teams.  Tools:  8  wheeled 
scrapers,  capacity  11  to  16  cu  ft,  1  road  plow,  2  picks,  2  mattocks,  2  axes,  3  shovels. 
The  force  employed  should  vary  with  the  haul  length,  usually  from  150  to  600  ft. 
Six  to  eight  scrapers  should  be  employed  where  the  haul  exceeds  250  ft  Where 
neceesary  one  of  the  snatch  teams  may  be  used  to  asaist  the  plow  teams.  Such  an 
outfit  should  move  from  200  to  250  cu  yd  of  earth  per  10-hr  day. 

"Where  wagons  are  used  for  hauling  and  the  excavation  Is  fairly  light,  It  is  cus- 
tomary and  economical  to  loosen  the  material  with  plows  and  to  load  it  into  the  wagons 
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with  hand  ahoTela.  If  ths  exiavatloii  is  fairly  heavy  and  niffld«nt  in  amount  to 
mrant  tiw  addltioiial  oatlay.  It  ia  «conomica]  aomedinea  to  employ  a  ainall  steam 
ihovel  for  looasobic  and  hmUnc  the  material.  The  steam  ahoveb  used  ordiDarily 
in  road  work  have  a  dipper  capacity  of  from  H  to  H  cu  yd.  Under  fairly  favorable 
eoadititma  steam  shovels  of  theee  sizes  can  be  made  to  toad  from  400  to  BOO  cu  yd 
of  stiff  earth  per  ID-hr  day.  Where  the  material  la  loosened  by  means  of  plows  and 
hauled  in  wagons,  the  averaKc  small  ^radint  gani  may  consist  of  1  foreman,  S  laborera 
and  2  teams  for  plowinc,  9  laborera  for  loading,  2  laboren  for  spreadinc,  and  a  miffldent 
amnber  of  teama  for  K«iiHn^  to  keep  the  aboTe  force  busy.  With  such  a  force  the 
amnber  of  wagona  for  marimum  eflldency  variea  from  aboaC  3  for  a  60O-ft  hatil  up 
to  about  12  for  a  haul  of  1  mile.  Ordinarily,  one  of  the  plow  teama  may  be  employed 
bt  K-«w«t  for  at  least  a  part  of  the  time.  Under  average  condldona  such  a  force 
H  that  deecribed  above  should  move  about  ISO  cu  yd  of  earth  per  10-hr  day." 

Road  Graders.  There  are  several  differeot  types  of  road  graders.  The 
4-wheel  machines,  Fig.  4,  have  blades  from  7  to  8  ft  long,  made  up  of  two 
parts,  a  cutting  edge  and 
a  mold  board.  The  blade 
is  suspended  from  a  part 
of  a  full  circular  frame  st- 
tacbed  to  the  machine. 
By  turning  the  large  wheels 
the  blades  may  be  tilted  at 
aoy  desired  angle  with  the 
vertical.  It  is  also  possi- 
ble to  turn  the  blade  thru 
any    desired  horixontal 
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allele.  In  some  types  of  machines  the  blade  is  given  a  forward  or  backward 
tilt  by  attachments  fixed  directly  to  the  blade,  while  in  others  the  blade  ia 
fixed  in  this  respect,  and  the  tilt  is  obtained  by  lowering  or  raising  the  front 
end  of  the  frame  over  the  front  axle.  It  is  also  possible  in  some  types  to  shift 
the  blade  sideways  so  as  to  project  beyond  the  wheels  for  some  distance, 
which  is  a  great  convenience  in  filling  in  ditches  or  cutting  down  banks. 
The  framework  is  generally  made  o\  steel  shapes,  altho  wood  is  sometimes 
used.  Another  feature  of  many  of  the  4-wheeI  machines  is  that  the  rear 
axle  is  made  telescopic  so  that  either  wheel  may  be  shifted  in  a  lateral 
direction.  This  adjustment  enables  the  rear  wheels  to  straddle  a  furrow 
or  to  engage  with  the  side  of  the  banks  and  thus  prevent  side  slip.  In 
some  makes  the  rear  axle  is  pivoted  so  that  it  will  turn  thru  a  small  hori- 
Bontal  angle,  helping  the  machine  to  keep  in  place  when  in  the  center  of 
the  road.  There  are  some  types  also  in  which  the  rear  wheels  are  so  fixed 
to  the  axle  that  they  may  always  be  made  perpendicular  to  the  slope  on 
which  the  machine  is  travelling.  All  of  these  different  adjustments  are 
carried  out  by  one  man,  who  stands  on  the  rear  of  the  machine  and  operates 
Um  various  wheels  and  levers,  all  of  which  are  within  easy  reach.  A  4- 
wbeel  machine  weighs  about  3000  lb.  and  the  price  varies  from  (200  to 
S300.  Various  types  of  2-wheel  scrapers  are  also  manufactured  which 
weigh  from  600  to  800  lb.    The  price  varies  from  1150  to  $175. 

Method  or  Opbsatiqn.  In  grading  by  means  of  a  scraper  the  dry  grass 
and  sod  is  first  burnt  off.  A  cut  is  then  made  at  the  edge  of  the  ditch, 
using  the  point  of  the  blade,  the  latter  being  set  at  a  sharp  angle  so  that 
only  the  point  and  a  very  short  length  of  the  blade  come  in  contact  with 
the  ground.  On  the  next  round  the  blade  is  lowered  to  a  flatter  angle  and 
the  earth  is  moved  along  the  blade  toward  the  center  of  the  road.  By 
making  several  rounds  of  the  scraper  in  this  manner  the  road-bed  is  crowned 
up  at  tha  center.    To  smooth  out  the  road-bed,  the  surfftcq  is  first  thoroly 
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liarrowed  to  break  up  the  Urge  lumps,  and  then  the  ucraper  is  drawn  along 
Ihc  road  with  the  Ijlade  set  at  right  angles  to  the  center  line  of  the  road. 
When  a  reversible  machine  ia  used  the  blftde  i»  turned  around  so  that  the 
con^'cz  side  ie  ahead.  A  plow  is  not  necessar>-  in  srrsper  work,  since  the 
machine  can  generally  do  all  the  plowing  desired  with  the  point  of  the  blade. 
In  order  not  to  get  a  soft  road  it  is  not  advisable  to  move  the  earth  up 
with  the  scraper  in  layers  over  4  in  deep.  In  some  cases  from  I  to  3  furrows 
are  plowed  at  the  ditch  side  of  the  road,  the  material  being  turned  toward 
the  center.  The  scraper  ia  then  set  to  work  nt  the  furrow  nearest  the 
center,  and  it  moves  over  from  this  furrow  toward  the  center  only  about 
OS  much  earth  as  ia  loosened  by  the  first  round  of  the  scraper.  The  next 
furrow  is  moved  over  in  a  similar  maimer,  and  the  process  is  repeated 
until  the  last  furrow  is  reached,  which  is  moved  over  in  turn.  The  road  is 
then  smoothed  out.  The  4-wheel  machines  for  heavy  work  require  from 
4  to  6  hOTses,  whereas  2  horses  ue  used  when  the  work  is  light.  On  the 
lighter  2-whecl  machines  from  2  to  4  horses  arc  necessary,  depending  upon 
the  character  of  the  work. 

U.  8.  O.  P.  R.  IMr Actions  Coveriai  TTse  of  Road  Gnden  (50).  "Before  any 
machine  work  is  done  the  area  to  be  graded  should  be  either  burned  or  mowed  over 
so  IS  to  ratDOve  all  gnm  and  weeds.   The  gradiiiK  then  should  proceed  as  follows: 

1.  Set  a  row  of  sUkes,  100  or  200  ft  apart,  along  the  Inside  edge  of  eadi  Me  diUdi. 
The  puipoee  of  these  staken  is  simply  to  aid  the  driver  in  making  the  Initial  furrow 
of  the  machine  conform  wlUi  the  line  of  the  road,  and  since  the  stakes  are  destroyed 
by  the  flrsC  furrow  they  need  be  only  suffldent  to  serve  this  temporary  purpose. 

2.  Set  the  blade  of  the  grading  machine  at  an  angle  of  about  30°  with  the  road. 
BO  that  the  material  loosened  by  the  cutting  point  ot  the  blade  will  be  moved  In  toward 
the  center  of  the  road;  also  lower  the  cutting  point  and  raise  the  heel,  so  that  the 
blade  will  plow  an  initial  furrow  about  6  in  deep  and  about  18  in  wide.  Then  make 
the  initlai  trip  with  the  point  of  the  blade  cutting  about  18  in  outdde  of  the  stake 
line  and  the  outside  rear  wheel  of  the  machine  against  the  face  of  the  furrow.  The 
material  loosened  by  the  first  furrow  then  will  escape  under  the  blade  in  a  ridge  just 
inside  the  stake  line. 

3.  Readjust  the  machine  ao  tiiat  when  the  outside  horses  follow  the  initial  furrow 
in  making  the  second  trip  the  blade  will  cut  s  new  furrow  of  somewhat  lees  width 
itum  the  first  and  the  outside  rear  wheel  will  follow  the  face  of  the  n^w  furrow.  Then 
make  sueocasive  trips  with  the  machine  adjusted  in  this  way  until  the  outside  edge 
ct  the  side  ditch  is  approached,  except  that  after  each  two  trips  It  Is  well  to  rest  the 
team  by  readjusting  the  blade  and  pushing  the  looaroed  material  over  toward  the 
center  of  the  road.  For  this  latter  work  the  blade  may  be  set  at  a  greater  angle  with 
the  road,  and  the  heel  stiould  be  lowered  and  the  point  raised,  so  that  the  cutting 
edge  will  conform  clooely  to  the  crown  of  the  road  while  the  machine  is  in  operation. 

4.  Repeat  the  above  described  operation,  rnnitting  the  staka  and  beginning  about 
18  in  farther  from  the  center  each  time,  until  the  side  ditches  are  excavated  to  the 
required  depth  and  the  road  is  approxlmatety  to  the  required  croas-section. 

5.  Bring  the  outside  faces  of  the  side  ditches  to  a  uniform  slope  by  making  one 
or  two  trips  of  the  machine  with  two  wheels,  one  front  and  one  rear,  on  the  bank 
and  the  cutUng  edge  of  the  blade  against  the  slope. 

6.  Make  several  tripe  over  the  road,  cleaning  out  the  ditches  and  smoothing  up 
the  surfsce.  The  last  few  trips  should  be  made  with  the  blade  reversed,  as  this  method 
tends  to  produce  a  better  compacted  surface.  But,  in  any  event,  it  is  necessary  that 
during  the  first  few  months  after  the  grading  ia  completed  the  road  surface  should  be 
kept  smooth  while  it  is  being  compacted  under  traffic  To  do  this  may  require  fi^ 
quent  use  of  the  grading  machine  or  tbe  drag." 

Elevating  Graders.  The  yirincipal  parts  of  the  olovating  grader,  shown 
in  Fig.  5,  are  the  plow  and  mold  board  and  the  elevating  belt.  A  disk 
plow  is  sometimes  sul»tituted  for  the  pointed  plow.  The  moid  board  back 
of  the  plow  is  shaped  so  as  to  deliver  the  furrow  to  the  elevating  belt 
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with  aa  little  loBs  as  possible.  The  elevatiiis  l>clt  cairieni  are  made  in  3 
to  5  ft  ttcctioQS,  so  that  any  Icntiith  from  15  to  -iO  ft  can  be  obtained  in 
some  of  the  larger  machines.  The  carrier  in  run  either  with  gears  driven 
by  the  wheels  or  by  a.  fca.solii]e  _ 
engine  set  on  the  rear  of  the  .e^^>  A  _^5L'^S. 

grader.    When  the  carrier  is  .  ■  . 

drivcQ  by  an  engine  it  requires 
les9  |>ower  to  haul  the  ma- 
chine. The  price  of  an  elevut- 
ing  grader  is  about  tlOOU. 

MiTTHOD  OF  Operation. 
For  hea\'y  work  the  grader 
requires   12  horses,  8  being  Fif.  s.   Elevating  Grader 

hitched  in  front  and  4  in  the 

rear,  2  drivers  and  2  operators  on  the  machine,  who  operate  the  various 
levers  controlling  the  movements  of  the  plow  and  lielt.  A  25-hp  traction 
engine  may  be  used  in  place  of  the  horses.  The  grader,  as  it  moves  along, 
plows  up  the  earth,  which  is  thrown  onto  the  elevating  belt  and  discharged 
over  its  end,  either  onto  the  road  or  into  wagons.    See  Sect.  9.  Art.  10. 

Table  H. — ComparatiTc  Costs  of  Excaration  of  Earth  with  ElcTating  Grader  wtth 
Animal  Power  and  Gasoline  Tractor  (18) 
Anuul  Powek 

^  Wama,  at  *2.60   J17  .60 

2  drivers,  at  J2.60   5.00 

1  operator   3.00 

Total  labor  cort   $25.50 

Interest  on  inveatmmt  at  g%   |1 .20 

De^eeiation,  baaed  on  10-year  life   2.00 

Repaira  and  Beneral  espenaes   1.80 

Total  geDeral  expenses   ^4 .SO 

Total  coat  for  10-hr  day   S!t0.00 

Excavated  per  day   800  cu  yd 

Coat  per  cubic  yard   3.75  cents 

Gabounb  Tkactob 

1  engineer   »6.00 

i  operator   3,00 

Total  Ubor  coat   $8.00 

Gaaidine,  30  gal  at  16  cents   $4.50 

CytinderoU,  1     lal,  at  86  oenU   0.54 

Grease,  2  lb   0.20 

R«IMur«,  waste,  etc   0.76 

Total  power  cort  .■   6.00 

Interest  on  investment  at  6%   $2.40 

Depredation,  baaed  on  10-year  life   4.00 

Repaira  and  general  expenses   1 .60 

Total  genval  expenaea     8  .00 

Total  oort  for  10-hr  day   $22.00 

Excavated  per  day   1000  cu  yd 

Coat  per  cubic  yard   2.2  eenta 

Tracdoa  Turbine  Grader  (31g).  "The  machine  mav«  forward  under  its  own 
power,  dip  the  road-bed  to  grade  and  elevates  and  loads  the  spoil  into  trucks  or  wagons. 
The  digging  action  is  accomplished  by  a  rotating  cylinder,  on  which  are  mounted  12 
bucket*.  On  the  cutting  edge  of  these  are  rooters,  which  dig  out  the  material,  tumbling 
it  back  into  the  buckets  which  elevate  and  dump  it  on  the  lielt  conveyor,  extending  at 
right  anglea  from  the  sides  of  the  grader  In  poettion  to  discharge  the  material  directly 
(nto  wagons,  trudn  or  cars.  While  the  digging  wheel  is  in  action  the  entire  machine 
mo  Tea  forward  at  any  of  three  qweds,  according  to  depth  of  cut  and  character  of  ma- 
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terial.  The  wal(bt  erf  tlw  grsdcr  Is  cutM  on  two  mU  of  multipIuMa,  whidi  do  mway 
with  plaaldiiK  uid  prevent  settlinf.  The  mkchine  Is  built  to  die  ud  load  from  60  to 
100  eu  yd  per  hr.  On  some  jobs  it  is  eetimated  that  the  ezMv^fam  eu  bo  done  mt  m 
cost  of  3  cents  per  cu  yd.  For  an  8-ln  cut  in  old  mmemdam,  the  cost  ot  dii^Ds  and  load- 
ing this  material  into  trueka  wa*  about  4  eenCs  per  eu  yd." 

"  Eleratinx  Grader  for  Trench  Work  (82a).    A  spedaUy  desigBed  and 

built  for  ■treel>-£radins  work,  practically  a  heavy  shallow^tranch  traction  disfer,  ia 
BOW  in  operation  in  Chieafo.  In  this  equipnttot,  the  excavatiiis  unit,  a  VMtieal 
ffll^t  of  heavy  digginf  budnts,  earriad  oo  a  triangular  frame,  k  mounted  OQ  the  rear 
of  a  Img  4-wheded  trudi.  At  the  top,  the  fli^t  at  digging  bu^ta  has  two  polnta 
of  support,  carrying  It  almost  horiiontally  over  a  traasverae  belt  of  steel  elata,  which 
dbtributca  the  excavated  material  to  ather  side  as  required.  On  the  trade  is  mounted 
a  b<ylaoi>taI  boiler  with  superimpaaed  botwatal  wgiiM.  The  rated  capacity  of  the 
maraina  is  from  40  to  60  eu  yd  per  hr.  Three  princ^tal  elsmenti  nake  up  the  vquip- 
ment,  the  digging  and  elevating  unit,  the  distributing  unit  and  the  trudc,  power  equip- 
ment, traction,  steering  gear,  etc  The  digging  syatem  embraces  a  flight  of  11 
heavy  buckets  33  in  wide,  with  an  individual  capad^  of  H  cu  f t.  This  flight  revolves 
so  as  to  dig  upward  and  into  the  earth,  and  along  the  lower  nde  works  in  an  elevator 
channel  of  heavy  steel  plate.  The  digging  budteta  are  fitted  with  detachable  and 
renexable  teeth  and  cutting  edges. 

"  Mbthod  or  OncRATiON.  The  budcets  dig  a  trench  88  in  wide,  4  to  86  In  deep. 
The  train  of  budcets  is  mounted  off  center,  so  tliat  the  outer  edge  ot  the  trench  is 
8  In  outdde  of  the  tread  of  the  rear  traction  wheel.  This  allows  digging  dose  up 
against  a  curb.  The  depth  of  digging  is  oontrolled  by  means  of  a  nA  and  pinion 
on  each  side. 

"  When  digging,  the  gradw  movca  forward  automatically,  an  oeontrie  rod  from  the 
main  eountanhaft  and  a  doc  and  ratdM  oanying  a  sknr  notiatt  down  to  ttie  rear 
wheels  by  apnAtA  and  diains.   The  maddne  Is  dilvsn  forwsnl  at  a  ^wed  ot  from 

6  to  20  ft  per  min,  depending  on  the  material.  The  transverw  distributing  unit,  a 
belt  built  <A  steel  croas-slata  on  rollers  11  ft  apart,  is  mounted  so  as  to  be  fed  by  the 
badiets  aa  ti»ey  dump,  and.  moving  at  alraut  800  ft  per  min,  shoots  the  malarial  into 
wagona  cm  dtber  dde.  The  bdt  is  18  In  wide,  and  tlw  sl^  am  tonad  up  at  botk 
ends  so  SB  to  form  a  retaining  channel.  The  ooavayw  can  be  run  eo  as  to  load  wago— 
at  either  dde,  as  tite  work  may  require." 

"Blenting  Grader  for  Street-Car  Track  Grading  (81d).  This  machine  is  stated 
to  bo  particularly  adapted  to  grading  in  coDnecti<«  with  street  paving  work,  tap  mi  Isllj 
where  it  Is  desirable  or  necessary  to  haul  the  earth  hi  dump  wagoas  and  where  ^Moa 
Is  limited  as  in  many  points.  It  is  also  adapted  to  excavating  tmdiea  for  street  nfl- 
way  tradok  It  cuts  a  strip  ft  wide,  and  will  excavate  2  or  8  in  dev,  or  as  dssp 
as  ft,  the  cutting  wheel  worldng  on  a  boom  being  instantly  adjustable  by  a  screw 
raidng  or  lowering.  An  indicstor  is  provided  so  that  the  op«ator  can  run  tone  to  a 
grade  line.  The  earth  is  deposited  in  dump  wagons  snd  the  production  is  claimed 
to  be  so  uniform  that  the  number  of  teams  each  day  can  be  properly  proporticned 
to  the  length  of  haul  so  that  there  will  be  not  over  H  min  lost  team  time  at  the  maddne 
on  aadi  trip." 

Tractonor  Hauling  Eni^nai.  There  are  on  the  market  many  types  of  steam 
and  gasoline  traction  enginea  suitable  for  hauling  grading  machinoy.  Fw 
many  claaeps  of  grading  work,  their  uk  is  more  economical  thm  the  empby- 
ment  of  horses  or  mules.  Numerous  examples  of  the  work  in  connection 
with  which  they  have  been  used  efficiently  are  cited  thruout  this  Article. 

Essential  features  which  should  be  poBsesBed  by  a  tractor  for  grading 
work  are  as  follows:  (1)  Sufficient  power  for  bauUng  the  severnl  types  of 
grading  machines  under  the  VEtffety  of  conditions  on  which  it  is  expected 
it  will  be  used;  (3)  adequate  mechanical  strength;  (3)  ample  mechanism 
enabling  it  to  be  easily  steered,  controlled  and  otherwise  operated;  (4) 
driving  wheels  of  large  diameter  and  of  Buoh  width  as  to  outble  the  tractor 
to  operate  efficiently  on  soft  ground. 

A  oombioatioo  roller  and  traction  en^na  may  be  economically  used 
as  a  traotor  for  light  grading  wwk,  Beatifying  and  general  hauling  purposea. 
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but  wh«n  contmuouB  haoliiig  of  gndtng  maohinas  is  required,  the  traetor 

is  more  economical 

Steam  ShoTela  by  McDaoiel  (48).  "  The  steam  shovel  is  one  of  the  most 
efficient  and  umveraally  used  of  aU  modern  exoavatore.  The  (Higinal  i^pe 
oi  shovel  ivith  fixed  platftvm  has  been  generally  employed  in  cuts  deeper 
than  6  ft  when  the  yardace  was  sufficient  to  warrant  its  vup.  Highway 
conatructkn,  however,  ueoally  involves  the  ezfavation  ot  a  suceesBUD  of 
light  cuts  with  depths,  varying  from  a  few  inches  to  a  few  feet.  Henoe  the 
steam  shovel  has  been  little  used  on  road  cooatniction  prior  to  the  advent 
of  the  revolving  shovel. 

"  The  revolving  shovel  is  a  machine  of  small  capacity,  light  weight, 
rapid  action  and  easy  portability.  The  principal  features  of  this  type  of 
shovel  are  the  full-cirde  swing  and  separate  hoisting,  swinging  and  crowding 
enginee,  the  last  of  which  provides  for  thrusting  the  dipper  forward  into  the 
earth  and  prying  up  hard  materials.  Its  especial  adaptability  to  highway 
enutruction  of  all  kinds  has  been  proved  by  Its  effijdrat  eoccavatloB  of  cuts 
frwo  0  in  to  IS  ft,  of  all  clnmiee  of  earth,  and  (rf  street  pavements  and  hud 
rcMul  surface  matmials,  and  by  its  ability  to  (^erate  over  grades  up  to  10%, 
make  outs  to  a  smooth  and  uniform  grade  end  side  dt^es,  and  load  tAteafiy 
into  wagons,  or  overcast  in  sidehtll  work. 

"  The  average  engineer  or  contractor  concaves  of  the  economic  field  of 
the  rovcrfving  shovel  as  in  heavy  excavation  only.  However,  the  experience 
of  many  contractors  has  clearly  demonstrated  the  efficiency  and  economy 
of  the  use  of  the  revolving  ^lovel  in  very  shallow  excavation,  such  as  ex- 
cavation for  street  pavement  and  foundations  and  the  removal  of  old 
■traet  surfaoes  and  pavwnents. 

"  Output  or  Shovbl.  Ordinarily  a  shovel  will  be  in  actual  operation 
about  40%  of  the  working  time.  Some  of  the  conditions  affecting  shovel 
opera tiooa  are:  Character  and  physical  conditions  of  the  Boil;  presence  of 
obstructions  in  soil,  such  as  boulders,  roots,  pipes,  old  foundations,  etc; 
depth  and  width  of  cut;  sixe,  make  and  capacity  of  shovel;  experience  and 
efficiency  of  operator.  Altho  it  is  impoesible  to  state  any  definite  rules 
governing  the  o^tacity  and  limitations  of  a  revolving  steam  shovel  in 
diaUow  eacavations,  the  data  in  Table  III,  which  have  bemi  compilsd  fnan 
various  souroes,  may  be  soggBBtive.  This  table  is  based  on  tiie  use  of  a 
revolving  shovel  equipped  with  H-yd  dipper,  effioimtly  operated  under 
averacB  worldns  omditiinu  for  a  l&-hour  di^-" 

Table  nL — PeiftuBMUMes  to  be  Expected  ot  a  RevoMns  Steam  Sbofsl  in 
Shallow  Excavations 


CuasomaTnm  or  MamuL 


Depth 
at 

Cot 

Earth 

Packed 
Earth 

Hardpan 

Pavement! 

fa 

No. 

No. 

New 

No. 

InriiH 

Yardage 

Ob- 

MTVS- 

Yardage 

Ob- 
mem- 

YaniacB 

Ob- 
nrva- 

Yardage 

Ob- 
serva- 

tioTU 

Uona 

ttona 

18.... 

tt  

•  

•  

860 
300 
2G0 
200 

12 
6 
3 
1 

240 
240 
200 
IGO 

9 
7 
4 
3 

226 
176 
160 
100 

8 
4 
1 
1 

800 
250 
200 
160 

2 
4 

2 
1 

D>qiti;M  by 


443 


Chttding,  Drainage  and  Foundations 


Sect.  8 


Km  Sbovel  BtMTCtioa  of  ll»w<am  {SI).  "Tha  ibovfll  vmd  wu  s  14-B 
BncTiui,  equlppad  widi  •  9i-yd  <Upper.  Thb  tuddira  H  td  the  tnctloD  type  and 
wu  oporatod  on  platfonoa.  The  dSxclnt  wm  untututly  hwvy.  The  matMial  wma 
«  hard  packed  macadam  eoDtaininK  a  large  number  of  big  boulders,  nmnitiK  up  in 
many  easaa  to  3  ft  in  diameter.  The  cut  ranced  from  12  to  18  Id  in  depth.  Each 
SO-ft  roadway  was  taken  by  the  ahovel  in  one  cut.  The  aUl!^  of  Uie  ahoiral  to  taka 
i  long  bottMatal  direct  thniat  enabled  it  to  fill  Che  dipper  very  easily  at  this  depth. 
Afl  a  result  even  in  this  shallow  digging  a  2-yd  dump  wagon  could  conalstenUy  be 
ailed  with  3  swings." 

Steam  Shovel  Grading  in  Oregon  ^6).  "The  cut  was  made  with  a  ride  slope 
of  I  on  IH  and  wide  enough  to  give  a  20-ft  roadway  outdde  the  ditch.  This  cutting 
gave  a  yardage  per  lin  ft  of  road  of  from  fi  to  cu  yd.  The  material  consisted  erf 
loose  boulders,  which  had  slid  down  the  mountainside,  overlying  In  places  eamented 
gravel,  dnders.  chalk  rock  and  solid  lodge.  All  had  to  be  blasted.  The  genml  tnellMMl 
of  work  was  to  blast  and  excavate  with  stsam  shore!,  castiBg  the  spoil  downhill  to 
form  the  embankment  The  crew  working  os  and  about  the  shovel  conristed  of  an 
englneman,  fireman,  a  pitman  and  a  wood  and  water  man.  The  shovel  graded  78S4 
lin  ft  at  an  average  rate  of  about  60  ft  per  day.  The  total  operating  coat.  Including 
labor,  oil,  repairs,  fuel  and  U|^ts,  bnt  excluding  Interest,  depredation  and  overbead 
charges,  was  $6480.90,  or  about  12  cents  per  cu  yd.  FInbUng  behind  the  sbovd  waa 
dooe  by  band  and  it  usually  took  S  men  per  day  to  finish  up  In  good  shape.  The  ooat 
fA  finUiIng  was  3  cents  per  cu  yd,  based  on  the  totsl  yardage  handled  by  the  shoveL 
Bladting  ahead  of  the  shovel  cost  mqre  than  solid  rode  would  have  coat,  becanse  the 
drills  could  not  be  used  In  aJl  matoriaL  In  many  places  coyote  holeo  6  in  In  diameter 
and  20  ft  Into  the  bank  had  to  bo  drilled  by  hand.  Also  care  had  to  be  e«rdsed  In 
blasting  to  protect  the  railway  tracks  downhill  from  the  grading.  The  crew  ahead  of 
the  shovel  consisted  of  from  6  to  12  men,  and  1  powerman,  who  did  all  the  loading 
and  firing.  A  60-hole  battery  was  used  for  firing.  The  blasting  cost  including  labor, 
powder,  nqtloders  and  battafy,  111  882.98  or  about  22  eaots  per  cu  yd,  based  on  Um 
total  steam  shovd  yardage." 

Table  IT.— Coat  of  StMia-SIuTri  Voik  on  CUf  and  Loam  at  Mhaoapolia  (40 

lenglneer   |8.00 

2firemai   S.H 

8  laboMta,  at  |2.60   S.OO 

Total  tabor  oosft  for  S-hr  day   118.60 

Coal,  <i  ton,  at  36   $8.00 

CKl,  Qwasa  and  waste   0.16  , 

Repairs  and  overbead  charges  ,   1.05 

Total  fori  cost   AM 


Total  coat  of  eicavating  260  cu  yd   317.70 


fiidaitlial  RaUwayi  for  Omdlnt  WoA  (60).   "Numeraua  advantages  are  daimed 

for  hauling  by  Industrial  railways  on  contracts  of  sufficient  rise  to  warrant  the  vcpvma 
of  installation.  It  Is  affected  very  little  by  the  diaracter  of  the  soil  or  the  weather. 
It  can  be  operated  on  sand,  black  soil  or  clay,  and  if  proper  drainage  is  provided,  the 
hauling  operation  can  proceed  during  wet  periods  when  It  would  be  impoerible  to 
haul  by  any  other  method.  This  regularity  of  unloading  and  delivery  is  a  very  coo- 
riderable  benefit  in  reducing  the  overhead  diarges  and  increasing  the  qteed  of  con- 
struction. The  subgrsde  is  not  injured  and  materials  are  kept  desner.  The  Rpeod 
of  operation  and  the  large  tonnage  poerible  per  train  recommends  this  system  as  par>- 
ticuloily  economical  for  long  hauls. 

"OFBtAnoN.  The  succMsful  operation  of  an  Industrial  railway  outfit  requim 
the  transportation  of  materials  in  Iwge  daily  quantity,  which  can  be  furnished  only  by 
a  moat  effldent  unloading  plant.  To  load  ttM  train  in  a  minimum  time,  aton^  bins 
with  a  capacity  of  more  than  one  tndn  should  be  ftrovlded  from  which  the  cars  can 
be  loaded  during  the  time  the  engine  Is  taking  coal  and  watar,  or  a  train  ot  extra  eara 
should  be  provided  and  loaded  batwauB  tripa.   Provisioo  should  be  made  at  the  load- 
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hv  terminal  (or  funklohiiif  coal  and  water  to  the  locomotive  quiddy.  The  tramber 
and  duuacter  of  cars  required  on  a  contract  depends  on  the  length  of  haul,  required 
fata  oi  delivery,  ^nethodfl  of  coi^tnicUon  and  Idnd  <A  power  need.  If  horae  power  be 
and  the  tndaa  will  be  smaller  and  cars  may  be  of  lighter  conatruction  and  weisht  than 
^th  steam  power.  What  the  materiahi  are  dumped  on  the  grade,  a  comparativdr 
■bbD  outfit  may  be  ntufactory  by  worldng  day  and  night  hauling  gangs. 

"BooHOHiOB.  The  InveatuMBt  neeesnry  In  an  Industrial  railway  equipment  b 
Iwavler  than  for  any  other  powv  hauling  method.  Outfits  of  track,  cars  and  locomo- 
tives may  be  rented,  but  the  character  of  the  equipment  and  wearing  nature  of  the 
mrk  raqulre  a  Ugh  basia  tor  rental,  and  the  price  for  one  aaaaon  la  about-40%  tit  the 
value  In  addlttoD  to  freight  two  waya  atul  heavy  npaiia  a(t«  the  return  of  th*  outftt. 
The  averace  outfit  for  m»  on  large  ecntraets  in  Illinola  road  eooatruction  should  provide 
for  about  6  mile*  ik  track.  On  this  baeia,  the  following  Is  an  eatlmate  of  the  appraxi- 
raat«  eoat  with  the  pricee  of  materials,  as  In  1917,  fd  such  an  outfit  if  pordiBSed  and 
Uia  natal  cdst  for  one  season: 

Coar  FaiGB 

5  miles  boOt  up  tnek,  20-ib  nil,  at  18660   $17  750 

6  awitchee,  at  960   880 

4  enrvea,  at  «W   240 

42  l}4-rd  ens  withoot  brak^  at $126   5260 

8  IM-yd  can  with  brake,  at  |146   1 160 

4  flat  oua,  at  I22S   900 

iMomotlviSh  20  hp   3  800 

Trtal   228960 


RatRAL  Pan  roa  12  Mmms 


K  mllM  boUt  up  trad^  20Jb  raO,  at  12186   |10  826 

«  BwltdMS,  at  *24   144 

4ennna,att24   96 

42  IH-yd  cars  without  lM«kB,  at  (67    2  8U 

8  IM-yd  can  with  braksw  at  «ei   648 

4  flat  can,  at  |90    880 

Locomotive,  80  hp    1600 

VMi^t  two  ways   1800 

Probable  repain   500 


Total   218  687 


"The  operating  cost  Is  eatlraated  by  the  manufacturers  at  $12  per  day,  hidudiug 
engineer,  brakeman,  coal  and  oiL" 

Hone  Rollers.  A  horae  roller  is  generally  made  with  one  Urge  roller 
having  a  face  of  about  5  ft  and  a  diameter  of  about  5  ft.  Any  weight 
desired  from  2}i  to  5H  tons,  varying  by.  1  too,  caa  be  obtained.  Addi- 
tional weii^t  may  be  placed  in  the  boxes  at  each  end  of  the  frame  and 
tbe  wai^t  be  thus  increased  by  1  ton.  The  roller  is  made  of  steel  or 
east  iron.  An  essential  feature  of  a  horse-drawn  roller  is  to  have  it  revers- 
iUe,  so  that  it  can  be  drawn  in  either  direction.  A  grooved  roller  is  some- 
times specified,  due  to  the  fact  that  better  compression  can  be  obtuned 
than  with  the  smooth-faced  roller.  The  grooves  are  formed  by  bars  bolted 
around  the  face  of  the  roller  parallel  to  the  edges  and  at  a  qpiall  interval 
apart.  The  price  of  horse  rollers  vaiiea  from  S300  to  $450,  depending 
upon  the  sise. 

Thraa-Wbe^  Kollers.  Thiea-'whael  rollos  vmy  in  wa^t  from  10  to 
20  t<»a.  The  majority  of  rollers  of  thia  type  are  ran  bjr  steam,  alUio  there 
an  A  few  makes  wUdi  aie  ran  by  gaaDline  engines.  Rollen  are  generally 
farnlsbed  with  a  hl^  and  low  speed.   The  low  speed  Is  used  in  rolling 
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embankmeDt.  gubETAdSt  telford,  etc,  while  the  high  speed  used  in  finiahing 
the  surface  or  in  travelling  from  point  to  point.  The  price  of  tbiee-wbeel 
rollera  varies  from  •2600  to  tSfiOO. 

Tandem  Kollen.  The  weii^t  of  tandem  rolleiB  varies  from  3  to  12  tons. 
These  rollers  are  commonly  run  by  steam,  altho  there  are  some  makes 
which  are  run  by  gasoline  engines.  The  price  of  tandem  rollers  varies 
from  S1300  to  S3000. 

Scaiiflers.  This  machine  usually  ooosiats  of  a  heavy  cast-iron  block  on  2 
or  4  ndieela  which  holds  a  series  of  steel  picks.  The  block  weighs  about  3 
tons  and  the  picks  can  be  adjusted  in  the  block  or  the  block  itself  arranged 
so  that  any  depth  desired  up  to  5  or  6  in  can  be  picked  up.  The  picks  are 
arranged  in  either  a  straight  line  or  in  2  lines  which,  together,  form  a  V. 
Most  of  the  scarifiers  are  so  designed  HaA  it  is  not  necessary  ta  turn  them 
around.  This  is  accomplished  generally  hy  having  two  sets  of  picks,  one 
set  being  used  when  the  machine  runs  in  one  direction  and  the  other  when 
in  the  opposite  direction.  Scarifiers  of  this  type  are  towed  by  a  chain 
bitched  to  the  roller.  The  arrangement  of  the  picks  and  the  form  of  the 
blocks  vary,  but  all  of  the  machines  work  on  the  same  principle.  An 
average  price  of  block  scari6era  ia  S500.  Another  type  of  scarifier  con- 
siats  of  a  series  of  5  to  10  spikes  attached  to  a  block  weighing  from  500  to 
3000  lb  and  i^iidi  is  suspended  from  a  frame  sbnilar  to  that  of  a  road 
grader.  The  row  of  picks  is  on  an  angle  with  the  longitudinal  axis  of  the 
machine.  This  type  of  scarifier  is  hauled  by  tractors  or  horses,  dependent 
upon  its  weight  and  the  character  of  the  surface  to  be  scarified. 

Watering  Carts.  In  the  United  States  the  cart  used  for  sprinkling 
generally  consists  of  s  cylindrical  tank  mounted  horizontally  on  a  4-wheel 
truck.  The  tank  may  be  made  either  of  wood  or  of  steel.  The  capacities 
vary  from  350  to  1000  gal.  Carts  with  horizontal  valves  throw  the  water 
'out  in  horizontal  sheets,  while  those  with  vertical  valves  distribute  the 
water  in  vertical  sheets.    The  average  price  of  a  600-gal  watering  cart 


U.  S.  O.  P.  R.  Hetfiodi  of  Bctimatiaj;  Cost  ol  Oradiag  are  am  foUowi  (SO):  "The 
cost  t4  gradlnE  variee  sreaUy,  accordims  to  the  condition  of  the  weather,  the  nature 
cl  the  material  to  be  ezcavmted,  the  eSdenqr  of  Ubor,  teams,  and  maehiimy,  etc. 
and  asldom  on  be  esthnatad  In  adnaee  with  may  greet  degree  of  Kccuraey.  On  thb 
aceoont  avenge  eaats  based  on  past  expsrkmce  may  be  very  misleading  when  appUed 
to  a  particular  project.  In  the  followine  ststemoits  and  data,  an  effort  Is  made  to 
■how  the  appro^mkte  range  of  cost  nther  thmn  the  average. 

"The  fint  etap  in  ertJ mating  the  coat  of  grading  a  given  road  ii  to  SHertain  the 
quaotitjes  of  work  to  be  done.  After  the  quantttiea  have  beui  determined  the  coat 
may  be  eati mated  in  either  of  two  ways:  Vint,  the  organisation  for  canying  on  the 
work  may  be  planned  in  detail  and  the  estimate  arrived  at  by  conddering  the  coot  of 
maintaining  nich  an  organization,  together  with  the  rate  at  whidi  it  may  reasonably 
be  expected  to  accomplish  the  woiic  Second,  the  cost  per  cubic  yard  for  excavatiaa 
and  the  eoat  per  mUe  tat  ■'■■p'Tg  the  roadway  may  be  eatimatad  at  Bat  rataaL 
lite  fint  method  h  the  moat  aoonrate,  the  tlia  latter  la  the  one  empkiyed  moat 
frequently. 

"It  the  priota  for  labor  and  taana  are  known,  the  eoat  of  grading  under  a  ^vcn  aet 
of  oMtditlons  may  be  catlmated  from  tbe  data  already  ^ven.  A  frequent  aouroe  of 
error  in  estimating  coeta  in  this  way  la  that  such  items  as  supervision,  lost  time  tor  which 
payment  must  be  made,  repairs  to  tools  and  machinery,  and  depredation  of  the  plant 
are  overlooked.  The  following  data  <aee  Table  V)  are  intended  to  fundah  a  rough 
guUs  in  making  eaUmatea  ot  gradhig  eoat  at  a  flat  rate  per  cubio  jrard.  Tbey  are 
baaad  on  labor  at  IS  osnts  per  hr;  hmses  at  J2H  cents  per  hr.  Ths  dspredatioa  of 
grading  equipment  and  repairs  ara  figoiad  at  6%  per  month  while  in  vtm,  and  h  l» 
eipapted  that  the  foroe  will  be  organised  •ooaomleaUy  and  managed  aOdHttly." 
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TcUe  v.— Cost  of  Ktttntloit  and  Bmbanknimt 


Kind  of  Ibteriia 

Aver. 
Hkul 

Hotbod 

Average 
Coat  per 
Cubic  Yard 

Raniarka 

Ufht  Mtady  lowu. 
baa  bom  root!,  ate.. 

A          day  lown. 
frM  tRNn  KMtt,  ate. 

brdpaa  or  loon  rock 

Feet 
60 
100 
SOO 
1000 
60 
100 
SOO 
1000 
60 
100 
300 
1000 

f  800 
\  1000 

r  800 

\  1000 

DtacMrapen 
Dngeor^Nn 
WbeaMMnpen 

Wacom  

DragsCTapera. . . 
Dragacrapen. . . 
Wheeled  aerapera 

WaEona  

Diag  Berapen . . . 
Drag  aenpen . . 
Whseted  aerapera 
Wagona  

W^ona  

Centa 
10  to  16 
12  to  20 
16  to  25 
2ito  40 

16  to  20 

17  to  25 
28  to  86 
82  to  60 

18  to  26 
21  to  80 
28  to  88 
40  to  66 

40toeK  \ 
46tOTft  f 

1.66  to  $1.60  \ 
.76  to  1.76/ 

Material!  nnmnnf<l  to 
be  au«h  that  UtOe  or 
DO  pkming  ia  tieeMaaiy 

Matarial  auoh  aa  to  bt 
Moaanad    with  plow 
drawn  by  two  hema 

Four  Uotaea  laqidwd 
for  plowing 

1  Low  prleea  only  wbero 
material  may  be  looa- 

1  ened  with  four  horaea 

I  and  bard-pan  plow. 
High    prleea  whata 

I  blaatlng  ii  newwary 
High     prleea  aiqily 
wliara  atone  ia  nard 
and  atearation  ahal- 
low 

Notb:  Aaatuned  eondltiMia:  All  material  to  be  locMened  with  plowa  or  by  blaaU 
Inc  and  to  be  modantely  diy  wlien  bandied;  hauling  to  be  done  by  naeana  ot  dng 
anpafB,  vMad  aerwen,  or  wwna. 


TaU*  TL— Coat  of  Grading  and  EEcarating  par  Cabte  Yard  with  Variona 
Bqa^Mnt  Uiad  In  Road  Conatmetten  In  Wait  mribda  (U^ 


One- 
Wbael 
Scraper 

Two- 
Wbed 
SenUMT 

One- 
Hone 
Cart 

Traetor 

and 
Tmcka 

DWaiiHM 
Hadad, 
VM 

Wheel- 
Barrow 

Dew  or 

Slide 
Scraper 

Wagon 

100  

$0,057 

$0,090 

$0,100 

$0,100 

$0,066 

$0,096 

$0,080 

too  

0.114 

0.186 

0.180 

0.126 

0.068 

0.103 

0.080 

0.170 

0.180 

0.160 

0.160 

0  080 

o.nt 

0.080 

MO  

0.280 

0.226 

0.190 

0.176 

0.090 

0.119 

0.080 

600  

0.286 

0.270 

0.220 

0.200 

0.101 

0.127 

0.080 

600  

0.842 

0.S16 

0.250 

0.226 

0.112 

0.186 

0.080 

SOO  

0.467 

0.406 

0.310 

0.27B 

0.135 

0.161 

0.080 

0.B7O 

0.496 

0.870 

0.826 

0.160 

0.167 

0.090 

0.867 

0.720 

0.620 

0.450 

0.214 

0.207 

0.090 

1. 143 

0.946 

0.670 

0.676 

0.271 

0.247 

0.100 

1.718 

1.S96 

0.970 

0.826 

O.SSS 

0.827 

0.100 

40M  

2.280 

1.846 

1.270 

1.076 

0.600 

0.407 

0.100 

l«0diD 

K  by  Hao 

d 

0.060 

0.010 

0.010 

0.010 

0.130 

0.180 

by  Stea 

ra  Shovel 

0.060 

0.000 

Nom  Plddng  5  enta.  Ploiring  8  enta.  Steam  ploirfng  1.6  eenta  ptf  «d  yd. 
HMritaf  br  wncoB  igproaliaately  86  oMta  per  en  yd.  HaaUng  by  tmdn  and  tram 
Uamta  par  en  yd. 
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Grading,  Drainage  and  Foundations 
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6.  Spedflcations  for  Grading 


Tb*  PluUd«lphia  SpecificationB  for  Grading  of  Roadwaji  are  as  followa: 
"  Scope  of  Work.  The  unit  price  bid  for  grBdins  shmll  indude  th«  work  of  dearinc, 
grubUus,  rem o vine  and  diapo^g  <A  brush,  trees,  exiatinx  pavement  and  matt^  of 
whatsoever  nature  encountered:  the  removal  and  where  necessary,  the  care  of  feBcaa; 
all  excavations  and  embankments  or  filling  necessary  to  form  roadway  berms,  side 
slopes  and  dde  ditchca,  and  approaches  to  intersectinc  public  U^ways  or  private 
entrances;  the  fillinc  of  slopes  necessary  to  retain  the  footways;  and  at  all  interaectlnc 
hichways,  so  much  of  the  extstiag  roadway  or  footway  pavements  and  curUnf  aa  may 
be  directed,  aball  be  properly  adjusted  to  the  werit  undar  this  cootract  aa  is  ni  rnaniij 
to  make  aiie  tmd  tmw  appMaehea.  No  allowaiiee  will  be  oude  for  any  exeavatloB 
or  fllHng  done  outrida  of  or  bdow  or  above  tbe  Unea  and  p'adM  given  by  tbe  Dlatriet 
Surveyor,  unless  coversd  by  an  order,  in  writing,  from  the  Engineer. 

"  Paraiiaiion  to  Dump  and  Borrow.  No  excavated  or  other  material  neeenary  to 
be  diipaaed  of  shall  ba  dumped  or  placed  within  the  Umlts  of  any  existinc  or  projected 
public  highway,  nor  shall  any  excavatloD  be  made  within  such  limits  for  tbe  porpoae 
0t  obtaining  material  tor  fllUng,  except  wban  q>edfl«d  or  fpedOeilly  permitted  by  the 
Engineer. 

'  "  Dumping  on  Private  Property.  The  contractor  shall  have  the  privilege  of  dumt^g 
clean  ashea  or  earth  on  private  properties  which  have  been  declared  nuiaaocee  by  the 
Bureau  of  Health,  but  only,  however,  when  a  speoBc  permit  b  israad  by  that  Biiraau. 
A  liat  and  map  showing  aome  of  these  locations  is  on  file  in  the  office  of  tbe  Enflneer. 
and  additional  locations  will  be  added  as  they  become  available. 

"Clearing.  The  ground  sludl  be  cleared  of  all  treee,  brush,  stumps,  roots,  lencM, 
walls,  buildings  and  other  encumbrances,  upon  or  within  the  limits  of  tlM  highway  to 
be  graded.  The  Contractor  shall  bum  or  otherwise  di^Moe  of  all  trees  and  biuah  to 
the  satisfaction  ol  the  Engineer,  and  shall  bdore  eomnendng  the  grading,  remove  aD 
rubbish  or  refuse  from  tbe  line  of  tiie  woili. 

"Excess  Material.  All  excavated  material  not  required  or  allowed  in  the  em- 
bankment or  filling  shall  be  removed  from  arftUn  the  Unea  of  the  highway  and  deposited 
at  Bucb  locationa  as  are  specified  in  the  proposal,  or,  if  no  such  locatioos  are  specified, 
the  Contractor  shall  find  suitable  dumping  places  for  all  such  material. 

"  Embankments  and  Filling.  All  embankments  and  filling  shall  be  formed  of  good 
earth,  sand,  gravel,  dean  ashes  or  other  approved  materials.  Stumps,  trees,  rabblsh, 
muck,  thi  cans,  garbage  and  other  material  whleb.  In  the  opinion  of  the  Eitgltieer. 
may  be  deemed  unsuitable  will  not  be  permitted  in  the  emtMnknenta  or  flUing.  If 
ashes  are  used  in  fills  the  top  and  dopes  shall  be  covered  with  at  least  2  ft  of  dean 
earth  or  gravel.  When  fillings  or  embuikmcnti  are  made  in  winter,  the  snow  and  ice  or 
fmien  earth  shall  not  be  placed  in  the  embankments  or  sllowed  to  be  covered  in  tfaem. 

"RoUiag.  When  it  is  qwdflcally  stipulated  in  the  proposal,  embankments  shall  be 
built  in  horizcNital  layers  or  eoursea  of  not  more  than  1  ft  in  thickneaa,  for  tbe  full 
width  of  erass-eecUon  of  embankment  of  filling,  and  the  same  shall  be  rolled  with 
a  ID-ton  ateam  roller  until  tboroly  compacted.  On  hillside  work,  where  the  trattom 
of  tbe  work  doee  not  have  sufficient  width  for  the  maneuvering  of  a  10-ton  roller, 
hand  rammlnR  shall  be  employed.  All  soft  and  unstable  areas  which  may  develop 
during  the  rolling  shall  be  excavated  and  refilled  with  stone  or  other  approved  material, 
and  shall  be  tboroly  compacted  by  rolling  or  ramming.  The  proper  crcee  soctloa  and 
grade  shall  be  preserved  wblle  the  rolling  is  in  progress,  so  that  when  the  final  rolling 
is  completed  the  grading  shall  have  a  hard  and  firm  surface  true  to  the  certified  lines 
and  grades. 

"Boirow.  When  It  ie  necessary  to  borrow  material  to  complete  embankments  of 
filUngs,  the  Cootractor  shall,  nnlese  otherwise  apedfiad,  make  Ua  own  amngemtnts 
tor  <rt>talitlng  audi  materials,  and  what  material  Is  aecured  from  outside  the  Umila  of 

the  highway,  the  Contractor  shall  procure  the  same  at  his  own  expense. 

"  Drainage.  Wherever  water  collects  or  Is  encountered,  the  Contractor  shall  pro- 
vide ample  equipment  and  shall  pump,  bail  or  open  neeeeaary  ditches  to  drain  the 
same  in  a  manner  satisfactory  to  the  Engineer,  and  the  coat  thereof  shall  be  included 
In  the  price  bid  for  grading. 

"  IfaiBtenaae*  of  Water  Coanea.  When  the  work  berdn  eontemplated  Intareqtta 
or  in  any  way  affects  any  atraam,  dlteh,  drain  or  eutvert,  the  Contractor  shall,  lAmn 


Art.  & 


iSpecifications  ff»  Grading 


447 


required,  wnnc*  for  keei^Dt  Um  how  panaanantly  open,  ■eewdins  to  the  pbuu, 
Unas  uid  snuka  glvni  by  tbe  IMitariet  Snmyor,  by  nbuUdliiK,  rapairinx,  eztuiding 
the  wne.  or  by  buildine  dnios,  culverta  or  othw  itnicturei  of  approved  nutertalB, 
er  by  Ivlns  ^itzed  vitri&ed  day  lewer  pipe  (d  the  sice  lequired,  and  aa  directed. 

**  Teapomy  Boardwalk  and  Driveway.  The  Contractor  ahall,  when  directed,  lay 
a  tmponiy  boardwalk  at  lewt  24  In  in  iridth*  or  temporary  drivewaya  at  ancfa  pdnia 
m  may  be  daalgnatcd,  to  provide  proper  aocAM  to  property  along  the  line  of  the  work. 

"Trandi  Bxcavation  for  Sobatmctnrea.  The  term  trench  excavation  aa  uaed  in 
lliieii  apedficationa  ia  intended  and  meant  to  indicate  any  trench  excavation  and 
badt-fiUing  below  the  confirmed  grade  that  may  be  ordered  done  to  provide  for  the 
lowerliiB  or  relocation  of  any  ejdstiiig  subatiueturee  where  their  replacement  is  made 
BeeaaMry  by  tlte  gradlag  operatlona.  The  isompenaation  for  this  work  will  be  the 
■nit  price  Ind  or  as  indicated  in  the  propoaal  fonn.  The  actual  lowering  or  relocation 
ol  the  atructure  will  be  performed  by  the  Bureau  to  wlikb  the  structtue  belongi  and  not 
by  the  Contractor. 

"Water  Services.  Any  water  service  connection  work  made  neceosaiy  by  the 
gradins  t^Mrationa  or  by  the  lowering  or  relocation  of  a  water  main  will  be  done  by 
tite  padinc  eontraetor,  wIm  will  also  be  rwponsible  for  the  maintenance  of  a  continuoua 
npply  ot  water  to  the  premlaes  affected.  The  ooet  of  lowering  or  relocating  these 
water  aervlcta  wiD  be  Included  in  the  compensation  for  such  trench.  The  excavation 
as  ]■  made  necessary  by  the  lowering  or  r^ocation  of  the  water  m^ns,  which  shall  Im 
paid  for  at  the  unit  price  bid  or  as  indicated  in  the  propoeal." 
V.  S.  O.  P.  R.  Grading  ^eciflcatlona  for  Roads  are  aa  follows  (60): 
Ganeral  Deecription.  "Grading  shall  in  etude  all  excavating,  fllHog,  borrowing, 
trimming,  picking  down,  shaping,  sloping  and  all  other  work  that  may  be  necenaiy 
la  brincing  the  roed  to  the  required  grade,  alignment,  and  creas^eetion;  the  clearing 
oat  of  waterways  and  old  culverts;  the  excavation  of  all  necessary  draipage  and  outlet 
tftdw;  the  grading  of  a  proper  connection  with  all  intersecting  highways;  the  grubbing 
np  sad  clearing  away  oC  all  trees,  etompa,  and  boulders  within  the  linea  of  the  improve- 
BKnt;  and  the  removal  of  any  muck,  soft  clay,  or  spongy  material  which  will  not 
eompsct  under  the  roller  so  as  to  make  a  firm,  unyielding  lubgrade  or  earth  road 
■UTfaee. 

"Cleariag  and  Ofubbing.  "AH  trees,  stumps,  and  roota  within  the  limits  of  the 
tatproTcment  shall  be  grubbed  up  so  that  no  part  of  them  shall  be  within  6  In  of  the 
•nifaee  ot  the  ground  or  within  18  in  of  the  surface  <4  the  subgrade,  except  that  If  they 
oeenr  in  an  area  to  be  oevend  by  a  fill  more  than  18  in  lo  depth  tbey  slwll  be  grubbed 
np  or  cot  off  nan  with  tiie  praaentainfaee  of  the  groond. 

H  ifniwfc  iiimn  shall  be  formed  of  the  good  sound  earth  or  stone  and  carried  up 
fan  arldth.  The  material  shall  be  departed  in  layers  not  more  than  1  ft  in  thlcknna, 
and  eadi  layer  shall  be  rolled  until  thoroly  compacted  with  a  roller  weighing  not  kas 
than  10  tons.  All  existing  altqpes  and  surfaces  of  embankmenta  ahall  be  plowed  or  scari* 
Bad  where  additkmal  fill  k  to  be  mads,  ia  order  that  the  old  and  new  material  may  bond 
together.  When  soflktait  material  Is  not  available  within  the  right-of-way  to  complete 
tha  embankroenta,  suitable  borrow  pita  from  irtdch  the  contimetor  must  obtain  the 

I  I1WIJI  material  will  be  dcaignated  by  the  engineer.    If  there  is  more  material 

taken  from  the  cuts  than  is  required  to'  construct  the  embankments,  as  shown  on  the 
plana,  the  exeass  material  ahall  be  uaed  in  uniformly  widening  the  embankments  or 
AaQ  be  depoaited  where  the  engineer  may  direct  Where  enbankmaita  are  formed 
of  stme,  the  material  shall  be  carefully  plaoed  ao  ttiat  all  large  abmes  shall  be  well  dis> 
tributed  and  the  interstioea  ahall  be  completely  filled  with  smaller  stoie,  earth,  aand, 
or  gravel,  so  as  to  torn  a  soUd  embankment. 

"Daring  the  work  of  grading  the  sides  4rf  the  road  shall  be  kept  lower  than  the  center 
and  the  surlaee  maintained  in  condition  for  adequate  drainage.  The  grading  of  any 
portioD  o(  the  road  shall  bo  complete  bMore  any  aurfaeing  material  is  placed  on  that 
portioD,  and  iriiara  the  iriaas  do  not  call  for  may  subatantial  duuige  in  the  grade  of 
any  existing  aaetiaa  of  tite  rond,  the  wrtaee  shall  be  completely  scarified  to  a  deptii  of 
8  in  or  more  before  the  subgrade  ia  prepared. 

ClaaslleatiOB  and  Payment.  "All  encavated  material  will  be  classed  as  earth  and 
rock.  Nota:  In  gnaral  it  la  more  satisfactory  to  daadfy  the  materiala  of  excavation 
and  to  invite  untt-pt4ea  Uda  ratbsr  than  lump-sum  bids.  However  if  tmit-priee  bids 
m  bnttad  it  li  Inpartant  that  tha  varknia  quantltfaa  bs  aoeuiately  dntarmlnad  In 


r 


448 


Grading,  Drains^  and  Foundatknu 


Sect,  s 


order  that  the  beat  bid  may  b«  Mteetad.    If  lump-Mim  bids  sre  derind,  omit  the  ftrilow- 

"Only  rock  in  place  whiA  requirea  blaadng  for  Iti  ranoval  and  bouklas  of  H  eu  yd 
or  more  in  volume  will  be  cliBwd  as  rock  excavatloD.  Materiala  obtained  from  ex- 
cavation and  uaed  in  embankmenta  will  be  paid  for  as  excavation  only,  tbo  the  ctm- 
traetw  is  nquited  to  shape  and  trim  tlie  embankments  property.  Uatariala  ob- 
tained from  exeavatioo  and  used  for  auif adng  will  Eie  paid  for  wdy  ones  and  at  tba  price 
bU  for  Butfadng  nateriaL  Quantitks  of  materials  moved  In  giadinf  «QI  ba  maaauivd 
in  exeavatfon  and  the  votnmas  datMmltwd  by  the  STanse  cad  area  maOodi  and  no 
payment  iriU  be  made  for  materials  ezcavatod  outride  ttie  dope  Uaas  ahown  «d  the 
plana  unles  the  additional  excavation  ia  ordered  by  the  engineer. 

"Tbe  contract  prioea  for  «acavatioD  shall  be  eomp«naaUon  In  full  for  all  the  work 
wbloh  la  required  to  t>e  done  under  the  beading  grading  exe«|it  the  addlttonal  alkmooe 
at  the  rata  of  I  K.emta  p«  eo  yd  per  100  ft  idl  be  made  Air  all  natartda  of  aaeavatfam 
noconaaTili-  hauled  more  than  600  ft.  The  eentara  of  gravittaa  of  cuts  and  aamqxndiiic 
embankments  win  be  used  In  determining  the  length  of  haul,  and  if  the  center  of  gravity 
of  tbe  cut  is  more  than  500  ft  from  the  center  of  gravity  of  the  eorreaponding  fill,  ovei^ 
luul  will  be  allowed  for  the  entire  amount  of  material  In  the  cut  fm*  tbe  actual  diataooe 
in  taatm  ol  fiOO  ft" 

Tba  lom  Stata  Highway  Comm.  SpeciScattona  Covering  Grading  ot 
Roada  are  aa  follom: 

wjUipimaBt,  Orade  Uua  and  &ota-8ectloD.  The  canter  of  the  finished  roadway 
■hall  eonforra  In  alignment  to  tbe  center  stalraa.  Theee  stakes  shall  follow,  as  nearly 
aa  poeaible,  the  crater  line  of  the  rtgfat-of-my.  The  gnde  Une  shown  on  the  profiles 
shall  dviote  the  crown  of  the  finiabed  roadway  at  ita  center  lines.  Unlen  otherwise 
provided  the  oroee-aection  to  be  used  la  the  standard  eroaseeetiiMi  of  tbk  Highway 
Commiadon  for  the  road  syatem  on  which  the  work  is  located. 

«  Grading.  Under  this  bead  will  be  Ineluded  all  exeavatioo  and  emhankmenta  le- 
quired  for  tbe  tomiation  of  tbe  earth  roadway,  cutting  all  dltdtsa  alaog  or  eontigooua 
to  the  road,  forming  the  api^oachaa  to  all  aide  roads  and  farm  entrance^  '**»g<pg  ol 
stream  channels,  and  all  other  excavations  and  embankments  conneetad  wMi  or  Inddiat 
to  the  «mstruction  of  the  road.  Grading  will  be  eatlmated  under  the  loUowiBg  bands: 
Solid  rode  excavation;  loose  rodi  excavation;  aarth  excavatioD. 

"  Solid  Rock  excavation  will  inehida  aD  rock  in  laaasw  whiofa  eannot  be  mumd 
wltliout  blaating,  also  all  detadiad  rock  or  bouUen  measoring  not  lea  than  1  eu  yd 
eadk 

"  IiOOan  Rock  excavation  will  include  all  alate  or  otl>er  rock  which  can  be  quarried 
or  removed  without  Uaating,  also  all  detached  rock  or  boulden  mnasnrinc  not  kaa 
than  H  nor  mora  than  1  cn  yd  eadi. 

"  Eabth  excavation  will  Inchide  all  looae  atanea.  bouldMS,  and  other  matoial  vi 
and  deaeription  as  found,  which  are  not  ineluded  in  the  above  speciflcationa  as  solid 
very  looae  rode. 

"  Excavation  shall  be  made  in  all  casea  to  the  required  alignment  and  eroa»«ectioa. 
Any  roots,  stamps,  or  other  timber  encountered  in  the  excavation  ahall  be  removed  aiNl 
burned  or  otherwise  diapoeed  of  as  directed  by  the  engineer  but  shall  not  be  placed 
In  the  embankments.  All  materials  takm  from  excavations  shall  be  deposited  in 
the  embankments  unices  otherwise  specified  or  directed  by  the  engineer.  Tbe  coet 
of  moving  the  same  wbeo  tbe  average  length  of  haul  does  not  exceed  GOO  ft  will  be 
conridered  as  included  in  the  price  per  cubic  yard  for  excavation. 

"  Provision  for  Drainage.  If  it  is  neceesary  In  the  prasecutiofl  of  the  work  to  inter- 
rupt or  obstruct  the  natural  drainage  of  tbe  aurfaoe,  or  tin  flow  of  artlfidal  drains, 
the  oontnetor  shall  provide  for  tbe  same  during  the  progreaa  of  tba  wwk  in  each  a 
way  that  no  damage  shall  result  to  dther  public  or  private  interata.  He  shall  then 
be  beld  liable  for  all  damages  which  may  rwult  from  any  neglect  to  provide  for  either 
natural  or  artificial  drainage  which  he  may  have  interrupted.  In  cuts  along  aide  hills 
where  there  is  a  poasibility  <d  surface  water  causing  dainage  by  floiring  down  tiie  Me 
slope  of  the  eat,  a  ditch  shall  be  conatrueted  to  intercept  the  aufaoa  water  and  pravent 
it  from  flowing  into  the  cut.   The  oontraetor  will  be  paid  for  tUa  muk  aa  an  extra. 

"Borrow  Pita.  When  auAdant  material  lor  tbe  embaaknenta  la  not  obtidnabia 
within  tlie  side  ditdua  and  exoavationa  aa  staked  out,  the  oontraetor  riiall  make  up 
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tbm  deficiency  from  borrow  phi  Uid  oat  by  tb»  imiiniw  Bomnvtaf  must  be  done 
from  regular  shaped  borrow  pit*  in  ordar  to  mdndt  of  ftady  and  wennte  rot— wramtnta, 

cue  being  Uiken  not  to  iman  rawiirily  Injnre  or  diaAfure  the  land.  The  banka  must 
be  sloped,  the  pits  ao  oonatnicted  that  surface  water  will  drain  out  and  the  pmnisea 
M  t  in  a  eoadition  aatMactory  to  tb*  eintnaw.  Tbe  ri^trof-«ay  for  bmow  pita 
will  ba  fimlahad  by  tbe  eounty. 

"Banu.   Wbmver  it  beeomea  nee— ry  to  naka'  an  aicavation  alone  0»  M*/ 
tA  tbe  road  aa  in  the  congtrueUoo  of  b«row  |dta,  ditch  ea,  etc,  a  baim  not  la«  than  4  it 
in  width  riiall  be  left  betwaen  tba  toe  vt  ahpe  at  die  nadw^  wnbaiAmaBt  and  tiha 
top  of  tbe  excavation  bank. 

"  Waate.  When  the  amount  of  cut  exoeeda  the  amount  of  fill  tbe  axetaa  material 
ahall  be  deposited  as  directed  by  the  eniineer.  Such  material  aball  preferably  be 
naed  in  widening  tbe  adiaoent  flUa  so  aa  to  reduce  the  aide  slopes  thereon. 

"  Embankmenta  shall  t>e  carried  up  in  faorixontal  layen,  each  of  which  ahall  be 
carried  out  to  its  proper  width  in  the  croaa  section  of  the  roadway.  Sod  obtained 
fat  Um  cuta  may  be  deposited  in  tbe  embankmento  provided  it  is  ao  placed  as  to  be  not 
doeer  tban  12  b  to  the  flniahed  roadway  or  subfrade.  Stones  obtained  from  cuts 
shall  be  ao  diatribatsd  in  tbe  embankments  as  to  not  form  pockata  or  eavitla.  All 
«fatlng  ilopea  and  snrtama  o<  emhanbmaat  ahall  be  phwied  iriicra  addttkaial  flB  ia' 
to  be  made,  ao  that  the  new  material  will  bond  with  tbe  eld. 

"  Guard  RaiL  Where  the  beisht  of  an  embankment  b'over  6  ft,  substantial  guard 
raits  ahall  be  constructed  along  the  ahouldm.  Such  guard  rail  will  be  paid  for  at 
the  price  Ud  par  lineal  foot  of  ralL  Where  the  hal^t  ei  tbe  mnbankment  ia  6  ft  or 
ieai^  tiie  sMe  alopes  Aall  be  flattraed  to  a  not  ataeiMr  Uian  8  : 1  nnlBBB  otharwfaa 
shown  on  tbe  plans. 

"  Sod  in  Blade  Grader  Work  and  Shallow  FOU.  In  blade  grader  work  and  In  BUa 
so  ahallow  that  Um  sod  cannot  be  kept  at  least  12  In  below  the  finished  roadway,  sucb 
■od,  attar  being  cut  looae  with  blade  grader  or  plows,  shall  be  diaked  and  harrowed 
until  it  la  reduced  to  small  ^eeei  which  will  not  int^ere  with  traflc  These  small 
pfaoae  <rf  sod  shall  not  be  deposited  in  tbe  middle  of  tbe  road  but  shall  be  deposited 
near  the  shoulders  and  shall  be  covered  with  anrtiL  The  middle  porlian  at  tihe  ntd 
shall  be  formed  of  earth  free  fnnn  sod.  Tbe  diakinc  and  hamnriag  of  aod  la  indndad 
in  tba  ptiee  Ud  for  ezcmvatfon. 

"  The  Side  Ditch ee  ahall  be  excavated  to  the  depth,  alignment,  and  eroas  soetlon 
shown  tm  the  drawings.  Care  shall  be  taken  to  secure  s  uniform  grade  on  tbe  ditcha 
ao  that  tbe  water  will  readily  drain  out,  and  to  secure  smooth,  uniform  slopes  oa  tha 
ditA  banka  In  atrict  eonformanee  with  tbe  drawing. 

"Clearing  and  GmbUng.  The  ground  induded  in  the  highway  must  be  cleared 
of  trees,  sturapa,  brush,  weeds  and  grass  to  tbe  full  width  of  rights-way,  unkes  other* 
wise  directed.  All  timber,  stumps,  brush,  and  other  vegetable  matter  must  be  burned 
mill  MS  otherwise  directed  by  the  sngiceer.  Such  material  ahaU  not  be  placed  in  the 
embanfcmaato.  When  embnnknaata  are  to  be  more  than  2^  ft  in  bd^t.  it  will  be 
BuAdent  to  cut  all  trees,  stumps,  and  brush  close  to  the  ground.  Where  embankments 
are  to  be  lea  than  2^  ft  in  hdght,  and  in  all  excavations,  all  stumps  and  large  roota 
must  be  grubbed  out  and  burned  or  removed.  Unless  otherwise  spedfled,  clearing 
and  grubbing  wilt  be  paid  for  as  extra  work.  Allowance  will  be  made  for  all  grubbing 
In  axcavationB  for  the  road-bed,  all  grubbing  in  borrow  pita  ordered  and  staked  oat 
by  tbt  to  supply  material  for  tbe  embankments,  and  all  grubbing  in  embank* 

mcnta  lem  than  tH  ft  h^  hut  will  not  be  allowed  for  embeakmtnta  ow  2M  ft  hl|^ 
or  in  borrow  pits  made  by  the  contractor  without  having  been  so  ordered  by  the 
engineer. 

"HedgeSr  under  these  spedficsUons,  are  rows  of  trees  or  buahea,  used  tor  fvea 
purpoees  or  wind  breaks,  containing  at  least  S  bushes  or  trees  per  rod.  For  removing 
such  hedges  tiie  contractor  will  be  paid  tbe  price  fold  per  rod. 

**  M easnremenla.  Grading  shall  be  estimated  and  pdd  for  by  the  cubic  yard  at 
the  prieea  apedfled  in  the  tendw.  Ueaaurementa  of  grading  qoantitiaa  will,  in  all 
caaes,  be  made  from  the  eats  or  pita  trom  which  the  matsrial  is  taken,  by  eroas  seetioning 
before  and  after  excavation,  and  the  rolnraes  determined  by  the  average  end  area 
matbod. 

**  Haul  and  Overhaul.  The  average  length  of  haul  shall  be  determined  by  locating 
die  center  of  gravity  of  tbe  cut  and  the  center  td  gmvltar  of  die  conevoBdlng  fllL  If 
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tiM  eeatar  of  snvlty  of  th«  oat  more  than  600  It  fimn  tha  center  of  gnvity  of  tha 
ooimpondlng  All,  orarfaMil  at  the  rate  of  1  eent  per  cu  yd  per  100  ft  vfll  be  allowed 
for  the  entire  amount  of  materW  in  the  cut  for  the  diatatiee  between  the  eenteia  ot 
gravltr  in  ex  cob  of  600  ft. 

"  xHa  Sub-Drain*  ehall  be  put  in  wheiever  shown  on  the  plans.  The  tile  used  shall 
Bteet  tiM  requiiemMita  of  the  standard  spedflcationa  for  farm  drain  tile  adopted  in 
1916  by  the  Am.  So&  Test.  Mat.  (see  Art.  7).  Tho  tile  shall  be  laid  true  to  grade  and 
alignment  eataUUtsd  by  tha  «|Ineer.  Tm  fumiahing  and  Uying  tile  draina,  the 
contractor  will  be  paid  at  the  price  bid  for  such  work.  If  poodble,  the  flow  line  of  the 
tile  shall  be  placed  a  wiintmiitn  depth  of  6  ft  below  the  elevation  of  the  roadway 
AooUara.  No  tUe  lew  than  6  in  in  diuwtw  shall  be  apsdfied.  Where  the  frade  td 
the  rid*  dltdb  Is  Ims  than  1%,  inleta  to  tiia  tile  ehaU  be  provided  at  Intarvali  of  aboot 
600  ft.  Tbeae  ioleta  shall  be  eonatnictad  by  fllHng  the  trtndi  for  a  length  of  about 
8  ft  with  eoarae  gravel,  broken  atone,  or  other  suitable  porous  materiaL  The  top 
«l  the  porotM  material  ^lall  be  raised  about  8  in  above  the  top  of  the  trench. 

«•  VIniahinc  Stakea.  The  engineer  shall  set  suitable  finisUng  atak«a  to  guide  the 
cootraetor  la  finisliing  the  road,  flttisfalng  atakea  on  fills  should  be  set  above  the 
eetabUahed  grade  no  aa  to  allow  the  prtqnr  amount  of  shrinkage.  Under  average 
aoadltlaiia  the  following  perosntagea  tor  riufnkaga  should  five  satisfactory  resolta;  . 

"  Finishing.  If  the  road  ia 
not  to  be  surfaced  with  gravel, 
the  contractor  shall,  after  hav- 
ing brought  it  substantially  to 
grade,  complete  the  work  in 
soefa  a  manner  that  the  finished 
road  win  be  smooth  and  true  to 
croee  section,  grade  and  align- 
Tomt.  No  extra  c<»npenaatiui 
will  be  allowed  for  finishing  as 
this  work  must  be  included 
in  the  price  btd  for  ezeavatioa.  If  the  road  is  to  be  surfaced  with  gravel,  the  earth- 
work neeenary  for  forming  the  subfrade  shall  be  executed  In  the  manner  apedfled 
for  tile  class  of  gravel  auifadng  to  be  used.  The  pr^taratitm  of  tfcia  rnhgnde  for  tha 
gnml  surfaring  ia  not  indudad  bi  tba  priee  bid  for  earth  wwk." 

DRAINAGE 

8.  Oownl  Coiuid«ntioii8  Rdatire  to  Dnlnage 

An  roads  WHrth  oonadningi  except  mere  earUi  made,  oonnBt  of  a  nib- 
grade,  a  fooudation  course,  and  a  vearing  course  or  road  orust.  The 
function  of  the  suberade  is  to  carry  the  load  of  the  superimposed  cruat 
and  the  weight  of  the  traffic  upon  it.  The  Bupporting  power  of  the  soil 
compoaing  the  subgrade  is  therefore  of  great  importance.  Most  soils  show 
a  great  variance  in  bearing  power  in  their  dry  aod  wet  conditions  and  it 
i»  essential  that  at  all  times  of  the  year  the  subgrade  shall  be  as  free  aa 
possible  from  water  and  thus  yield  its  maximum  support,  ^'here  the 
subgrade  is  of  rock  or  sand,  free  from  silt,  clay  or  loam,  the  drainage  of 
the  subgrade  is  of  less  importance.  In  localities  where  frost  eonditiona 
have  to  be  met,  the  water  in  ^e  subgrade  expands  as  it  freexes,  thus  causing 
the  road  to  heave  and  crack  and  displace  the  road  crust.  Certain  soils  of 
a  clayey  nature,  particularly  the  adobe  frequently  found  in  the  western 
part  of  the  United  States,  are  capable  of  absorbing,  by  capillary  action, 
an  astonishing  quantity  of  water.  The  swelling  of  the  adobe  and  the 
subsequent  contracting  when  the  water  dries  out  often  cause  much  damago 
to  the  road  crust.  Provision  should  be  made  by  surface  drains  of  aomo 
character  to  permit  all  water  from  the  roadsides  and  that  which  falls  upon 
the  road  proper  to  run  off  rapidly  so  that  as  little  of  it  as  possible  may 
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get  under  the  road  and  remain  there,  and  to  take  care  of  such  water  as 
does  reach  the  subgrade,  whedwr  by  percolatioB  thru  the  road  cnut,  by 
seepage  from  the  roadddee.  or  from  underground  springs,  a  aystem  of 
subdraina  should  be  inatalled. 
Tbe  Cofli.  on  **  Dnunac*  aad  Rtepaiatiaa  of  Snbciade "  s(  the  Ult  Nat  Cool. 

00  Coumto  Koad  Bnildisg,  stated;  "It  ia  piaetieally  fanpcaiUe  to  fomndate  qtadfle 
dimetioaa  for  the  praparaUon  and  diainac*  vl  the  anbijade  that  will  be  of  fenaral 
appKcatlon.  Evny  pieee  of  road  coMtmctitm  invohm  proUenu  that  an  compUcated 
by  local  coodltloiis,  u  well  aa  phyn^,  and  that  must  be  solved  each  by 
itaeU.   Tbe  ntmoat  that  your  eommittee  can  do  ia  to  oonridar  ways  and  naans  at 

1  (Ml  lull  H  as  Bsarly  ai  local  ehemaatanflBa  wid  punilt  snd  at  mfatninnt  aapenwr  a 
dry  tomdalioa  that  wOl  prarfale  unttMm  beaAig  power  for  the  paveoMnt.  It  b  agreed 
that  nioistoie  bi  the  auhcrada  directly  under  the  pavonent  Is  HMy  to  bo  destnietlTB 
to  the  aorface  hi  amral  ways,  chMy  becmiin  of  unequal  vertical  movenwnta  caOMd 
by  f net  action  or  unequal  awelUag  or  shrinkage  of  the  aoH  due  to  lade  ol  unlionnlty 
in  dfahiage." 

7.  Sob-Drainage 

Camber  or  Crown  of  Subgrade.  The  subgrade,  unlees  the  road  onist  ia 
practically  impervioua  to  water  fslling  upon  it,  ahould  be  crowned  uid  ita 
aurfaoe  ahould  be  aubstantially  parallel  to  the  fini^ed  aorfaoe  of  the  road. 
This  practice  not  only  results  in  economy  of  road  metalling  but  in  a  measure 
offers  an  opportunity  for  such  water  as  percolates  thru  the  broken  stone 
or  gravel  crust  to  run  off  to  the  roadsides.  For  a  broken  stone  or  gravel 
road  the  crown  is  usually  at  the  rate  of  from  H  to  1  in  to  the  ft  of  half  width 
of  roadway. 

Kde  Ditchea.  In  open  country  the  sLinplest  means  of  taking  care  of 
both  the  surface  and  the  sub-drainage  is  by  the  construction  of  side  ditches. 
The  bottom  of  such  ditches  should  be  always  establistied  at  a  true  grade  so 
that  the  water  will  not  collect  and  pond.  Deep  side  ditches  are  unsightly, 
may  cause  aecidenta  to  travelers,  faiteoduoe  difficult  proUema  at  entering 
roads  and  driveways  and  are  usually  not  possible  in  a  much  settled  locality. 
In  a  flat  country  it  is  often  difficult  to  secure  sufficient  fall  of  the  ride 
ditch  and  the  water  ponds  and  saturates  the  soil  under  the  road  proper. 
In  such  cases,  instead  of  the  ditch,  it  is  better  to  install  a  pipe  drain  of 
sufficient  capacity  with  catch  basins  or  drop  inlets. 

Side  Drafaia.  On  side  hills  and  in  cuts  the  underground  water  may  be 
removed  by  the  construction  of  aide  drains.  A  trench  is  dug  to  a  depth  of 
iUmut  3H 't  with  a  bottom  width  of  12  in  and  16  hi  wide  at  the  tap.  The 
bottom  of  the  trrach  must  be  on  a  true  grade  with  a  proper  fall  to  an  outlet, 
the  fall  being  as  great  as  the  conditions  permit  but  not  lees  than  3  in  to 
100  ft.  The  bottom  of  the  trench  is  filled  to  a  depth  of  from  2  to  3  in  with 
broken  stone  or  gravel  varying  in  sise  from  particles  passing  a  Ij^-in  screen 
to  those  retained  on  a  H-in  screen.  On  this  layer  of  broken  stone  a  drain 
tile,  which  should  never  be  less  than  4  in  and  may  be  as  large  as  6  in  in 
diameter,  is  placed  with  the  joints  wrapped  with  cloth  or  oakum  but  not 
otherwise  sealed.  The  bell  end  of  the  pipe,  if  bell  and  spigot  pipe  is  used, 
should  be  toward  the  rUdng  grade.  Brolnn  stone  or  clean  gravel  of  the 
same  sise  as  that  placed  at  the  bottom  of  the  trench  is  put  around  the 
IHpe  and  over  it  to  a  depth  of  1  ft  and  carefully  tamped  and  rammed. 
The  trench  is  then  filled  to  the  top  with  broken  stone  or  gravel  varying  in 
size  from  2^  to  1  ^  in.  On  side  hills  one  such  drain  on  the  up-hill  shoulder 
of  the  road  will  usually  be  sufficient  but  in  cuts  it  is  customary  to  ptaM 
one  on  each  ride  of  the  roadway.  Such  drains  may  also  be  used  to  eut 
off  springs  under  the  roadway.    Depending  upon  local  randitiona  sueh  side 
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drains  will  coat  from  45  to  55  cents  per  lin  ft  inoluding  the  cost  of  trenching 
and  all  materials. 

"  Det«rmiiudon  of  Size  of  Plpa  (3a).  The  requisite  she  of  pipe  depeodi  upon  the 
amount  of  water  to  be  carried  and  the  rrade  to  which  the  pipe  is  laid.  There  are 
several  formulas  by  means  of  which  the_ai>e  can  be  determined.  The  asmimptloiia 
that  must  be  made  in  applying  a  formula  to  any  particular  case,  are  such  as  to  r»der 
an  accurate  determination  of  the  proper  die  impoosible.  For  instance,  the  amount 
<rf  water  to  be  carried  off  cannot  he  mora  than  roughly  approximated,  and  very  little 
reliable  data  relative  to  the  flow  of  wata  In  pipes  of  this  kind  are  obtainable.  Tbe 
amount  of  watw  b  lenerally  assumed  to  vary  between  H  and  1  in  per  acre  per  24  hr 
on  the  area  to  be  drained,  an  avanfo  value  being  %  in.  BqMrinee  as  to  iriiat  m 
tile  ijttSxi  has  accompUsbad  in  any  particular  locality  is  a  better  guide  than  any  itsult 
that  nuy  be  obtained  by  formula.  It  has  been  well  establjdwd  in  praetioe  that  tbe 
minimum  size  should  be  4  or  6  in.  In  places  where  no  drains  have  t>ecai  laid,  the 
sise  of  p^  obtained  by  fMmulaa  nay  eerve  as  a  guide  in  Judginc  of  the  proper  aine 

to  be  and.   The  foUowing  formula  fa  given  by  Profmeor  I.  O.  Baker :  A  »  1.9 

in  which  A  is  the  number  of  acrea  for  whicli  a  tile  bavins  a  diameter  of  d  indtes  and 
a  fall  of  /  feet  in  a  length  of  L  feet  will  remove  1  in  of  water  in  24  hr." 

Penn.  State  iffi|A«*T  Dept.  Rules  for  Determinlni  number  of  Diaina  (53). 
"Tlie  character  of  the  boH  and  the  depths  of  the  drains  wU  detennine  the  distance 
apart  at  which  theae  drains  should  be  placed.  No  set  rule  can  be  given,  but  the  fol- 
lowing table  will  serve  as  a  suggeation  for  the  approzimste  spadag  of  undvdraina. 
It  win  generally  be  found  that  one  line  of  pipe  under  one  side  ditch  placed  Sor4  ft 
below  the  surface  will  ^ve  suffldent  drainage,  but  it  may  be  iim  imiiiji  to  lay  a  line  at 
tile  under  «adi  side  ditch.  If  one  line  of  tile  Is  enou|^,  it  ahoold  be  placed  on  the 
ride  whiefa  needs  dndnaga  the  meet,  and  it  the  graond  fa  shqdng  the  tile  ihould  be 
placed  on  the  highgr  side  to  intercept  the  water  as  it  Sows  down  the  hill  under  the 
BUrfacB. 


Table  VH. — Showing  Approxinuite  Spacing  of  Drains  for  a  (liven  Depth 


Nature  of  SoQ 

Depth  of 
Drain  in 
Inches 

ApproximBta 
Spacing  of 
Underdnins 

Id  Feet 

Remarka 

18 

SO 

21 

36 

Can  be  used  in  co&oee- 

Sandy  or  gravelly  soD, 

24 

40 

tion  with  diagonal,  her- 

loaae wA 

27 

46 

ringbone    or  V-ehaped 

80 

60 

86 

60 

48 

80 

Clay  or  other  plastic  soils, 
dense  eoii 

18 
21 
24 
27 
80 
86 
48 

16 
18 
20 
23 
26 
30 
40 

Can  be  used  in  connec- 
tion with  diagonal,  her- 
ringbone   or  V-«i«ped 
systems 

"If  lliii  ealiii  simiiia  In  iiiliLliiilii  In  iii  iiiei  lliii  iiiiiliii  iif  Mm  mail.  It  iinji  IhsiItImIiIu 
to  place  the  drains  Id  a  manner  commonly  known  as  the  henin^bow  aystem  or  fn  a 
V-shaped  manner.  The  drains  start  in  the  middle  and  drain  to  the  side.  One  ad- 
vantage in  this  method  is  that  the  water  is  carried  for  a  distance  of  only  half  the  road- 
way and  therefore  requires  a  smaller  drain  and  perhaps  reduces  the  coot  somewhat. 
In  the  herringbone  syrtam  the  draina  alternate  irith  each  other,  while  in  the  V-^iaped 
■9et«m  Ute  dnbia  start  at  a  common  point " 
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pan.  State  Hi(bvaT  Dept.  Instnictioiu  for  Placing  Drain  (6S>.  "Whatem 
tnit  of  drain  la  used,  the  following  points  should  be  obaerved:  (1)  The  dnin  abonld 
b*  deep  anough  to  properly  drain  the  road,  unially  18  in  to  4  ft  will  suffice;  (2}  the 
drahi  riumld  be  laid  on  a  true  grade  to  prevent  the  aecumuIatioB  of  silt;  (3)  the  drains 
ritould  not  be  laid  on  a  ten  grade  than  3  in  to  100  ft  nor  more  than  1  in  in  6  ft,  but 
if  eompeUed  to  lay  the  tile  on  a  smaller  grade  than  above  given,  it  would  be  well  to 
kr  the  tik  oa  a  board  S  to  6  in  wide  to  obtain  a  more  even  grade;  (4)  the  drains  should 
ba  eorcnd  to  witiiin  about  1  ft  of  the  stuface  with  coarse  gravel  or  broken  stone; 
W  fl>B  drains  should  have  a  good  unobstructed  outlet  and  the  end  should  be  protected 
wbh  Bsaaoary;  (6)  it  b  best  to  anbetitute  at  the  expoaed  end  of  the  drain  a  few  aae- 
UoBs  ot  vitrified  plpt  aa  the  poroua  tOa,  if  cqtaaed,  aoon  beeomaa  dvtrayed  by  the 
ckBMBta." 

Pipe  Dnina  in  Heavy  Clay  Cat.  Bennett  (16)  atatee  that  "in  Connectleut  on  what 
k  known  aa  Branford  Hill,  a  heavy  cut  vmryiag  from  6  to  12  ft  was  made  thru  a  clay 
■oil  fimritlm  ^  lanfatatad  day,  that  k  day  d^edted  in  layeta  of  pndieally  uniform 
Ihht  iiaM  aepanted  by  fin*  Mad  jolati.  The  tnatarha  In  dda  particular  cut  was  ao 
hard  diy  waathM-  that  it  waa  difficult  tor  men  to  ramovo  It  with  ^dii  and  it  reakted 
tta  aetioD  of  a  staam  shovel  materiaUy.  During  heavy  summer  rains,  the  material 
became  aatorated  a&d  muddy  and  the  road  leading  to  the  steam  shovel  waa  corduroyed 
with  old  ties.  Under  the  action  erf  the  heavily  loadeJ  day  iragona,  theos  tiea  were 
fdned  into  tha  wet  day  aiibaall  for  a  depth  <rf  8  to  8  ft.  It  waa  evident,  therefofv, 
that  aoBB  radical  and  Ankbed  means  of  providing  subenrface  drainage  waa  necessary 
to  prsvent  any  brealdng  hp  of  the  road  surface  under  titese  abnormal  ccnditiona  and 
the  foUowing  method  was  employed:  Two  dde  ditchea  were  excavated  at  the  foot  til 
dopea  in  tha  eat  to  a  depth  of  3  .t  below  the  finished  road  grade.  On  the  down-hUl 
dda  a  Ml  tile  waa  placed  in  the  bottom  of  this  ditch,  and  on  the  up-hill  aide,  a  tile 
aiBdMit  to  taka,  not  only  the  subsurface  water  but  also  the  surface  water  which  fell 
on  tlie  sorroonding  country  and  wfaidi  was  led  down  the  slopes  into  frequuit  -eatdt 
faastna.  The  trenches  about  and  above  these  tile  were  filled  with  broken  stone  and 
mM-drafna  laid  herringbone  fashion  were  installed  beneath  the  road  surface  at  approxi- 
mataly  SMt  Intervals.  On  tap  of  this  drainage  system  was  oonatnwtad  a  &4o  eonoale 
road,  which  was  practically  bnpervloua  to  water.  With  thk  radle^  and  eqicndve 
treatnumt,  bo  tranble  has  resulted  from  sufaaurtiwe  water." 

Am.  Soc  TMt  MaL  lfl6  Spedflcattons .  for  Drain  Tile  (15)  are 
aa  fc^wa: 

"Physical  Taati.  7.  Tha  phydeal  taata  of  drain  tile  ahaU  indude  Strragth  Teata 
a&d  Abaorption  Teata;  and  may  Inchide  Freeaing  and  Thawing  Teste,  when  specified 
by  the  purchaser  in  advanee,  or  when  called  for  by  the  manufacturer  or  othe^  seller 
■a  provided  in  Sections  34,  36,  47  and  52. 

"8.  Sblbction  or  SraciiiBNB  or  Tils.  The  spadmena  ot  tUe  ahall  all  be  aelectad 
at  the  factory  or  at  the  shipping  destination,  or  at  the  trench,  at  the  option  of  tlie  pur- 
cfaMT.  The  selection  ahaU  be  mads  by  a  competent  inspector  employed  by  the 
porchaaer.  The  inspector  shall  divide  the  tile  into  tiih  rlniwrn  if  tack  of  uplfcomi^ 
in  any  important  particular  warrants  such  division  and  shall  select  mough  reprEeen- 
tatlva  ipedmefw  of  tile  from  each  sub-daaa  for  a  complete  set  of  standard  physical 
leda. 

"9.  Km^K  AND  Con  or  Srs-w^ta  or  Tilb.  a  standard  phydca'  teat  shall 
comprise  testa  of  6  individual  tike.  Specimena  of  tile  may  be  selected  by  the  Inqiector 
ia  audi  number  as  he  judges  necemary  to  determine  fairly  the  quali^  of  all  the  tile. 
The  manufacturw  or  other  seller  shall  furnish  spedmena  of  t  ie  without  s^>ant« 
dntge  up  to  0.5%  of  the  whole  number  of  tile,  and  the  purchaser  ahall  pay  for  all  in 
asesM  of  that  percentage  at  the  same  rate  aa  for  other  tile. 

**  Straagtfi  Teat  ct  Draia  THa.  10.  SracnoNa  or  Tils.  The  wpee  mam  at  tUe 
ihaH  be  unbroken,  fuU-ske  tHe. 

"IL  Mo»rua« CoNomoM op SPBcnrCNB or Tilh.  Thewalbof thetlleshall.atths 
tfaaa  of  tMrtIng,  be  as  thoroly  wet  as  will  result  from  completely  covering  with  hay, 
doth,  or  slmiUr  abaorbent  material,  and  keeping  wet  for  not  less  than  12  br. 

"IS.  TBiFmATtra  CmiDlTioN  or  Spbcdibns  or  Tils.  Mo  q>eciinen  of  tile  shall 
baaqNMed  to  water  or  ^temperatures  lower  than  4.4' C  (40°  F)  from  the  be^nnlng  of 
watttac  unto  Mod.  P^oaao  tOt  ahaU  ba  eompletdy  thawed  bafwa  tha  mtting  hsghia. 
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"  13.  WnQHiNO.  Emth  BpMimen  of  Ule  thftU  be  wdghad  ob  raUable  mln  jort 
prior  to  tcBtiiiK,  tad  tbe  weichtB  alwll  be  reported. 

"  U.  Application  of  Load.  Any  machine  or  hud  method  which  will  apply  Uw 
load  contlnuoualy,  or  in  IncremenU  not  exoeedinK  6%  of  tbe  estimated  total  breakins 
load,  may  be  used  In  maldiiK  the  teet  The  tile  ahalt  not  ba  allowed  to  ataad  undar 
load  longer  than  ia  required  tor  obaerving  and  reeordlng  the  loada.  AH  aoUd  par(a  of 
the  bearing  frames  and  bearing  bloeka  ■hall  be  ao  rigid  that  the  distribution  of  tbe 
load  will  not  be  affected  appredably  by  the  deformation  of  any  part.  AU  bearinca 
and  the  q>edmene  of  tile  shall  be  so  accurately  centered  as  to  secure  a  aynuoetrinl 
distribution  of  the  loading  on  eacii  side  of  the  oenter     the  tile  in  every  diractian. 

"IS.  CBOIca  OP  Bbuunob.  Tbe  purchaser  shall  ehowe  (1)  sand  bearings,  (2) 
hydraulic  bearings,  or  (S)  three-point  beatings,  for  nae  in  making  strength  taata  of 
drain  tile.    See  Sections  18,  19  and  20. 

"16.  Calculation  and  Rbpobting  op  Tasr  Ribults.  Tbe  test  results  shall  ba 
calcidated  and  reported,  in  pounds  par  linear  foot  of  tUe,  in  terms  ot  tba  Ordinary 
SupporUnf  StnagUi.  The  erdlnaiy  nqiporting  strencth,  when,  ealenlatad  as  ^eHfted 
b  Saetioo  16  Is  aiqimtlmatdy  equal  to  tbe  actaal  supporting  strength  of  a  tile  wbsa 
laid  ia  a  ditch  by  the  'ordinary'  method.  See  note  under  Table  IX.  The  ordinary 
■tmuth  shall  be  calculated  by  multiplying  the  test  breakiitg  loads  by  the  foUowinc 
beton:  Fw  sand  bearings,  1.00;  for  hydraulic  beatings,  1^5;  for  three-point 
*^Hpg-.  1.60.  Tbe  icault  of  tba  stnagtli  teatt  shall  be  npintad  saparataly  for  each 
of  tbe  6  individual  veefanena  ot  tile  oooatltuting  a  standard  test  togetbsr  with  tlie 
avernca- 

"17.  UoDULUS  OF  RupTURB.  The  modulus  ot  rupture  may  or  may  not  be  cal- 
culated and  reported,  at  the  option  of  the  purchaser.    Whm  reported  it  shall  be 


f  ft**""™  bmding  moment  hi  wall  in  pound-inchss  per  inch  of  length,  r  tbe  radios 
of  middle  Una  of  tile  wall  in  indiea,  W  the  ordinary  sunMHtiBg  stnnfth,  calculated  as 
prescribed  In  Section  IS,  in  pounds  per  linear  foot  of  tile,  /  tbe  modulua  of  rapture 
in  pounds  per  square  inch,  and  t  the  thickness  of  tile  wall  in  inehea.  Flve-eigbtba  erf 
the  weight  of  tlte  tile  per  linear  foot  for  sand  bearinga,  or  three-fourths  for  hydraulic 
or  three-pMot  hnarings.  shall  be  added  to  If  in  computing  tlw  f f^fv—  bndlnc 
moment  M,  when  soch  addition  ezeeada  5%  of  W.  Tbe  value  ot  ( uaed  ahall  be  tha 
araage  thldoiess  of  the  wall  at  the  top  of  the  tile  or  that  at  tbe  bottran,  selecting  the 
lesser  of  the  two.  The  coefficient  of  0.20  hi  the  equation  approximates  tbe  value 
found  by  theoretical  analysis  and  aba  that  determined  by  extended  testa. 

"Abaorptlon  Teata  of  Drain  Tile.  21.  Tbbt  SpBausNB.  Not  lees  than  3  aspaiate 
test  apedmena  tr  m  each  of  6  a^arate  tiles  shall  be  talcen  as  a  standard  sample  for  the 
abaorption  tcata.  Of  tb«  t  wedmens  from  each  tHe,  one  shall  be  taken  from  one  end, 
■nother  from  tlie  opposite  end,  and  the  third  shall  be  taken  from  the  middle  portion 
of  the  tile.  Each  specimen  shall  be  of  from  12  to  20  sq  in  in  area,  measured  upon  the 
exterior  or  convex  dde,  and  shall  be  as  nearly  square  as  the  nature  of  the  material  will 
readily  permit.  Tbe  specimens  shall  te  obtained  by  breakbig  the  tile,  and  shall  be 
apparently  sound  BoHd  pieces  ot  the  wall  of  the  tile,  and  shall  not  show  mcks  or  finurea 
or  shatttfed  edges  due  to  the  shock  of  breaking  or  cutting.  The  spedmens  may  be 
(ditained  from  tbe  broken  pieces  of  the  tilee  used  in  the  stre-gth  teat,  if  the  reatricticma 
as  to  the  die  and  location  of  the  spedmens  can  be  duly  observed.  The  specimens 
shall  be  so  marked  as  to  permit  the  Identity  of  each  one  to  be  ascertained  at  any  stage 
of  the  teat. 

"22.  Dbyinq  Tb8T  SPBcniBNB.  Preparatory  to  tbe  absorptiim  teat,  all  q>eGlnMDa 
shall  be  first  weighed  and  then  dried  in  a  drier  or  orai,  at  a  temperature  of  not  leaa 
than  110"  C  (2S0°  F)  for  not  leas  than  8  hr.  After  removal  from  tbe  drivr,  the  4>ad- 
mens  sIuUI  Im  allowed  to  cool  to  a  temperature  of  20"  to25<'C  (66°  to  77°  F)  and  rewei^ied. 
If  the  spedmens  were  apparently  dry  when  taken,  and  the  second  wdght  closely  cbecka 
the  flntt,  the  spedmens  shall  be  considered  dry:  If  tbe  qiedmens  were  I  noam  to 
be  wet  whan  taken,  tbay  sliall  be  placed  In  the  drier  for  a  furtiwr  drying  treatment 
of  2  br,  and  leweVted.  It  the  third  weight  ebacka  tits  second,  the  OMdmens  sbatl 
be  conddered  dry.  In  caae  of  any  doubt,  the  spedmens  must  be  redried  for  2'hr 
periods  imtil  chedi  wdghts  are  obtained. 

"28.  Wnoania  and  RawnoHiNO.   The  balance  used  shall  be  sendtl  e  to  0.6  c 


calculated  by  the  equattona:   M  -  0.20  r 


where  Jtrrepreaenta 
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irben  loaded  with  1  kg,  mad  veishine»  aluUI  be  reed  et  leeat  to  the  neamt  gnm.  Whoa 
other  than  metric  michte  are  used,  the  aame  order  of  aecoracy  mnst  be  obtained. 
In  rewe^bing  after  inuneirion,  the  qjedmene  shall  be  removed  from  the  water,  not 
allowed  to  drain  for  more  than  1  min,  the  superficial  water  removed  by  towel  or  blottiiic 
paper,  and  the  q>edmena  at  onee  pot  upon  the  balance. 

"24.  Ikwbsion  or  ToBT  Spbcimwis.  Spedmeos  after  waliUnf  ahall  be  ptaead  in 
a  suitable  woven-wire  reeeptade,  packed  dghtly  «nauch  to  preveot  jaetUng,  covered 
with  dktUled  water  or  rainwater,  rmieed  to  the  bofUng  point  and  boded  for  6  hr  and 
Owe  cooled  In  water  to  a  final  temperature  of  ItT  to  15°  C  (60°  to  GV  F). 

"26.  CALCUunoN  AMD  RBPOsnNQ  OP  RnuLTs.  The  teet  ranilta  abaU  be  cal- 
culated aa  peroentagea  of  the  initial  dry  weight,  carried  to  fbe  neareet  firat  decimal 
place.  Tbe  tonlta  efaall  be  reported  aeparatdy  for  eadt  Individual  specimen, 
tT**"  with  the  mean  of  the  IS  or  nuwa  ^Mdmena  corapiUng  the  stnDdard  nmple, 
the  maximum  and  the  imfnigwim  single  obeervatlona  entering  into  the  nwn.  and  the 
variation  between  Hm  madmum  and  the  minimum  of  the  8  qtecimena  ot  eadi  tOe 
repreeented  in  the  standard  sample. 

"Freexing  and  Thawing  Tests  (tf  Drain  'me.  26.  Tbbt  SPBCnnm.  Tbe  teat 
qtedmens  employed  in  making  the  abeorption  test  shaH  preferably  ba  need  tor  the 
fnodng  and  thawing  tesL  In  the  evcot  that  the  same  vednuns  are  not  nvidlable, 
an  other  set  selectad  aa  speciOed  in  Section  2L  shall  be  taken. 

"27.  Dbyino  Thbt  Spbciubns.  In  the  event  that  new  spedmens  for  tbe  freeing 
and  thawing  test  must  be  prepared,  they  shall  be  dried  as  wedfied  In  Section  22. 

"2S.  WmoRiNO  AND  RMWKtaHtHO.  The  same  scales  and  welgbts  as  are  qtedlled 
bi  Section  28  for  the  abeorption  test  or  others  of  equivalent  smsltiveoeaa  and  aoeuisey 
ahaO  be  employed  for  tbe  walgfalnga  required  in  the  Ireesing  and  thawing  teet.  The 
mntm  proeedura  in  wd^bbv  Md  rewalghlnc  as  iiecifted  In  SeetloB  18  riiaB  b*  osed. 

"89.  ImfBBnOH  or  Tsn  Spbcdonb.  In  the  «vent  tlmt  new  qMclnMna  for  the 
freexiiig  and  thawing  test  must  be  prepared,  they  abaU  be  Inunetsed  and  boDed  and 
cooled  in  water  as  specified  in  Section  24. 

"80.  Ftamsmo  and  Thawino.  When  tbe  specimens,  either  from  the  abeorption 
tnC  or  ban  a  wpedaSty  prqiarad  aerie^  have  been  wd|^tad  after  saUmtfam  with  water, 
tiiey  shall  be  returned  to  the  water,  and  kept  Immersed  till  the  frccaing  test  la  began. 
For  (reesing,  tbey  shall  be  placed  wiUi  thdr  concave  faces  upward  In  water-tight  metal 
traya,  suitably  mounted  In  a  rigid  metal  crate,  and  immersed  in  ice  water  until  the 
qwtdmena  have  attained  subatantially  the  temperatore  of  the  water  aftw  which  the 
water  shall  be  drawn  down  to  a  depth  of  In  in  eadi  tray.  The  crate  shall  then  be 
Bfted  as  a  whole,  without  dIstuiUng  the  spedmens,  and  placed  in  the  freeing  appa- 
mtoa.  FreexingBhall  be  performed  in  a  quiet  atmoepbere,  free  from  perc^tible  natural 
or  artiildal  currents.  If  artificial  freezing  apparatus  Is  employed,  Uie  apparatus  shsU 
have  Buffldent  heat-absorbent  capadty  to  «iable  tbe  temperature  of  the  freedng 
ebamber  to  be  brought  to  -10°  C  (+14°  F)  or  below,  within  80  mln  after  the 
fatroduetfon  of  the  specimens.  The  temperature  In  the  freedng  apparatus  shall  not 
fan  lower  than -20«C( -4°  F).  The  freezing  shall  be  continued  until  the  water  in 
tbB  Uwgm  is  froaen  aoHd.  Expoaure  to  fkvadng  eondidona  In  ex  esse  of  thb  reqidmneBt 
diall  be  oonaidersd  aa  without  ^gn'ft'^*>*^  At  the  condoslMi  ol  freering  undw  the 
^Mcifled  conditions,  the  crate  <rf  spedmens  shall  be  withdrawn  and  at  onoe  Immessed 
fal  wsto-  at  a  temperature  of  86°  to  100°  C  (186°  to  212°  F)  In  a  special  receptade  of 
proper  she.  Heating  shall  be  continued  so  that  the  water  will  regain  tbe  required 
teammtsra  as  soon  aa  praedeable  after  the  qtedmau  an  Inunenad.  A  tempoature 
of  85'  to  100"  C  (186*  to  212*  V)  ahall  than  be  maintained  f or  not  !«■  than  15  ndn. 
At  the  conclusion  <A  the  thawing  treatment,  the  crate  of  q>ecimcan  shall  ba  cooled 
down  rabidly  in  water  to  10°  to  16°  C  (60°  to  69°  F)  and  then  inspected.  The  aaiidltk» 
of  each  sample  after  each  thawing  shall  be  noted  in  the  records. 

"81.  Mhthodb  of  Dbtebminino  Failurb  in  PRBBiNa  AND  Thawing  Tbbts.  Fall- 
nra  under  the  frsMdng'and  thawing  treatment  shall  be  considered  to  be  reached  when; 
(I)  The  speomens  show  superfldal  dldntegration  or  spelling  with  lem  of  weight  of  more 
tluui  6%  (rf  the  initial  dry  weight;  or,  (2)  the  spedmens  are  badly  cracked  in  other 
thsta  lamination  planes;  or,  (3)  the  qiedmens  show  evident  serious  loss  of  structural 
strength. 

"32.  Physical  Tmr  RBQUumsNra.  The  phydcal  teat  nqulrataentB  for  the 
difforent  daaasB  of  drain  shaU  ba  aa  i^ven  la  Table  VIII.  . 
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Table  VnL — Phyaical-Test  Requirwnentt  for  Different  Classes  of  Drain  Til* 
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9 

J 
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11 
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9 

18 

11 
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7 

11 

10 
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11 

14 

12 

1200 

9 

18 

11 
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7 

11 

10 

8. 
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11 

14 

12 
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9 

13 

11 

ISOO 

7 

11 

10 
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11 

14 

12 
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9 

IS 

11 
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7 

11 

10 
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11 

U 

12 
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9 

13 

11 
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7 

11 

10 

vw 

11 

U 

12 
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9 

13 

11 

7 

11 

10 
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u 

u 

12 
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9 

IS 

11 
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7 

11 

10 

18 
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9 

13 

11 
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7 

11 

10 

1600 

9 

13 

11 
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7 

11 

10 
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1600 

9 

18 

11 
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7 

11 

10 
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9 

18 

11 
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7 

11 

10 

M. 

1 
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9 

18 

11 
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7 

11 

10 

» 

1 
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9 

13 

11 
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7 

11 

10 
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9 

13 

11 
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7 

11 

10 

82 

(£ 
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9 

13 

11 
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7 

11 

10 

t 

S 
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9 

IS 

11 
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7 

11 

10 

se 

a 

z 

z 
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9 

13 

11 

3600 

7 

11 

10 

88 

5 

z 

2400 

9 

18 

11 

88O0 

7 

11 

10 

2500 

9 

13 

11 

4000 

7 

11 

10 

42 

2600 

9 

18 

11 

4200 

7 

11 

10 

NOTB:  When  the  (reeidng  and  thawing  test  !■  q>ecified  or  demanded,  aa  provided 
In  Section  7,  the  number  of  freezings  and  thawlngs  to  be  endured  ahaU  be  aa  feQowa: 
For  farm  drain  tUe,  8;  for  atatidard  drain  tOe,  12;  for  extra-quaUty  draio  tile,  16. 

"88.  Absorption  RsiutnKBHra  rat  Drain  Tiub  Maob  or  Hucbd  Clays.  Drain 
tite  made  of  mixturee  of  aurface  clays  with  other  dayi  shall  conform  to  the  abeorptiaai 
requirements  for  surface-clay  tile  in  Table  VIII,  when  the  proportian  of  sarface  day 
ia  76%  or  more,  and  to  the  requirements  for  ahale  and  flr».day  tile  for  aU  other 
praporttona. 

"84.  Appbal  piiou  ABaoRPTioN  Thbt  to  FMaaHQ  AND  Thawing  Tan.  In  the 

event  that  a  standard  sample  (Section  21)  of  tile  fails  to  meet  the  requirMncots  of 
the  absorption  test  the  manufacturer  or  other  seller  may  demand  reeourae  to  the 
freezing  and  thawing  test,  to  be  made  at  hia  expense.  In  such  recourse,  tlie  number 
of  tilee  tested  shall  be  tour  times  the  number  represented  by  the  standard  sample 
(Section  21).  If  the  material  passes  the  freezing  and  thawing  test  satirfactorfly,  it 
■IwU  BPt  be  rejected  on  aeoount  of  ita  failure  to  meet  the  ah«rptioa  lequlnaMDte 
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TffCiftM  In  Tibia  Vni,  but  the  mnga  pereeatege  of  abaorpticm  of  the  ■pAdinoiu  naad 
In  the  fraa^Bc  and  thawing  test  shall  be  adopted  as  the  auudmum  allowable  mean  ab- 
Mtptlon  (or  the  contract  in  question. 

"S6.  Limits  op  Fluctuation  or  Individual  Test  Sfecuibns  in  Phyhkal  Tam; 
CuuiMO  AMD  RBmnm  when  Loun  am  Excbbdbd.  In  tbe  atnufth  teats,  indi- 
vkhial  tOea  of  a  standard  teat  whoae  mean  strencth  k  aatWaetery  may  fall  26%  below 
the  nqairaiiMBt  for  tbe  ayeiaie  without  eauaing  rejection.  In  the  abat^rtim  teata,  tb» 
abaorptioD  of  hidividual  tiles  of  a  standard  sample  (Section  21),  wbich  ^vea  a  aatia- 
ttttoty  mean  absorption  percentage,  may  exceed  the  average  by  25%  without  eauaing 
znlscttai.  In  the  Creeahtg  and  thawing  tert,  at  least  95%  of  all  the  tUea  t^ted  ahaU 
idmC  the  nqdraDcot.  In  the  event  til  the  failure  of  •  standard  sample  (Seetfama  9, 
21  and  26)  to  meet  the  above  lequiramenta,  tiw  manuhetuier  or  othw  adlar  may 
thoroly  cull  the  matoial  and  submit  a  portion  to  reteat  at  his  own  wpenne,  and  for 
such  reteat  the  number  of  tilea  per  sample  shall  be  10  for  the  strength  and  abaorptloo 
teata  and  20  tor  the  freedng  and  thawing  test.  In  the  event  of  tbe  failure  of  the 
material  after  cullmg  to  pass  the  requirements,  it  shall  be  rejected  without  further  test 

"36.  SnUNQTH  "rBBT  BBQmRBUBNTa  WBEN  MANUPACTUSiat  IS  HeLI>  RsPONBIBLa 

Ftm  Cbac»[ing  in  Ditches.  The  manufacturer  or  other  seller  riiall  not  be  held  ro- 
aponsibie  for  cracting  of  drain  tUe  in  di tehee  unleea  by  spedal  agrewnent  in  advance, 
and  in  any  event  his  obligation  shall  be  held  to  be  discharged  by  the  delivery  of  drain 
tile  having  the  minimum  ordinary  supporting  strengths  specified  in  Table  IX;  and, 
U  it  is  not  otherwise  specified  in  advance  by  the  purchaser,  tile  shall  be  supplied  of 
the  strengths  specified  for  day  ditch  filling,  for  ordinary  pipe  laying  and  for  widths 
erf  tftdi  at  the  1ml  of  Uw  tw  of  the  tile  equal  to  0.6  ft  gnater  than  the  oatrida  diam- 
cf  the  tile.  The  purdiaaer  shall  fOmlah  to  tht  manufacturer  or  other  aeller 
complete  infotmation.  In  advance  of  reedving  bids,  as  to  tiie  number  of  linear  (eat 
oC  drain  tOe  of  eadii  diameter  required  for  each  different  depth  <rf  ditch,  measured  to 
the  neareet  foot  (n»n  the  surface  of  the  ground  to  tbe  top  erf  the  tile. 

Nota:  Ordinary  Pipe  Laying  is  pipe  laying  In  aoeordanoe  with  customary  good 
in  a<  Midi  in  tUfr^iiain  eonatruotlon,  wheteby  the  underside  of  the  pipe  is  well  bedded 
OD  sofl  (or  60*  to  90°  of  the  dreumf  erenee. 

Plrst-CUsi  Pipe  Laying  Is  pipe  Uying  in  accordance  with  the  best  customary  practice 
in  irfpe  aewar  eonstiuelioD,  irtienby  the  entlie  undsnide  of  the  i^pe  ia  very  tbonriy 
bedded  mi  aoD  and  the  entire  pipe  ia  surrounded  by  weU-oomp*eted  soQ,  under  tlw 
direction  of  an  inspector  constantly  proMnt  on  tbe  work. 

When  pipe  ia  laid  in  a  concrete  or  other  permanent  masoniy  cradle,  strong  enou^ 
to  carry  tbe  entire  load  to  the  sub-bsse  without  breaking  and  large  enough  to  prevent 
material  settlement,'  the  standard  fltreugths  for  all  dimemions  of  ditefaea  and  all  oiht^ 
wflala  Ann  be  tbeae  apadfiad  for  Standard  Drain  TOe  in  Table  IZ. 

"'Wlmul  bnpecfioii.  87.  PuBPoaHB.  All  dr^  tile  riiaD  be  givm  a  thMo  vlsnBl 
fn^Mction  at  ttw  trench  by  a  competent  Inspector  employed  by  the  purchaser.  The 
purpoaos  erf  tbe  visual  inspection  shall  be:  (I)  To  cull  and  reject  imperfect  individual 
tDsa;  and  (2)  to  determine  whether  the  tiks,  independently  of  meeting  the  chemical 
and  tt»  idtydtad  tort  reqnlreroeots,  comply  with  the  q>edfleatloBa  of  general  profMr- 
Uca,  ttpeeUty  aa  stated  berdnafter. 

"38.  SHAPB.  All  drain  tile  shall  be  of  approximately  drcular  crom  eortion,  except 
when  otherwise  spedfled  in  advance.  They  shall  be  approximately  straight,  except 
in  the  case  of  apadal  -™"^""  Tbe  ends  dull  be  so  regular  and  smooth  as  readily 
to  admit  of  maktec  doaa  jointi  by  turning  and  preadng  together  adjoining  tOe. 

"SB.  NouHAL  SiziB.   The  aina  of  drain  tUe  shall  be  deelgnated  by  tbdr  Interior 

"40.  MiNnfUM  Lengths.  Drain  tile  smaller  than  12  in  in  diameter  shaD  have 
a  minimum  length  of  12  In.  Tile  of  from  12  to  30  in  In  diameter,  Indudve,  shall  have 
Ingtha  not  less  than  the  diameters.  Tile  larger  than  30  in  in  diameter  shall  have  a 
mlfife^^tym  IflBi^lb     80  iht 

"41.  STBDCTtTKB.  Drain  tile  shall  be  substantially  uniform  In  structure  ^ruout, 
and  the  inspector  shali  inveatigate  this  property  by  examining  fractured  surfaces. 


"42.  RiNO.   Drain  tile  shall  ^ve  a  dear  ring  when  stood  <»i  end  ud  while  dry 
tmipad  with  a  li^t  hammer. 
"48.  CoLOB.   The  inspector  may  use  tbe  color  of  drain  tile  as  a  general  guide  In 
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sortiiiC  utd  ii»peetui(r  but  be  shall  flnt  to  fomiUariie  Uinaelf  wltlt  the  nw  inaterimta 
amd  the  proww  ubmI  in  th«  mwiatMtu*  of  tbe  partleulsr  tile  In  qwBtioB  w  to  be 
eoaqwtoBt  to  intopret  the  tme  meening  of  varutioiM  In  their  cohw. 

"44.  iNBUHi  SHOOTHNns.   Drain  tUe  ahall  be  reaaonably  anootb  on  tbe  ineid*. 

"4S.  Cracks,  Cbkks,  Chips  and  Bbokbn  Pucns.  Drain  tUe  ahall  be  free  (ram 
onda  aad  cbedcs  extendinK  into  the  body  of  tbe  tile  in  such  a  manna  aa  to  decreaee 
the  atnoflth  appred  bly.  Tile  ahall  not  be  chipped  or  bnkai  in  auch  a  manner  aa 
to  ilin  Hmm\  their  Btreccth  materially  or  to  admit  earth  into  the  drain. 

"46.  Vam  OF  the  Terms  VtmncD  and  Hakd-Bubnkd.  All  drain  tile  ihall  be 
■afllciantly  vitrified  or  hard-burned  to  afford  tite  degree  of  eupporting  atreDftb,  per- 
eentage  of  abaorption,  and  reaietance  to  freosing  and  thawing  epeeUM  In  tbe  pliydkMl 
teat  requirements  preecribed  in  Table  VIII. 

"47.  Afpbal  frou  Results  or  Visual  iNapscnoN.  Tbe  manufacturer  or  other 
aeDer  may  appeal  from  dedrions  of  ttie  inapector  oa  queeti<NU  of  itrength  or  structure 
irtMo  such  dMidoaa  are  based  on  visual  liu4>ecti<ui  alone.  In  which  eaaa  the  point  at 
iMue  shall  be  deteradned  hy  atandard  physical  teals,  ttie  coat  id  iriilch  shall  be  paid 
by  the  appellant,  if  tbe  Inweetor  waa  cig^tt.  or  Iqr  the  porchaaw  If  Us  inspector  was 
in  error. 

"48.  AiotiTiONAL  DwnNcrtVB  Phtsicai.  CiunACTBUSTiCB.  Drain  tile  of  the  differ- 
ent elaicB  sliall,  in  addition  to  aD  reqniremeots  heretofore  veeUad,  have  the  dk- 
ttnetiva  phy^  cfanraeteristio  iweaeribad  In  T^le  X." 


Table  X^DIatlacttre  Oananl  P^rieal  Praparttw  of  DtteMat  Ommi  of 

Drain  Tito 


PhyM  ProperUes  Spedfled 

Farm 
Drain 
TOa 

Standard 
Drain 
TOO 

Extra- 
Tflf. 

Allowable  variation  of  avnage  diameter  below 

qieciflad  diameter,  percent  

5 

8 

8 

AUownbte  variation  between  maxlnium  and  mini- 

nuun  diametera  of  same  tOe,  or  average  diameters 

of  adjcrining  tUe,  percentage  of  thidmeaa  of  wall 

86 

76 

66 

Alknnble  variation  from  straightneas,  percentage 
of  lencth  

ABowabM  thickness  of  exterior  blisters,  lumps  and 
Odna  which  do  not  weaken  tile  and  are  few  In 

G 

8 

8 

mmber.  pereent^e  of  tliickneas  of  wall  

26 

20 

16 

AUowmUe  diameters  of  nbova  blisters,  lumps  and 

20 

16 

10 

Gonnal  InqMCtion  

Careful 

Rigid 

Very  rigid 

CohuDbn*,  PUD*  8p»«Mlc«doM  (or  Drain  Pip*  and  Vitrified  Pipe  are  as 

follows: 

"  Drain  IHpe.  Each  tOe  ahall  be  of  <vtbdHcal  section,  the  ataa  being  derignated  by 
the  Interior  diameter.  The  average  diameter  shall  not  be  more  than  t%  Ism  than 
the  vedfled  diameter.  The  maximum  and  minimum  diameters  of  tbe  same  tile  or 
average  diameten  of  adjoining  titc  shall  not  differ  more  than  80%  of  the  thickness 
of  tbe  walL  Tbe  minimum  length  of  tile  shall  not  be  leas  than  12  in.  In  tile  12  in 
or  over  in  diameter,  up  to  30  in  in  diameter,  the  length  shall  not  he  less  than  the 
diameter.  TOe  over  SO  in  in  diameter  need  not  have  a  greater  length  than  30  in. 
TOe  deaignsTed  to  be  etraight  shall  not  vaiy  from  a  straight  Hne  more  than  3%  of 
Its  lengtb.  Tile  ahall  be  reasonably  smooth  on  tbe  inside,  and  free  from  cradn  and 
ctaedi  extandlag  Into  tbe  body  ot  the  tile  in  such  manner  as  to  appreciably  decrease 
tbe  strength.  Tile  stood  on  end  and  tapped  with  a  light  hammer  when  dry  shall  give 
a  dear  ring.  Tile  shall  be  free  frcHn  chips  or  broken  pieces  which  will  decrease  its 
BtKOgth  or  admit  earth  into  tbe  drain.  Tbe  end  shall  be  regtdar  and  smooth  and 
admit  of  the  makfag  of  a  dose  jodnt  when  properly  turned  and  prsaasJ  tofletba-. 

"VttriMPlpa.   Tbe  irfpe  shaU  be  of  die  beet  quaUQr  of  vltrUed  stoae^ra  hub 
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aad  iplgot  piptm,  thoroly  burned  true  in  form,  and  frae  from  omeks,  wupa.  Imperial 
tione  of  any  kind  uid  ahall  be  well  ud  emoothlr  salt  tlmd  in  tbe  beat  manner  oa 
the  entire  inner  and  outer  surfacee.  No  pipe  ihall  vary  in  any  two  Interior  diametMa 
more  than  2%  of  ita  nominal  diameter.  No  pipe  ihall  vary  more  than  )j  in  in  2  ft 
from  perfect  straightneK.  When  required,  curved  or  other  form  of  ppe  ahall  be 
fumlohed  and  laid." 

Blind  Drains.  Blind  drains  are  eaaeDtially  like  the  nde  drama  already 
described  but  with  the  drain  tile  omitted.  They  are  cheaper  in  cost  because 
of  the  omission  of  the  tile  but  they  are  more  likely  to  clog  up  with  silt  and 
thus  become  ineffective.  Stones  of  larger  dimensions  are  employed  than 
for  the  side  drains  and  cobbles  from  3  to  8  in  in  size  are  placed  at  the  bottom 
graded  to  1  >i-in  stones  at  the  top.  Drains  are  also  constructed  by  making 
a  rough  box  of  slabs  of  stone  at  the  bottom  of  a  trench  such  as  is  described 
above,  leaving  a  clear  opening  at  the  bottom  of  6  by  9  in  or  greater,  but 
the  labor  of  placing  the  slabs  will  usually  cost  more  than  the  drain  tile. 

Spctafs  Drained  by  Blind  Drains.  ThMDM  (69)  states  that  "in  many  casss  it 
'"■Mf  naeaasajy  to  provide  in  plaoea  where  there  are  wet- weather  spring*  or  small 
■nuif  beneath  the  road-bed  some  form  of  drainage  to  carry  this  water  off.  This 
may  be  done  by  cutting  a  ditch  running  longitudinally  and  in  tba  center  of  Um  road 
for  tbe  length  that  this  water  appears  therein,  and  side  ditdies  onanating  from  this 
to  the  shoulder  at  an  angle  of  about  46°  with  the  center  line  of  the  road,  and  plaiing 
thmia  large  stonaa  that  can  be  handled  by  men,  and  then  buiUing  tbe  road  aurfacs 
vnt  this.  This  is  a  very  good  way  In  wlildt  tlds  can  be  done  with  eonparaUvdy 
low  cost  and  will  dieet  a  great  saving  in  tbe  road  maUng." 

The  V-Drain.  The  most  effective  method  of  providing  for  the  mib- 
drainage  of  a  road  yet  devised  is  the  so-called  V-drain,  Fig.  6,  first  adopted 
the  Mass.  Highway  Comm.    A  trench,  at  least  as  wide  as  the  road  crust 

or  pavement,  is  excavated  for  a 
Ja_f°Sim^^g_LL  depth  of  from  12  to  18  In  in  the 

a  depth  of  from  4 

L,  ib'o^  >j  to  8  in  on  the  aides,  shaped  on 

Hfr  6.  V-Draln  bottom  like  a  flattened  letter 

V.  This  trench  is  filled  with 
cobbles  or  rough  stones  varying  in  sise  from  the  smallest  obtainable  to  those 
8  or  10  ID  in  diameter,  the  largest  stones  being  placed  at  the  bottom.  The 
stones  need  not  be  placed  with  special  care  but  so  as  to  permit  of  their 
consolidation  by  a  roller.  The  bottom  of  the  trench  should  be  tolerably 
true  to  grade,  and  cut-off  lateral  trenches  filled  with  stones  should  be  con- 
structed to  carry  the  water  which  accumulates  at  the  bottom  of  the  V-trench 
to  outlets.  Such  a  drain  costs  less  usually  than  two  side  or  blind  drains 
and  has  the  added  advantage  of  making  an  excellent  fotmdatkm  Ua  the 
road  crust  or  pavement  even  over  very  doubtful  soils  (see  Art.  17). 

8.   Surface  Drainage 

Minimam  Grade.  The  center  profile  of  a  roadway  should  not  be  level 
and  slight  artificial  grades  are  often  introduced  to  assist  the  run-off  of 
surface  water.    A  minimum  grade  of  3  in  in  100  ft,  0.25%,  is  good  practice. 

Camber  or  Crown.  The  camber  or  crown  of  all  roadways  should  be  as 
low  as  will  permit  water  falling  on  the  surface  to  reach  the  roadsides  quickly. 
Hard  surfaced  roads  require  a  lesser  crown  than  do  those  having  road 
crusts  of  earth  or  gravel.  For  cement-concrete  or  bituminous  surfaces  the 
camber  may  be  as  low  ns  in  to  the  ft  of  half-width  of  roadway  while 
earth  surfaces  are  maintained  more  easily  if  the  camber  is  from  }^  to  1  in 
to  the  ft.  A  tireater  crown  than  1  in  to  the  ft  is  rarely  advisable  because 
of  the  difficulty  in  driving  at  such  an  inclination,  to  overcome  which  the 
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vehicles  usiially  straddle  the  oeoter  of  the  roadway,  thus  oonoeDtrating 
the  wear.  On  a  low-crowned  roadway  the  traffic  and  the  cosaequent  wear 
are  better  distributed. 

Cooduioat  on  Orowiu  ia  UlT  Rep.  Spec4  Com.  Hab  Koad  Cons.  Am.  Soc 
C  B.  <Ub).  "As  rebited  to  dialnate,  the  matter  of  the  crown  of  the  nmdvtg  Is 
partienWtr  important.  The  Ideal  roedwair  sinfaee  would  be  fiat  lo  rmw  ooction 
were  it  oot  for  the  neceerfty  of  the  automatic  removal  of  surface  water  to  the  i-tiBnni'ls 
iritere  it  must  be  most  conveniently  carried  aloui.  Crowning  the  roadway  tends  to 
eottestttrate  the  traffic  on  the  ridge  where  it  is  then  most  comfortable  for  the  travders, 
and  the  of  crown  which  will  result  in  thk  eoncntration  ao  the  ridce  varies 

with  the  type  of  pavenente.  Abo,  the  rate  of  crown  nsesmary  for  the  proper  removal 
of  storm-water  to  the  sutten  or  ditches  varies  with  the  ^pe,  and  with  the  providoBs 
to  be  msde  for  the  desning  and  the  upkeep  of  the  roadway  surfsce.  In  the  ge&tfal 
practice,  the  amount  of  crown  for  the  shoulders  of  an  uncurbed  roadway  hss  usually 
been  a  noes  slope  of  1  in  per  ft,  the  ehoulden  being  of  the  natural  esithy  material, 
and  this  rate  is  to  be  recommraded  for  shoulders,  except  in  epedsl  cases.  The  crown 
genoaDy  used  in  the  construction  of  broken  stone  roadways  is  excesdve  when  bitu- 
miaouB  materials  are  used,  and  a  crown  of  even  H  In  per  ft  should  be  svtuded  when 
a  hwiiii  crown  can  be  secured  without  datrinmit  to  the  saifaoe  drainage.  For  the 
wioDB  roadway  awfadnn  tlie  praotlee  generally  obaerved  and  to  be  recommendsd 
ta  aa  ^v«n  fa  the  faUowliw  table: 


Kdid  or  RounrAV 

CKOWN  RaCMHHNHD 

tJ'llllliWll 

Gravel  

1  intotheft 
k  hi  to  the  ft 
Hinto  thaft 
Kin  to  the  ft 
Kin  to  the  ft 
K  intotheft 
Is  in  to  the  ft 
l«  intotheft 
Kin  to  the  ft 
M  Intotheft 

Hhtotheft 
H  In  to  the  ft 
M  Intotheft 
Hfntotheft 
K  in  to  the  ft 
Kin  to  the  ft 
}^  in  to  the  ft 
Kin  to  theft 
K  Intotheft 
H  In  to  the  ft 

Sheet-asphak  

"  Concave  pavementa  of  cement-ooDcnte,  vitrified  hlodc.  or  stone  Uodc  may  fre- 
qwntly  be  found  advantageous  for  alleys,  and,  ia  such  eases,  the  same  rates  of  slopes 
ia  eroes  section  as  those  pravionsly  given  ihonld  govwn." 

Sid*  Ditchti.  See  Art.  2.  When  it  ia  possible,  the  side  ditches  should 
not  be  deep  and  in  cuts  it  is  well  to  merely  carry  the  camber  of  the  roadway 
to  the  bank,  thus  mBking  a  gutter  rather  than  a  ditch  at  the  roadsides. 
Soeh  s  form  of  constmetion  is  not  so  dangerous  to  tnvders  and  the  gutter 

 siiU»«f  

 litojai  


FIc.  7.  V-Shaped  Ditd 


may  be  cleaned  of  deposits  by  a  road  machine,  a  difficult  process  if  the 
nde  ditch  be  deep  and  narrow.  The  gutters  or  ditches  should  have  outlets 
as  frequently  as  the  topographical  features  will  permit  so  that  the  water 
may  not  accumulate  and  gully  or  scour  the  roadsides.   The  bottom  of  the 
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ditch  or  gutter  should  be  at  a  true  grade  to  prevent  pondiag  of  the  wat«r. 
Tjrpical  sections  of  ditches  are  ahowu  in  Figs.  7,  8,  and  9.  Of  these  the  least 
desirable  is  the  ditch  with  the  trapesoidal  section.  Such  a  section  is  rarely 
neceosaiy  and  it  should  be  inst^ed  only  when  the  volume  of  water  is  great 
and  it  is  not  possible  to  turn  it  front  the  ditch  to  the  fields  quickly. 

"  8Ma  DHchM  When  Rosd  Is  on  a  HU  (6S).  It  is  often  thought  thst  ilde  ditcbea 
an  nqoired  only  whtn  the  road  Is  in  cut,  that  to  when  the  roadway  to  below  the  ground 
at  ttw  ridoi  of  the  road.   It  wili  be  found  tbat  In  some  loeatloiw,  evfn  If  tha  road 


Fiz-  8-  Wide  and  Flat  Ditoh 
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fiadt  has  been  made  by  fllUng  aborc  the  suiromuliac  tond  that  a  ditch  on  tltbar 
ride,  when  the  ground  slopea  toward  the  road,  will  benefit  the  road  very  materially. 
These  ditdua  will  prevent  the  water  from  seeking  an  outlet  under  the  All  of  the  road- 
way and  irill  help  to  keep  it  in  a  dry  condition." 

Slope  Ditches.  In  cuts  and  on  side  hills  it  is  good  practice  to  excavate 
ditches  on  top  of  the  banks  and  away  from  the  edges  to  cut  off  water  wbioh 
would  otherwise  flow  down  the  slopes  and  scour  them.  The  side  slopes 
ate  thus  protected  in  a  measure,  and  the  guttwB  are  relieved  of  a  portion 
of  thor  duty. 

Penn.  State  Hifhwrny  Dept  Ipstracticms  for  Cnutruction  of  Secondary  Ditches 
(6S).  "  When  the  road  to  located  on  a  hillside  it  may  be  found  that  there  to  so  much 
water  flowing  into  the  ditdMs  that  those  (rf  ordinary  siae  will  not  boM  it  In  cases 
of  tUs  Und  a  seoudaiy  dltcfa  well  op  <m  tht  side  of  the  UH  should  be  dug.  It  will 
bterespt  most  of  tbe  water  brfore  ft  readies  the  side  ditches  and  m-n  a  gteat  deal 
of  ezpenae  in  keephig  ap  the  side  slope.  Thto  drain  should  be  of  suffldent  d^th  and 
width  to  properly  dupoae  of  tbe  water  and  should  lead  to  the  nearest  ernes-drain  or 
sway  from  the  rosd  if  possible.  TboN  ditchen,  on  account  of  their  location,  very 
quickly  become  filled  up  with  debrto  ud  eartii  falling  in  from  Its  sides  and  require  fre- 
quent cleaning,  but  thto  expaise  to  Justified." 

Paved  Gutters.  On  gradients  steeper  than  about  3%,  where  the  soil 
scours  or  gullies  easily,  it  is  usually  necessarj'  to  pave  the  gutters.  The 
paving  rqay  consist  of  cobbles  carefully  placed  and  rammed,  of  paving 
blocks,  paving  brick,  or  cement-concrete.  Cobble  stones  are  used  generally 
in  the  rural  districts  since  they  are  ordinarily  readily  obtainable  and  cheap. 

ICau.  ^dflcatioai  for  Cobble  Stone  Ontters.  The  following  sperifi- 
cations  used  in  the  Massachusetts  State  highway  work  represent  the  beat 
practice. 

"No  gutter  to  to  be  laid  until  after  the  brokm  stone  has  been  rolled,  unless  otberwiBe 
oidsrad  by  tbe  engineer.  In  no  case  to  the  roller  to  pass  over  any  part  of  any  paved 
gutter. 

"Mmen^oaa.  Gutters  not  exceeding  400  ft  in  l^gtfa  shall  be  8  ft  wide  with  a 
shoulder  1  ft  wide  and  a  dish  of  3  in.  Gutters  exceeding  400  ft  in  length  shall  ineresae 
the  dtoh  above  thto  length  at  the  nte  of  L  in  to  each  300  ft. 

"  All  Stone  used  in  gutters  ahall  be  rounded  field,  bank,  or  river  atone;  no  flat,  ahaky, 
or  rotten  stone  shall  be  used.  The  stone  may,  on  the  average,  lay  from  4  to  6  sq  yd 
ta  the  ten.   A  euWc  yard  may  be  eed mated  to  weigh  1 H  tons.   Tbe  larger  selected 


D>qiti;eo  Oy 


Catch  Basins  and  Inlets 


463 


■tttM  wQt  bt  laid  is  Um  SBtter  row  and  on  tbc  edfca  to  a  tnis  On  Ud  crada,  with  tha 
lUiMt  (UuMten  loigtliwfae  ot  tiM  road.  All  other  stone  will  b«  laid  with  tbe  ktnfwt 
diunetan  menm  tha  gutter. 

**  Constmctioo.  Tb«  tmdi  shall  be  excavated  to  a  depth  of  12  In  below  the  flnkhad 
grade  (rf  the  gutter;  gravel  shall  then  be  spnmd  and  rammed  to  a  dapth  of  4  in.  A 
layer  of  bedd^|  aaad,  or  gravel  free  Irom  stone  larger  than  Hinia  dlaatatert  shall  Umb 
be  sprawl  of  a  sufBdent  ttaidmeas  to  bring  the  gutter  stone  which  are  bedded  in  It  to 
the  proper  grade  and  cross-section  after  they  are  tboroly  rammed.  Each  stoal  la  to 
be  rammed  to  an  unyielding  foundation.  The  contractor  shall  employ  one  rammer 
to  every  two  pavers.  Tbe  surf  ace  shaU  then  be  covered  with  coane  sand  or  fine  screened 
gravel  free  from  day  or  dirt,  which  must  be  well  broomed  into  all  joints.  The  stone 
shall  tbm  be  rerammed  and  the  surface  left  smooth  and  evm.  If  from  any  cause 
the  atone  in  a  gutter  shall  have  been  disturbed  and  left  uneven,  they  must  be  ralaid 
by  the  contractor  and  at  his  cost.  Sand  or  saeensd  gravel  shall  then  be  qvead  over 
tba  entire  surface  cf  sufBclwt  dspth  to  101  all  interstieas.  The  edge  of  the  gutter 
temd  the  toad  shall  be  Mt  }i  In  below  tbe  sm&oa  of  tbe  adjoininc  broken  stone;  in 
BO  case  miHt  it  project  above  it.  All  broken  stone  which  may  be  disturbed  during 
the  paving  of  the  gutter  must  be  carefully  replaced  and  thoroly  rammed.  Tbe  bank 
oQ  tbe  outside  of  the  gutter  must  be  sloped  to  the  gutter,  so  as  to  have  no  buncbce  or 
dspnsrioBa  on  fta  anifaosh" 

The  specifications  for  stone  block,  l»ick  and  cement-concrete  pavements 
idven  in  Sects.  10,  20  and  21  respectively,  may  be  used  for  the  other  types 
of  paved  gutters.    Also  see  Sect.  25,  Arts.  12,  13  and  14. 

03od  Gnttara.  It  la  aometimefl  advisable,  wbsa  a  better  type  of  gutter  is  not 
pcasible  because  of  the  lack  of  suitable  materials  at  a  reasonable  cost,  to  apply  aq)hahic 
oil  to  the  shoulders  at  tfas  road  and  to  the  gutters.  The  oU  coroUnce  wiUi  the  soil  to 
soofe  eXaot  and  tends  to  greatly  leasan  the  acour.  This  type  of  wtvk  Is  but  a  tsn- 
porary  palliative  but  it  may  irften  be  employed  tor  a  season  or  two  until  paving  can 
be  installed. 

Culverts.  At  low  points  in  the  grade,  at  stream  crossings  and  whenever 
it  is  oeceesary  to  deflect  tbe  surface  water  from  ods  side  of  the  highway 
to  the  other,  suitable  eulvots  must  be  installed.  The  required  area  ol 
the  waterway  of  every  culvert  must  be  figured  to  ensure  thai  it  is  of  suffldent 
capacity  to  carry  quickly  tbe  water  which  comes  to  it.  Culverts  may 
consist  of  concrete  pipe,  vitrified  clay  pipe,  cast  iron  or  eoiruBated  iron 
pipe,  stone  masonry  or  concrete.  Formulas,  for  run -off  and  specifications 
for  construction  of  these  several  types  of  construction  will  bs  found  in 
Hect.  26,  Arte.  12  and  13. 

On  mountain  grades  and  on  side  hills,  it  is  frequently  advisaUe  to  install 
pipes  from  the  gutter  on  the  uphill  side  at  very  frequent  intervals.  It  is 
difficult  to  overdo  this  precaution,  and  on  grades  in  excess  of  6%  a  12-in 
pipe  every  300  ft  is  altnost  the  minimum.  Where  the  water  from  such  a 
pipe  disc  bargee  upon  the  slope  of  an  embankment,  it  is  frequently  necessary 
to  pave  the  outlet  to  prevent  scour  and  it  is  good  practice  to  install  head- 
walls  of  stone  masonry  or  concrete  at  the  lower  end  of  such  pipes. 


Catch  Bartu  and  Drop  Inlets.  The  upper  ends  of  culverta  installed 
to  carry  water  under  the  roadway  usually  require  catch  basins  or  drop 
inlets  to  impound  tbe  water.  They  may  be  built  of  either  brick  or  concrete. 
Several  types  of  such  atrurtures  are  given  in  Figs.  10  to  15  inc.  The  bottom 
of  the  catch  basin  is  usually  placed  1  or  2  ft  below  the  bottom  of  the  pipe 
so  as  to  provide  a  sump  to  hold  back  dirt  and  debris  from  entmng  the 
ealvert  pipe.  ■  This  t>ractioe  is  not  always  necessary  if  the  culvert  i»pe  Is 
laid  <Hi  a  considerable  grade.  Such  pipes  should  alwiqrs  be  inelixied  as 
mneb  as  the  topograi^iy  will  permit  to  facilitate  the  speedy  flow  of  tbn 
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water.  The  outlet  pipes  of  catch  baaino  in  cities  often  conoect  with  sewpm, 
carrying  house  sewage,  and  hence  it  is  essential,  in  aurh  raoex,  that  th<* 


T 


en.  OcBCRb  .-ld»ilk  I  VuUlte 

^   Sl»[..i('inli'  ICafc  LIB 


Pis.  19.    mttaburg*!  Calch  BauD 
with  Brick  Walla 


Pig.  II.   Pittaburtch  Catch  Baain 
with  Concrete  Walla 


pipos  lie  trapped 
from  the  xewers. 


Pig.  12  N.Y.Stat* 
Highvay  Dept. 
Concrete  Catch 
Bamn 


iit  order  to  prevent  the  emanation  of  objectionable  gasps 
Drop  inlets  should  be  installed  as  far  from  the  traveled 

way  as  possible  so  as  to  be  out  of  the  way  of  travel.  If 

of  neccwfity  they  have  to  be  placed  in  the  line  of  the  gutter, 

suitable  iron  gratings  must  lie  provided,  of  sufficient 

strength  to  sustain  any  load  likely  to 

pass  over  them  and  of  such  design  that 

the  water  will  pass  thru  the  openings 

freely  while  Btickg  and  large  debris  are 

held  back. 

Percolating  BkbIm.    In  flat  country 

where  there  appears  to  be  no  chance  to 

drain  water  from  the  roadside  except  by 

costly  pipe  installation,  it  ia  sometimes 


^ — 


Fig.  13.  Main* 
Highway  Dept. 
Box  InM 


Fig.  14.    Pittjiburgh  Box  Storm  Inlp; 


mil  JliMii.lM  1-  U  l«mUBl  wUn  ia 
Mtnuj  I. 


Fig.  16.    Pittsburgh  Plpo  Storm  Inlet 

Google 
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poMiUe  to  ialto  cam  of  the  water,  in  a  meanue,  by  the  ooDBbtiotfoii  of  par- 
«>lating  pita.  Such  pita  may  be  3  or  more  ft  in  diameter  and  deep  enough 
to  pass  thru  an  impervious  layer  to  a  pervious  layer.  The  pit  ao  dug  is 
filled  with  rough  stone.  This  form  of  coDBtruction  is  advisable  only  when 
the  impervious  stratum  ifl  thin. 

Inlet  Castings.  There  are  many  different  types  ot  castings  used  as 
covers  for  catch  basins  and  inlets.  If  a  casting  is  bo  placed  that  traffic 
will  pass  over  it,  a  very  atrong  type  will  be  required. 

I^tsbnrgh  ^eciflcatlons  for  Catch  Baaini  (see  Figs.  10  and  11)  are  as 
ftdlows: 

"  Work  IndniUd.  The  coo  tractor  dull  (umlah  all  labor,  tools  snd  all  materfata 
exeept  caatings,  excavate  for  and  eonatruet  brick  catcb  baafna  of  all  dsHes  and  type* 
required  on  the  contract  plana,  in  accordance  with  the  Contfaet  Ptaa^  the  StBDdaida 
(or  Street  and  Sewer  Construction  and  as  herein  specified. 

"  I>e«criptioii  of  Stamdazd  Catch  Basins.  The  details  and  dimenrions  ot  each  clan 
and  type  of  standard  catch  basin  are  contained  io  the  Standards  for  Street  and  Sewer 
Construction  and  the  catch  basinfl  shall  conform  thereto.  Catch  basins  consist  of  a 
brick  structure  to  which  a  terra  ootta  pipe  ctmnection  is  made,  tbe  inside  bottom  of 
the  brick  structure  bang  cfmstrueted  at  a  depth  of  1  ft  or  more,  as  required  on  tbe 
detail  plaas,  below  the  invert  of  the  twra  cotta  pipe  outlet.  Standard  storm  Inlets  in 
which  the  bottom  of  the  structure  is  approximately  flush  with  the  Invert  of  the  outlet 
and  la  whkli  tbe  aten^  piste  or  trap  is  omitted  are  paid  for  under  a  separate  item. 

**Bridc  Haaony.  The  brldi  masonry  in  the  catdt  bwdna  ahall  be  bnllt  with  ordi- 
nary aswer  brick  and  the  coBstraetion  of  tbe  brick  masonry  and  tbe  materfab  therefor 
shall  cMiform  to  the  Tequlrements  <A  tbe  Geueral  Spedfleatioos  for  Brick  Masonry. 

"Sicavation.  Excavation  for  catch  basiDs  shall,  in  all  casts,  be  included  In  the 
price  Ud  for  catch  baains.  On  repaying  woik  tbe  price  bid  shall  Include  all  ezeavation 
and  the  daposal  ot  the  aame,  together  with  tbe  aid  paving  materials.  Bxcavatlon 
and  badc-AIHng  shall  be  done  in  aeeordaBes  with  the  rsqidrementi  of  the  SpedfieaUans 
(or  Trench  Excavation,  exeept  as  herehi  otherwise  stipulated.  Tbe  face  of  tiie  ex- 
cavation shall  be  at  least  6  in  from  the  exterior  surface  of  the  masonry. 

"  Back-VilUng.  Back-filling  shall  be  dcme  with  selected  materials,  thoroly  rammed 
and  compacted,  and  shall  be  carried  up  with  tbe  work  and  plaoed  aa  soon  aa  the  mortar 
has  sufficiently  set. 

"  Catch  Basins  Rebuilt.  Where  catch  basins  are  to  be  constructed  to  replace 
eaotfaig  structuiea,  in  the  kxxtions  shown  on  the  Contract  Flans,  tbe  Contractor 
ahall  remove  the  old  structure  and  dispoae  of  the  materials,  except  that  tbe  castinga 
abaJl  rgoialn  tbe  property  at  tbe  City.  Whm  the  bottom  of  tbe  old  catch  baain  to 
below  the  proper  subgrade  of  the  new  stroctuie,  the  Contractor  shall  fill  the  same 
to  the  required  luigbt. 

"Moitar  Plaster.  The  latariar  anrfaeas  of  the  bottom  and  side  walk  up  to  the  tc^ 
of  the  stench  plate  ahall  reesive  a  plaster  coat  of  Porthmd  cement  mortar,  ^  fai  te 
thickneM,  which  shall  be  applied  immediately  after  the  completion  of  tbe  bride  woric. 

"  r^»H«g«.  All  castings  shall  be  furnished  by  tbe  City  and  shall  be  delivered  on  the 
dte  of  the  work  free  of  cost  to  tbe  CoDtractor.  Tbe  Contractor  ahall  place  aU  castings 
on  the  briek  work  in  full  beds  of  mortar  snd  diaU  adjust  the  aame  to  the  establfahed 
grade  of  the  street.  The  catch  beain  covers,  when  requited,  shall  be  filled  with  con- 
crete and  finished  with  a  mortar  coating  In  in  thickness.  The  gravel  used  In  tUa 
concrete  shall  not  exceed  ^  la  in  the  greatest  dimensions.  The  surface  of  tbe  concrete 
shall  be  finwfced  so  as  to  conform  to  the  surface  of  adjoining  sidewalks. 

"  Bolts,  The  Contractor  shall  furnish  and  place  all  bolts  required  fot  the  assembling 
or  pladng  of  the  cactlnBai 

"Oaskets.  All  catch  baains  provided  with  a  cast  iron  trap  having  a  lemovalile 
plate  require  the  Insertion  of  a  gasket,  aa  altown  on  the  detail  (dans.  This  gasket  shsll 
be  fumiabed  and  placed  by  the  CmitrBetor. 

"  Deptiis,  Catch  Basin,  Type  1.  Unlem  otherwise  required  on  the  contract  plans, 
the  inside  bottom  of  Type  1  catch  badn  shall  be  6  ft  6  ^  in  below  curb  grade.  Where 
greater  depth  of  basin  to  required,  the  aame  will  be  marked  upon  the  contract  plans 
and  tiw  eatck  baria  shall  then  eoDtrnm  thereto. 
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"  Hvunmiuiit  and  CoroponMtioii.  Th*  priea  bid  for  catch  buina  ahall  be  a  lump 
MM  priea  par  catch  baain  and  the  unit  prioa  Ud  afaim  Indode  building  eatA  baaiiia  of 
M  daaaaa  and  typea  required  oa  the  Contract  Plana.  The  price  bid  per  catch  baain 
■hall  include  all  exeavatlan  without  daadfication  of  materials,  back-fi)lii«.  funiiahinK 
ail  labor,  tools  and  materials,  oonatructlnc  the  catch  basin  and  doing  all  work  ma 
hereinbef<H«  reqaired  in  conformance  with  the  Contract  Plana,  the  Spedflcatiooa 
and  the  Contract." 


NecMiity  for  Adequate  Fonndttioos.  The  foundation  of  the  roadway 
must  sustain  the  load  which  eomee  upon  the  crust  or  pavement.  As  stated 
already  in  Art.  1,  the  foundation,  if  it  be  of  soil,  must  be  kept  as  free  of 
water  as  possible.  All  soils  in  a  dry  state  will  sustain  greater  loads  than 
when  they  are  wet.  The  cruat  or  pavement  disb-ibutes  the  load  over  the 
foundation  and  in  a  measure  the  thicker  and  more  rigid  the  cruet  or  pave- 
ment, the  more  the  load  is  distributed. 

Resntta  at  InTStticetians  hj  fht  Hasa.  Highwar  Comm.,  made  to  ascertain 
the  proper  thiclmcea  for  Its  water-bound  broken  atoae  roads,  were  given  as  follows 
In  its  1901  Report.  "  Sand,  gravel  and  porouaaoilB  ^ve  no  troiAta  at  any  time;  wUle 
day,  aandy  kam  and  all  non-iioraoa  aoils  are  mneh  weahwnad  by  float  aedoB.  and  in 
thdr  natural  condition  afford  pov  wappmt  in  the  qiifng  mmiths,  they  can,  however, 
be  greatly  improved  by  removing  from  them  the  ground  water,  which  In  a  measure 
may  be  done  by  means  of  side  drains.  The  commission  has  estimated  that  noo- 
porous  soils,  drained  of  ground  water,  at  their  worst,  will  support  a  load  of  about  4  lb 
per  sq  In;  and.  having  in  adod  these  flguree,  the  thidmesa  of  the  broken  stane  has 
been  adjusted  to  the  traffic.  On  a  road  built  of  fragments  of  bndcen  atone,  the  down- 
ward preanire  takee  a  line  at  sn  angle  of  46°  from  the  hcwiacmtal,  and  is  distributed 
over  an  area  equal  to  the  square  of  twice  the  depth  of  the  broken  stone.  If  a  divisi<n 
of  the  load,  in  pounds,  at  any  one  p<^t,  by  the  square  of  twice  the  depth  of  the  stone, 
gives  a  quotient  of  four  or  leas,  then  will  the  road  foundation  be  safe  at  all  eeaaona 
of  the  year.    On  sand  or  gravel  the  preaaure  may  safely  be  placed  at  20  lb  per  aq  in." 

Hie  Conclusions  of  the  Second  Int  Road  Cong.  (Sb)  at  Bniasels  in  1910  conoem- 
ing  foundations  were  as  (ollowa.  "The  strength  of  road  foundations  should  be 
Increased  in  proportion  as  the  supporting  power  of  the  ground  dseroasss.  The  fonada- 
tion  should  have  more  body  and  resistance,  the  more  it  is  expoeed  to  internal  deteri- 
oration and  external  wear.  In  the  choice  of  the  ayitem  of  foundations  for  both  atone 
block  pavMMBts  and  metalled  roads,  due  consideratioa  lAould  be  given  to  the  con- 
dition of  the  BUbaoUs,  with  regard  to  the  possibility  of  their  drainage,  to  their  geologlca] 
nature  and  to  the  nature  of  the  materiala  of  the  locality.  In  order  to  determiBe  the 
thidmess  and  the  extent  of  tlte  foundationa,  the  pressure  per  unit  area  should  be 
made  compatible  with  the  carrying  reristance  ot  the  soUa,  obaamd  under  the  moat 
unfavorable  conditions." 

Prevention  of  the  Subcmst  Hovement  in  Roada.  Sinnott  (ST)  atatea  that  •q>eri- 
mmts  have  been  Initiated  to  determine  the  lateral  and  longitudinal  movMMnt  trf 
material  forming  the  subcrust  of  highwayo.  Aa  a  preliminary  to  more  precise  In- 
watigations  various  sections  of  grass  verge  adjoining  the  principal  roads  In  Gloucester- 
■hir«  were  opened.  These  Indicate  that  lateral  movement,  in  some  instances  to  a 
considerable  extent,  baa  been  taking  place,  and  such  movement  seems  to  call  for 
special  consideraUon.  The  following  examplea  will  serve  aa  illustraUons:  On  main 
road,  Glouceatw  to  Bristol,  tX  Wbltflaki,  near  FaUekL  At  this  point  the  graaa  vsiges 
wm  opened  <»  both  aUea  of  tlie  road,  and  on  the  west  ride  there  was  found,  at  a 
depth  of  about  4  in,  a  bed  of  broken  Ibaeatone  having  a  width  (rf  8  ft  fr«n  the  nt^aOed 
surface,  varying  In  thidmesa  from  7  in  nearest  the  road  to  4  in  at  the  S-ft  distance. 
On  the  east  ride  a  somewhat  similar  state  of  affalia  was  found  to  exist,  the  width  in 
tUs  esse  being  2  ft  6  In  from  the  verge.  The  subeoit  was  a  hard,  red  clay.  On  the 
main  road,  Oloucwtsr  to  Bath,  between  Hardwidce  and  Stondiouaa.  In  tMa  asst 
metalling  and  pltefalng  were  found  from  8  tt  to  5  ft  from  the  metalled  euffiue,  aad 
about  18  hi  In  thicknnm    Tha  subaul  oooaialB  of  day  and  sand. 
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A*  ona  BMua  of  pnreottDi  the  actloD  aborc  deBcribwl.  »  ri|M  tnaliic  haa  bem 
racantly  dtdgimd  a&d  pat  into  un,  the  eneatjst  feature  of  which  ia  that  lon^tiuUnal  and 
ero—  membwa  placed  at  a  auitable  deptJi  below  the  surfmce  preclude  any  movement  of 
the  •ubcruat,  ud  at  tha  aame  timo  provide  a  meana  of  constructing  an  imporvloBS 
areh  of  tar  concrete  to  carry  the  tnSe^  great  additional  atrangth  b^big  itto^dad  bjr 
the  longitudinal  ineroben  for  the  lupport  of  the  heavleat  road  vehlciea.  For  various 
naaam  the  writer  tfaoo^t  it  beat  to  conatraet  tin  frames  in  f«rro-con  Crete,  altho 
timber  or  other  matwial  could,  if  prderred,  t>e  uaed.  The  Icmgitudinala  were  12  in 
by  3H  in  by  12  ft  long,  and  were  slightly  tapered  from  top  to  bottom.  The  enda  of 
the  loBgitudinala  were  securely  housed  at  the  extremittes  of  the  cross-ties.  The 
reinforaemeot  consisted  of  rapanded  metal,  8-ln  mesh,  ■/• by  '/i*  wdglilDg  ll>/t 
0)  pa-  atj  yd,  eat  faite  atripa  9  in  wide.  In  the  case  of  the  cross-ties  this  is  supplemented 
fat  m.  ndmn-  degree  with  monght-lnn  mmd  ban  of  araall  section  at  the  enda  of  the  same. 

PaveoMnt  Voondadona  for  Heavy  TralDc.  Goodsell  (ST)  states  that,  "in  order 
to  present  an  Idea  of  the  stresses  which  may  be  produced  by  heavy  vehicle  units  or 
groups  of  units,  tlie  accompanying  Table  XI,  baaed  on  observed  weights  and  tire 
widtba,  is  presented  for  eonabhration.  It  is  btiieved  that  tha  weighta  repraaent 
avenge  ecnditiona  for  tmcka  in  tha  Borongfa  oC  Manhattan,  N«w  York  City. 


Table  XI. — Showing  Weights  per  Inch  Run  on  Tires  of 
Four- Wheeled  Trucks 


Powar 

Number 
of 

VaUdes 

Avgd. 

Av«age 
Tire 
Width 
per  Trade 
In  Inches 

Average 
Loadln 
Pounds 
per  ladi  of 
T&e  Width 

Maximum 
Pounds 

Minimum 
Founds 

19 

10.12 

572 

1268 

800 

68 

12.92 

S43 

1333 

429 

Three  horse  

10 

15.70 

U15 

1590 

850 

9 

19.40 

S22 

1164 

643 

1182* 

*Rear. 


Tsblo  Xn. — Showing  WeighU  of  Some  Heav;  Tracks  and  Loads 


Power 

Load 

Pounds 

WmTH  OP  TiRKB 
IN  iNCBn 

Pounds 
Run 

We^ht 

Truek 

in 
Founds 

Front 

Rear 

Total 

16  000 

4 

4 

16 

1000 

6  800 

20  000 

4 

4 

16 

1260 

7  000 

■Twenty  horse  

166  000 

14 

14 

56 

2964 

24  000 

Auto  

6  000 

4 

8 

24 

250 

8  000 

Three  hoive  

35  000 

6 

6 

24 

1458 

8  300 

■The  20-hoise  Reach  truck  is  bdieved  to  be  the  heaviest  in  New  York  City.  It  Is 
known  as  the  whale.  Its  designed  load  of  100  tons  is  evenly  distributed  to  the  four 
aoAd  eastrstaet  wberis  with  14-iD  Cuea.  The  heaviest  load  so  f»r  otfifed  was  a  steel 
girdsr  weighing  88  tons,  which  was  used  in  the  Wool  worth  building.  With  a  load  of 
103  tone,  the  weight  per  inch  run  of  tiia  is  S671  lb. 

"Dahagb  to  Roasb,  Middlbsix,  E  no  land  (87).  Aa  to  6  hi  of  concrete  being 
insuOlelant  on  roads,  experience  bore  out  that  opinion.  On  the  Grsenlanes,  Wood 
fimwi.  after  6  months'  motor  traffic,  the  wood  paving  waa  found  not  only  to  be  eor- 
nualsrt  but  la  Ulstafs  and  da|<i'pssliwM,  and  It  was  neeesaary  to  reeanstniet  the  road. 
WImd  the  wood  blodm  were  removed  it  waa  found  that  the  6-in  concrete  foundatlMt 
undemeatb  was  so  absolutely  fractured  that  there  was  not  1  sq  yd  erf  sound  concrete 
left.  The  whole  of  the  material  was  fractured  and  damaged  to  sudi  an  extent  that 
it  not  only  bad  to  be  eseavated  but  reUld  10  in  in  thickness  for  the  wood  blocks,  which 
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klmdy  showed  AgDS  of  bmldiig.  Cement  grouting  ia  never  oaed  in  connection 
with  wood  paving  here,  a  bituminoua  filler  having  bera  found  more  satiBhctory. 

"ExfbiubncbinWiiiblbton,Enoland  (87).  The  dama^ng  effect  of  this  lattsr  form 
of  traffic,  motor  buane,  ao  far  m  w«  can  aee  at  present,  haa  rBsnltod  in  tke  dartturtiaa 
of  Portland  cement-oonerats  6  in  thick,  where  placed  beneath  wood  paving  and  aaphalt. 

"EXFBRIXNCB  IN  THE  CiTY  OF  WflSTIflNSTBK,  Enoland.  The  City  Coundl  laat 
year  approved  an  alteraiion  In  their  ^>eeiflcationa  for  paving  work  to  provide  for 
the  laying  of  8  in  of  concrete  foundation  and  1  in  of  floating,  inrtead  of  6  in  of  cociavte 
and  1  in  of  floatlE«  fonnv  ly  qtadSad. 

"Kanbu  Citv,  in  1913,  fnoeaaed  tlw  tlileknoa  ot  foundation  on  bnrineH  aUoeto 
and  traffic  ways  from  6  to8inofl:8:6  Portland  eement  and  c«i  residence  aUeeta 
from  6  to  6  in.  No  foundation  is  laid  leas  than  6  in  thick,  and  several  streets  have 
baea  repaved  with  a  new  foundation  8  in  thick.  Eight  Inches  on  residence  streets 
and  10  or  12  on  business  streets  should  be  required  and  wiU  probably  be  qtedfied  aa 
soon  as  the  public  will  allow  ft." 

Integral  f>art8  of  a  Roadway.  Earth  roada  and  some  gravel  roads  have 
no  distinct  foundation  since  the  wearing  courw  ia  not  separable  from  tlie 
underlying  soil,  but  all  kinds  of  roadways  having  as  wearing  courses  the 
more  highly  improved  types  of  roads  and  pavements  may  be  considered 
as  made  up  of  three  parts:  the  subgrade  or  the  natural  foundation;  a 
auperimposed  artificial  foundation ;  and  the  wearing  crust  or  pavemcut. 


Except  where  the  subgrade  is  of  rock,  the  natural  foundation  oonsiBts 
of  one  of  the  many  varieties  of  soil. 

Soil  Clawiflcttion.  The  solid  rocks  of  the  earth  are  reduced  to  soil 
by  four  principal  agencies:  mechanical,  atmospheric  and  aqueous;  chemical, 
solution  and  precipitation;  iKneous,  high  temperature;  and  organic. 

Realdoal  and  Alluvial  Soils.  Soil  in  place  la  classified  as  rsaidual  or  sedentary. 
Reeldual  aoii  la  found  at  or  near  Its  original  rock  aouroe  and  contains  all  of  the  de- 
composed minerals  of  the  parent  rock  and  more  or  leas  decayed  vegetable  or  animal 
nfe.  Soil  which  has  bcMi  carried  away  from  its  original  source  is  claoslfled  as  alluvial 
or  transported  soil.  The  transporting  ^(enciea  of  nature  cannot  usually  oury  the 
BoU  to  a  new  location  without  greatly  altering  its  character.  If  carried  by  water, 
soluble  minerals  are  removed,  minerals  of  diffemt  qMdfic  gravitisB  are  separated 
by  the  concentration  of  tliose  of  like  gravitiee  and  an  so  depoatted,  and  in  a  purely 
medtanical  way  ttu  water  separatca  the  finer  particlea  from  the  coarae  and  the  lighter 
and  finer  materials  are  carried  further  and  deposited  after  the  heavier  and  eoawr 
particlea.  Siica  bring  the  most  abundant  <rf  tlie  rode  forming  mhteTala,  and  faecauae 
of  its  insolubility  and  chemieat  stability,  is  usually  the  piindpal  mineral  found  In 
soils;  the  more  or  lees  complex  salts  of  alumina,  iron,  caldum,  magnesia,  and  oth^ 
more  tMse  minerals  in  vaiylng  amounts  nuke  up  the  balance  of  tlie  organic  soil  nuttoriaL. 

In  a  Physical  Classiflcation  soils  are  divided  Into  gravels,  sands,  silts,  and  days. 
It  thdr  ehemleal  composition  la  eonridnvd,  the  terroa  loam,  peat,  and  marl  would 
help  In  describing  the  dassifleation  of  silts  and  shales. 

Sands  and  Gravels.  The  dividing  line  between  sands  and  gravels  is  made  by 
dasalfying  as  sand  the  mineral  aggregate  paairing  a  lO-mesh  neve  or  J^-tn  screen,  and 
dassift'Ing  as  gravel  the  rock  fragments  that  are  retained  upon  a  10-meah  sieve  or 
soeen.  The  extensive  gravel  beds  composed  of  rocks  fairly  uniform  in  itEae 
wwa  generally  laid  down  as  ocean  beaches  durhig  a  former  geologic  age.  The  ocean 
ia  one  of  tiie  most  active  agents  for  piling  together  rock  of  a  like  rize  on  one  beach  and 
sand  grains  of  a  uniform  size  upon  another  beach.  It  is  the  great  concentrator  of 
dean  gravel  and  dean  sand.  Torrential  streams  deposit  fairly  clean  gravel  and  sand 
ban.  The  gladal  period  in  America  was  a  tlroe  when  nature's  rock  crushers  were 
producing  thdr  maximum  output  of  crushed  rodt,  sand  and  dust.  Where  the  glacial 
depodta  have  been  aabjeeted  to  river  and  stream  action,  the  gravels  and  sands  have 
been  freed  from  the  finer  ailta  and  roughly  aeparated  into  grave!  and  sand  bars  along 
the  stream  bads,  making  these  deposits  of  greatest  commercial  importance.  Sand 
bdng  compoeed  of  amaller  rock  fragments  than  gravel  presents  a  very  much  greater 
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muimcB  ezpoaura  to  WMtbering  and  tbe  aetkni  of  water  and  other  BoIvcntB,  and,  therft- 
(ore,  by  removal  of  its  Bohible  minerals  containa  a  much  higher  percentage  of  the 
<hemlcally  stable  mineralo,  of  which  quarts  or  rilica  ia  tbe  most  common.  For  this 
nMoo  falriy  pure  quartz  sands  are  the  more  common  of  the  sand  deposits.  Physically, 
saada'are  riasriflsri  aa  sharp  or  rmnded.  and  as  fine,  medium,  or  eowae.  The  sand 
obtafaMd  at  or  near  tha  toddual  loO  source  will  contain  a  higher  percentage  of  tbe 
ihsiiilially  mwtable  ntneral  paitldes  than  an  alhivlBl  sand  wliidi  haa  bean  carried 
by  wnter  or  other  natural  ageodea  and  freed  from  moat  of  the  leaa  stable  mineral 
CBnatitusnta.  Tbe  riw  deporita  of  eithu-  gravel  or  aand.  or  a  mixture  of  boUi,  uau^ly 
give  a  falriy  uniformly  graded  material  running  from  the  atnallar  rock  or  grains  to  the 
ooam  lift  oeau  dapMitai  h  hM  been  atated,  umally  supply  n  GODflntoatlDB  o( 
natarial,  all  ■mmnlinaMy'  vnttona  In  riw. 

sot  and  Clay.  Sit  Is  ray  fine  roA  dust  in  which  the  particles,  when  wet.  behave 
Hke  aand.  It  differs  from  day,  whidi  wfara  wet  has  a  aemi-ebamical  or  colloidal  acticn 
with  the  water,  causing  it  to  beccmie  plaatie,  or  atidcy.  Vokaolc  dust,  the  wind  de- 
poaftcd  atita  of  the  desert,  the  silidous  diat(»aaceaus  shales  are  of  tbe  ailty  nature. 
The  days  are  tlie  silidoaa  salts  of  alumina.  Iron,  ealdum  and  other  hose  minerals 
that  make  a  weak  chemical,  or  a  colloidal  reaction  with  water.  Ciuy  which  iias  been 
wet  will  shrink  upw  drying.  The  clays  formed  from  the  decompodtion  of  the  fddspars 
and  more  aiUdons  or  add  rocks  show  toss  shrinkage  than  those  derived  from  the  aun 
basic  rocks.  Thruout  the  weatarn  part  o(  tbe  United  States  tbe  farro-magnesian 
lavaa  upon  deeompodtlaB  haw  produead  daqr  w4ddi  Iim  a  wy  grant  J"^"fc-f  upon 
drylac;  tUa  Is  known  as  adolM. 

£«ui  and  Mad.  The  ptbsgoco  of  day  and  daeompoMd  TBgatable  nnttsr  in  soli 
woold  daaa  tills  as  loam.  An  sxesadvs  amount  of  daeoDipaaed  vagotatfoo  voold  glva 
the  soil  a  davification  of  peaL  Clay  or  shale  beds  carrying  mora  than  15%  of  lime 
carbonate  In  U>e  form  of  shells  or  lime  are  claasifled  as  marL  If  tha  Uma  contest 
exce«da  26%,  tha  bed  would  be  an  aigillaceous  Umeatone. 

For  a  further  dissnnum  of  the  clmrification  of  aoils,  Bee  Sect.  3,  Arts. 
7,  8  and  9. 

PreUadaary  bmctlgatiou  of  Ifatoral  Fonndatlona.  The  soil  founda- 
tion of  a  hi^iway  should  be  examined  to  determine  what  treatment  will 
be  neeeBsary  to  make  it  suitable  as  a  foundation  for  the  pavemoat  it  is 
to  support.  Test  pits  will  determine  if  there  are  new  underlying  soil  con- 
ditions requiring  special  treatment.  The  behavior  of  the  soil  when  wet  as 
well  as  when  dry  should  be  conaidered  and  where  the  soil  is  one.  that  changes 
materially  in  volume  after  each  wet  and  dry  season,  it  should  receive  special 
attention.  If  tbe  roadway  is  to  be  paved  with  a  rigid  pavement  then  a 
layer  of  coarse  mineral  aggregate  should  be  worked  and  rolled  into  the 
nibgrade  before  the  pavement  is  Imd.  OraTel,  muhed  rock,  shells,  dag 
or  coarse  sand  can  be  used  for  this  purpose.  The  physical  examination  of 
a  so2  is  generally  sufficient  for  a  highway  engineer  working  in  country  with 
which  he  is  familiar.  A  rough  sieve  test  to  determine  the  percentage  of 
gravel  and  of  30,  100  and  200-mesh  material  is  usually  sufficient  to  roughly 
elaasify  the  soil.  When  time  will  permit  of  a  comparison  of  the  soil  in 
wet  and  in  dry  seasons,  the  field  will  as  a  rule  furnish  more  useful  informa- 
tion than  the  laboratory. 

Safa  Loadi  for  Natnral  Fotmdatlou.  The  following  table  giving  safe 
loads  pw  square  foot  has  been  prepued  by  Professor  William  H.  Burr, 
for  structural  work  to  be  erected  on  soil  foundations: 


Lb  per  3q  Ft 

WaD-drained  clay,  practically  dry   8  000  to  12  000 

Clay,  moderately  dry   4  000  to  8  000 

Sol^ndBtdsy...,   2000  to  4  000 

Coarse  aand  or  gravel  in  undisturbed  and  weH-bonded 

strata   12  OOO  to  18  000 

Tboroly  oom parted  and  bonded  ordinary  aand,  well 

beldinplaea   4000to  8000 
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Much  can  be  dctenuuied  iii  the  field  by  watching  tho  bebaviur  of  the  sub- 
grade  under  the  action  of  a  roller  of  known  weight  or  of  loaded  wagons 
hauled  oyer  the  jmpared  subgrade. 


BflBiMtt  (16)  atMM  that  tfafa  type  of  fooDdatioa  "ta  to  be  uDd  whm  oull  stoiw 
or  (ravel  ia  av^laUe  for  ham  fill  uid  the  ■oQ  i>  of  a  more  or  leaa  doubtful  di«raet«r. 
and  iriiere  a  watertight  and  heavy  nufaee  is  to  be  placed  on  the  road,  eudi  as  concrete 
or  a  heavy  bitommoua  macadam.  Again  thii  atane  or  gravel  fill  ehould  be  nipplwd 
with  frequant  outlets  to  wattt-eoweea." 

Cooatmcticm  of  Gravri  Feundatloni  by  Jtriuatoo  (44).  "  It  k  true  that  if  you 
can  obtain  the  right  kind  of  gravel  it  mak»  an  excellent  foundaUtxi,  but  to  give  the 
beat  reaulta  it  ahould  be  absolutely  free  from  clay,  loam  or  silt,  and  rather  sandy. 
For  btetance,  on  an<^  a  base  have  been  built  macadam  roada  with  only  S  in  cd  broken 
stMie.  There  were  a  few  soft  spots  in  the  spring  whsf*  pockets  of  loamy  gravel  were 
found,  but  theae  were  taken  out  whoi  they  developed,  and  one  audi  road,  which  carried 
a  eonaiderable  traflic  on  the  edge  of  a  flourishing  village,  was  lupi  in  exoelteit  cotuli- 
tloD  at  low  eoat  ftor  maintenance  for  12  yeara  bdbre  it  was  resurfaoed.  In  another 
place  a  aeetloa  of  road  was  built  over  a  very  soft  bottom,  practically  qutcksand,  by 
first  placing  a  bed  of  gravel  18  In  deep,  and  over  that  6  in  of  macadam.  TUa  road 
has  bean  buUt  16  years  and  haa  given  no  trouble.  On  the  otbw  hand,  many  mika  of 
road,  built  on  gravel  baeee  6,  12  and  in  some  caaea  18  In  deep,  have  edtned  up  aad 
ratted  badly  In  the  firing  when  the  frost  is  coming  ouL" 

III*  tt.  T.  State  Highway  Comm.  SpedflcatloM  Im*  Orard,  BrokMt 
Slag  and  Broken  Stone  Foondations  are  aa  follovra: 

"  Work.  Under  these  items  the  Contractor  shall  furnish  and  place  stone,  slag 
or  gravel,  conforming  to  the  general  requiremenbs  for  same,  either  upon  the  pnqM^ 
prepared  sabgrade  or  upon  the  foundation  course.  This  atone,  slag  or  gravri  shall  ba 
of  siiea  spedfled  below. 

"  Material.  After  the  subgrade  or  foimdation  course  shaM  have  been  properly 
prepared  and  proper  drainage  provided,  a  course  of  broken  stone,  bndcen  al^  or  gravci 
ot  graded  uniform  mixture  of  No.  8  and  No.  4  (see  note  on  aiaaa  at  end  of  apecUeatioBa) 
■hdll  be  wprmd  evenly  ao  that  it  will  have  after  rolling  the  required  thfdcnsB.  One 
Indt  of  No.  2  atone,  slag  or  gravel  may  be  used  In  the  bottom  course  tt  placed  on  the 
foundation  and  will  be  considered  a  part  of  the  course.  In  caan  where  the  flniaJied 
thidmesB  of  the  bottom  course  is  to  be  more  than  5  In,  the  broko)  stone,  broken  alag 
or  pavd  for  It  shall  be  mprtmd,  rolled  and  filled  in  two  aepamte  layers  neither  of  which 
ahall  be  of  a  greatw  depth  than  6  In  measured  looae. 

"  OaugHmc  Block.  The  depth  of  loose  atone,  alag  or  gravel  in  all  cases,  whether  In 
foundstion  bottom  or  top  courses,  shall  be  gauged  by  the  use  of  cubical  blocks  of 
suitable  size. 

"  Pumping  on  Roadway.  The  spreading  of  any  layer  or  course  of  broken  stone, 
broken  slag,  gravel  or  filler,  whether  in  foundation  bottom  or  top  courses,  diaD  be 
done  from  suitable  spreader  wagons  or  from  ptlee  dumped  along  the  road  aa  directed 
by  the  Eni^neer.  No  ecgrcgation  of  luge  or  fine  partidea  will  be  allowed,  but  the 
■tone.  Blag  or  gravel  aa  spread  shall  be  weU  graded  wltt  no  pockets  (rf  floe  material. 

"  RidUng  aad  Filling.  After  the  bottom  eoume  of  stone,  slag  or  pavel  haa  be«i 
[aid  loose  It  shall  be  thoroly  rolled  with  an  approved  roller  weighing  not  less  than  10 
tons.  This  rolling  must  be^  at  the  sides  and  continue  toward  the  center  and  shall 
continue  until  there  is  no  movement  of  the  stone  or  slag  ahead  of  the  roller.  After 
the  atone  or  slag  is  thoroly  compacted  No.  1  atone,  slag  or  gravel,  and  screenings  or 
sand,  or  a  mixture  ot  Uiese,  shall  be  uniformly  spread  upon  the  aurtaea  and  swept  in 
with  rattan  or  steel  brooms  and  rolled  dry.  After  the  completion  of  the  rolKng  no 
teaming  other  than  that  necessary  for  bringing  material  for  the  next  course  shall  be 
allowed  over  the  rolled  material.  It  is  the  intention  to  bind  tUa  course  with  the 
small  stone  or  slag  but  no  surplus  ot  filler  will  be  allowed  on  tiiis  course.  This  courae 
ahould  not  be  hid  In  exeeas  at  600  lln  ft  without  bring  rolled  and  Oioroly  filled  eo  aa 
to  render  it  waterproof  and  thereby  prevent  the  softening  up  of  the  subgrade. 

"  lo  Case  of  Two  Courses.  When  two  couraee  of  bottom  stone  or  slag  are  laid 
eadi  oourse  shall  be  treated  by  rolling  and  adding  One  material  as  dsscribed  above. 
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"  ReplwtBc.  If  the  ambgnda  materisi  BhaQ  beeoma  diuriMd  up  into  or  mind  with 
the  bottom  or  sub-bottom  counea  thru  the  Contractor's  banUng  over  it  or  iroiUnc 
on  it  iriMO  th»  ■ubsiado  ia  in  a  wet  eonditlMi,  the  Contractor  shall  at  Ua  own  aipcaae 
MBOva  Bucfa  nlztOM  at  nibfrads  matwial  and  broken  stono,  broken  slaf  or  graval 
aad  nplaoft  it  witti  dean  brdGen  stone,  broken  slag  or  gravel  of  the  propw  rise,  and 
sliaU  roU  or  otherwise  compact  the  material  so  as  to  produce  a  unUnm,  Ibm  and  even 
bottom  eoune.  If  tlte  above  condition  occurs  thru  no  fault  of  the  Contractor,  the 
Contractor  shall  be  paid  both  for  ezcavating  and  repUdng  under  the  items  eseavatioa 
aad  bottom  covrse  respectively. 

"  POaa  of  FQler.  All  Oiler  for  top  and  bottom  coutwe  shall  be  delivered  and  piled 
aka^da  the  road  before  the  course  in  whidi  It  b  to  be  used  Is  placed. 

"  Note:  The  Sixea  of  All  SUmm,  Slag,  Gravel,  etc,  need  under  these  spedflcatione 
■fcall  ba  determined  by  its  pnailini  ovw  the  minimum  and  thru  the  ™  apwturca 

for  tba  various  sisea  ubulated  as  follows: 


SizB  or  Afhbtu&b 
Batained  on  PassinK 

H-i^  square, 

or         drcular   Screenings 

}i-in  square, 

or  H-in  drcular  drcular   No.  1 

H-in  orcular         l>i-ln  circular   No.  2 

IH-in  circular        ZH-ia  circular . . . . ,     No.  8 

tii-in  drcular        S  Ji-in  circular   No.  4 


Inasmncfa  as  the  screened  product  will  also  vary  because  of  the  angle,  speed  and 
ffiamttar  of  the  serow,  the  cafwd^  vt  the  elantor  and  the  quality  of  the  matwial  beins 
crushed,  all  these  factors  must  be  so  adjusted  that  the  resulting  screened  product  siiall 
ba  so  ataad  tliat  not  more  than  16%,  by  laboratory  test,  shall  pan  tbe  smaller  opening 
mentioiiad'" 

IS.  Broken  Slag  Foundations 

Blast-furnace  slag  sa  a  toondatton  is  dlsnwwd  by  Brown  (28)  aa  toUowa.- 
**  A  aDBOoCb  auffaBe  has  been  obtained  by  a  careful  selection  and  plactng  of  tbe  slag  U 
the  foundation  oooraes.   Ordinary  bank  ilag  wsa  used  with  a  top  eoat  ti  ■ereanings, 

and  then  roQed  by  a  10-ton  tandem  roller  to  a  compacted  thidmem  avera^ng  7  In. 
As  tbe  slag  was  brought  on  the  street,  laborers  with  sledgea  broke  all  large  pteoea, 
lAile  other  lalxwen  placed  tlw  slag  in  a  layer  of  proper  tiiidaisss,  bdng  careful  to 
plnea  all  lana  pfaeea  in  the  bottom  and  the  smaller  oaea  on  top.  On  this  wsa  placed 
a  gsnerous  layer  of  scwenlngi.  The  whole  was  then  thoroly  rolled  nntU  no  vMbl*  , 
voids  remained.  The  slag,  because  of  Its  keen  edges,  takee  more  rolling  to  compact  • 
it  than  is  required  for  broken  stone  or  gravel.  Owing  to  the  labor  required  in  pladng 
and  brealdng,  and  the  eoat  oi  the  screenings,  this  one  street  cost  almost  as  much  as 
a  broken  stone  or  gravel  foundation  would  have  cost.  However,  it  Is  ftnnly  believed 
that  the  use  ot  granulated  slag  as  the  foundation  material  la  the  solution  of  a  dtsap 
and  durable  paved  street,  espedally  in  a  locality  within  reach  of  the  low  frd|^t  ratea 
of  tbe  steel  mills.  At  the  present  time  the  Contractor  can  obtain  granulated  slag 
for  a  very  small  coat,  plus  the  freight,  and  in  some  esses  the  freight  is  ttie  only  coat. 
Gmnulated  alag  has  been  used  for  tlte  foundation  of  paved  stnets,  and  it  has  be«i 
found  that  tboro  rolling  under  a  heavy  roller  will  make  a  dense  foundation,  espedally  If 
water  fa  used.  Such  foundations  in  use  for  4  w  S  years  are  so  weH  cemented  that  it  fa 
dUBcnlt  to  braak  thru  them  in  repairing  water  and  gas  mains." 
Spadflcatloas.   See  Art.  12  tor  N.  Y.  State  Bigfawmy  Comm.  apedtleatianB. 

IL  Broken  Stone  Foiindtdk>ns 

The  lower  course  of  a  broken  stooe  road  is  the  foundatioa  course  (see 
Sect.  11).  The  thickiiMs  should  vary  with  the  Btability  of  the  subgrade 
and  the  intenaity  of  the  traffic.  When  Telford  is  used  as  a  foundation, 
the  lower  course  of  broken  stone  need  rarely  be  greater  than  4  in,  but  when 
tbe  k>wa-  course  of  toikmi  stone  rests  directly  upon  the  subgrade  it  is 
often  advisable  to  lay  it  to  a  depth  of  6  in,  after  rollins. 
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BnAoo  Stone  n  Cenwfit-Conerate  Ponadfttiau  ss  proontod  by  Vmma  (62e). 
"If  the  Bub-aoil  b  of  the  nature  of  cUy  and  the  eUnutte  is  nicfa  that  the  sub-«oU  ia 
tbtble  to  bseoma  wet  before  Um  waterproof  pavement  aurtMa  i>  Uid.  then  it  k  unsafe 
to  ^wdfy  broken  stone  ban  became  In  such  wet,  jrieMini  emdltiOD  the  Mib-aodl  doaa 
not  prorlde  a  aubgmde  over  which  either  the  crushed  itone  or  the  Utundnona  wnface 
can  be  properly  compreeaed.  If,  on  the  other  hand,  the  mb-ecu]  fa  (rf  a  iravdly  natttn 
or  if  in  a  diraate  where  It  eeldom  or  never  rains  during  the  worldng  icaaon,  no  mora 
nrvleeable  nor  equally  low  coat  foundation  can  be  produced  for  a  stable  Utominoya 
wearing  surface  than  a  thoroly  rolled  crushed  stone  base.  This  has  been  abundantly 
provra  in  many  casea,  of  which  two  will  be  dted.  In  El  Paso,  Texaa,  the  sub-aoU  la 
generally  caliche,  a  sort  of  clay  bonded  gravel,  but  sometimea  gravel  without  the 
day  and  vice  versa.  Here  during  the  past  10  yean,  then  has  been  laid  a  total  of 
686  OOO  sq  yd  of  Bitulithlc  pavement  on  46  streeta  and  all  of  It  was  laid  on  a  rolled 
broken  stone  base.  In  Portland,  Oregon,  the  soil  fa  generally  day  or  loamy  cday, 
but  in  some  cases  it  is  gravel.  Here  Bitulithlc  pavements  have  been  laid  during  the 
paat  12  years  on  260  streets  to  the  extent  of  2  278  600  sq  yd.  In  both  dties  many  of 
these  pavements  are  on  heavy  tnAc  bustnaai  streets. 

"It  is  a  well-eatabUabed  fact  that  with  a  dense,  stable,  waterproof  pavement  surCao^ 
rolled  ouriiad  stone  base  practically  overcomes  the  cracking  icddent  to  Portland 
eenwnt«oneret«  base.  It  is  also  self-evident  that  crushed  stone  foundation  haa  tha 
important  eoonMaic  advantage  that  In  the  case  of  broken  sttme  baae  the  bitumtnoua 
wearing  surface  under  pressure  of  the  roller  fills  the  chinka  in  the  surface  of  the  founda- 
ti(Hi  and  forma  an  Important  union  between  the  foundation  and  tbe  aurbca  irtiidb 
b  impracticable  in  the  long  run  with  either  Portland  cemcmt-conerete  or  sQleate  ot 
soda  concrete  founds tiMts." 

Portland,  Oregon,  Specifications  for  Broken  Stone  Foundationa  are  as  foDowa: 
"On  the  rolled  subgrade,  stone,  conforming  to  standard  spedficationa  for  Brokn 
Stone  No.  2,  varying  in  size  uniformly  from  IK  to  8  In  in  diameter,  free  from  all  perish- 
able material  shall  be  uniformly  ^iread  over  the  entire  roadway  to  such  a  deptli  that, 
when  compreaaed  with  a  road  roller  allowing  a  compreeslon  ot  not  less  than  200  lb  per  la 
width  of  tin,  the  thictmeaa  shall  be  not  leas  than  4  in.  After  completion  of  the  rolling, 
a  coating  of  asphaltlc  cement  of  the  quality  above  spedfied,  shall  be  evmly  spread 
over  the  entire  stone  foundation  to  the  extent  of  from  ^  to  I  gal  per  aq  yd  of  stu^aoot 
to  allow  of  a  firm  bond  between  the  stone  foundation  and  tbe  binder  course  below 
spedflad.  Tbe  laying  of  brtdm  stone  foundation  more  than  24  hr  tn  advance  ol 
the  binder  eoune  shall  not  be  permitted  unless  upon  the  tapnm  authority  of  tbs 
Conuniodonw  irf  Pnblle  Works." 

For  B.  T.  StaU  OglMnj  Cosnm.  Spacilleations,  sea  ArL  IS. 

15.  Rough  Stone  Ftrandations 

In  Connecticut,  according  to  Bennett  (16),  rough  stone  base  conststa  of 
a  depth  of  from  12  to  18  in  of  roueh  stone  laid  on  the  subgrade  of  the  road 
with  frequent  outlets  to  water  courses  and  without  great  regard  to  the 
uniformity  of  the  sizm  of  the  stone  themselves  or  the  character  of  the 
material  making  up  the  stone.  This  method  should  be  used  in  the  build- 
ing of  roads  thru  clayey  material,  which  is  liable  to  become  saturated  and 
flow,  and  should  be  extended  beyond  the  edge  of  the  road  surface  proper. 

Shod*  Idand  Spedflcations  for  Rough  Stone  Foundationa  are  as  toDows:  "Ths 
stone  to  be  used  may  be  dtber  wall  stone  or  cobble  and  no  stone  shall  be  larger  than 
8  in  in  ita  longest  dimension,  nor  shall  it  be  small  enough  to  pass  thru  a  2-in  ring. 
The  largeat  stones  shall  be  placed  in  the  bottom  and  no  point  of  a  atone  largw  than 
will  pass  thru  a  4-in  ring  shall  be  allowed  to  be  within  2  in  of  the  top  surface  of  the 
stone  in  the  trench.  The  stone  dull  be  free  from  tordgn  mattv  and  no  earth  shall 
be  allowed  to  fall  into  the  taendi  after  the  trench  Is  cxeaTated.  The  atone  la  the 
trench  shall  be  rolled  until  firm  and  stdid  with  a  self-propelled  roller  nd  any  dipwa- 
sions  shall  be  filled  by  adding  more  stone." 

16.   Telford  Foondations 

The  function  of  the  Telford  foundation  is  much  the  same  as  that  of  the 
V-drain  but  it  is  a  more  costly  type.    It  is  usually  thinner  but  the  stones 
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ue  hand  placed  and  more  carefully  choaen.  Usually,  of  late  yean,  the 
stones  are  placed  upon  a  crowned  subgrade  which  is  contraiy  to  the  theory 
of  Telford,  who  invariably  specified  a  fiat  subgrade.  Telford  is  usually 
laid  upon  unstable  ground  as  a  foundation  for  broken  stone  roads,  but  it 
is  equally  well  suited  for  oUier  lands  of  paving.  The  stones  used  vazy 
from  3  to  8  in  in  width,  ft  to  15  in  in  length,  and  from  6  to  8  in  in  depth. 
ScMnetimes  a  bedding  ]aym  of  sand  or  fine  gravel  2  in  or  leas  in  depth  Is 
qtedfied  but  more  often  the  stones  are  laid  directly  upon  the  compacted 
subgrade.  The  stones  are  placed  carefully  with  the  widest  edge  down 
and  the  greatest  length  at  right  angles  to  the  road  axis.  The  points  pro- 
iecting  above  the  grade  of  the  proposed  road  crust  are  knocked  off  with  a 
hammer,  and  after  filling  the  spaces  between  the  stones  with  spalls,  the 
surface  is  rolled  with  a  heavy  roUer. 

H«v  J«n«r  SpscWnrtoni  foe  TeUonL  Many  td  the  state  roads  In  New  J«nay 
have  bssn  In^  with  TelfMd  foundatioDs  uadsr  ttw  foIknriBg  qwdOeatloits.  "After 
ti»  mad-bed  has  been  formed  sad  rolled,  as  above  spedfled,  and  fau  pamd  the  in- 
qwedon  of  the  — ■r"**'-  and  supervisor,  a  bottom  course  of  attute,  of  an  average  d^th 

ol  laebn,  is  to  be  set  by  hand  aa  a  cIom,  firm  pavanent,  the  stona  to  be  placed 

on  their  broadest  edfss  Isngthwise  acnw  the  road  In  such  manner  as  to  break  j<^ts 
aa  much  as  poaalble,  the  breadth  of  the  upper  edge  not  to  exceed  4  in.  The  interstioea 
are  then  to  be  fiDed  with  stone  cUpa,  ftnnly  wedged  by  head  with  a  hsiam«,  and 
proJectiBC  p<riBla  brtdcan  off.  No  stooa  of  graatw  length  than  10  In  or  width  of  4  in 
JibD  be  und,  wu»pt  mA  altmiate  stotie  on  outer  edge,  which  shall  be  double 
length  ot  the  others  and  well  tied  lato  the  bed  of  the  road.  AU  stones  with  a  fiat, 
■mooth  surface  must  be  broken.  The  whole  surface  of  this  pavement  moet  be  sabjected 
to  a  thoro  settling  or  ranunlng  with  heavy  riodga  hammers,  aad  tlumly  tolled  vith 
a  ton  rallsr.  No  stoM  htfgsr  than  2M  in  dwU  be  left  loose  en  of 


Thifl  type,  like  most  of  the  other  forma  of  foundation  in  which  stones 
of  rdativdy  large  dimensions  an  used,  serves  a  douUe  purpose.  It  acts 
as  a  drain  for  subsurface  water  as  well  as  a  foundation  for  the  road  crust 
or  pavement.    See  Art.  2. 

Blasa.  ffighway  Comm.'s  EqerienGO  with  V-Dnln  Foundations.  Aeeordinc  to 
Johostoo  (44)  thte  type  "gave  satisfactiat  In  the  earllMT  days,  as  the  tntffic  did 
dot  spread  over  more  than  10  ft  eaeept  wbsn  pi— another  vehicle.  While  this 
praetiee  was  mMmarj  uadw  the  old  eoodttfoos,  it  has  bow  been  dteeontlaned  be- 
caise  it  ia  found  that,  as  the  higb-qwed  motor  lequiNs  more  room  in  passing,  the  whole 
width  of  Um  road  is  used.  In  fact,  <m  main  roads  the  width  of  the  hardened  aurfaee 
has  been  increaasd  from  Ifi  to  18  ft.  One  obJectlMt  to  the  V-drain  la  the  fact  that, 
owing  to  the  extra  depth  of  atone  In  the  center  of  the  raad,  the  froat  action  Is  not  as 
great  at  that  point  as  at  the  edges  wham  the  stoDa  la  B^tsr,  and  a  conaidetable  dis- 
tortion is  QCGHioDed  in  the  road  surface.  When  the  froet  eoten  the  ground  the  lighter 
aides  are  raised  more  than  the  center  with  a  resulting  concave  surface;  lat^,  when 
the  froat  is  coming  out,  the  sidsa  thaw  out  more  qulddy,  and  there  is  an  exaggerated 
cai^MT.  These  extwais  do  Utde  or  no  damage  to  a  suifaea  ot  gravel  macadam, 
or  a  soft  UtandnoHB  matrix,  but  the  more  rigid  forma  of  snrfadng  would  be  dtafatte- 
gratad.  Becanss  of  tfaase  inheient  dsfeets  in  the  V-drain,  for  several  yaaia  tbs  Haas. 
Highway  Comm.  haa  been  building  stone  foundatkn  with  a  Sat  subgrade." 


Kirschbaum  (45a)  states  that  "  the  use  of  a  bituminous  concrete  foun- 
dation for  a  bituminous  surface  is  not  new;  in  fact,  at  one  time  it  was  very 
widely  employed.  Sections  laid  between  ISSO  and  1895  are  still  in  ex- 
tstCDce  in  Washington,  D.  C,  Chicago,  Omaha,  Pittsburgh,  Buffalo  irad 
Denver,  and  are  giving  satlafiictioii. 
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BHuiiiioiu  Concreta  n  Cement-Concrete  FonndatloBi.  "  The  eerth  or  mbcrad*  is 
the  ultiitiste  support  ol  a  pavemenL  Since  foundfttions  are  merely  meeae  for  41m- 
trilHitlnc  the  loed,  PorUand  cement-eoncrete  has,  is  thb  mptnH,  the  advantage  over 
Utumlnoua  concrete.  On  aeeount  of  iti  rigidity  or  atntctoral  atnagth,  the  tonoet  trtll 
diatribute  the  load  to  the  earth  with  ten  n^ard  to  minor  unevenncaa  of  dnudty  of 
the  Mibgrade.  Furthermore,  concrete  umally  bridgea  over  minor  depmrions  and 
iP^intaiiiM  a  surface,  the  portion  having  aolid  contact  with  the  anbgrade  acting  as  an 
abutment  tot  the  inwupportad  area.  Should  it  go  down,  it  wHI  aeak  ita  bearing  In 
large  alaba  or  aeetfaxM  maintaining  a  fairly  aven  contour. 

"BKuniinaui  eoncrata,  on  the  otlnr  hand,  yialda  under  ateady  load  and  aeeka.  In  m 
much  more  Gendtive  manner,  to  complete  ita  contact  with  the  subgrade.  An  unevenly 
compacted  subgrade  would  eventually  ahow  in  the  wearing  surface.  The  uae  of  m. 
Utuminoua  e<nereta  foundation  mua^  therefore,  be  attended  by  careful  preparatioa 
of  the  subgrade.  Uniform  compaebwa  must  be  aaeurad  and  in  all  eaaaa  there  mart 
be  provision  tor  thora  drainage.  In  fact,  where  the  aubaoU  fs  not  of  such  character 
M  to  TWBtfitjlH  itadf  firmly.  It  is  derirable  to  specify  a  course  of  broken  rodt,  dndets 
or  a  thin  coune  of  Portland  cement-concrete  under  the  Mtnminoua  foundation  propo-. 

"The  relative  rigidity  of  Portland  cementHana«te  glvca  It  a  low  thoc^-abacoWnc 
abUttgr,  aad  pavMnenta  not  only  must  support  dead-load,  but  must  resist  the  "■■■'■'■g 
and  impact  trf  trafflc  When  Portland  cement-oonerete  ii  uaed  as  a  foundatioB  for 
bituminous  top,  this  rigidity  causes  it  to  act  as  an  anvil,  neCMitating  the  abaorptioB 
of  shocks  largely  by  the  wearing  surface,  concentrating  the  full  affect  of  smashing 
blows  on  this  comparatively  thin  layer.  A  bituminous  conoete  toundatloa.  on  tha 
other  hand,  being  integral  sllli  siiil  iif  tllii  wiiiSplmHi  iliiisi  lis  mIIiii  wiiailng  nil  faun, 
having  great  shock -absorbing  capacity,  (n  short  will  reiinve  the  wearing  surface  of 
mneh  of  this  sort  of  strain. 

"Besides  the  fact  that  there  are  certain  practical  ecnstderations  of  construction 
wUeh  favor  the  uae  of  a  Utuminoui  eoncreta  foundation  wlmever  con^tiaBa  permit, 
so  far  as  coat  is  concerned  a  bltuminooa  concrete  foundation  Is  more  econonucal  under 
present  price  levels.  The  b-in  bituminous  base  requires  from  22  to  26  lb  of  aaphaltic 
cement  per  sq  yd,  which  would  coat  about  20  to  28  cents.  A  square  yard  of  1 :  3  :  4 
Portland  cemtDt-amerete  of  the  same  thickness  requirea  about  5S  lb  of  cement.  To 
be  OS  an  even  footing  aa  to  the  coat  of  the  eementlBg  materia),  Portland  eenwnt  most 
ba  porehasad  at  a  piiee  not  eaoesdfaig  $1.80  per  bbL"   See  also  (4Sb). 

Portland,  Oregon,  Spodflcationa  for  Bituminooa  Gravel  Concreta  Fotinda-  ' 
tion  are  as  follows : 

"  Hateriala.  On  the  ndled  sufagmde  shall  be  laid  a  bleuminous  base  consisting 
<tf  gravel,  of  which  alt  partidea  retained  on  a  K  or  1-ln  screen  shall  be  crushed,  sand 
and  bituminous  cement,  conforming  to  the  followfaig  percentages  by  wd^t: 

Aggregate  pfftTig  2-in  screen  and  retained  on  1-in  screen,  6  to  10% ; 

Aggregate  passing  1'^  screen  and  retained  on  H-in  sareen,  28  to  80%; 

Aggregate  insaliiit  H  in  screen  and  retained  tm  104iesh  sieve,  27  to  89%; 

Aggregate  pssaing  lO-merii  sieve  and  retained  on  20ft-meeh  sieve,  18  to  80%; 

Aggregate  passing  200-meeh  sieve,  3  to  B%. 

Bituminous  cement,  4  to  6%. 

"  MlxlBg.  After  the  gravel  and  sand  shall  have  been  heated  in  a  rotary  mediaaical 
diyar  to  a  tamperatnm  ui  between  121°  and  X49<*  0  (UW  and  800°  F)  it  ahall  be 
elevated  and  passed  thru  a  rotary  screen  having  four  or  more  sections  with  varying- 
riaed  openings,  tlie  maximum  of  which  shall  be  2  in  and  the  minimum  0.1  In  diameter. 
The  several  sixes  of  gravel  and  sand  thus  separated  by  the  screen  sections  shall  paaa 
Into  a  bin  containing  four  or  more  secttons  or  compartments.  From  this  bin  the 
gravel  and  ssnd  shall  be  drawn  and  weighed  in  the  above  proportians  and  pasMd 
into  a  twin  pug  or  other  approved  form  of  iniier.  In  tUs  mhrer  shall  ba  added  sulBclent 
Utumtnous  cement,  heated  to  a  temperature  of  hatwain  121"  md  149°  C  <260°  and 
800°  F),  to  thoroly  coat  all  partldea  of  gravel  and  sand,  but  in  no  caso  Imb  than  4% 
nor  more  than  6%  of  the  total  mixture. 

Laying.  This  mixture  shall  be  hauled  to  the  street  and  then  spread  on  the  prepared 
subgrade  to  sudi  a  depth  ttiat  after  tboro  compresdon  with  a  road  roller  allowing  a 
compression  of  not  (ess  than  200  lb  per  in  width  tJ  tire,  it  shall  have  a  thickntae  of  8  in. 
Such  portions  ss  are  laaewsslbla  to  the  roller  shall  be  tamped  with  hot  tampers. 
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None  of  the  sbon  but  ■hill  In  Ud  in  niny  wwthar  nor  If  tha  foundatioo  be  not 

tboroly  dry." 


For  all  high-grade  pavements  and  particularly  in  oity  streets  the  cement- 
concrete  foundation  is  undoubtedly  the  beet  type.  It  is  rigid  and  does 
not  shift  under  the  traffic  and  it  has  a  distinct  advantage  in  its  property 
of  bridging  over  soft  places  in  the  subgrade.  While  sub-drainage  should 
never  be  neglected,  even  when  a  concrete  foundation  is  to  be  installed,  it 
ia  a  fact  that  because  of  its  relative  imperviability  defects  in  the  sub-drainage 
are  often  minimixed.  Concrete  foundations  vary  in  thicknese  from  4  to 
8  in  under  <Mxluisry  oonditions  with  6  in  the  average  and  usual  thickneaa 
in  city  streets.  The  factore  which  control  the  thickness  of  the  concrete 
are  the  suhgjade  conditions  and  the  intensity  of  the  traffic  which  the  road- 
way must  carry.  In  ordinary  street  work  a  relatively  weak  concrete  is 
laid,  often  as  lean  as  1  part  cement  to  9  parts  of  aggregates.  It  is  obvious 
that  a  richer  mixture,  say  1  part  cement  to  6  parts  of  aggregates,  would 
be  equally  effective  aa  a  foundation  if  laid  to  a  leaser  thickness  than  the 
lean  mixture.  The  upper  surface  of  the  concrete  should  be  parallel  to 
the  finished  surface  of  the  pavement  and  smooth  and  uniform.  See  Sects. 
21  and  26. 

KaiafOreed  Cement-Caictete  Fotindatloiw.  Experimental  iBvestigatlcxtB  by  Tucker 
(61).  "Tbe  averace  nntw  coneentiatsd  load  bome  by  S-in  plain  olabs  at  12  days 
was  1200  lb;  by  &4n  plain  slabs  at  11  dayx.  1126  lb;  by  tbe  4-ln  plain  slabs  at  10 
days>  630  lb.  A  2-in  slab,  rajnforced  with  wire  fNioi^  fai  tbe  middle,  averaged  460 
lb  at  10  days  or  (our-fifth>  as  much  as  the  plaia  slab.  Three^meh  alaba,  reinforced 
near  the  bottom,  gave  1  ISO  lb  is  10  days,  or  the  same  as  tbe  6-iii  and  nearly  as  much 
as  tbe  6-in  slabs.  FourJnch  slabs,  also  ninforcad  near  the  bottmn  cave  1660  lb  in 
10  daya.  One  4-iD  slab  with  tfarea  wires,  at  an  afs  al  27  mwiths,  gava  the  remarkabU 
test  of  8000  lb.  The  reiDforeniMBt  used  In  every  case  was  ordinary  commercial, 
rectangular-meah  hog-fcndiv  trf  galvsaicBd  wire,  costing  from  S  to  6  eeaia  per  iq 
yd  in  place  in  the  street  foundation.  Tbe  slabs  tested  had  either  three  of  (our  longi- 
tudinal wim,  just  as  It  hanMned  to  ooate  from  tbe  top  or  bottom  of  tbe  fencing. 
The  raeabes  ranged  between  6  hr  9yi  and  SVl  hy  61^  In.  Tha  top  of  the  (encing  had 
wires  (tf  >/■  In  Aameter,  whilo  the  balanee  wen  ^is  in  in  dhmwtw,  and  the  transverse 
knotted  stay  wints  wore  ^64  in.  Tbe  IcGBsnte  was  of  the  most  ordfauoy  sort,  made 
in  a  band  mixer  In  proportions  of  1  i  4  ;  5,  with  l/Htt  UnuatoBS  and  a  coane  and  a 
fine  grade  (rf  sand  in  equal  parts. 

"The  outatandinc  fact  pUinly  sliown  is  that  even  with  this  ample  and  inexpendve 
rdnforeanuot  the  8-ln  slab  is  easily  ss  good  aa  tbe  6-in  slab  of  plain  ecmcrete,  wliils 
the  4-in  was  sbout  a  quarter  better.  The  reel  sisniflcaaee,  eeonomically,  of  these 
tests  appears  when  we  enuider  the  cash  value  of  the  facts  learned.  Whirever  there 
is  need  for  a  6-in  base,  one  3  in  thick  with  6  cents'  worth  of  retoforcement  will  do  equally 
ss  welL  The  cash  savinf  is  notabts  Bnoe  tha  concrete  will  coat  from  16  to  20  cents 
per  sq  yd  pw  in  of  thiekneM.  H«us  this  sinqtle  use  of  hog-feodng  mesas  from  40 
to  66  cents  per  sq  yd  of  pavemmt  actually  saved,  or  25%  saving  on  a  pavMnant  oost- 
iog  frcHn  11.60  to  S2.  This  would  mean  s  saving  trf  flDOO  upon  about  2000  sq  yd  irf 
pavement,  and  s  small  job  of  pavinc  usually  eosti  Bevora)  tfatMS  this  amounL" 

Cement-Concrete  v>  Broken  Stope  Fmindationa,   See  Art.  14. 

Cement-Concrete  v>  Bttmninoua  Concrete  Potinitftions.    See  Art.  IS. 

Pean.  State  Highway  Dept.  Spedflcatioot  for  Cement-Concrete  Fonnda- 
tiona  are  as  follows: 

"  Description.  Upon  the  prepared  subgrade  ttiere  stiall  be  laid  a  concrete  base 
eooise,  or  tonndatloB,  of  the  depth  shown  on  tlie  plans  and  In  the  proposal.  This  work 
willln  paid  tor  at  ths  contract  price  per  cut^  yard  for  Cera«it  Concrete  Base  Course 
eoaqrieta  fai  place,  which  pries  will  include  all  labor,  materials,  foms  and  work  in- 
ddantal  thmto. 
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"  C«m«nt-Cofl  Crete  BtM  Conrve  and  Curb  Combined.  Where  mbown  on  the  plus 
eoBcrate  carbine  ehsll  be  eonatructod  In  eonjunctira  with  tiie  concreta  baae.  It  shall 
extend  6  in  beyond  tiw  edges  of  the  woariBg  Burfue  and  up  to  its  Oniahed  grade  and 
■hall  be  oompoaed,  with  tlw  excepttoa  of  the  top  muUm,  <rf  the  aame  mixture  of  con- 
crete «a  is  used  in  the  boa.  The  top  aurfaee,  for  a  depth  of  2  in,  ahall  be  eompoaed  <rf 
a  1  :  2  :  8  mixture.  The  curb  shall  be  spaded  oa  the  outer  surface  and  finlabed  amoothly 
on  the  top  surface  with  a  wooden  float.  The  curb  shall  be  cut  thru  te  the  aubsrade 
at  intervals  of  each  20  Un  ft.  Forma  as  apecifled  shall  be  used  on  the  (idea  of  aU  curbing 
during  oonatmcUon.  This  curUag  wiU  be  paid  tot  at  the  eoatnwt  price  per  euUc 
yard  for  Cenunt  Concrete  Baae  Couna  conqdata  in  pboe. 

"  Convoaithm.  The  eonoete  foimdatlan  shall  be  oompaead  ot  a  mlxtui*  of  1  part 
Portland  cement,  3  parte  aand  or  grit  and  6  parts  crushed  stone,  gravel  or  cruabed 
riag.    Theee  proportions  Bhall  be  determined  by  volumetric  measurementa. 

"An  Water  uaed  under  these  qwdficatlons  ahall  be  dean,  free  from  oil,  add,  alkali 
or  vegetable  matter.  Water  riiall  ba  used  In  such  quantities  as  will  give  the  coo- 
•litency  called  for. 

"  Sand  shall  be  clean  and  hard  grained,  and  shall  contain  not  more  than  6%  of  loam 
or  other  foreign  nifastances.  When  dry  it  shall  paaa  a  )i-in  amaa  and  shall  be  graded 
from  coarse  to  fine,  with  the  coarse  particles  predominattng.  An  ezceedin^y  fine 
aand  will  not  be  accepted.  No  bank  run  sand  shall  be  uaed  under  any  of  these  spedfica- 
tions.  except  up<»i  the  approval  of  the  Engineer.  Mortar  compoeed  of  1  part  Portland 
cement  and  9  parts  this  sand,  by  weight,  when  mad«  Into  briquettes,  shall  show  a  ten- 
sile atxvngth,  at  1  daya  and  28  days,  <A  not  leaa  than  70%  of  that  obt^ed  tram 
briquettee  compoeed  of  1  part  cemmt  and  3  parts  Standard  Ottawa  sand,  by  weight. 
The  percentage  of  water  used  in  makiBg  the  briquettes  of  ounent  and  sand  ahaQ  be 
auch  as  to  produce  a  mortar  of  the  same  consistmicy  as  that  of  the  Ottawa  aand  brl- 
quettea  al  standard  consistency.  In  other  re^teets  all  briquattaa  ahall  be  made  in 
aooordaaee  wi^i  Ihe  retort  of  the  Com.  on '  Unlfom  Teats  of  Cemsnt,'  Aa.  Soe.  C.  E. 

"  Stone  Orit  shall  consist  of  quartz  grains,  or  other  equally  hard  material  from  bard, 
tough,  durable  crushed  roek,  having  a  French  coeffldent  of  wear  of  not  lees  than 
16,  graded  from  coarse  to  fine,  with  the  coarse  partlcleB  predominating.  Wh«i  dry, 
it  shall  pBM  a  }^-in  aaesn.  Not  more  than  26%  shall  pass  a  60-mesb  sieve,  nor 
more  than  6%  shall  pass  a  lOO-mesh  sieve.  It  sludl  contain  not  more  than  5%  erf 
loam  or  other  foidgn  substances.  The  tensUe  strength  of  briquettes,  composed  (rf 
1  part  cemrat  and  3  parts  stone  grit,  shall  be  not  lees  than  that  obtained  with  Standard 
Ottawa  sand. 

"  The  Size  of  tiia  Coarse  Aggregate  shall  be  such  as  to  paas  a  l}^-in  revolving  soecB 
and  shall  range  frtno  l}j  in  down,  not  more  than  6%  r™*"!  a  aueca  and  no 
intermediate  sizes  shall  be  removed.  Artificially  pre|Hured  mixtures  <rf  line  and  coarse 
aggregate  shall  not  be  used,  except  when  spedHed  or  approved  In  writing. 

**  Ciui^ied  Stnie  shall  coartrt  of  dean,  sound,  hard,  tough,  durable,  cubical  enahed 
rodi,  having  a  French  coedBdent  of  wear  of  not  leas  than  10. 

"  Gravel  shall  be  composed  of  dean,  hard,  durable  stone,  free  from  coating  of  any 
diaracter.  No  gravd  which  contains  disintegrated  or  soft  stone,  or  shale,  or  an 
excea  of  flat  piecas,  shall  be  used.  Oravel  mixed  with  mud,  day,  or  other  foreign 
subatanoM,  sImII  be  washed  in  a  Mitisfsctoiy  manner  and  most  be  apjmved  before 
being  used.   Bun  of  bank  gravel  shall  not  be  used. 

"  Crashed  Slag  shall  be  approved  slag,  dean,  sound,  tough,  hard,  and  sharp  angled. 
It  shall  weigh  not  less  than  70  lb  per  cu  ft,  looae  measurement. 

"  Mixing  Conditions.  The  concrete  shall  not  be  mixed  in  any  larger  quantity 
than  is  requi^d  for  immediate  use  and  any  that  has  developed  Initial  set,  or  has  been 
mixed  for  80  rain,  shall  not  be  used  in  any  way.  The  ingredients  shall  be  free  from 
deleterious  substances.  Unless  directed  otherwise,  no  concrete  shall  be  mixed  while 
the  air  temperature  is  at,  or  below,  1.7°  C  (86°  F).  In  no  case  shall  any  tumped 
cemait  or  materials  containing  frost  be  used,  oor  shall  the  concrete  be  dqiodted 
upon  a  frozen  subgrade. 

"  Blizing  Machine.  Concrete  shall  be  mixed  by  machinery  so  as  to  insure  a  unifona 
product  of  the  specified  proportions  <rf  aU  the  Ingredients.  The  machine  shall  be  a 
batch  mixer  of  am»oved  t^ie.  C<HitiauouB  mixing  maehlnes  shall  not  bs  ussd.  Ths 
mixing  shall  continue  for  a  period  of  at  least  90  aee  after  all  the  materials  an  b  the 
drum  and  during  the  mixbic  period  the  drum  shall  make  at  least  16  rev  pa-  mia.  He 
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sntire  coDtenla  shall  be  remoTvd  from  th*  dnim  Mora  any  saw  rasteriak  are  pfawad 
•imvin  tor  the  nieeaadlng  bstdi. 

"  VMUmpmiaM  ol  mortar  or  oonovto  iriileh  faiB  hawleOBd  partUIy,  tlut  h,  n- 
mlxfaiC  wiUi  or  without  additionKl  nuterub  or  mXn,  vriO  not  bo  pwmitted. 

"  Hud  Mizins,  when  permitted,  ihall  be  perfomwd  on  a  watertight  wooden  plat- 
fomit  or  other  luitable  hard,  dean  aurface  of  lufflclent  wise.  The  cement  and  aand, 
dry,  sball  be  mixed  flnt  thoroly,  then  made  into  a  mortar  by  gradually  adding  clean 
water  and  hoeing  and  working  until  a  uniform  mixture  ia  ncured.  Tho  Btono  ehall 
b«  wpn»d  to  a  diptb  of  about  S  In,  watted  thoraly,  and  the  toMtar  qirand  «v«nlr  over 
It.  The  whole  utaM  tfaeo  shall  be  turned  over  four  tfanea  and  wotfced  until  a  complete 
and  uniform  mixture  reaiilta.    Hand  mixed  batches  shaB  not  exceed  H  cu  yd  in  Tolume. 

"  Consistency.  The  materials  for  the  concrete  ahall  be  mixed  with  euffldent  water 
to  produce  a  mixture  which  will  flatten  out  and  quake,  but  not  flow,  when  deposited 
in  place.  The  conaietency  shall  not  be  such  aa  to  cauM  a  separation  ot  the  mortar 
Ircnn  the  coarse  sggr^te  in  handling. 

**  Forms  for  Concrete  Construction.  All  forms  used  under  theae  spedflcatioiM  shall 
be  either  wooden  or  metal  forma  and  shall  be  approved.  They  shall  be  free  from 
warp  and  of  auffldent  strength  to  resist  springing  out  of  ^pe  when  concrete  is  de- 
posited against  them.   AD  joints  must  be  watertight. 

"  MATSBiAia  roR  Wcx>DEN  FoaicB.  AU  woodoi  forma  shall  be  surfaced  plank  of 
at  least  2-in  stock  and  of  tongue  and  groove  or  ship  lap  style.  Where  only  a  single 
width  of  plank  b  used  tba  forms  shall  lie  constnieted  of  plain  surfaced  plank. 

"BfATBUAid  rom  Ubtal  Fosms.  AH  metal  forms  shall  be  of  not  less  than  H-ia 
material,  unless  otherwise  epedfled,  and  shall  be  constructed  so  as  to  a  smooth 
auifaoe,  with  watertight  jrants.  Where  a  single  width  of  metal  is  used,  tba  forms 
sball  be  constructed  in  dmnnel  aaction,  or  other  approved  tona, 

"SBTTura.  The  tonaa  shall  be  set  carefully  and  staked  securely,  or  otherwise  held 
in  place,  to  the  eatabBahed  Unes  and  grades. 

"TuAnoNT.  All  wooden  forms  shall  be  wetted  thoroly  or  oQed  and  metal  forma 
oOed  before  any  material  ia  deposited  against  them.  All  mortar  and  dirt  shall  be 
ramored  (rom  forms  whicfa  have  been  used  prevlooaiy. 

"Pladoc  CoBcrato.  Whsia  tha  ■ufagmde  is  very  dry  or  durtr.  It  shall  be  quinkM 
befoia  the  eooerete  b  placed,  no  more  water  being  used  than  will  be  absorbed  readily. 
Concrete  AaU  not  be  laid  on  frosen  ground.  PUdng  of  concrete  ahall  procedd  up- 
grade. The  joint  of  the  previous  day'a  work  shall  be  rou^  in  vertical  sectitm  and 
shall  be  wetted  or  grouted  thoraly  before  the  fresh  concrete  is  joined  to  it.  The 
exposed  surface  at  all  inlets,  mai^iolea,  valve  boxes  and  other  structures  shall  be 
deancd  of  dirt  thoroly  to  permit  proper  adhesion  of  concrete.  After  the  ccHicrete  is 
deposited  in  place,  it  shaU  be  compacted  thoroly  by  tamping  or  hoeing,  leaving  a 
rough  surface  for  Bituminous  Surface  Counee  and  a  smooth  surface  for  all  other  types. 
When  so  directed,  a  template  shall  be  used  to  strike  ofF  the  concrete.  Rakes  shall 
not  be  used  for  distributing  or  placing  concrete. 

"  Caro  WhHc  Setting.  Newly-laid  concrete  shall  be  protected  from  the  oztrame 
hsnt  flC  the  aoOt  or  from  Indarasnt  and  cold  weather,  by  one  of  the  following  nwtkodi: 

1.  During  tho  hot  wsatlwr  the  concrete  shall  be  kept  danqi  by  ^ntekUng  with 
water  for  a  period  ct  at  least  8  days  following  the  pladng  of  the  oMierete,  or  for  a 
tonger  period  Ol  time,  ss  may  be  directed. 

2.  During  the  season  wbea  the  tempeiature  of  the  air  can  be  expected  to  drop 
below  4.4*  C  {4ff*  F),  prt^er  precautions  shaD  be  tatan  snd  if  the  air  temperatura 
EandNB  1.7"  C  ^Bf  F),  or  htlaw,  *b»  mnerete  ahall  ba  protected  wWi  an  approved 
cuvering,  of  satbfaetory  depth,  for  a  period  ot  at  least  7  days  following  the  pladng 
ot  the  concrete,     for  a  Intger  period  of  time,  aa  may  be  directed. 

"  Protection  from  Traffic.  TrafBc  will  not  be  permitted  on  the  concrete  baae  course 
until,  in  the  opinion  of  the  Engineer,  it  haa  hardened  sufHciently  to  sustain  It,  snd  in 
no  case  until  the  last  laid  concrete  la  at  least  7  days  old.  The  contractor  shall  protect 
the  fInUwd  eoooete  baae  eooiae  from  tnfllc  during  this  polod  of  setting." 


Gravel  and  broken  atone  roads  and  atone  block  pavements,  wben  in 
leasmaUy  good  condition  as  to  thicknaii  and  smDOthnesa  ot  aurface,  are 
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so  mo  times  used  as  a  foundation  for  pavementa.  A  gnvd  base  will  rarely 
make  a  eood  foundation  for  an  cxi>enaivc  crust  or  puveincnt  and  often 
it  will  bo  found  that  a  broken  stone  road  will  require  so  much  cost  in  pre- 
paring it  for  the  wearing  surface  that  it  will  be  inadvisable  to  use  it.  It 
may  be  safely  stated  tlut  for  ezpemdve  pavements,  particularly  in  city 
streets,  the  hydraulic  eetnentrcoocrete  fotmdatioo  im  the  moat  economical 
and  practical. 

Am.  Soc  Hun.  Imp.  1915  Spedflcations  for  Old  Macadam  Tonndatiofis.  "  If  the 
pavement  la  to  be  UJd  on  an  old  macadam  foundatioB,  the  surface  shall  be  thoroly 
swept  and  cleaned  of  all  fine  material  that  may  be  caked  upon  the  surface  of  the  stone 
or  lyinc  loose  as  dust,  thereby  "^p^^t  the  dean,  eoarse  atone  for  the  reception  of  the 
Utumtaous  concrete.  If  the  old  macadam  does  not  present  the  darfred  coane,  grainy 
surface,  or  Is  not  at  proper  and  satisfactory  grade  sfter  demning,  it  shall  be  spiked  up 
and  redreoeed  to  the  desired  crown  snd  grade,  the  coane  stone  bting  brought  to  the 
top  1^  harrowing  or  otherwise,  or  new  stone  added  whm  needed.  It  ahaU  then 
be  watand  and  rollad  until  thoroly  eompactsd.  If  the  mult  h  not  the  retiutred 
coarse,  grainy  surface,  a  layer  of  dean  stone  shall  be  spread  and  Ugfatly  rolled  as  de- 
scribed In  the  par^raph  relating  to  new  macadam  foundation." 

Penn.  State  Highway  Dept.  Specifications  for  Old  Telford  or  Broken  Stone  Base 
for  Poondatlon.  "Where  the  old  surface  connste  of  a  Telford  or  broken  stone  base, 
the  surtaoe  of  which  is  exposed  end  which  is  to  be  used  either  as  the  subgrade  for  thtr 
new  foundati<Hi,  or  as  the  foundation  for  the  new  surfacing  material,  the  stone*  pro- 
jecting above  tte  new  subgrade  or  base  line,  as  the  case  may  be,  shall  be  broken  off 
with  a  napping  hammer  and  the  depressioaB  and  other  irregularitjes  brought  to  a 
true  and  even  surface  by  tha  addition  of  broken  stone  compacted  thoroly  by  rolling 
or  ramming.  The  cost  of  this  work  will  be  included  in  the  contract  price  for  the 
completed  base  course  whoi  the  old  surface  is  used  as  the  new  subgrade;  or  wilt  be 
included  in  the  eontract  price  for  the  finished  pavement  when  used  as  the  base  course 
or  fonadadan." 


Across  marshy  places  it  ia  inadvisable  to  lay  expensive  pavemmta  until 
the  earth  in  the  fills  has  consolidated  and  settled,  and  under  some  condi- 
tions, it  is  wise  to  delay  the  paving  for  a  year  or  two  after  the  fill  is  made. 
When  it  is  not  possible  to  drain  swampy  land,  except  at  great  cost,  on 
aooount  of  the  topographical  conditions,  brush  or  timbers  are  sometimee 
laid  as  a  foundation  but  such  expedients  are  usually  unsatisfactory.  It 
is  better  to  efpend  the  money  and  drain  the  swamp,  or  better  still,  relocate 
the  road  and  avoid  the  swamp.  No  expensive  pavement  should  be  placed 
upon  A  brush  or  corduroy  foundation. 

Methods  Recommended  by  U.  S.  O.  P.  R.  (60).  "The  qontlon  of  ground  auifaee 
stability  usually  does  not  arise  aa  a  grading  problem  except  where  an.smbaBkBiient  is 
being  constructed  over  very  marshy  land,  it  proper  precautiooa  are  not  observed, 
the  embankment  material  may  be  absorbed  gradually  by  tlis  marsh  until  the  entire 
road-bed  has  disappeared,  an  occurrence  whldi  is  not  infrequent.  Where  drainage  of 
the  marsh  is  impracticable,  the  lower  portioD  ot  the  embankment,  whldi  would  come 
in  contact  with  the  marsh  water,  should  be  formed  of  some  nonslaldng  material  that 
will  cement  together  and  distribute  the  wright  ot  tbe  embankment  over  the  entire 
bottom  area.  Some  varieties  of  gravelly  clay  are  excellent  for  this  purpose.  Where 
the  marshy  matter  is  very  soft  and  deiii,  it  may  be  necesury  to  lay  a  wide  foundation 
bed  of  logs,  or  laednea,  upon  which  to  conatnict  the  wnbaakment,  but  such  a  founda- 
ttcm  bed  would  not  obviate  the  neeesslty  for  using  a  nonslaldng  material  in  the  lower 
portion  of  the  embankment." 


21.   Foundations  over  Marshes 
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OENratAL  DATA 
1.  Historical  Dereloptnent 

Definitions.  The  principal  types  of  roads  to  be  covued  in  this  Section 
may  be  defined  as  foUows: 

Earth  Road.   A  roadway  composed  of  natural  earthy  material. 

SaJiD-CuT  Road.  A  roadway  compoeed  of  an  intimate  mixture  of 
■and  and  day. 

ToMOiL  Road.  A  roadway  oompoeed  of  a  natural  mixture  of  sand  and 
day. 

I>eTdoinnent  (16).  "According  to  recent  statistics  gathered  by  the 
v.  S.  O.  P.  R.,  the  aggregate  length  of  all  public  roads  in  the  United  States 
is,  rou^y,  2  600  000  miles.  Of  this  total  mileage,  earth  roads  comprise 
about  80.6%,  or  fXHtsiderably  more  than  2  200  000  miles;  sand-clay  nearly 
2%.  or  44  000  miles;  and  gravd  about  4.6%,  or  116  000  miles,  which  leaves 
rabr  about  4%,  or  about  110  000  mUea,  tta  all  other  types  combined.  The 
■tatistka  alao  ahow  that  in  the  10  yeara  from  1904  to  1914  the  increaae  in 
tha  milrapi  of  improved  roads,  otber  than  earth,  sand-day,  and  gravel, 
has  been  only  from  2  to  3%  of  the  total,  and  that  in  states  having  the  great- 
est milease  of  improved  roads,  only  about  one-half  of  their  aggregate 
mileage  has  yvt  been  fanproved.    Vxoia  tbceo  figures  it  is  evident  that  the 
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eonstimeUoD  and  maintenanoe  of  earth  roads  will  contiaue  to  be  (rf  oon- 
■ideraUe  importance  in  connectioa  irith  every  oomprehenaive  plan  of 
public  road  improvemeDt.  Also,  since  sand-elay  and  gravel  mirfaoea  oftro 
oonatitute  the  fint  steps  from  earth  roada  toward  the  more  hii^ily  improved 

Burfaceu,  either  one  or  both  of  these  simple  types  may  be  expected  to  con- 
stitute in  the  future,  aa  at  preaetit,  no  lonaU  part  of  the  total  improved 
mileage  in  practically  every  communis."  Table  I  shows  the  develop- 
ment of  aand-div  roads  from  1909  to  1914- 

Table  I. — Mileage  of  Sand-Clajr  Koads  in  Several  Repreaeiitatlve  States 
for  1909  and  19U  (16) 


States 


Sand-Cuy 
MiUAca 


1909 


1914 


SUtse 


Samd-CUT 


1909 


»14 


New  JerMy, 

Virginia. . . . 
AbUMina. . . 


NoM 
1107 


661 
1161 
1916 


KanM  

North  CeraUaa 
Texas  


2n 
780 
22M 


768 
4318 


i.  Characteristics 

Bconoade  Advantage!.  As  the  oontrolUag  factor  in  road  construction  is 
usually  oost,  it  can  readily  be  seen  that  natural  soils  and  such  surface 
formattoD  as  clay  and  Band  offer  distinct  economic  advantages  on  account 


"iXuteOH-t'S* 

Fig.  t  lom  State  Highway  Comi.  Steadard  Cross  asBtiiwi  for  Earth  Roads 


of;  (1)  Their  abundanne  and  cheapness;  (2)  their  physical  condition; 
(3)  th^  general  proximity  to  Uie  road  to  be  built;  (4)  the  minimum  expense 
and  marimiim  simplicity  of  the  outfit  needed  for  cMistruetion  work  trimi 
sand  and  day  are  the  mirfaciog  materials. 

SnttaUHty.  The  facts  that  roads  surfaced  with  eucb  materials  ean  be 
so  eonstmcted  that  they  are  practically  free  from  softening  under  traffie 
in  wet  weathar.  wiU  retain  a  ecnnparatively  amootii  surfaoe,  are  duraUe, 
eaqr  oi  repair  at  a  minimum  eoat,  and  can  be  made  to  eonsdidate  veny 
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quickly,  nuke  these  mBtohalii  hi^ily  desirable.  Such  road  surfacing  irill 
be  confined  largely  to  rural  sections  or  small  towns  where  there  is  not  very 
aevere  traffic. 

The  itfe  of  the  sand-clay  and  topsail  road  depends  not  only  on  the  thick- 
neas  of  the  Hurfacing  material  and  the  severity  of  the  traffic,  but  largely 
on  the  method  of  maintenance.  If  the  Buggeations  gtven  hereafter  are 
carried  out,  these  roods  will  last  at  least  15  years  and  even  kuiger  before 
tb0y  have  to  be  resuifaoed. 

S.  ■  CroH-SecdMU 
'^rpioal  orow  eoctions  of  earth  roads  are' given  in  Figa.  1  and  2. 


IkMrleotBMili  DwIgMifcrLwIOoMttT 


2.  CwSicttons  ot  Earth  Boad»  BeamuniaBdsd  by  the  Penn.  State 
Hlgfaway  Dapt. 
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4.  Fhysical  Properties  of  Soils 

The  composition  of  soils,  sands,  and  of  claya  must  be  thoroly  understood 
before  the  engineer  is  in  a  position  to  obtain  the  beet  results  in  topsoil 
and  sand -clay  road  surfacing.  For  this  reason,  the  subject  of  the  com- 
position of  ^flee  matmiala  is  taken  up  in  considerable  detail.  Too  much 
emphasis  cannot  be  laid  on  the  necessity  of  having  a  clear  conception  of 
what  eonstitutes  a  sernceable,  natural  road  soil;  what  constitutes  a,  good 
sand  or  clay  to  be  used  in  the  artificial  mixture  of  these  two  materials  for 
making  a  sand-clay  road;  the  necessity  of  maldng  or  having  made  in 
advance  of  its  use  a  definite  examination  of  the  material  which  it  is  proposed 
to  use  for  surfacing,  and  of  knowing  how  to  make  such  additions  to  in- 
adequate soils  of  those  ingredients  which  will,  with  their  addition,  make  the 
soil  adequate  and  efficient;  and  the  need  of  making  a  thoro  search  for 
suitable  natural  Boils  before  adding  sand  to  clay  or  clay  to  sand.  There 
is  a  wide  variation  in  the  character  of  different  clays  and  sands,  and  the 
•uccesa  of  the  resultant  sand-clay  or  topscnl  road  d^wnda  very  largely 
opoa  the  quali^  of  the  sand  and  day  entering  into  the  construction  ol 
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the  road  surface,  and  the  tlioronew  wiUi  which  the  component  parta  are 
mixed. 

U.  S.  O.  P.  R.  ClMaiacatloa  (16).  "The  principal  qiuUtlw  of  walk  tram  tha 
■Undpoint  of  road  conatniction  depciid  upon  textun  and  vUuctura,  pannnUU^,  and 
capillary  power.  Sarila  usually  are  daa^Aed  u  clay,  sand,  loam,  gravel,  marl,  or 
cumbo,  according  to  the  material  predominatioE  io  their  oompoeition.  Soila  com- 
posed of  two  diSeruit  miterlala  mixed  in  such  proportiona  that  the  character  of  the 
ndxtitn  la  deddadly  intermediate  may  be  designated  cc»ivenieiitly  l>y  ■fi'-'tg  both 
compoBciita,  aa  aand-day.  aand-gumbo,  gravelly  clay,  ate.  Reference  to  Table  II, 
^ving  appradmate  baaiing  powem  for  different  aoUa,  will  abow  that  tUa  daarifleatkia 
may  Im  d  cotMlarable  iignlfleaaee  ia  ro«d  cenatnictloii." 


Table  II. — Approtinute  Safe  Bearing  Powers  for  Differeat  Soila 


Kindof  aoQ 

Range  ot 
bearing  power, 
lb  per 
aqia 

Kindaof  aoil 

Range  of 
bearing  power, 
lb  per 
aq  In 

50  to  so 
«to  60 
26toS6 
10  to  20 

Moiat  loam  

3  to  10 
IB  to  80 
I  to  10 
Same  aadaj 

Report  Plrat  Conference,  UlT,  State  Highway  Teiting  Engineera  and  Chemiata. 
"TIm  committee  haa  been  charged  with  conaideration  of  that  lai^e  range  of  oatuial 
Butti  and  aggragatoB  which  He  bdow  the  uaual  daasiflcatioD  of  gravel  and  which  in  the 
paat  10  years  have  commended  thsmselvea  to  low  coat  road  aurfadng  in  varloua  aec- 
tiona  of  the  eoimtry.  The  terma  Band-<!lay  roada,  topaoll  roads,  and  semi-giavel  roads 
have  come  into  roeid  literature  as  designating  various  types  of  constructioQ  that  utillBe 
dthtt  natural  surface  soli,  or  aub-«urface  deposits,  or  artifidal  mixtures  wbereiti  the 
chief  ingredients  are  ailicioua  sands  and  natural  clays.  The  abundant  distributioB 
of  these  two  BoU  ingredirata  either  separately  in  d^xxits  or  already  mixed  in  many 
acdia  sod  aufaetrata,  baa  attracted  att^tion  and  experiment  to  an  extent  which  now 
JuatUea  aome  attempt  at  daaaification  and  mere  definite  atatement  ot  apedfleatkna  and 
methods  upon  wUdi  aattsbctory  reaulls  may  be  predicated. 

"Tbe  preaent  state  of  knowledge  regarding  these  materials  is  derived  from  the 
comparative  study  of  the  road  history  under  traffic  ot  such  rosds  and  tbe  mechanical 
analyiis  irf  tbe  oonstltuent  materials.  The  data  secured  indicate  tbe  neceadty  of 
and  testa  baaad  upon  a  mm  complete  separation  of  tbe  iagrediAils  than 
k  usually  glveo  in  a  laboratory  analysia.  ^wdal  lieflidtiona  of  tbe  terma  aand,  rilt 
and  day,  are  re<iuired,  also  a  theory  of  their  mutual  iDt«--acUon  after  eoosolidation. 
It  is  believed  that  tbe  adtiesive  day,  acting  as  a  binder  in  dry  weather,  and  as  s  stopper 
to  capillary  (q>enings  by  swelling  In  wet  weather,  must  be  Bup  piemen  ted  by  tbe  int«r>- 
loddng  atnngth  of  the  sand  aggregate  both  in  dry  and  in  wet  weather,  to  support 
tbe  wdght  and  tbe  wear  ot  tbe  traffic,  while  the  non-adhesive  ^t  gives  aid  to  density 
and  water  resistance.  The  proportions  and  sisea  of  the  sand  content  are  highly  im" 
portant  for  the  strength  and  wearing  element.  The  clay,  owing  to  its  expansion 
under  wet  conditions,  should  be  present  in  minimum  amount  consiatent  with  sufficient 
adhedon  in  dry  weather;  and  the  silt  should  form  the  inert  filler  for  those  vojcta  not 
occupied  by  the  clay.  The  thoro  intermixing  of  the  ingredimts  ia  a  vital  factor,  and 
a  process  of  consolidation  which  will  pack  tba  loose  mam  from  the  bottom  upward 
ia  of  much  consequence. 

"A  turtlter  coneeptioi  of  tbe  actltm  of  thin  dam  of  materials  auggeata  that  the  H&e 
aggregate  paaaing  a  lO-raesh  sieve  may  be  regarded  as  a  mortar  capable  of  being  used 
separately  to  form  the  road  slab,  or  of  carrying  any  amount  of  gravel  or  coarse  aggre- 
pte  up  to  tbe  ptriut  where  a  complete  gravel  road  is  reached  with  tlila  mortar  as  its 
binder.  Experience  hss  shown  that  the  addition  of  coarse  material  retained  aa  a 
10-mcah  aieva  and  l«aa  than  2  in  fn  dae,  provided  the  eoarae  matnid  Is  itaeU  preaant 
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is  sndMl  akeo,  inoaMM  the  dumbUity  of  Oum  aoU  mbmuw.  Fwther,  the  uwlyn 
of  the  fine  matorU  panng  a  lO-iaeab  sieve  In  the  weB  known  AuyuaU,  Ga.,  gtmvel. 
wUA  poflMMee  exoeileDt  binding  vmlue,  reveals  a  compcdtlon  rimilar  to  eome  of  the 
best  tt^Mofl  roads  in  that  atate.  There  ia  reason  to  think  that  the  binders  in  waalied 
gnvel  roadt  might  very  wdl  be  compounded  on  the  aaiaa  baoia  aa  soceeriul  waU  road 
ndxtuns. 

"The  MieoeMful  use  of  tbeae  road  solJ  mixtures,  whether  obtained  on  the  sorfaee,  as 
topaeOa,  iram  substrata,  or  from  artlfloUl  mixtures  of  daya  and  sand,  depends  primarily 
oc  the  compaaltioa  as  to  rise,  amount;  quality  and  uniformity  of  mixing  of  the  time 
usual  bvradlMita,  and  upon  the  adequate  conatriidatlon  of  the  mass.  From  the  pnettcal 
standpoint,  the  selection  of  the  raw  material  should  not  bo  based  oi^  a  too  narrow 
analytic  figure.  The  natural  deposits  are  of  variable  compoeitioR.  A  number  of 
amples  from  a  selected  area  dose  to  the  work  may  not  conform  to  a  q>edflc  percentage. 
But  it  is  usually  poMlble  to  supplement  defldendea  by  adding  relatively  wn^ii  quan- 
tities of  sand  or  day,  aa  the  case  may  be.  ani  aeeurs  in  the  mixed  road  bed  a  faiily 
uniform  material  whose  analysis  Is  satisfactory.  The  final  acoeptanee  of  a  >«^tfrial 
of  this  daa  ahould  preferably  be  based  on  samples  taken  at  qtedfied  Intsrvala  on  the 
bnahly  laid  and  intermixed  road  bed  and  at  such  other  points  as  the  inspector  may 
fih"^,  where  the  indications  are  that  the  mixture  is  not  uniform  and  satisfactory." 

Gmj*,  The  function  of  the  clay  is  to  act  as  a  binder,  and  many  experi- 
menta  have  been  made  to  determine  tho  property  of  the  elqr,  which  givM 
to  it  a  cementing  value  and  why  some  clays  act  00  much  better  than  othmt. 
If  a  sample  of  clay  ia  vigorously  shaken  with  water  in  a  wide-mouthed 
bottle,  allowed  to  settle  for  11  miu.  the  turbid  water  siphoned  off  to  within 
about  8  cc  of  the  bottom  of  the  bottle,  and  this  operation  repeated  tmtil 
a  clear  liquid  is  obtained,  it  will  be  found  that  all  the  cl^  particles  have 
been  siphoned  off,  leaving  behind  sand  and  other  impurities  of  the  clay. 
It  has  been  determined  in  the  laboratory  of  the  Highway  Dept.  of  the 
Univ.  of  Georgia,  that  in  this  process  none  of  the  clay  particles  siphoned 
off  wUl  have  a  diwneter  in  excess  of  0.01  mm.  It  is  believed  that  particles 
of  that  diameter  and  smaller  are  chiefly  clay.  If  this  clay  whidi  has  been 
separated  is  digested  with  water  and  then  allowed  to  settle  24  hr,  it  will 
be  found  that  an  extremely  fine  sediment  still  remains  in  suspension  in  the 
water.  Tliis  can  be  siphoned  off,  and,  if  the  clay  is  digested  and  allowed 
to  settle  several  timea  and  the  wash  water  siphoned  off  ia  evaporated, 
there  is  seeured  a  materia  to  which  the  name  colloidal  clay  has  been  given. 
This  material  is  sticl^,  and  it  is  to  this  portion  of  clays  that  their  adhesive 
value  is  attributed.  Thus,  in  the  utilizatioa  of  clays  as  cementing  material, 
a  less  amount  of  highly  oolloidal  clay  frill  be  required  than  of  a  clay  con- 
taining a  smaller  percent  of  this  colbidal  material. 

teuKKAaa  AND  ExFANBioN.  Some  olaya  shrink  wbetx  dried,  as  shown 
by  the  cracking  and  breaking  out  of  their  surfaces.  Thia  shrinkage  is  the 
measure  of  their  expansion,  and  expansion  makes  a  sand-Kilay  composition 
unstable.  Shrinkage  would  do  no  harm  if  the  clay  would  stay  in  this 
condition,  but  it  does  not.  When  water,  removed  by  evaporation,  is  re- 
stored to  the  sand-clay  mixture,  its  entrance  is  accompanied  by  a  simul- 
taneous expansion  which  causes  the  grains  of  sand  to  become  separated. 
This  property  can  not  be  overcome,  for  it  is  inherent  in  the  clay;  but  thia 
can  be  modified,  in  some  measure,  by  using  a  less  quantity  of  such  a  clay 
and  adding  another  clay  with  a  less  percent  of  oolloidal  content,  for  teste 
that  have  been  made  indicate  that  this  shrinkage  and  expansion  of  elaye 
is  largely  a  function  of  this  very  fine  colloidal  clay.  This  expansion  of  clay 
under  the  influence  of  rain  and  frost  has  a  very  important  bearing  on  tiM 
solidity  and  hardness  of  the  road-bed  in  whose  oonstructiou  it  is  used.  It 
therefore  becomes  uocessary  to  know  approximately  the  colloidal  content 
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of  a  eiay  or  a  soil  whidi  is  to  be  uted  ia  mirfaaiiig  a  nad.  The  itloldiwn 
and  plasticity  trf  the  cUy  ia  a  guide  aa  to  its  colloidal  content. 

Plabticitt.  a  clay  is  called  idastic  if  it  becomes  sticky  or  dou^-Iike, 
when  mixed  with  a  certain  amount  of  water,  so  that  it  can  be  molded  or 
pressed  into  various  shapes  which  it  will  retain  even  aft^  it  hafi  been  dried. 
If  a  lump  of  Huch  clay  is  put  in  water,  it  wilt  usually  retain  its  form  for  a 
long  time.  There  are  other  clays,  however,  which  will  immediately  fall  to 
pieces  when  placed  in  water,  as  a  lump  of  quick-lime  will  do  under  similar 
conditions.  This  is  due  to  the  very  rapid  absorption  of  water  into  the 
porous  conBtruction  of  the  clay.  Tliis  charaoteristic  is  an  important  one 
when  considering  the  material  to  be  used  in  a  sand-day  road. 

Function  in  Road  Constbuction.  The  clay  is  to  perform  the  function 
in  road  constructioii  of  a  weak  (ftment,  which  will  bind  together  the  sand 
particles.  There  is  but  very  little  trouble  in  acoompliahing  this  in  dry 
weather.  In  wet  weather,  however,  clay  has  a  tendency,  not  only  to 
soften,  but  td  expand,  and  if  too  much  has  been  used  in  the 'surface  mixture, 
the  traffic  will  cut  up  the  surface  and,  in  the  end,  cut  its  way  thru  the 
whole  thiclcneM,  and  the  road  will  become  muddy.  It  is  approximatdy 
estimated  that  not  over  15%  of  a  highly  colbidal  or  sticky  clay  should  be 
used  In  the  construction  of  topsoil  or  sand-clay  roads,  while  the  less  colloidal 
clay  may  run  up  as  high  as  2S%. 

Sands.  In  the  determination  of  soil  or  sandy  material,  that  portion 
which  will  pass  thru  a  lO-mesh  sieve  and  be  retained  on  a  200,  would  be 
classified  as  a  sand.  Particles  larger  than  those  which  will  pass  a  10-mesh 
sieve  will  be  classified  as  gravel.  That  which  passes  thru  a  200-meeh 
sieve  will  be  designated  aa  silt,  the  particles  of  which  have  diameters 
ran^g  from  0.07  to  0.01  mm.  This  silt  has  no  adhesive  quality,  altbo, 
when  moist,  it  has  supporting  power;  but  when  it  is  saturated  it  fiiminwn 
the  character  of  quicksand.  Sand  grains,  pasting  a  100-meah  and  retained 
on  a  20&-mesh  sieve,  have  little  value  in  the  construction  of  a  sand-clay 
surface  except  as  filler  between  the  larger  grains  of  sand.  Sand  grains, 
passing  a  20-mesh  and  retained  on  a  BO-mesh  sieve,  show  marked  inter- 
locking strength. 

Composition.  Iq  the  examination  of  sands,  it  will  be  found  that  there 
is  considerable  variation,  not  only  in  the  size  of  the  grains,  but  in  their 
outlines,  some  being  very  rounded,  others  angular,  and  still  others  with 
sharp  pcnnta  and  edges.  The  best  results  in  road-  construction  are  obtained 
with  sands  which  have  the  greatest  interlocking  sbvngtii.  This  property 
varies  directly  with  the  sharpness  and  irregularity  of  the  grains.  The 
sand  gives  the  body  to  the  road  surface  and  its  resistance  to  traffic.  Sands 
to  be  used  in  sand-clay  road  construction  should,  if  possible,  be  free  from 
particles  of  mica,  for  this  is  the  most  harmful  impurity  of  a  sand  or  clay.  If 
there  is  more  than  .3%  of  mica  in  the  road  surface,  it  will  very  seriously 
affect  its  resistance  to  wear.  The  fine  flat  scales  of  mica  destroy  the  inter- 
locking value  of  the  grains  of  suid,  as  it  fumishee  not  only  a  smooth,  slick 
surface  upon  which  the  grains  of  sand  slide  and  slip,  Iwt  abo  provides  an 
easy  access  for  water,  which  can  penetrate  into  the  surface  and  thus  rapidly 
soften  it.  It  will  be  extremely  difficult,  if  not  impossible,  to  obtain  a 
satisfactory  road  surface  with  a  sand  that  contains  more  than  3%  of  mica. 
Sand  or  clay  containing  any  considerable  amount  of  organic  matter  is  also 
very  undesirable,  for,  altho  this  would  have  at  first  some  binding  action 
if  used  in  connection  with  a  sand-day  or  topeoil  road,  its  binding  properties 
would  very  soon  disappear  and  it  irould  act  na  a  apooge  to  hcdd  moisttuv. 
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It  would  goon  begin  to  decay  and,  as  moisture  ia  one  of  the  products  erf  ita 
deoompooitioD,  soft  plaoee  would  develop  in  the  road  and  the  surface  become 
so  weakened  that  it  would  easily  cut  thru.  It  will  be  economical  in  the 
end  to  go  to  considerable  expense  in  eliminating  the  organic  matter.  Sands 
also  very  often  contain  iron  oxide,  but  this,  instead  of  being  a  detriment, 
will  aid  in  cementing  the  grains  of  sand. 

The  STKBMOTH  of  the  sand  to  bold'up  traffic  depends  on  the  sUe  of  the 
grains.  The  8mall«r  the  grains  of  sand,  the  less  iaterloeldng  strength 
they  have,  and  the  more  tendency  there  is  for  them  to  powdw;  the  coarser 
the  grains  of  sand,  the  greater  their  ioteiiocking  atreogUi,  and  the  stronger, 
firmer  surfaiM  obtained,  which  has  more  resistance  to  wear.  This  is  par- 
ticularly noticeable  in  wet  weather,  the  road  surface  that  is  made  with  the 
coarse  grains  having  much  leas  tendency  to  become  soft  than  the  road  that 
is  made  with  fine-grained  sands.  Where  it  is  impossible  to  obtain  coarse- 
grained sands,  good  results  can  be  obtained  with  the  fine  sands;  but  the 
resultant  road  will  need  more  maintenance  than  the  other,  thus  inorea^g 
the  cost  of  itfl  upkeep.  It  will  also  need  far  mote  constant  maintenuioe. 
Unless  a  good  clay  is  used  for  a  binder,  the  rofultant  road  will  not  be  good, 
no  matter  how  good  the  Hand  may  be.  It  will  be  found  that  the  percentage 
of  sand  in  these  various  mixtures  will  var>-  from  70  to  90%,  and  that  the 
day  will  vary  from  10  to  30%.  The  coarser  grades  of  sand  give  the  harder 
road  surface,  with  greater  wearing  value,  and,  to  get  these  better  results, 
at  least  40%  of  the  sand  should  be  retained  on  a  60-meeh  sieve.  If  most  of 
the  sand  passes  a  60-mesh  sieve,  it  is  practically  impossible  to  get  a  hard 
surface.  This  does  not  mean,  however,  that  results  cannot  be  obtained 
with  tiiese  finer  grained  sands,  such  as  will  be  justified  by  the  low  cost 
of  the  resultant  road;  but,  when  used,  good  service  can  only  be  obtained 
hy  promptly  making  repairs.  These  finer  sands  do  play  a  part,  however, 
in  the  construction  of  the  road  surface  by  helping  to  fill  up  the  voids  be- 
tween the  coarser  grains  of  sand,  which  otherwise  would  have  to  be  filled 
with  clay,  and  they  also  serve  to  increase  the  density  of  the  resultant  mass 
and  make  it  still  more  impervious  to  water.  A  sharp,  rough  sand  gives 
much  better  results  than  the  same  size  or  even  larger  grains  of  rounded 
sand,  because  the  rough  sharp  pains  are  able  to  interlock  mueh  mxo 
effectivi^  with  each  other,  which  very  materially  strengthens  the  road 
Borfaoe.  This  interlocking  quality  of  the  grains  of  sand  lessens  the  strain 
on  the  day  binder.  The  rounded  grains  of  sand,  however,  are  almost 
entirely  dependent  on  the  clay  to  cement  and  hold  them  together. 

Topsoils.  Under  this  head  are  included  all  natural  soils,  composed  of 
■and  and  clay,  that  can  be  used  for  surfacing  materials,  either  without  the 
addition  of  any  other  material  or  by  the  addition  of  small  amounts  of 
some  ingredient  to  make  the  soil  an  effective  surfacing  material.  In 
many  sections  of  the  country,  soib  are  encountered  which  ate  made  up 
largely  of  clay  and  sand,  haviiiig  similar  properties  to  the  artificial  mixtures 
of  sand  and  clay,  and  it  has  been  found  that  certain  of  these  natural  mix- 
tures give  extremely  satisfactory  results  as  surfacing  materials  for  roads. 
Tbeae  topsoils  vary  considerably  in  character,  and  many  of  them  which 
are  very  similar  in  appearance  to  some  that  have  given  satisfactory  results, 
■re  found  to  be  very  inferior.  It  is  imposoble  very  often  to  determine  this 
by  its  general  supnficial  sppearsuoe,  but  it  can  readily  be  determined  1^ 
analysis. 

CoHPOsmoN.  The  diief  ingredients  of  tbeae  natural  soils  are  gravd, 
sand,  elsy,  alt,  mica,  tM^ax,  lime,  iron  salta,  and  cranio  matter.  Upon 
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the  percentage  of  these  various  ingredieots  and  upon  the  nie  uf  the  particles 
dependa  the  value  of  the  soil  for  road  surfacing  purposes.  A  large  propor- 
tion of  sand-clay  mixtures  has  been  derived  from  the  decomposition  and 
diaint^ratton  of  igneous  and  metamorphic  rocks,  principally  granitic  and 
gneisaic,  which  are  composed  of  quarts  and  feldspar,  with  varying  amounts 
of  several  other  mineraU.  As  these  rocks  decompose,  the  feldspar  changes 
to  day  and  quarts,  the  original  quarts  remaining  unaltered.  Oocasionalty 
granitic  rooks  are  fdund  in  place  which  are  thtwoly  altered  and  decomposed 
to  a  depth  of  50  or  more  feet.  Certain  portions  of  this  decomposed  rock 
contain  the  right  proportion  of  sand,  quarts  grains,  and  clay  to  make  a 
very  aadafactoiy  road  surface.  In  other  portions,  the  clay  is  in  ocoess. 
Tbien  is  given  in  Table  III  analyses  of  several  sampkH  of  topsoil. 

Table  nL— Typical  OeoriJa  Xead  Soils  (1^ 


Dumva  Uf  MiLLunmfl 


Ssin- 

Gravel 

Sand 

Silt 

Clay 

SI 

1.85 

0.86 

0.24 

0.14 

0.07 

0.01 

Above 

to 

to 

to 

to 

Tctri 

to 

to 

1.86 

0.86 

0.24 

0.14 

0.07 

0.01 

0.00 

476 

Cobb  

4.0 

8.0 

38.0 

17.6 

13.6 

71.2 

16.0 

14.0 

466 

HcDuffle  

18.0 

IS. 6 

44.6 

8.0 

6.0 

78.2 

4.6 

16.0 

160 

CUrke  

8.0 

8.5 

86.0 

12.6 

11.3 

68.8 

12.2 

11. 0 

10 

Clarke  

7.8 

34.8 

9.2 

9.0 

60.8 

12.8 

26.0 

108 

Dougherty  

6.8 

0.8 

30.1 

16.4 

20.0 

66.3 

14.1 

18.0 

124 

8.0 

22.0 

14.7 

16. 3 

66.6 

14.6 

27.fi 

424 

Museogee  

2.8 

8.8 

18.4 

26.0 

64.6 

12.4 

31.0 

120 

BuUocfi  

10.4 

4.6 

22.0 

14.7 

16.3 

56.6 

14.6 

27.6 

106 

10.0 

4,0 

30.0 

I8.G 

12.1 

64.6 

13.6 

20.0 
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Emaaud  

2.4 

9.2 

19.7 

27.0 

58.8 

12.8 

26.0 

108 

Brooks  

2,7 

20.7 

21.2 

26.4 

71.0 

14.8 

14.2 

lis 

UiteheU  

2.0 

32.0 

20.8 

17.4 

72.2 

13.4 

14.0 

SpecUl 

470 

Augtista  Gravd. . 

16,2 

28.0 

64.4 

6.0 

2.2 

90.6 

8.4 

S.7 

lis 

Pipe  Clay  

14.3 

16.9 

4.8 

4.7 

40.7 

8.8 

60.0 

Pai^K  Sieve . . . 

10- 

20- 

60- 

100- 

200- 

mnb 

meah  1  mesh 

meah 

in««h 

Notes  Ezplanatoiy  of  Table  m.    There  ii  given  below  a  biist  statement  regarditig 
the  mnples  analysed  as  to  where  they  were  obtained  and  how  used- 
Sample  No.  476.    Atlanta-MarietU  Road,  Cobb  County.    Taken  in  1914  from 
road-bed.    TofMoiL    Very  hard  and  smooth.    Not  cutting.    Heavy  traffic.  Age, 
1  year. 

Sample  No.  466.  Thompson-AugUBta  Road,  McDuffle  County.  Taken  from  road- 
bed, 1913.  Topsoil.  Very  hard  and  smooth.  No  mud.  Heavy  auto  traffic.  Age, 
1  year. 

Sample  No.  160.  Athens^DanidsviUa  Road.  Clarke  Coun^.  Taken  from  road- 
bed 1b  1912.  TivsoU.  Very  hard  and  smooth.  No  euttiiiK.  Heavy  traffic  Age, 
6  years.   Repairs  not  above  |10  per  mile.    Best  in  Clarke  County. 

Sample  No.  10.  Athena- Whitehall  Road,  Clarke  County.  Taken  from  road-bed 
in  1911.  Topsoil.  Hard  and  smooth.  Softens  a  little.  No  deep  mud.  Age,  6  years. 
Condition  good.  Repairs  no  more  than  (25  per  mile.  Medium  traffic,  moetty 
automobile. 

Sanqile  No.  108.  Albany-ThomBsvUe  Road,  DoughM^  Coim^.  Taksn  from 
road-bed,  1911.  Age  3  years.  Softasa  rilghtly  and  wsshes.  Tary  smooth,  haid 
surface  whoi  dry.  Some  dust.  Substratum  natural  saad-day.  Medium  trsSe. 
Not  ttie  best  in  this  county. 
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Sunple  No.  124.  Americus-Albmny  Road,  Sumt«r  County.  Taken  from  road-bad, 
1911.  Very  food  and  Bmooth;  wa^us  and  Boft«iiB  somewhat  in  rains.  Is  draggad 
after  every  rain.  Subatntuin,  nod-clay.  Medium  traffic.  Repairs  about  |36 
per  mile  annually. 

Sunpla  No.  424.  Muscogee  Coun^.  Taken  from  road-bod,  1911.  Medium  hard 
when  dry.  G«ta  dusty.  Softens  in  rain,  and  washes.  TopsoA.  Batte  woSh  are 
DOW  bdac  oaad  in  thb  county. 

Sample  No.  106.  Sutesboro-Savannah  Road,  Bulloch  County.  Taken  from  road- 
bed, 1911.    Gravelly  topsoiL    Very  hard  and  durable.    Mo  cutUng  roadbed. 

Sample  No.  4S4.  Emanuel  County.  Taken  from  road-bed,  ISll.  Good  suifaca 
but  eula  aaaity.   No  deep  mud.    Ropalnd  by  dimii.   Subrtnta  aand-day. 

Sample  No.  lOS.  Near  Quitman,  Brooks  Coonty.  Takn  from  road-bed,  1911. 
Good  smooth  aorface  In  dry  matber,  wmfeable  Iqr  road  tnaHilnrs  Softena  In  wat 
weather  but  no  mud.  Some  orfaaie  matter  irtm  maple  waa  taken.  Topaoil. 
M^dl"'!'*  taafflc 

Sample  No.  113.  Near  Pelham,  Mltidiell  County.  Taken  from  road-bed.  1911. 
Hard  sarfaee.  Strcmg  day  binder.  Workable  with  road  madiine  after  raina.  Soma 
oicanie  matter.  Medium  traffic  One  erf  the  best  South  Georgia  roada  examined. 
Topaoil. 

CoHPOBiTlON  FOR  RoAD  CoNtiTBUcTiuN.  A  topBoii  is  aometUQes  found 
which  has  exactly  the  right  compoutioa  to  give  fitatMslaas  resulte  as  a  sur- 
facing material.  At  other  times,  it  is  found  upon  examination  that  the 
topaoil  will  give  excellent  results  if  certain  materials  in  which  it  is  deficient 
are  added.  Thus,  a  topsoil  that  is  a  little  bit  too  sandy  may  be  brought 
to  the  lis^t  condition  by  plowing  into  it  a  little  of  the  clay  aubaoil  and  by 
thOToty  mixing  the  two  together  by  plowing  and  harrowing.  If,  on  the 
other  hand,  the  topsoil  contains  a  alight  excess  of  clay,  this  can  be  remedied 
by  hauling  a  certain  amount  of  sand  and  thoroly  incorporating  this  with 
the  original  material.  In  many  instances  a  topsoil  is  found  that,  as  far 
aa  the  percentage  of  the  ingredients  is  concerned,  is  just  right  for  a  surfacing 
material,  but  the  sand  is  too  fine  grained.  The  road  resulting  from  the  use  of 
such  material  will  be  of  medium  hardneas  and  will  need  frequent  dragging. 

Semj-Ghavel  Soiu.  Some  of  these  soils  contain  so  much  gravel  that 
th^  mi^t  be  called  semi-gravel  soils.  Gravel  exceeding  2  or  3  in  in 
diameter  is  objectionable  in  a  soU,  which  is  to  be  used  for  a  road  surface, 
and  should,  if  possible,  "be  removed  while  loading,  or  raked  out  after  being 
placed  on  the  road,  or  worked  to  the  bottom  of  the  layer  of  soil.  Ten 
to  15%  of  gravel  passing  a  l~in  screen  and  retained  on  a  lO-mesh  sieve, 
increases  the  cfllciGncy  of  the  resultant  road  surface. 

As  in  a  true  gravel,  the  hardness  and  quality  of  the  component  parts 
of  the  semi-gravel  must  be  carefully  examined  and  determined.  Oc- 
casionally such  a  gravel  ia  found  to  contain  a  great  deal  of  either  fresh  or 
partially  decomposed  feldspar,  this  being  especially  true  in  material  that 
is  d«ived  by  the  alteration  and  decomposition  of  granitic  rocks  in  place. 
Sxxeh  semi-gravels  also  very  often  contain  masses  of  micaceous  material 
and  of  nodules  of  indurated  clay.  Any  considerable  percentage  of  any 
of  these  will  become  undesirable  elements  of  the  surfacing  material,  as 
they  are  all  too  soft  and  readily  break  down  under  traffic. 

Value  op  Laboratory  Tests,  While  it  ia  not  necessary  to  make  a 
laboratory  test  of  all  samples  of  topsoils  that  it  is  desired  to  use  in  sur- 
facing roads,  yet  field  tests  should  be  made  in  all  cases  to  determine  the 
value  of  such  soils  for  this  purpose.  The  soils  should  first  be  examined  on 
to  their  miea  content  and  whether  they  contain  any  appreciable  amount 
of  organic  matter.  If  these  are  absent,  the  soil  should  be  tested  similarly 
as  ia  Miggwted  far  mixtures  of  sand  and  cloy,  by  making  a  paste  of  the 
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mil,  then  moulding  it  into  small  conee.  drying  them  fo  the  sun  and  then 
covering  tbem  with  water.  Those  that  retain  their  shape  for  some  time 
and  only  gradually  go  to  pieces,  can  be  used  to  advantage  in  road  surfacing. 

Too  much  emphasis  cannot  be  laid  upon  the  oeceesity  of  testing  these 
road  materials  before  \uing  them,  (or  if  this  is  not  done,  the  ohanoes 
are  that  inferior  soils,  days  and  sands  will  be  used  to  the  detriment  of 
the  road. 

E^ENTiAL  Phopertieb.  The  field  and  laboratory  experiments  «4iich 
have  been  made  would  seem  to  justify  the  following  conclusiona: 

1.  That  60  to  80%  of  sand  is  necessary  to  obtain  a  hard  surface,  and 
that  the  best  soila  will  contain  45  to  50%  of  sand  retained  on  a  GO-meah 
sieve. 

2.  That  sand  passing  a  100-meah  and  retained  on  a  200-mesh  sieve  has 
little  hardening  value  to  the  road  suiface,  but  does  aid  in  filling  the  vtwds; 
and  that  roads  constructed  only  of  sand  of  this  fineness  will  not  be  satis- 
factory. 

3.  That  when  lees  than  40%  of  sand  passes  a  OO-mesh  sieve,  the  resulting 
road  surface  is  very  noticeably  softer  than  where  the  coarser  sand  is  used. 

4.  That  if  there  can  be  10  to  15%  of  gravel,  varying  from  that  which 
passes  a  1-in  screen  and  is  retained  on  a  10-meeh  sieve,  it  has  a  very  decided 
effect  in  increasing  the  hardness  and  efficiency  of  the  road. 

5.  For  the  best  results,  the  clay  will  vary  from  10  to  20%. 

6.  An  excess  of  30%  of  clay  in  the  soil  will  give  a  soft  sorface  tliat  will 
get  very  muddy  in  wet  weather. 


First  Conference,  ItlT,  State  Hifhwmy  Bn^neeit  and  Owmisti  lleflieil.  "Ssmplw 
of  nuteriab  of  thii  dus  iimi\  he  of  two  kinds:   Class  i,  Huapks  of  the  nw  mat«ial 

taken  from  the  natural  dei>oelt;  Clan  2,  aamplea  of  the  loom  material  after  bring 
mixed  En  place  on  the  road-bed  and  before  conaolldstioD.  Class  1  sample  shall  be 
used  simply  sa  preliminary  evidence  of  the  suitability  of  the  aggreiate  subject  to 
admixture  of  one  or  more  Insredioita  to  adjust  the  composition  to  dw  Umlta  set  forth 
in  the  speciflcsUons.  The  final  acceptance  of  the  material  as  satMytug  the  ipaMetr- 
tlons  shall  be  baaed  oa  Class  2  samples. 

"Standard  Containhkb.  {1}  A  three-compartment  box  td  pasteboard,  wood  or 
metal,  outside  dimensions  6 10  by  10  in,  or  (2)  dose  woven  bsgs  or  mckn  of  material 
which  do  not  allow  df  ting  out  of  fine  partides.  dimensioas  6  in  wide  by  12  in  long. 

"Labblino.  Each  oompartmeat  in  the  box  container  must  contain  a  label  showing 
at  what  depth  the  coo  tents  mn  taken.  The  whole  sample  shall  be  aecosnpanied 
by  a  card,  securely  attadwd  thsrato,  stating  dste,  by  whom  tsken,  by  wham  siiteltted, 
soarca  of  supply,  exact  location  where  ssnqile  wss  tsken,  poaitttui  within  the  dqpodt 
where  taken,  owner,  quantity  available,  amount  and  disrscter  of  stripping,  if  any, 
whether  material  from  same  soured  has  been  previously  used,  where,  and  with  what 
results,  haul  to  neamt  point  on  road,  average  haul  to  job,  character  of  haul,  initial 
cost  of  material.  When  bag  containers  are  used,  one  complete  sample  shall  comprise 
three  bags,  each  bag  labeled  as  to  depth  from  which  the  material  is  tsken.  Each 
bag,  or,  if  preferred,  a  larger  receptade  containing  the  three  bags,  is  to  be  labeled 
with  the  information  detailed  above. 

"How  TO  Take  Class  1  Sahplbs.  For  each  1  acre  or  I«es  of  ares,  two  eamplea 
must  be  taken,  one  a  local  sample  and  the  other  a  composite  sample.  The  local  sampla 
is  to  be  taken  near  the  center  of  the  area,  and  is  intended  to  represent  the  vertical  average 

of  tbe  material  at  that  p«nt    It  shall  be  taken  in  three  layers,  each  layer  inches 

Udek,  according  to  the  raeOiod  described  as  follows:  The  material  la  to  be  loosened 
over  a  S  by  8  ft  area  to  the  spedfled  depth,  usually  4  in.  The  loose  material  Is  to  be 
intennlzed  with  a  shovel  and  tbs  ssmple  for  one  compartment  of  tbe  bos  eoatainer 
or  one  <4  tbe  bap  fs  to  be  taken  theiefron.  The  remaining  loon  natnlal  ia  to  bsi 
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Aevtiad  oat  mnd  tUieftrded.  The  Meond  byw  ia  to  be  looMnvd  to  Mpiml  depth,  usually 
4  in.  to  ba  iatormirod  ma  before,  and  a  aeoond  comp»rtn>ent  or  b«f  fa  to  be  filled.  The 
MOM  prowdura  shall  apply  to  the  third  l«yw,  and  the  AlUuf  of  the  third  compartment 
or  bag.  In  ezcaptiaaaUy  thick  deporita  the  depth  ot  each  layer  or  the  number  of 
layvta  may  be  increeeed  to  cover  the  entire  tliii  li  iimi  of  the  dapoait. 

"The  eompodte  sample  h  to  be  taltea  aa  toOom:  Roughly  divide  the  area  to  be 
repreeented  by  the  sample  into  aquaree  not  ezeaeding  60  ft  in  idso.    At  the  comers  of 

aO  sqaaree  looaen  a  8  by  S  It  area  to  a  depth  ol  inchea;  a  depth  of  8  in  ia  augsested. 

Tboroly  mix  the  looae  matsrlaL  Cany  an  equal  amount  at  the  matnlal  from  each 
audi  point  to  a  central  point  and  latbnatdy  adx  tin  varloia  eamplea.  Not  leaa  than 
200  lb  of  materU  muat  be  nixed.  From  the  center  oi  tiM  pHe  of  mixed  matwial  fill 
a  and  labd  for  shipment.   When  the  matMlal  occun  aa  a  subetratum  alnk 

BO  hsn  than  four  8  by  8  ft  pits  par  acn  or  nMiBar  ann  to  Interaeet  the  materlaL  Re- 
move the  covering  and  sample  the  expoeod  bed  as  for  a  local  sample  described  above. 

"How  TO  Tau  Class  2  Samfub.  Thsee  are  the  moat  important  aamplaa,  and 
should  be  taken  by  the  enginaer  or  eompetant  Inspector  while  work  is  in  progress. 
When  the  materials  have  been  spread  and  intimately  mixed  in  aeeordance  with  properly 
drawn  Han*^  covering  methods  of  conatruetloa,  the  citglneBr  should  fill  a  container 
at  Intarvala  of  ... .  feet,  along  the  road,  and  alao  at  such  otlter  points  aa  his  Judgment 
mar  dictate,  when  evI^oeB  of  unsatisfactory  mixing  b  apparent.  Intwab  of  BOO  ft 
ai*  BUggeated.  Very  pron^  axandnatlm  of  theoa  aample>  ahonld  Im  made  In  enter 
that  daleeta  of  «uBpgaMan  may  ba  nmtttad  Iv  the  boUdar  balan  ennaoHdatlon  haa 
pi'ugraasad  " 


Field  Testa.  In  actual  road  construction,  it  is  not  always  possible  to 
make  a  long  laboratory  teet  regardins  tiia  character  of  the  clay  and  oaad, 
and  tests  very  often  have  to  be  made  in  the  fidd.  Rapid  and  very  satis- 
factory tests  can  be  made  as  foUowa:  Samples  of  the  available  days  and 
nods  should  be  taken  and  mixtiizea  made  of  these,  varying  from  1  put 
sattd  and  1  part  clay  to  S  parts  sand  and  1  part  day.  Thsse  mixtures  should 
be  worked  up  with  water  into  a  putty-Jike  mass,  and  then  rolled  into  emsU 
q>here8  or  cones,  and  placed  in  the  sun  to  dry.  After  these  have  become 
thoroly  baked,  they  should  be  placed  in  a  fiat  pan  and  enough  water  care- 
fully poured  into  the  pan  to  cover  them.  Care  should  be  taken  not  to 
pour  the  water  directly  on  the  samples.  It  will  be  noticed  that  sonM 
samplee  will  break  down  almost  immediately,  while  others  break  down 
very  alow^.  These  latter  ones  will  represent  comlMnations  that  should 
give  good  results  as  road  suifadng  mixtures,  and  the  quantities  of  sand 
to  add  to  the  day  ean  be  detendioed  from  these. 

The  proportion  of  sand  and  clay  in  the  best  sand-day  road  should  be 
such  that  there  is  just  a  sufficient  amotmt  of  day,  and  no  more,  to  fill  the 
vcoda  between  the  grains  of  sand  when  these  grains  are  touching  each 
other.  The  clay  is  the  Innder  that  is  to  hold  the  grains  of  sand  in  place 
and  there  should  not  be  any  more  than  is  sufficient  for  this  purpose.  If 
too  large  a  proportion  of  clay  is  used,  the  grains  of  sand  are  prevented 
from  touching  each  other  and  are  able  to  move  about  each  other  in  the 
mass  of  day  so  that  the  resistatioe  of  tba  mass  to  tiw  wearing  effect  of 
traffic  is  praotioally  no  moie  than  tf  tiie  road  was  ocmiposed  rimply  of  day. 
Water  is  also  able  to  act  upon  the  mass  of  clay  and  the  road  becomes  sticky 
and  muddy.  If  there  is  too  small  a  proportion  oF  clay  used,  the  grains  of 
sand  are  not  cemented  tightly  together  and  the  road  disintegrates  very 
quickly  under  traffic  and  rain. 

The  exact  prt^xvtions  of  sand  and  clay  for  making  the  best  sand-day 
raad  ean  not  be  st»ted,  aa  the  propMrtKms  vary  with  the  ohantcter  of  the 
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sand,  according  to  its  sharpaeaa,  perceotagc  of  foroign  material  and  sue 
of  eraina.  One  Binple  meana  of  determlQing  the  theoretical  amount  of 
pure  clay,  which  should  be  added  to  any  sand  to  be  used  in  the  construction 
of  a  sand-day  road,  ia  to  fill  a  glass  tumbler  brimful  with  the  sand  that 
is  to  be  used;  then  fill  a  similar  tumbler  with  water;  pour  the  water  care- 
fully onto  the  sand  until  the  water  oomM  flush  with  the  surface,  widch 
wQl  mean  that  all  the  voids  between  the  sraioa  of  sand  are  filled  witli  water. 
The  amount  of  water  that  has  been  poured  into  the  tumbler  containing 
the  sand  will  represent  the  proportion  by  volume  of  clay  that  it  ia  neoeasary 
to  add  to  that  particular  sand  to  fill  all  the  voids  with  clay. 

labofstoiT  Tests.  Clay  in  Sand-Clat  HiXTuaas  dtS).  "The  followinc  method 
has  been  used  astfaf  aetority  la  dettnniaing  the  excew  of  clsy  la  s  aatural  ssnd-day 
mixture: 

1.  Uesaure  out  about  1000  oc  of  the  material  in  a  eonlcal  gndosta.  Tsp  the  gltm 
with  the  hand  for  a  few  minutes  and  reeord  the  smonnt. 

2.  Grind  the  measnred  waterisl  as  flaa  as  pnalhls  with  mortar  snd  ptaia$.  Note: 
Road  trsiBe  will  provide  more  wear  tbea  thk. 

a.  Wuh  the  sravel  tboroly  In  shsOow  pans  and  allow  It  to  dry.  Keep  the  water 
containiag  the  dsy,  silow  it  to  sstUs  or  floeoulata  It,  decant,  msasuw,  sod  report  the 
rsading. 

4.  Pat  tha  dry  waAed  Mud  In  the  flariac  gradoatib  tap  ftnly  wlA  the  had,  and 
poor  from  a  meaaiired  qusBtl^  a(  water  Into  the  wimIi  permlltlug  It  to  ran  riowly 
down  the  t^sea  on  cme  dd*  uatO  the  ▼<ddi  are  filled.  Label  tha  material  and  record  the 
amount  of  water  used. 

fi.  Compute  the  pereentage  of  voids,  the  amount  of  excess  day,  and  tha  additional 
pvoentaga  of  stream  sand  necesnury  to  utOiae  the  iiiisaii  clay. 

6.  Tabulate  nrndm  as  follows: 


No.<4TMt 

Oricfnat 
V<Xnw 
«e 

Clay 
Washed 

Out 
ec 

Sand 

Inc 

ee 

Water 
FilUng 
Voids 
ec 

Volume 

of 
Voids 
Percent 

Ezeeas 

Clay 
cc 

Stream 
Sand 
NeoM-y 
Pveent 

4  

1200 

8S0 

800 

226 

81.9 

76 

17.8 

10  

2100 

760 

1220 

462 

87.0 

SOS 

89.6 

11  

800 

268 

660 

212 

82.6 

61 

17.7 

12  

1000 

126 

806 

248 

80.2 

0 

0.0 

These  samplsB  were  tainn  from  various  levek  of  a  pit  in  a  dectnnpoeed  granite  at 
Chapel  HUL" 

nist  Conference,  UlT,  State  S^way  Bai^aeers  and  ChemiBts  Method  for  Analyz- 

iag  Soils.  "Dry  600  g  of  the  material  at  a  temperature  below  177^  C  <8G0*  F)  to 
eoDstant  weighC  Gently  pulverise  to  break  down  scrft  dods  or  mamns.  but  not  to 
grind  or  break  hard  material.  Peas  thru  a  lO^Msh  sievo,  wdgfa  the  ooane  mMuo 
and  record  as  coarse  materiaL  Use  the  material  paariag  the  lO^avh  slave  as  tha 
starting  p<nnt  of  a  percentage  analysis  as  follows:  Wdgh  out  two  samples  of  60  g  of 
this  material  (or  duplicate  analysis.  Place  each  in  a  wide  mouth  bottle,  6  to  6  cm 
diameter  and  about  12  to  16  cm  high.  Add  about  6  oc  of  dilute  ammonia  water  and 
«  about  200  cc  of  water.  Cloee  with  a  cork  or  glass  stopper  and  shake  thoroly  for  20  mln. 
Allow  the  sample  to  settle  8  min,  and  decant  carefully  or  siphon  off  the  supemataat 
liquid  to  a  depth  of  8  cm  below  the  surface  of  the  liquid.  The  depIJi  of  the  liquid  in 
the  bottle  should  be  eufSdent  to  leave  about  4  cm  bdow  the  point  of  sU>honlng.  FW 
the  bottle  again  witli  water,  rinAe  f«r  8  min,  aQow  settlanent  and  sifriion  oil,  as  Ixfore. 
Repeat  the  process  until  the  supernatant  liquid  is  dear.  Be  careful  to  wash  tbe  stoppef 
and  neck  of  the  bottle  free  from  coarse  material  before  decanting.  Tbe  waiWngs 
drawn  off  may  be  collected  and  evaporated  to  dryness  for  direct  recovery  of  the  flae 
sediment  rlssBsJ  as  clay.  Odinartly  tbe  sediment  loss  or  day  Is  compqtod  as  difference. 
Wash  ths  contcnta  of  the  bottle  daanly  bto  a  porealaia  evaperatlnc  Ash  and  asny 
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to  drynen  on  a  mtor  bath.  The  dried  residue  should  be  CKrefully  KTxp«d  from  the 
*  lidi  and  pawnd  thru  a  nest  of  20,  06,  100  and  20O-mesh  aievM.  The  rendue  ratalnd 
m  aadi  wknw  b  waisJiMl  mad  rsoordad  m  mumI  ti  the  iwpectlve  dm.  TMr  mm 
eoB^ttutes  th0  totd  «wd.  Tha  iwldw  pMrfns  Um  SOOMdi  riam  «Md  amfltt  tiM 
pan  b  wdghad  and  neorded  w  dlt.   DapUeste  wampkm  riionld  AtA  irtthfa  1%. 

1.  The  coane  material  ahould  be  ezamiiied  for  hardnoM  and  wlUi  the  mamlfyinc 
[Um  to  identify  its  diaraeter  aa  quarts,  hard-iron  eompounda,  teldapar,  "'■H'J 
tnataiial  or  Indurated  day.  Hard  quarts  or  Iron  xravela  are  valuable  in  ThnnMnl  im 
and  aa  indicating  the  quality  oi  the  finer  acsregate.  Feld^ar,  mica  and  elay  nodulea 
are  worthkm,  and  Indicate  that  the  aecorapanyins  aofl  k  poor  for  road  buUdloc. 

2.  The  aanda  ahould  be  exairdnad  with  the  magnUyinc  glaaa  for  MentiaGaaoQ  m 
quarts,  and  tot  the  preaenoe  of  mica  acalea  or  feldapar  needlea.  I<  aatea  or  takhpar  fi 
pre— at  In  appreeUble  amomtta  the  wnpla  diould  be  rejected. 

S.  Wben  the  day  to  recovered  by  evaporation,  it  can  be  axaminad  for  tenadty 
'  1^  cementing  together  two  gUaa  platea,  eadi  1  In  iride  aet  at  right  anglee,  with  a  layer 
e<  day  whoae  thickneM  to  fixed  by  a  fine  bent  wire  laid  between  the  platoa.  The  molat 
clay  flovan  the  wire  on  one  plate  and  the  other  plat*  ia  squeeMd  down  tightly  on  Om 
lAn.  Attar  drying,  the  one  plate  being  held  firmly  againat  deata,  wire  aHnga  are  nm 
qnnmetrically  fn»n  the  «dB  of  the  upper  plate  to  oaa  arm  of  a  beam  balance,  and 
the  tendon  neceaaary  to  separate  the  platea  to  given  by  ahot  or  wdghts  In  the  other 
pan  of  the  b^ance.  TUa  teat  to  tedioua  and  to  of  aerrioe  diMly  od  low  grade  aamplee 
iriiMi  are  of  doubtful  aOdBDcy,  but  wUdi  iniiiml  the  only  avallafala  maAarial  for 
local  conatruetlon. 

4.  Approximate  teats  for  tenadty  of  mixture  cut  be  made  as  followa:  Uake  cyl- 
inden  from  the  mat«W  paaslng-  the  10-meeh  aleve,  25  by  2fi  mm.  The  material  to 
worked  Into  a  stiff  mud,  and  molded  under  1S2  kg  per  sq  cm  pressure.  Dry  thoroly 
at  100°  C  (Z12°  F)  and  break  by  tlie  onall  Page  impact  uaing  a  1  kg  hammer 

and  1  cm  drop.  Record  the  number  of  atrokce  as  tha  relative  measure  of  tenadty. 
Ulx  60g  (rf  the  material  passing  the  10-meah  sieve  with  ....  grane  of  water  and  knead 
with  the  hands  into  a  qiherical  ball  Ueaaure  the  diameter.  Let  thto  ball  drop  from  a 
beigtat  of  ... .  centimetOT  on  a  flat  slab.  Measure  and  record  the  reduction  in  diameter 
and  flMMt"*  the  Burfaoe  for  cradca.  Usually  the  plaatie  charmeter  and  adhestvntess 
of  a  good  road  anil  can  be  Judged  by  the  feeUng  of  the  mud  made  from  Uib  mat«^, 
ita  adhannee  to  the  haods.  and  its  stretch  undu-  Hght  pulUng." 


First  Conference,  ItlT,  State  Hl^nray  Bnivieera  and  Chemists  Speciflcatioas. 
"The  terma,  day,  silt,  and  coarse  material,  used  in  thto  veetAcatioo,  are  diAned  as 


Clay,  material  asperated  by  subeideace  thru  water  and  pOBtaring  plaade  or 

adhealva  prapntiea,  giiiii  allj  bdow  0^1  mm  diamater. 
80^  Baa  matoM,  otitv  than  cbQr,  wUdi  pamsa  a  SOO-maah  rfava^  gnetally  Iron 

0.0T  to  9.01  mm  diameter. 
Sand,  hard  material,  uniatty  silidous,  wUdi  paasBs  a  lO-mesh  deve  and  to  retained 

on  a  200.mesh  rieve,  generally  from  1.86  to  0.07  mm  diameter. 
Coarse  matarial,  hard  nataiial  <rf  gravelly  nature  retained  oa  ItMnmh  sSev^  that 
k  man  tikan  1.86  nam  diamatsr. 
"PamsKUU.  PlorantM  Coamb  llAnKUi.   The  coarse  material,  if  any,  ef  the 
aggragata,  ahall  cmslst  of  hard,  sfUdons  material,  free  from  feldqier,  mica,  sditot, 
taid^an.  or  other  soft,  friable  material,  in  excess  of  G%. 

"HacuHiCAL' Analtsh  or  Hatwal  PAsnHa  KMmi  Snvx.  The  material 
wUdt  wm  paa  a  lIMaeah  aim,  whan  snbjeetsd  to  mechanical  analyds,  shall  meet  the 
loBowinc  reqnInmHits: 


"Nona.  To  cover  the  range  of  mateffiato  adaptable  for  road  coostruetton,  it  to 
veeomnndad  that  roada  <rf  these  ^rpea  be  tUvlded  into  three  rlamas,  dedgnated. 
Hard  or  daaa  A,  Madinm  or  dam  B,  and  Soft  or  Clam  C,  aceortfnc  to  the  ma^anlcal 


7.   Spedflcations  ior  Soils 


followa: 


Clay  

ah  

Total  sand  

Sand  retained  on  60-meeh  sieve. 


%to 
%to 
%to 
%  to 
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■Mdyibof  tksBktarialiAldttetobBVMUMforiinL  Th*  Hntttac  P«KMitVi  of 
the  GOiuUbMntB  noeated  lor  tb*  thm  dHM  an  m  loUom: 


Hud  or 
CUn  A 

Medium  or 

V/lHl  11 

Soft  or  - 

»ta  16% 
6tol6% 
Mto  90% 

46  to  60% 

16  to  26% 
10  to  80% 
80.to70% 

80  to  4B% 

10  to  26% 
10  to  80% 
66  to  80% 

15  to  80%  ■' 

Sood  ratsincd  on  ftO-mtu 

CONSTRUCTION 
8.  Fanduwntal  Prindplea  of  CoMtnicdon 

In  the  eoDStruoUoa  of  a  topaoil  or  aand-cl^  road,  tiiera  ho  oertain 
fundamvBtal  p^dples  that  must  be  It^t  oonatantly  id  mind: 

1.  That  it  is  neceasuy  to  secure  a  natural  soil  or  to  make  an  artificial 

mixture  of  the  right  compoBition. 

2.  That  B  aufficient  quantity  of  the  material  should  be  deposited  in  one 
layer,  if  it  ia  topsoU,  and  to  have  ouo  thick  layer  of  the  m^ed  materials 
before  any  trafBo  goes  over  it. 

3.  That  the  materials  must  be  thonly  mixed  together  befoie  eonsolidatfon 
ia  attempted. 

4.  That  in  packing  this  material,  it  diould  start  from  the  bottom  upwards. 
6.  That  during  packing  the  road  should  be  watched  carefully  so  that 

all  depreasioQB  can  be  filled  up,  and  that  by  the  constant  use  of  the  road 
machine  the  proper  shape  and  crown  can  be  maintained. 

6.  That  it  is  absolutely  neceBBary  for  the  materials  to  be  thoroly  puddled 
before  they  will  cement  satisfactorily. 

While  it  may  not  be  possible  in  all  cases  to  carry  out  the  above  com- 
pletely, yet  it  must  be  realised  that  this  must  be  done  if  the  best  results 
are  to  be  obtained. 

9.  Constmctioi  (tf  Butii  Roads 

For  many  generations  to  come  it  will  be  impossible  for  many  oom- 
munities  to  surface  all  of  their  public  roads;  this  means  that  there  w^  be 
many  milea  of  earth  road  to  be  constructed  and  maintained.  These  earth 
roads  will  not  have  very  severe  traffic  as  they  will  represent  largely  second- 
ary roads.  When  properly  constructed,  the  earth  road  can;  by  systematic 
maintenance,  be  kept  in  good  condition  during  all  periods  of  the  year  whidi 
are  free  from  freezing  and  thawing.  The  same  principles  regarding  selection 
and  grading  should  apply  to  the  earth  road  as  to  the  roads  that  are  to  be 
surfaced.  This  is  especially  true  in  those  sections  where  roods  are  being 
constructed  which  are  to  be  utilised  as  earth  roads  for  a  certain  length  of  time 
with  the  expectation,  at  the  end  of  such  time,  of  surfadifR  them.  The 
earth  i<oad  is  much  more  susceptible  to  damage  hy  water  than  any  other 
road,  and  more  vigilance  is  necessary  to  keep  the  water  off  the  road-bed. 
Therefore,  in  constructing  the  earth  road  the  crown  of  the  road  is  usually 
somewhat  steeper  than  in  other  types  of  road.  The  slope  from  the  center 
to  the  side  ditches  should  be  from  1  to  12,  to  1  to  20.  In  grading  the  esrth 
road,  if  there  are  any  grades  over  4H%>  it  will  he  necessary  to  construet 
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acrofls  the  surface  of  the  road  a  V-«haped  surface  ditch  to  turn  the  water 
off  the  surface  of  the  road,  for  unless  this  ia  done  the  water  will  run  down 
the  road,  following  any  depressions  mode  by  the  wheels  of  traffic. 

U.  S.  O.  P.  R.  Method  (16).  "The  work  of  construetinK  an  earth  road,  after  th« 
general  location  and  design  have  been  decided  upon,  may  be  separated  Into  six  more 
or  kaa  distinct  operatioBs,  aa  follows:  (1)  The  worlc  Is  staked  out  hi  accordanea  widi 
previously  prepared  plana;  &)  the  r^ht-of-way  fa  dearad  of  aU  trees,  brush,  atumpe, 
etc,  whidi  would  interfere  in  any  way  iritb  the  worii;  &)  aU  necessary  bridges,  eulverfai, 
dr^ns,  and  other  stnicturea  iriileh  taiteod  under  the  road  mrfaoe  are  conatructed  in 
accordance  with  proper  deeigns;  (4)  the  road-bed  is  brought  to  the  required  width 
and  grade  by  '"■iHng  excavations  and  constructing  embankments;  (6)  the  surface  ti 
finished  to  the  leqi^bed  crtas  section  and  so  maintained  unUI  compacted  thondy; 
(S)  all  necessary  outlet  ditches,  guttm,  guard  tails,  fences,  etc,  are  ectutraetad  in 
accordance  with  the  plana. 

"Gradino.  The  grading  of  an  earth  road  ineludce  aD  excavating,  hauling,  and 
filling  necemary  in  constructing  the  road-bed  slopes,  side  ditches,  etc,  and  usually  is 
by  far  the  largest  item  ot  work  connected  with  eartii-road  conatructioB.  The  meet 
economical  methods  and  machinery  to  employ  In  grading  a  particular  rowd  depend 
OD  the  cfaaracter  and  amount  of  the  work  to  be  done.  Where,  for  example,  the  grade 
and  crosa-aeetlqp  of  the  road  follow  doeely  the  original  ground  aurfeoe  most  of  the 
necessary  grading  usually  may  be  done  with  a  grading  machine.  In  the  case  lA  em- 
bankments, built  up  with*  material  from  borrow  pits  along  the  sides  of  the  road,  an 
devating  grader  frequently  may  be  used  to  advantage.  If  material  fuust  be  moved 
longitudinally  along  the  road  from  cuts  to  fills  in  order  to  bring  the  surface  ot  the  road 
to  the  required  grade,  the  woric  usually  must  be  done  either  with  ocrapera  or  dump 
wagons.  Where  a  considerable  volume  of  material  Is  to  be  excavated  in  a  rdatively 
short  cUstance  a  small  steam  shovel  with  dump-wagon  equipment  sometimes  may  be 
employed  economically. 

"The  method  of  operating  a  grading  machine  necessarily  will  have  to  be  modified 
at  tfanw  in  order  to  meet  qiedal  conditions.  Where,  for  example,  the  ditch  area  is 
eomed  with  heavy  sod  or  contains  a  number  of  large  roots.  It  may  be  very  dedrabio 
to  plow  this  area  and  cut  the  roots  with  an  ax  before  using  the  grading  machine.  If 
this  [s  done  the  plow  furrows  should  be  turned  toward  the  center  of  the  road  and  the 
line  of  the  initial  furrows  should  be  controlled  by  two  rows  of  stakes.  If  the  sod  ia 
very  tiaiaciouB  it  should  be  harrowed  with  a  disk  harrow  abead  ot  the  grading  madune, 
and  alter  the  material  has  been  moved  over  toward  the  center  of  the  road  the  hunps 
of  sod  should  be  thrown  out.  A  method  sometinMa  followed  is  to  skim  off  the  sod, 
by  means  ot  band  s))ovelB,  ahead  of  the  grading  machine,  but  this  method  is  expendve 
and  sddom  justified.  Whether  or  not  it  is  necessary  to  contend  with  any  conaiderabla 
quairtity  of  sod,  tlie  use  of  a  disk  barrow  usually  will  prove  helpful  in  securing  a  smooth 
uniform  road  surface  with  the  grading  machine.  In  general  It  la  sufficient  to  give 
the  I<K)aened  material  a  thoro  harrowing  after  the  road  haa  been  brought  approximately 
to  its  required  shape,  but  before  the  final  shaping  is  done.  Where  continuous  long 
stretdies  ot  road  are  to  be  graded  with  grading  machines,  it  frequently  is  economical 
to  Bubetitute  a  traction  engine  for  the  teams  and  to  employ  two  machines.  Whwe  this 
ia  done  the  first  machine  is  connected  immediatdy  behind  the  tractor,  either  directly 
behind  or  to  one  side,  aa  the  conditionB  require,  and  the  second  madtine  is  connected 
behind  and  to  one  stde  id  the  first.  Otherwise  the  method  of  operation  is  not  essentially 
dHNrent  from  that  abaady  described.  The  rate  at  which  a  road  can  be  graded  vp 
wHta  a  grading  maddne  varies  to  a  great  extent,  and  depends  largely  on  the  diaracter 
of  the  ML  Where  the  origtaal  GT0s»«ection  of  the  ground  Is  approximately  level, 
and  the  soil  conditions  not  unfavorable,  a  grading  machine  drawn  by  six  well-trained 
honnaabaiild  cutout  the  aide  ditduB and  abMp*  the  road  in  fnmZO  to  86  round  trips. 
Allowing  for  a  reasonable  amount  ot  lost  time,  the  rate  at  whidi  the  team  travels 
dMuU  average  from  1 H  to  Z  mllcB  par  hr,  and  under  the  dreumstanees  assumed  abcnFet 
the  length  of  road  graded  per  day  should  average  not  less  than  14  mile.  Sudi  favor- 
able eonditlous  seldom  are  found  for  any  considerable  stretch  of  road,  except  in  the 
piairie  sectlone  of  the  Middle  West,  and  the  average  rate  of  grading  with  a  grading 
ff'**—  ia,  theralore,  much  less  than  a  mOa  of  road  per  day. 


PlMUmNO  ma  Subpacb.   No  matter  how  the  grading  of  an  earth  road  may  be 
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Mcompliahed  it  usually  is  eoxioinlail  to  brmg  the  roMl  surface  t«  Iti  final  Amp*  hy 
means  of  a  sradiof  nwchine.  In  ■"■wing  excavBtiona  it  ii  not  gtoeraDy  eooddand 
practkaabla  to  tona  tbe  crown  and  atde  ditdwa  with  aorapen  or  hand  toola  alone,  and 
the  croai  aeettoB  ia,  therefore,  frequently  left  approzimately  flaU  The  graditiE  marhln* 
!■  then  used  to  produce  the  required  croaa-eeetlon.  After  the  road  haa  been  WtiI»I»^ 
with  the  grading  machine,  it  ahcwld  be  given  frequent  attention  until  tbe  embankmectta 
have  finished  aettling  and  tbe  surface  haa  become  thoroly  compacted  by  tbe  action  of 
traffic.  Generally  a  period  of  several  months  should  elapae  after  a  road  is  (radad 
before  it  {s  eonaUined  complete,  and  such  settlements  and  irregularitiea  as  develop 
during  this  period  should  be  corrected  by  tbe  uae  <tf  eitbef  a  grading  machine  or  a 
road  draff." 

IMn  Standards  and  Medioda  (6).  "  CBon-SKniON.  Crown.  Ample  aida 
dltdiea  an  neceaaary  for  removing  raiitfall  and  water  from  meltinK  anow.  Tbe  amount 
of  slope  that  can  be  given  to  tbe  croas-aection  of  the  traveled  way  is  limited  by  con- 
siderations of  the  safe^  and  comfort  of  thoae  who  trnvd  tbe  road,  and  ahould 
not  anaad  about  1  Is  per  ft.  When  the  circular  arc  cro»  section  Ja  naad*  the  dope 
inereaaea  from  the  middle  of  the  road  to  tha  ditch  Una,  aa  li  propo-.  It  has  l^«iucndy 
been  stated  that  the  croas  slope  should  be  greater  oa  hUls  than  on  tbe  level,  and  while 
that  is  derirable  from  tbe  standpoint  of  drainage,  it  i>  exceedingly  undeaitable  frotn 
the  standpoint  of  safety,  wheth^  the  torafflc  be  made  up  of  motor  vehidca  or  Iwtaa- 
drawu  vehiclea.  The  tendency  to  slide  ia  greater  on  Mm<h»  than  oh  level,  nnd 
the  results  of  skidding  or  sliding  to  the  ditch  much  more  acKravatlaf . 

"Width  of  Traveled  Way.  For  slow  moving  vehides  a  comparatively  narrow  trade 
b  all  that  Is  neceaaary,  but  for  mixed  traffic,  a  part  of  which  movea  at  relatively  hi^ 
speed,  plenty  of  room  la  dedrable;  and  such  traffic  ia  encountered  on  moat  of  our 
country  roads.  For  first^^Iasa  rends,  the  traveled  way  should  not  be  len  than  24  ft 
wide,  and  for  secondary  roads,  not  less  than  20  ft  wide.  The  roadway  should  haTe  a 
circular  arc  croa»«ection  with  a  crown  of  an  avenge  a<  1  In  per  ft  from  tbe  center 
Hne  to  tbe  ahouldar  Una. 

"Ditches.  B«yond  the  shoulder  Une  tbe  ditch  should  have  a  width  great  enough 
to  ^ve  an  easy  slope  from  tbe  shoulder  line  to  the  bottom  of  tbe  ditch.  Safety  demands 
that  this  slope  be  such  that  in  an  emergency  a  vehicle  might  turn  out  into  (be  ditch 
without  danger  of  overtumiitg.  The  minimum  widtii  of  ditch  should  be  about  6  tt, 
with  a  back  slope  of  <m  1,  but  with  some  aoUa  it  may  be  1  on  1,  «■  aa  stasp  as  tlia 
soil  will  stand.  Beaidea  fulfilling  tha  cmiaideratiraB  before  mcntianed,  the  type  ti 
croe»«ection  adopted  should  be  ono  that  can  be  readily  constructed  iilth  ordinary 
earth-working  machinery.  For  that  reason,  the  V-«ection  ahould  he  used  for  tbe 
ditch  rather  than  tbe  trapezoidal  section.  The  rate  ol  grade  at  which  It  is  deairable 
to  change  the  siie  of  dit^  is  a  matter  of  judgment  and  experimee,  but  it  is  believed 
that  for  gradea  up  to  2%  then  should  be  little  change,  particularly  if  there  is.any 
anowfall  to  be  considered.  Above  2%  the  ditch  may  be  of  somewhat  lea  capadty 
than  tor  lighter  grades.  A  still  further  reduction  in  the  ditch  capadty  may  be  made 
at  about  the  grade  where  erodon  begins;  and  usually  for  permanent  conatructian  tbe 
ditch  is  paved,  or  erodon  prevented  by  lateral  dama  or  check  wdn  aucb  as  are  nsod 
in  irrigation  ditchea.  Erosion  usually  begins  with  gradea  <d  about  4%,  altho  this  is 
exceedingly  variable,  dependent  upon  the  type  of  soil. 

"Iowa  Standards.  The  crwoections  used  by  the  Iowa  Highway  C(»nm.  are 
shown  in  Fig.  I  and  iiluatrate  tbe  general  application  of  the  prindplea  enumerated 
above.  Finally,  the  crosa^action  ahould  be  so  derigned  that  when  tbe  road  Is  anrfaead 
witti  macadam,  eracretc,  brick,  or  other  hard  material,  no  great  amount  of  eartbwoA 
will  be  necessary  to  prepare  the  earth  foundation  for  the  hard  surface.  It  is  dsairaUs 
to  have  a  Uttla  ezessa  crown  in  tbe  earth  road  ao  that  by  tbe  time  enough  matvial 
baa  been  removed  to  true  up  tbe  foundation  tiw  crown  will  lutve  bera  reduced  to  tbe 
proper  amount  for  the  hard  surface. 

"Pb(»ileb.  One  of  the  moat  troublesome  problems  in  the  design  of  earth  roads 
is  eaconntered  when  the  grade  line  is  twlng  estal>UBbed.  Where  exlating  grades  aacasd 
8%,  and  thay  an  <rften  as  great  aa  5  w  6%.  It  la  usually  not  diflleult  to  dstanataM  just 
bow  much  to  diange  grades,  and  the  otHdal,  with  whom  the  engineer  must  deal,  wQl 
agree  to  almost  any  reasonable  change.  But  in  ndling  country  the  profile  of  the  road 
is  a  succession  of  knolls  with  none  of  the  grades  exceeding  2  or  8%,  and  it  Is  gften 
difficult  to  convince  non-technical  boards  that  any  change  In  the  profile  of  such  a 
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iMwl  Is  eoontimicsL  On  Kich  roads  the  dlfferanoe  in  elevation  between  the  two  coida 
«f  a  mile  of  road  mny  be  only  a  few  feet,  yet  a  vehicle  m»y  have  traveled  »  vertical 
dietance  of  four  or  five  times  that  amount  in  the  mile.  If  any  lavlnK  In  thia  latter 
aqmditm  of  enerty  can  be  made  it  ia  a  nviug  which  go»  on  for  all  time;  and  a 
ooauBunitgr  could  more  nttoaally  iaaue  long-tarm  booda  lor  grade  reduction  than  for 
any  oOmt  fern  of  road  Improvement. 

"Unititic  Oradea.  The  tiwudmiim  grade  ahoiild  not  axeeed  i%  bat  In  exceiitioBal 
MM  it  may  be  aa  great  at  8%.  If  a  grada  ol  6%  or  laaa  cannot  be  aaeund,  tikt  pern- 
driUty  of  rdoeatioa  afaonld  to  invaatiBatad.  and  if  learible,  a  neommendation  for 
lilocatioB  ahonld  to  mado> 

"ABgnmnit.  Xf  a  gmda  of  3%  or  graater,  b  moia  than  400  ft  long,  there  ahoidd 
to  s  levd  nction  25  ft  Ing  Introduced  at  ^^rtnimatdy  tto  half-way  poinL  If  there 
ii  m  defleetioa  of  more  than  60°  in  aUpiment  on  a  grade  of  3%  or  greater,  oondderationi 
of  aaMy  demand  that  the  grade  line  be  made  level  for  the  length  of  the  curve. 

"Onde  CroHln^  At  railroad  cnoslngB  the  grade  line  should  be  a  straight  line 
acroas  rail  heada  for  80  ft  <»  each  aide  al  the  middle  of  tb«  track,  and  ahould  to  eoa- 
neeted  with  the  grade  line  boymtd  by  suitable  eurvea. 

"Vertide  Corvea.  At  breaks  in  tto  grade  line  tto  tranaiticHi  should  be  made  by 
means  of  a  circular  arc,  tangent  to  tto  two  seetlona  of  grade  line  and  having  a  length 
in  feet  of  qq(trozimately  Zfi  times  the  algebraic  dilTwenoe  in  grade  of  tto  two  aections. 

"Grade  Reduction.  It  la  deeiratde  to  reduce  tto  total  vertical  rise  to  as  low  an 
aaaonnt  per  mile  as  practicaL  Aa  a  guide  it  may  to  anumed  ttot  it  pays  to  move 
from  100  to  160  ca  yd  of  earth  to  mato  a  reduction  In  grada  amounting  to  1  ft  par 
■Ha.  This  allowaoea  may  to  Incrcaaed  if  heavy  grading  ia  necamary  on  part  of  tto 
mlla  to  bring  tto  profile  to  tto  Umitlng  grade.  Ktort;  sharp  undulatioiio  In  tto  grade 
Una  ahouU  to  eliminated  aa  far  as  poaaible.  Safety  should  to  an  inqrartant  consfaSem- 
tii«  and  a  dear  view  should  always  to  poeelble  at  a  diatanoa  of  at  least  S60  tb  Any 
grade  line  that  predudaa  this  should  to  revised. 

"JJm  or  THB  AstrAiiMO  Qkahb.  If  a  road  ia  dcalaned  In  accordance  with  tto 
abov«  prln^lM  paitteulariy  as  regarda  erom  seetlona,  tto  elevating  gradv  can  to 
aaed  to  good  advantage  in  tto  construction.  In  general,  the  work  to  to  done  eoansts 
In  rounding  up  tto  traveled  portion  of  tto  road  with  material  obtained  Irom  tto  dde 
dttdtesi  Tto  best  results  will  to  obtained  in  flat  country  or  slightly  rolling  country, 
wtonaactioiis  of  a  mile  or  mora  in  length  can  to  constructed  at  one  time,  thus  (4>viating 
freqiMnt  taming  of  tto  outfit. 

"CLAaan  of  Road  Wobx  mm  BuvATiNa  QuumM.  There  an  tto  three  following 
riswra  erf  rqpds  eneountved  in  tto  nriooa  oounttia  In  Iowa  iriiera  tto  elevattng  grader 
has  proven  satisfactory: 

1.  Roads  praetfcally  level  lAeia  tto  near  grade  Une  is  parallel  to  tto  profile  on  tto 
old  road,  there  being  only  a  few  knoUs  to  to  removed. 

2.  Roada  on  whlcli  then  ara  a  aueamsion  of  knolls  and  eonsMiuaitiy  a  succesrion 
eCcntasitdfilbmoatdiAiehdonotaseB«laboiit2  ft  In  depth. 

8.  Roads  where  <Brt«aaiv«  grade  reduction  work  must  be  done. 

"Gbadbi  Ourms.  Tto  outfit  neceesary  for  roads  of  Class  1  ctmsists  of  tto  devat- 
ing  padw  drawn  by  6  or  8  teams  or  by  a  tractor,  a  blade  grader,  a  few  slips  or  wheelers, 
•  imvr  dlak  harrow,  a  heavy  straight-tooth  harrow,  and  a  vUt  log  or  plank  drag. 
If  a  raUar  la  abo  avallabla  a  batter  road  ean  to  eonstnieted  Uian  la  poanUe  without 
It.   For  roada  of  ClaaBM  2  and  8,  a  number  of  dump  wagons  are  abo  necaasary. 

"CoNBTBUcnoN  HaTBODS.  In  starting  tto  nmstruction  tto  first  cut  b  taken  at 
tiie  shoulder  Une,  and  tto  matoial  thus  removed  is  depoeited  near  tto  shoulder  lino 
ef  tto  opporite  aide  of  the  read,  but,  of  course,  in  tto  roadway.  Stakes  are  set  for  tto 
first  cut  so  that  tto  driver  can  follow  tiiem  convenlNitly.  If  the  outfit  is  tone-drawn, 
tto  atakea  an  set  ao  ttot  tto  tMigue  of  tto  elevating  grader  will  follow  them.  If  tto 
grader  b  drawn  by  a  tractor,  they  an  set  ao  ttot  tto  front  wheel  on  tto  steering  side 
wm  Iidlow  them.  Tto  exact  distance  of  tbeae  stakea  from  tto  Une  of  the  cut  will  vary 
aomewtot  with  tto  type  of  devating  grader  used  and  must  to  determined  tofore  tto 
stakea  an  set.  Tha  first  cut  b  a  tight  one  and  usually  one  hone  of  the  lead  team 
foDowB  thb  first  furrow  and  thereby  guldea  tto  grader  in  making  the  succeeding  cut. 
If  tto  grader  ta  drawn  by  a  tractor,  a  aide  bitch  b  used  so  ttot  tto  tractor  traveb  on 
tto  lud  rida,  and  a  pimnb  bob  b  hong  from  tto  tractor  in  such  a  padtbin  ttot  it  win 
folbnr  the  farrow  and  thw  asrva  to  aurist  tto  drlvar  In  atoarinsi 
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"On  rawfa  ot  CUm  1,  the  auccMlve  rounda  of  fje  efevmtfaiK  (radar  «i«  mkde 
withoat  nfwsBce  to  the  aUght  knotb  tint  oeeor;  and  tlw  nutaifaU  dmpoaUxA  on  the 
roadway  on  top  of  the  knolls  is  lukuled  away  by  slipa  or  wbeeler^  vfail*  the  alevmtliic 
srader  ia  completlag  Ita  round.  A  raitable  adjustmeDt  of  the  woiklnf  fOraw  OMt  be 
made  so  that  the  alipa  or  wheelers  can  be  kept  up  wiUt  the  grader, 

"Oa  nwda  at  Claa  i,  teaina  with  dnmp^wagcne  follow  the  liamtiat  (rader,  load- 
inc  where  cuts  are  to  be  made  and  dumpbic  the  matariali  In  the  fllla,  ^  drntiiic 
Erader  continuing  ita  rounds  and  depositing  directly  oa  the  road  in  the  low  plaeea. 
Here  again  a  miitable  adjiiatnient  of  working  forces  must  be  made  w>  that  the  elevating 
grader  will  not  have  to  wait  oa  the  wagons.  It  is  more  economical,  however,  to  con- 
struct a  mile  or  more  of  road  at  a  time  than  it  ia  to  turn  the  elevating  grader  constantly, 
as  would  be  necessary  if  eacti  cut  were  completed  by  itaelf. 

"On  roads  of  Class  3,  the  elevating  grader  taslnq>ly  used  as  a  loader  for  the  waguus, 
and  each  cut  is  completed  by  itseU.  The  economy  of  the  grado'  in  tUs  case  depends 
upon  the  steepness  of  the  grade  and  the  room  for  maneuvering. 

"As  the  ekvating  grader  makes  successive  rounds  it  gets  farther  away  fnHu  the 
crater  of  the  road  and,  consequently,  whm  it  is  at  the  deepest  part  of  the  ditch  where 
the  heaviest  cutting  is  being  done  the  earth  is  deposited  in  tite  middle  of  the  road, 
wlwre  the  greatest  filling  la  newary  to  ^v*  tin  crown.  The  nuttflal  daporitsd  ea 
the  roadway  wDl  condst  of  many  large  lumps  as  inU  as  ot  sods  and  fine  materiaL  Te 
work  this  material  down  to  a  surface  that  can  be  traveled,  the  clods  and  sods  must 
be  faroken  up  with  a  disk  harrow  until  small  enough  to  form  a  satisfactory  surface. 
Often  the  sods  and  weeds  are  collected  by  harrowing  with  a  stiS-tooth  harrow  and 
thrown  out  with  pitchforks.  To  bring  the  surface  to  its  &i«l  shape  a  few  rounds  must 
be  made  wiU)  a  blade  grader.  Then,  after  the  flist  rain,  the  surface  is  smoothed  with 
a  road  drag  and  when  partially  dry,  rolled.  Constant  dri^ging  ia  neoeasary  during 
tie  first  year  to  keep  the  road  in  shape,  while  It  is  becoming  compacted  by  traffic 

"Cost  Data.  The  cost  of  constructing  earth  roads  by  this  method  varies  from 
about  $100  per  mile  for  Claa  1  roads,  to  $260  per  mile  for  Class  2;  while  the  cost 
of  ClasB  8  is  an  exceedingly  variable  quanti^,  as  is  appamt  from  the  nature  of  the 
work.  As  an  average  of  tJie  woA  dnw  by  snne  of  the  wdl  organised  counUss  $160 
per  mile  may  be  taken.  The  oost  of  the  elenting  grader  outfit  Is  from  $4000  to  $6000, 
depending  upon  its  aize  and  the  Dumber  of  aceewHles  used.  To  secure  econoadcal 
ooBStruction  requires  e:q>erieneed  supervision  and  proper  working  conditions,  but 
wbtai  these  are  had,  the  use  of  the  elevating  grader  is  one  of  the  most  economical 
methods  of  earthroad  construction.  In  general,  it  is  not  suitable  for  any  unit  smaller 
than  a  county,  beemse  of  the  eost  of  the  outfit  and  the  milange  of  work  wUeh  must  be 
done  yearly  to  main  It  pay." 

Specifications  of  Uie  Vir^nla  State  Highway  Commiss!<ai  for  soil  roads  are  as  ftdlowa: 
"  Material  to  be  used  in  surfacing  the  road  is  to  be  furnished  by  the  eoun^  in  beds, 
the  contractor  to  throw  out  all  stones  ova*  3  In  in  diameter. 

"The  road-bed  between  the  ditches  shall  be  draasad  to  a  reasonably  true  and  uniform 
surface  before  the  soil  is  applied. 

"The  contractor  is  to  dig.  cart  and  place  upon  tha  road  in  accordance  with  the 
qtedflcatlona,  the  soil  selected,  and  use  no  other.  Should  any  other  matoial  be  used, 
he  is  to  remove  same  at  his  own  expense.  When  directed  by  the  Engineer,  the  con- 
tnctor  shall  mix  the  snl  wiUi  plow,  disc  and  q>ike  booth  harrows,  or  other  sallsfacitciy 
means  until  the  surfacing  material  is  of  uniform  texture.  He  will  be  paid  for  sudi 
work  at  the  i»iee  per  square  yard  set  forth  In  the  annexed  proposal. 

"The  s(dl,  when  completed,  shall  be  10  In  in  thlcknaaa  In  the  center,  tapering  to  8  fai 

 feet  from  the  center,  except  in  cases  where  in  the  opinion  of  the  Engineer  in 

diarge  of  the  woHc  these  thicknesses  should  be  increased  or  diminished.    The  surface 

roadway  to  be  feet  in  width.    Should  any  depressions  Hppear,  they  are  to  bo 

carefully  filled  with  soil,  so  that  the  finished  road  will  conform  to  the  cross  ssetko 
spedflsd.  The  craitractor  shall  maintain  the  roadway  by  use  of  a  road  maddna^  or 
other  means  satUaetory  to  the  Engineer  In  charge  of  the  wwk,  true  to  tbe  cna»- 
section  Bpedfied,  until  final  acceptance  as  herein  provided. 

"All  soil  shall  be  placed  as  directed  by  the  Engineer  within  lOOO  ft  haul  and  ap  allows 
anoe  of  1  cent  per  cu  yd  per  100  ft  will  be  made  for  overhaul  in  excess  of  1000  ft.  The 
contractor  "ball  be  paid  by  the  euUc  yard,  measured  on  the  road,  deducting  88.8% 
when  measured  loose.    Material  measured  after  it  has  been  thoroly  wet,  reshaped. 
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«t  and  tboroly  dry,  in  tbe  vplaiaa  ot  the  Eufbiaer  In  dtufs  of  the  work,  and  has 
been  aahiMtod  to  the  ordinary  traffic  for  80  days,  ahall  be  tennod  oompactad.  It  k 
opttainl  wHh  tha  EBglnMr  in  d>ai|e  «i  Uh  work  m  to  wbaAer  niatnial  chnll  be  maaa- 
itndlooat  at  canpnoMd." 

10.   Cttutruction  ttf  Sand-Cliy  Roads 

The  geoeral  propomtioD  of  conBtruotiiiB  Band-day  and  topsoil  raada  hat 
seemed  bo  aimple  that  the  proper  attention  haa  not  been  pren  to  the  sdeo- 
tkm  of  materials  and  the  conatniction  work  has  not  been  done  as  thoroly 
as  H  should  have  been;  consequently,  many  mixtures  have  been  made 
and  many  natural  soils  used  that  have  not  given  well  surfaced  roads,  with 
tbe  result  that  in  many  localities  this  tyi>e  of  surfaced  road  has  been  con- 
demned. There  is  no  reason  why  such  errors  should  occur,  as  they  can 
readily  be  avoided  a  field  examination  of  the  soils,  and  when  such  results 
are  at  all  doubtful,  a  laboratory  test  should  follow  which  will  give  definite 
infiDimatioii  leganUng  whether  the  material  iriD  or  will  not  give  good 
lesults  when  used  for  a  road  mirfooiiig  material.  A  great  deal  depends 
on  tbe  personal  equation  of  tbe  man  in  charge  of  the  selectinx  of  the  road 
matMials,  and  alao  on  the  pMSonol  equation  of  tha  man  in  charge  ai  tbe 
coQstruction  work. 

Drainage.  The  thoro  drainage  <^  a  sand-day  or  topeoil  road  is  moat 
eaaenUaL  Where  the  subsoil  is  a  sand  it  usually  affords  a  satisfactory 
natural  drainage,  especially  iriiere  there  is  oonaderable  depth  to  the  aaad 
and  usually  the  orown 
tbe  road  is  all  the  drainage 
required.  It  ia  necessary, 
Itowever,  in  all  cases  that 
the  water  be  taken  out  of 
the  side  ditches  just  as 
rapidly  as  possible,  so  that 
there  will  be  no  tendency 
for  the  water  to  aeep  back 
under  the  surfaoed  portion 
or  to  be  drawn  toward  it 
by  capillary  atteaetion. 

Location.  It  is  very  ee- 
amtial  that  a  sand-clay  or 
topeoil  road  should  be  so 
located  that  it  can  have 
at  least  several  hours  of 
sunshine  on  the  surface  of 
the  road  each  day.  If  a  road  is  located  on  the  southern  or  western  exposure 
of  hiilridee  it  will  readily  obtain  a  sufficient  amount  of  sunshine  unless  the 
trees  and  Ixuah  are  permitted  to  grow  too  doee  to  the  road.  Care  should 
be  taken  in  every  case  that  tmderbrush  and  trees  are  removed  a  sufficient 
distance  to  permit  the  sun's  rays  to  strike  the  suifaoe  of  the  road  and 
assist  in  quickly  drying  it  out  after  a  rain. 

Stirfadng  with  TopsolL  In  preparing  the  grade  to  receive  the  topsoil 
surfacing  material,  it  should  be  left  practically  flat  and  no  ditch  excavated. 
The  topsoil  should  tben^  spread  on  the  grade  to  a  depth. of  10  or  12  in 
in  tbe  center  of  the  portion  to  be  surfaced.  If  this  is  16  ft  wide,  the  surfacing 
matffial  should  be  spread  to  a  depth  of  at  least  5  or  fl  in  on  the  outside 
at  tUs  wid^   This  will  compact  to  about  two-thirds  of  tha  thickness  of 
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the  lucMe  inoteruL  Thua  the  WHupaot  n»d  would  hav»  a  d^ith  of  7  f» 
8  in  in  the  oenter  and  to  4  in  on  the  edges,  vhieh  would  nudce  a  Grown 
of  M  it>  P6r  ft.  After  the  surfacise  matorial  hu  been  laid,  the  ditehea 
should  be  oonstmcted  and  the  material  obtained  from  theae  should  be 
thrown  up  to  form  the  shoulders  against  the  aurfacing  material. 

Afl  the  surface  compacts,  it  can  readily  be  brought  into  shape  with  the 
drag,  so  that  it  has  an  even  crown  from  the  center  of  the  road  to  the  ditctiofi. 
This  method  of  construction  is  illustrated  in  Fig.  3.  Whether  the  material 
excavated  from  the  ditch  will  balance  the  fill,  necessary  to  make  the 
shouldw  and        the  right  slope  from  this  to  the  ditch,  will  depend  upon 

the  width  of  the  aurfaoe 
portions  and  the  total 
width  of  the  road.  Thus 
it  may  be  neceasary  to 
borrow  a  certain  amount 
of  material  to  complete 
the  &11;  or  to  excavate 
the  center  of  the  road 
sufficiently  to  compen- 
sate the  addition  of  the 
topeoil.  This  would  be 
necessary  where  the  grade 
has  been  made  by  side- 
hill  cutting.  This  is  illus- 
trated in  Fig.  4. 

Many  mistakes  have 
been  made  in  topeoil  sur- 
facing in  trying  to  use 
too  Uiin  layers  of  surfac- 
ing material.  Many  such 
roads  have  been  made 
where  the  topeoil  haa  only 
been  laid  to  a  depth  of  4 
or  5  in,  which,  when  it 
becomes  compact,  is  only 
about  to  3>iin  thick. 
This  is  merely  a  crust  over  the  subsoil  and  it  is  easily  broken  and  out  thru, 
this  being  especially  true  when  the  traffic  is  at  all  heavy.  All  topeoil  roads 
soften  a  little  under  excessive  rain  and  this,  according  to  the  material  used 
and  method  of  construction,  may  extend  to  a  depth  of  H  in  and  occosionall}- 
1  in;  but,  where  the  road  hoa  been  constructed  to  a  reasonable  thickocee. 
it  is  readily  brought  back  into  shape  after  a  rain  by  means  oflhe  drag.  If, 
however,  the  surfacing  material  is  thin,  it  is  very  apt  to  break  thru  dur- 
ing excessive  rains,  and  then  the  travel  brings  up  the  clay  from  the  sulMoil 
and  the  surfacing  material  is  soon  ruined.  The  thickness  of  the  topsoil  is 
partially  dependent  upon  the  character  of  the  suljsoil  and,  while  10  in  is 
advocated  as  a  general  rule,  it  ia  desirable  to  increase  the  thickness  even  to 
14  in  when  the  subsoil  is  very  micaceous  or  of  a  silty  character. 

Too  much  consideration  cannot  \x  given  to  the  importance  of  depositing 
the  topsoil  on  the  road  in  auch  a  manner  that  it  will  compact  as  one  layer. 
This  ia  absolutely  ncccMnry  to  obtain  the  {«st  rcttults.  The  required 
amount  can  perhaps  be  liest  deposited  on  the  grade  by  means  of  a  spreader. 
If  this  is  not  used  and  the  topsoil  is  deposited  on  the  road  hy  means  of 
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wheel  Bonipne,  dump  wbbdiis^  or  otharwise,  U  should  be  immediately 
■hovelled  and  raked  into  poaUon,  so  that  just  as  soon  as  travel  begimt 
to  BO  over  it  the  material  will  be  compacted  aa  one  layer  from  the  bottom 
upwards.  The  running  of  a  plow  thru  the  topsoil  after  it  is  spread  and 
then  harrowing  it  will  benefit  the  resulting  surface  very  materially,  as  it 
makes  a  more  even,  homogeneous  layer  and  overcomes  the  uneven  packing 
that  otherwise  would  take  place,  due  to  the  dumping  of  the  topsoil  on  the 
rood.  It  is  necessary  that  it  should  be  packed  from  ibe  bottom  upwards, 
for  unless  this  ia  done  a  compact  crust  ia  formed  on  top,  with  loose  material 
bdcm,  and  there  is  a  oonstaot  tendency  for  this  crust  to  Inreak  tiiru  and 
let  water  down  into  the  soft  material.  The  ordinary  method  that  has  been 
utilised  to  obtain  this  result  has  been  the  mixing  and  packing  due  to  the 
hoofs  of  animals  and  the  wheels  of  vehicles  going  over  the  road.  This 
gives  surprisingly  good  results,  but  it  usually  takes  several  months  before  the 
road  is  thoroly  consolidated  and  packed.  It  is  necessary  while  this  packing 
is  going  on  that  after  each  rain  the  surface  be  immediately  reshaped  and 
crowned.  This  is  necessary  in  ord»  to  avoid  any  hard  lumps  being  formed, 
and  ultimate^  to  obtain  a  smooUi,  evenly  crowned  surface.  The  ordinary 
roller  is  practically  worthless  for  compacting  these  roada  The  desiraUe 
machine  is  one  which  will  give  similar  action  to  the  hoofs  of  animals  and 
the  tires  of  wheels.  There  ia  now  on  the  market  what  is  known  as  a 
sheep-foot  or  petrolithic  roller  which,  it  is  reported,  has  been  used  succese- 
futly  in  California. 

During  the  packing  and  consolidation  of  either  a  topsoil  or  an  artifidial 
mixture  of  sand  and  clay,  it  ia  a  great  advantage  to  have  several  rains 
follow  almost  immediately  after  the  surfacing  material  has  been  placed 
on  the  road;  for  the  poddUng  that  reandts,  due  to  the  travel  thru  the  deep 
mud,  gives  in  the  end  a  much  denser  packing  as  the  road  dries  out  and 
thus  makes  the  surface  itself  much  more  durable  and  waterproof  than 
when  compacted  under  normal  conditions.  At  such  times,  the  road  of 
course  has  the  appearance  of  going  all  to  pieces,  but  it  is  simply  a  step  in 
the  process  of  construction,  which  has  to  be  gone  thru  either  at  one  time 
or  another,  before  the  road  will  thoroly  compact  and  become  impervious 
to  water.  The  clay  cannot  cement  the  grains  of  sand  together  until  it  has 
become  thoroly  wet  and  it  is  not  sufficient  to  have  the  upper  portion  of 
the  mixture  wet  but  it  must  be  wet  from  tbe  top  to  the  bottom  of  the  mixed 
materials,  otherwise  a  hard  crust  will  be  formed  over  loose  material  and 
the  traffic  will  break  thru  it,  making  the  surface  rough  and  filled  with  holes. 
It  is  just  as  important  to  have  all  portions  of  the  sand  and  clay  thoroly  wet 
and  mixed  before  the  mixture  sets  as  it  is  to  thoroly  mix  and  wet  a  con- 
crete mixture  before  permitting  it  to  set. 

Sand-Clay  Roads  on  Clay  Subsoil.  Where  it  is  impossible  to  obtain 
a  natural  mixture  of  sand  and  clay,  it  is  practicable,  in  many  cases,  to  make 
artificial  mixtures  that  ;ire  economical  and  efficient.  Conditions  may  exist 
libera  the  subgrade  is  composed  of  clay  whieh  will  make  a  suitable  binder 
for  sand,  or  it  may  be  composed  of  sand  to  which  clay  should  be  added. 
Then,  again,  suitable  sand  and  clay  may  occur  within  a  reasonable  distance 
so  that  it  will  he  economical  to  haul  these  on  to  an  earth  base.  It  will  be 
found  that  it  is  much  easier  to  construct  a  sand-clay  road  when  the  subsoil 
is  a  suitable  clay. 

There  are  two  ways  of  preparing  the  surface  of  the  road  with  a  clay 
subsoil  before  the  addition  of  the  sand.  In  one  the  road-bed  is  graded  to 
imctically  tbe  level  of  the  ditoh  line;  then  that  portion  of  the  road  to  l« 
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sanded  is  excavated  to  a  sufficient  depth  bo  that  the  earth  removed  and 
plaoed  along  the  afaoulder  of  the  road  will  give  the  right  slope  to  the  ditches, 
this  being  accomplished  by  means  of  the  road  machine  and  drag.  The 
depth  varies  according  to  the  width  of  the  road  and  the  depth  of  the  aand- 
mixture.  Tlus  will  vary  from  1^  to  3  in. 
The  clay  mibeoU  is  then  plowed  to  a  depth  <^  2  to  3  in,  according  to  the 
character  of  the  clay  and  of  the  sand.  It  should  be  plowed  to  a  mifficient 
depth  so  that,  when  the  clay  plowed  up  is  worked  up  and  thoroly  mixed 
with  the  added  sand,  it  has  been  given  a  sufficient  amount  of  clay  to  act 
as  a  binder.  If  the  clay  breaks  up  into  too  big  clogs,  these  should  be  broken 
up  with  a  disc  harrow.  Four  inches  of  sand  should  then  be  added  evenly  over 
the  surface  and  thoroly  worked  is  with  a  disc  harrow;  then  4  in  more 
sand  should  be  added,  and  the  harrowing  repeated.  The  harrow  in  this 
last  mixing  can  be  so  set  as  to  wo^k  mifficient  of  the  mataial  toward  the 
center  to  enable  it  to  be  readily  dragged  into  shape,  with  the  rigbt  crown 
(see  Fig.  4). 

If,  after  plowing  the  road  surface  to  a  depth  of  2  to  3  in  preparatory 
to  putting  on  the  sand,  this  clay  is  pulled  out  to  the  shoulder  of  the  road, 
4  in  of  sand  is  spread  over  the  excavated  portion  of  the  road,  IH  iu  of 
the  clay  which  waa  piled  at  the  shoulder  of  the  road  is  spread  over  this 
sand,  and  the  two  layers  thoroly  harrowed  and  then  another  4-in  U^rer  of 
sand  put  on  top  of  this  mixture,  and  on  top  of  this  sand,  a  layer  of  clay 
1  to  IH  ia,  sad  the  layers  thoroly  plowed  and  harrowed,  it  will  be  found 
that  evra  better  results  are  obtained.  This  is  a  more  ezimisive  metluid, 
but  the  better  results  warrant  such  expense. 

The  road  is  now  ready  for  a  t^oro  wetting  and  the  only  practical  method 
is  to  wait  for  a  rain.  A  slight  crust  will  form  on  the  surface  and  it  will 
appear  as  tho  the  clay  was  cementing  the  grains  of  sand  together  and 
making  a  firm  road,  but,  after  the  first  rain,  traffic  will  break  thru  this 
since  the  mixed  sand  and  clay  beneath  have  not  cemented  but  ate  loose 
particles.  It  is  necessary  that  all  parts  of  the  sand-day  mixture  should 
be  thoroly  wet,  so  that  the  mixture  can  be  well  puddled.  Therefue,  the 
best  results  are  obtained  if  during  the  nUn,  the  surface  Is  harrowed,  thus 
permitting  the  water  to  penetrate  the  lowest  portions  of  the  road. 

After  the  rain,  the  road  should  be  dragged  into  shape,  when  it  will  harden 
and  set.  It  will  also  be  found  that  during  the  thoro  wetting  of  the  surface 
a  more  complete  and  satisfactory  mixture  has, been  obtained,  when  the 
addition  of  the  sand  and  clay  has  been  made  by  tlw  second  method  given 
above,  for  it  is  much  easier  to  carry  the  clay  down  into  the  sand  than  it 
is  to  carry  the  sand  into  the  clay. 

Anothw  method  of  preparing  the  aubgrade  for  the  sand-d^r  mixtun 
is  similar  as  in  the  topeoil  road.  It  is  left  practically  flat,  with  do  ditdi 
excavated.  That  portion  of  the  road  to  be  surfaced  is  then  plowed  to  a 
depth  of  IH  to  3  in,  and  the  sand  added,  and  the  plowing  and  harrowing 
done  as  in  the  first  method  described  above.  After  the  sand-clay  mixture 
has  been  made,  the  ditches  should  bo  constructed  and  the  material  obtained 
from  these  should  be  thrown  up  to  form  the  shoulders  against  the  sand- 
day  surfacing  material,  similarly  as  described  for  the  topsoil  road. 

In  many  instances  after  the  road-bed  has  been  prepared  for  the  sand, 
the  total  amount  tit  sand  is  spread  over  the  road  and  it  is  left  for  traffio 
to  mix  the  day  and  the  sand  togeUier.  TbiB  means  that  until  there  is  a 
rain,  there  will  be  little  or  no  mixing  of  the  two  materials  and  that  traffic 
has  to  pull  thru  heavy,  loose  sand.   Then,  again,  it  takes  a  k>nc  time  for 
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the  tra£Sc  to  thoroly  mix  the  sand  and  clay  together,  and  the  final  result 
tB  not  oeariy  aa  good  a  mixture  aa  by  the  method  given  above.  The  harrow- 
ing of  the  mixture  during  the  rain  a  not  essential,  and  thia  can,  if  deaired, 
be  left  to  traflBc,  but  here  again  better  results  will  be  obtained  if  the  harrow- 
ing ja  done.  There  is  s  tendency  in  amatructing  a  sand-clay  road  in  the 
manner  outlined  above  to  excavate  to  too  great  a  depth  the  portion  of 
the  road  to  be  surfaced,  with  the  result  that  the  finished  road  cannot  be 
BBtisfactoiily  crowned.  If  the  sand  is  hauled  and  placed  alongside  the 
road  80  that  it  can  be  added  to  the  road  during  a  rain,  the  harrowing  can 
all  be  done  at  one  time,  and  when  the  road  has  dried  out  and  has  been 
shaped  up,  it  becomes  a  hard-surfaced  road.  The  main  objections  to  this 
method  are  that,  unless  there  is  sufficient  rain  to  make  the  road  extremely 
muddy  and  wet,  the  harrowing  of  the  sand  into  the  clay  is  apt  to  cause 
oonaidermble  of  it  to  form  round  balla  which  are  not  broken  up  \ty  the 
hatrowing  and  thua  tbm  is  not  aa  even  a  mixture  of  the  suid  and  clay 
aa  when  they  are  mixed  dry  and  then,  later,  harrowed  when  wet. 

Burnt  Cut  Roads.  In  order  to  improve  the  roads  in  some  parts  of 
the  Southern  States  where  there  is  no  sand,  experimental  sections  have 
been  constructed  by  burning  the  very  plastic  clay  of  which  the  roads  are 
oompoeed.  The  material  is  plowed  up  and  is  piled  ov^  a  low  cribwortc  of 
firewood.  Alternate  layers  of  wood  and  earth  are  built  up  until  a.  height 
of  about  3  f t  ia  obtained.  The  lengA  fired  at  any  one  time  depends  upon 
the  number  of  men  available.  When  the  wood  bums  out  the  hardened 
day  is  shaped  up  and  ctHnpaoted. 

Sand-Clay  Roads  on  Sand  SubaeiL  Road-bede  with  sand  subsoils  wiU 
be  found  principally  in  the  Coastal  Plain  Regions  where  there  is  a  minimum 
of  grading  in  connection  with  the  construction  of  the  road-  The  sand  road- 
bed should  be  left  fiat  and  a  layer  of  clay  spread  over  it  as  evenly  as  possiUe 
to  a  thickness  of  2  to  4  in,  according  to  the  quality  of  clay  and  the  amount 
of  sand  which  it  contains.  If  the  clay  used  is  a  very  pure  plastic  one.  it 
will  take  a  much  smaller  amount  than  if  it  ia  a  very  lean  or  sandy  cli^. 
There  then  ahould  be  spread  over  the  clay  a  layer  of  clean  sand  and  the 
road  thoroly  harrowed.  Next,  the  road  should  be  shaped  up  with  the 
drag  and  left  until  it  rains  when  it  should  again  be  harrowed  similariy 
as  described'  above.  There  is  usually  a  tendency  to  use  too  much  clay 
ia  nrmlcipg  a  sand-clay  road  where  Uie  sand  is  the  subsoil.  If  the  clay 
to  be  used  is  a  very  plMtic  one,  there  will  be  a  tendency  for  it  to  ball  and 
cake  to  such  an  extent  that  a  jAow  can  very  often  be  used  to  advantage 
in  breaking  up  the  lumps.  While  the  haulage  charge  for  clay  in  making  a 
sand -clay  road  on  a  sand  subsoil  is  considerably  less  than  the  haulage 
charge  for  the  sand  in  making  a  road  on  a  clay  subsoil,  yet  the  cost  of 
obtaining  a  thoro  mixture  of  the  clay  on  sand  is  much  greater  than  of  sand 
on  cl^y.  Then,  again,  the  resultant  road  is  not  as  apt  to  be  as  good,  be- 
cause the  sand  of  the  subsoil  is  not  usually  as  sharp  and  coarse  as  can  be 
obtained  from  creek  bottoms  when  added  to  a  clay  subsoil. 

While  it  is  not  possible  to  determine  exactly  the  proportions  of  sand 
and  clay  to  use,  yet  from  experiments  and  analyses  that  should  be  made 
of  the  sand  and  clay,  before  utilizing  them  for  road  construction,  the  road 
mixture  can  be  closely  approximated.  If  there  is  too  much  clay,  there 
will  be  a  tendency  for  the  surface  of  the  road  to  become  sticky  or  muddy 
in  wet  weather.  This,  however,  can  be  remedied  by  sproading  a  thin 
hvw  of  aand  over  the  suifaoe  of  the  mad.  If  the  surface  of  the  rotfd  loosena 
in  ifay  weathw,  it  is  an  indication  that  the  day  used  in  the  construction 
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of  the  road  was  not  ■  good  qualt^  or  time  was  not  a  sufficient  amount 
uf  it.    Mwe  clay  should  bo  added  and  worked  into  the  road  surface. 

Sand-CIaj  Soada  on  Loam  Base.  Where  the  road-bed  is  composed  of 
loam  it  will  be  necessary  to  haul  both  the  aand  and  clay.  The  grade  abould 
be  prepared  as  described  in  iveparation  for  a  topsoil  surface.  Four  inches 
of  sand  ahould  be  first  spread  over  the  portion  of  the  road  to  be  surfaced 
and  then  IH  to  3  in  of  clay  spread  evenly  over  the  sand,  the  amount  depend- 
ing upon  the  quality  of  the  clay,  and  these  th<»oly  harrowed.  Then  4  in 
more  of  sand  ahould  be  spread  evenly  over  the  surface  and  harrowed. 
The  balance  of  the  work  is  the  same  as  in  the  cose  of  a  toxMoil  rood. 

Construction  Data.  In  Table  IV  Uiere  is  given  the  quantity  of  cloy 
and  sand  necessary  to  use  per  mQe  in  making  a  sand-clay  road.  In  these 
estimates  the  sand  is  supposed  to  be  pure  and  ^e  clay  is  mipposed  to  be 
free  from  sand: 


Table  IV. — CoUe  Yardage  (rf  Sand  Clay  and  Topsi^ 


Width  of 

Rowl 
Surfaced 

Clay  SuBSon. 

Sand  Subsoil 

Sand 

CUy 

Topw^ 

8  in  Deep 

10  in  Deep 

lHinI>eep 

S  in  Deep 

10  in  Deep 

12  In  Deep 

9  Ft  

12  Ft  

16  Ft  

Cu  Yd 
1178 
1664 

2086 

Cu  Yd- 
1466 
1964 
2606 

Cu  Yd 
220 
293 
391 

Cu  Yd 
440 
686 
782 

Cu  Yd 
1466 
1966 
2606 

Cu  Yd 
1760 
2346  . 
3128 

U.  S.  O.  p.  R.  Spedflcatiwu  for  Sand-Clay  Roads  (16)  ore  as  follows: 

"  Sabgfada.  The  graded  roadway  ■hall  be  brausfat  to  the  elevation,  aligmneat,  and 
mm  eectloa  indicated  for  mbgrade  oa  the  plans,  and  ■hall  be  maiatoined  free  from 
ruts  and  other  depreerions  until  covered  with  the  eurfadnK  material. 

"  Katnrtl  Stsd-Clay  Snifacinf.  The  ensjueer  will  deetgnate  suitable  places  for 
obtaioins  nmtunil  eand-elay  mixtures  for  mrfacinK.  All  unsuitable  material  that 
may  overlie  the  acceptable  material  shall  be  stripped  off  and  removed,,  and  this  work 
win  be  paid  for  at  Uie  unit-prtce  bid  for  stripping,  measured  in  excavation.  The 
natural  sand-day  mixture  sbali  then  be  excavated,  hauled  to  the  road,  and  spread. 
At]  excavation  shall  be  so  conducted  that  the  pits  will  be  left  in  good  and  sightly  con- 
dition, and  that,  where  poadbte,  provision  will  be  made  for  draining  the  ^ts  without 
additional  excavation  beyond  their  limits. 

"  Hauling.  The  hauling  ahmll  be  done  in  wagons  of  approximately  uniform  capacity, 
and  the  loads  shall  be  dumped  at  such  a  distance  a^rt  as  will  ^ve  the  amount  of 
material  required  to  construct  the  soiface  aeconUng  to  the  prc^iaasd  crosa  sncttoo. 

**  Spreading.  The  surfacing  material  shall  be  immediately  spread  oa  the  prepared 
BUbgrade  to  such  depth  that  the  surface,  when  compacted  will  conform  accurately 
with  the  profile,  alipiment,  and  cross-section,  as  shown  on  the  drawings.  All  sub- 
sequent hwds  may  then  be  hauled  over  Uie  aorface  thus  lormad.  The  eonstruction  o( 
the  surface  shall  begin  at  that  point  on  the  road  nearest  the  souree  of  material  and 
be  continued  from  such  point  In  hauling  over  the  material  aa  depodted,  wagons 
will  be  required  to  use  the  entire  width  of  surfaced  roadway  so  as  to  compact  the 
«rhole  section  as  nearly  to  a  uniform  density  as  posaible.  The  teams  will  not  be  pw- 
mitted  to  follow  a  single  track  or  to  form  ruts. 

"  rinishlni  After  600  or  600  ft  oi  roadway  have  been  thus  roughly  constructed 
the  surface  shall  be  cut  up  and  pulverised  to  a  depth  of  2  or  3  in  with  a  plow  or  harrow 
and  at  the  same  time  the  shet^ders  on  eech  side  of  the  surfaced  portion  of  the  road 
shall,  if  necessary,  be  suffldently  kMoened  to  permit  of  a  smooth  regular  crown  being 
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cfxutraetetl  from  shouhlcr  to  center  of  rowi  When  the  rosdwmy  hu  been  looaen«d 
■uffldently,  the  surface  sball  "be  worked  with  k  road  grader  or  dr^c  to  tha  true  eroM- 
nctioo  required  by  the  plus.  This  opermtion  ihall  be  repeat«d  didly  until  the  entln 
Mirtkce  becomn  imooth  end  firm. 

"  MtTinj  Sand-Cl&y.  In  cue  the  natunl  nnd-dBy  mLttuie,  u  found,  doea  not 
coDtein  s  BUfflcient  percentege  of  either  send  or  day  to  give  a  durable  surface  there 
■hall  be  q>read  u  much  of  the  defldent  material  as  the  engineer  may  direct,  and  this 
■hall  be  thoroly  mixed  and  incorporated  with  Che  material  previously  spread.  In 
places  where  a  natural  mixture  is  not  available  suitable  amounts  of  day  or  sand  shall 
be  hauled.  ipr«ad,  and  mixed  as  directed  by  the  engineer.  The  process  oi  miiinc  may 
require  ploirinc  to  a  d^th  of  8  or  8  In  and  harroirfng  with  a  din  or  tooth  harrow, 
and  this  work  may  be  required  in  wet  wentbar .  All  mixing  shall  be  classed  as  axtra 
work  and  shall  be  paid  for  at  prices  bid  for  force  account  work.  The  completed  surface 
win  be  paid  for  by  the  cubic  yard  of  surfacing  material  used,  messured  in  excavation. 

So  much  of  Uie  surfacing  material  as  is  neeessarily  hauled  more  than  feet  will 

be  daned  as  Rand-diay  overhaul  and  paid  for  at  the  price  Ud  for  this  item." 

Maine  Sute  Highway  Commiaaioii  Spactflcatioiia  for  Sand-Clay  Roada 
are  as  followa: 

"  Materials.  Sand  and  day  shall  be  fumlAed  by  the  contractor  from  sources 
approved  by  the  engineer.  Sand  shall  be  composed  of  hard,  aharp,  angular  partidee, 
at  least  60%  of  the  volume  of  which,  by  dry  weight,  shall  be  retained  on  a  SO-merii 
sieve.  Rounded  grains  of  Band  will  not  be  accepted.  If  plsstic  day  is  used  it  shall 
be  placed  tipon  the  road  in  pieces  not  larger  than  S  in  in  nxe.  Slalring  day  ahall  be 
placed  in  pieces  not  larger  than  6  in  in  sixe. 

**  HeOiod  of  Caaatmctloa.  The  road  shall  first  be  brougtat  to  subgrade  in  accor- 
dance with  the  foregoing  spedAcatiooa  and  as  shown  by  the  typical  aectioos. 

"Sand  Subsoil.  WbeievN'  Uie  subsiiil  fs  sand,  6  In  erf  day  shall  be  uniformly  spread 
ovfT  the  surface  to  a  width  of  16  ft,  unless  otherwise  directed  by  the  enginW.  Each 
load  of  day  should  be  spread  uniformly  ss  soon  as  depcMited  and  before  being  driven 
over.  Immediately  after  the  day  Is  qiread  it  should  be  covered  with  a  layer  of  dean 
sand  6  in  in  dqrth  unlaM  otbenrise  directed  by  the  anginear,  and  shall  thai  be  deeply 
plowed  with  a  heavy  plow  untO  all  himpe  are  tbwoly  toiAen  op  and  the  day  uid 
sand  are  thoroly  mixed  to  a  depth  of  U  to  16  in  as  directed  by  the  engineer. 

"CiAY  Subsoil.  Wherever  the  subscdl  is  day,  8  in  of  sand  diall  be  uniformly  q>read 
over  the  surface  to  a  width  trf  16  ft  tmlces  otherwise  directed  by  the  engineer,  and  on 
this  layer  of  nnd  4  in  ol  day  shall  be  uniformly  q>read  and  then  deeply  plowed  with 
a  hmwy  plow  as  above  ■pedfled  to  a  depth  of  U  to  16  in  as  directed  by  the  engineer. 

"  General.  The  proportionB  <rf  day  or  of  sand  or  both  may  be  varied  from  time  to 
time  if,  In  the  opinion  of  the  engineer,  better  raeults  can  be  obtained  thereby,  but  in 
any  case  the  mixture  shall  then  be  thoroly  puddled  with  a  sufficient  quantity  or  water 
and  altoiuite  plowing  and  harrowing  with  a  disc- harrow  until  a  tboro  mixing  and 
puddling  have  been  obtained.  If,  after  plowing  and  harrowing,  the  mixture  has  a 
tenden^tocalnor  ball  more  sand  must  be  added  and  tm  the  other  band  If  the  mixture 
after  drying  tends  to  looeen  and  eeparate,  more  day  muat  be  added.  The  engineer 
shall  deckle  whenever  such  additions  of  materials  are  necessary.  The  road  shaB  then 
be  shaped  with  a  road  machine,  or  other  dmitar  Impknunt,  crowned,  smoothed  and 
allowed  to  dry;  then  it  shall  be  again  shaped  and  smoothed  to  the  satisfaction  tA  the 
fg'"— »  and  covered  edth  a  U^t  course  <rf  sand. 

"  Payment  Sand-day  surface  will  be  paid  fw  per  oiUe  yard  In  accordance  with 
the  tyirical  lectfam  ahowing  a  iridth  of  16  ft  and  a  ctepth  of  8  in  or  lO.T  cu  ft  per  lin  ft 
of  road  on  the  assumption  that  the  quantities  of  sand  and  clay  above  spedAed  will, 
in  place,  be  equivalent  to  a  depth  of  8  in." 

Cost  Data.  The  main  item  of  cost  In  surfacing  a  road  with  topsoil  or 
sand-clay  ia  the  charge  for  haulage.  This  oost  dependa  upon  tlie  proximity 
to  the  road  of  the  materials  to  be  used  in  surfacing.  According  to  this 
diaUuioe  and  the  width  of  the  road  surface,  such  roada  have  been  surCaoed 
at  a  cost  of  S260  to  82500  per  mile.  Evea  at  this  latter  figure  these  roads 
are  economieal.  Table  V  givea  coostmctbo  and  cost  data  for  several 
■and-day  roads  oonstructed  by  the  U.  a  0.  P.  R.  (16). 
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Table  V.— Cost  of 


Bartii  and  Sand-Clay  Hoadfl 
Sand-CUy  Roads,  Exduaive  of  Gradiiig 


fieet.  d 
and  Mttflrials 


ConBtnietlon 
Items 


■urfaoad  in 


Width  of  traded  rosd 
in  frnt: 
Cu»«.. 
Fills.  . 
Wdth  nuf  sdng  in  feet 
Sand  mixture: 

Sand  in  cubic  yards 
Distance  hauled  in 

miles  

Depth  applied  in 

incbee  

Clay  mixture: 
Cl»y  in  cubic  yards 
DiMance  hauled  in 

miles.  

Depth  applied  in 

inches.  

Seals  of  wages  pv  hr: 

Laborsrs.  

Teanu  

Cost: 

SubKimde,  per 

SQuare  yard  

Stripping  for  surf se- 
1d£  materia]  per 

enbic  yard  

Hauling  sand,  per 
eiwic  yard. . . 
Hauling  day,  per 
cubic  yara. . 


Spreading  matw^al, 
per  cubic  yard . 
Mixing  sand  and  day, 

per  square  yard, 
nnal  shaping,  per 

squan  ytuca. . . . 
General 
square 


expKiML 
are  yen! 


per 


Total  cost,  per 
square  yud. . 


Location  or  Roads 


Brook- 
ville, 
Fla. 


0.46 

28 
20 
16 

660 

0.76 

3 

S80 

O.GO 

7 

$0.1760 
Q.SOOO 

0.0310 


0.4260 
0.3740 
O.OIM 
0.0086 
0.0089 
0.01S7 


10.198 


Mos- 
cow, 
Miss. 


0.78 

30 
SO 

17 

1S24 
1.5 


$0,100 
0.260 


0.003 


0.490 


0.007 
0.006 


$0,106 


Pear- 
aaU, 

Tex. 


0.79 


26 
26 
16 


1666 
0.19 
8 

10.1200 
O.SOOO 

0.0064 

0.0910 


0.9140 
0.0320 
0.0O17 
0.0006 
O.OOSO 


$0,121 


San 
An- 
tonio, 
Tex. 


1.00 


40 

26 
16 


1S2B 
0.067 
7 

90.1GOO 
0.8460 

0.0088 

0.0T2O 


0.2860 


0.0069 
0.0016 


$0,089 


Gay 
Head. 
Mass. 


2.19 

22 
22 
16 

1700 

0.126 

6 

2300 
0.10 
6 

10.200 
0.500 


0.010 
0.223 
0.844 
0.003 
0.010 
0.004 
0.006 


$0,082 


Jack- 
son, 

N.C. 


0.46 


1.00 
7 
890 
1.00 


$0,125 
0.360 


0.002 

0.029 
0.840 


0.077 


0.002 
0.003 


$0,238 


Tsi^ 
ttoro, 
N.  C. 


2.60 


22 
22 
18 


2816 


10.0800 
0.2400 


0.0018 


O.OOGO 


0.2660 
0.0178 
0.0024 
0.O022 
0.00O7 


$0,086 


Ssyre, 
Okla. 


0.76 


14 


1888 
1.42 
8 

$0.ft60 

0.800 

0.007 
0.184 


0.567 
0.072 
0.007 


$0,187 


MAINTENANCE 

11.   Mainteiuuice  of  Earth  Roads 

The  surface  of  an  earth  road  should  be  kept  free  of  dirt,  and  whenever  any 
boles  or  ruts  have  developed  in  the  road  they  should  not  be  filled  up  with 
atone  or  brush,  but  with  earth,  and  with  earth  as  nearly  as  possible  of  the 
same  character  as  that  composing  the  surface  of  the  balance  of  the  road. 
If,  on  the  otbw  hand,  holes  or  ruta  are  filled  with  rock,  gravel,  or  brush, 
tibe  wearing  effect  will  he  uneven,  and  the  wheds  will  begin  to  acoop  and 
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■tat  out  holed  juat  beyond  or  on  the  opposite  side  of  the  rood  froia  the 
bole  filled  up.  If  there  are  stumps  or  rocks  in  the  road,  they  should  all 
be  removed,  so  that  the  earth  surface  can  be  smoothed  over  and  brought 
to  an  even  slope  from  the  center  to  the  ditches. 

As  the  n»d  drag  u  the  principal  machine  that  will  be  used  in  the  main- 
teaance  of  an  earth  road,  it  ia  absolutely  neceesary  that  the  rooks  and 
■tumpe  be  removed  or  else  the  drag  cannot  be  used.  If  the  drag  is  used 
r^ularly  after  every  rain  just  as  the  roadway  is  drying  out,  the  surface 
can  be  kept  smooth  and  liard  the  greater  part  of  the  year. 

As  moisture  is  very  detrimental  to  an  earth  road,  the  sua  should  be 
permitted  to  strike  the  surface  of  such  road  aa  much  as  possible,  care  being 
taken  not  to  have  too  much  shade.  Where  necessary  the  trees  should  be 
cut  KWBy  00  iiukt  the  whole  surface  of  the  road  is  exposed  to  the  sun  for 
at4eaat  mvnal  houn  during  the  day.  Shade  is  good  for  a  macadam  road, 
bat  too  much  shade  is  bad  for  an  earth  road.  This  does  not  mean  that  all 
trees  alongside  of  an  earth  road  should  be  cut,  thus  destroying  to  a  large 
extent  the  beauty  of  the  hi|^way,  but  it  does  mean  that  sufficient  trees 
should  bo  cut  so  that  there  will  be  no  part  of  thp  road  surface  but  what 
will  be  exposed  to  the  sun  lor  a  part  of  Uie  day.  The  removal  of  the  trees 
also  permits  ready  access  of  air  and  wind  along  the  road  that  very  materi- 
ally assist  in  evaporating  the  water  and  drying  the  road. 

In  repairing  an  earth  road  the  same  thought  must  be  given  as  in  its 
oonsbuotiDn,  and,  when  cleaning  out  ditches,  the  material  should  not  be 
thrown  into  the  ndddle  of  the  road  or  on  any  inrt  of  the  surface  of  Uie  road, 
but  it  should  be  thrown  into  the  adjoining  fields,  for  this  material  is  usually 
composed  largely  of  fine  silt  and  organic  matter,  which  holds  moisture 
like  B  sponge  and  becomes  very  difficult  to  diy  out,  and  is  entirely  different 
in  character  and  consistency  from  the  earth  surface  of  the  road. 

In  the  maintenance  of  earth  roads,  they  should  be  divided  into  sections, 
with  a  foreman  or  overseer  in  charge  of  each  section,  whose  duties  should 
be  to  go  over  every  mile  <^  the  section  after  every  rain  and  at  least  every 
2  weeks,  and  to  have,  when  portions  of  the  road  are  worn  or  disintegrated, 
npnia  made  at  once.  After  each  heavy  rain  a  road  drag  should  be  run 
awr  the  road  in  order  to  bring  it  into  abapa,  and  to  fill  up  any  ruts  or  holes 
that  might  have  been  started. 

Oittaic  of  Bartfa  Kosds  in  CaUforala  (10).  "By  1M6  there  wef»  very  few  secdoiM 
of  oQsd  road  that  were  •atWactory  for  the  travsllBg  public  and  only  in  a  few  locaUtlea 
could  the  oiled  earth  raad  be  eaUed  a  micoms.  The  pubUeatioii  erf  many  artlclM,  re- 
poits  and  bulktlzia  favorable  In  their  eritidsm  of  this  conitmction  baa  giv«i  the  otied 
ssrth  roads  of  California  an  unmerit«d  reputadon  aa  to  tbelr  Iraifth  <d  satlafactory 
■wiee,  their  rimpUdty  of  construction  and  tbdr  adaptability  to  all  sorts  of  nib, 
weatbar  conditio na  and  character  of  trsfflc  Vary  IQcely  ths  great«  portion  of  the 
oOad  'earth  reads  that  have  become  very  objectionable  to  the  traveUns  public,  due  to 
thiir  wavy  Mirfaee,  have  been  constructed  with  an  ezeudve  amount  of  oil.  Road 
sarfaosB  that  an  OTsraOad  are  not  Ann  under  trafltc  and  there  ia  seoerally  a  tendency 
for  the  surface  material  to  doiriy  flew  to  lower  elevatMns.  The  ahouldm  of  mcfa 
nmia,  after  a  few  moBths,  show  a  very  de^p  tMcknew  of  wavy,  somewlut  ^tongy 
odsd  earth  and  the  crown  of  the  road  is  protected  by  an  oil  aarladng  that  b  rmpkily 
ironed  out  by  trmflic  and  bMomie  bo  thin  that  it  breaks  under  trafllc.  Once  the  surface 
b  eat  thru  to  the  underlying  toil  base,  a  bad  chuck  hole  b  rai^dly  formed.  Thruout 
the  valley  aad  coast  counties  of  CeHforaia  there  are  miles  of  oiled  earth  roads  that  ere 
BO  objsettoDabls  to  the  fnOe  diat  the  tnveled  wsjr  ta  on  the  sides  of  the  road  and 
not  at  an  OB  ths  oiled  soctioB.  The  fSIhirss  of  odsd  earth  raads  B»y  be  due  to  taw 
or  more  of  nuwy  mbtakea,  the  more  common  onee  bifag  the  oes  of  too  nracb  eil  p«r 
square  yard  of  road  lurfaoe,  the  leek  of  properly  InoorporatlBg  the  oil  In  the  road 
Hrfece,  awl  the  use  of  an  oil  not  suited  to  the  work. 
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"Tlw  CilHomla  mchmy  CommiMioii  luw  nwda  but  Utla  om  ol  thli  ^  of  rcwd, 
constnieUoii.   Id  a  fnr  plMO  in  Uw  atete  when  the  rowl  had  -nrr  devp  lllb  It  Imm 

been  inadvisable  to  build  a  concrete  pavement  until  the  flUs  have  had  suffldwt  time 
to  settle  thoroly.  In  such  caaea  the  road  surface  has  been  wet  and  rtriled  and  then 
the  surface  of  the  road  broken  up  for  a  depth  of  about  1  in  and  a  coat  of  light  "r*fl**iT 
dl  api^led.  TU>  waa  ragarded  only  a>  a  temponiy  upadieBt  to  proteet  the  road 
surface  from  exoenive  cutti&K  during  the  heavy  ralna  of  winter  and  as  a  dart  pre- 
ventive during  the  dry  numtha. 

"There  were  used  on  tliia  eonatruedoD  oils  varying  in  spedfic  viscodty,  Ea^a 
test,  from  6  to  16.  The  oil  contained  from  76  to  90%  of  80  pcaietntion  saphalt.  The 
oil  waa  applied  on  the  road  under  preanire  and  at  a  tenverature  of  about  121"  C  Q!SO*^. 
A  very  light  oil  also  has  been  used  which  contained  frcMn  30  to  60%  of  aqihalt  of  80 
penetration.    This  oil  was  applied  by  gravity  at  the  rate  o(  1.6  gal  per  sq  yd." 

Oiling  of  Earth  Roads  in  lUiaoiB  GH)b).  "Roads  Aoakl  not  be  <Aed  until  they  have 
a  permanently  esUfaUshed  grade;  that  is,  all  hills  should  be  cut  down,  hollowa  filled, 
embankments  widened,  end  all  drainage  structures  established.  IjOW,  flat,  nndi^ried 
roads  should  not  be  oiled  until  proper  drainage  has  been  attended  to.  The  olUng  of 
■  imidbola  will  not  remedy  the  troubla  but  often  avavatea  it.  Roads  that  have  a 
prepooderance  of  heavy  haollog  should  not  be  selected  for  aUing.  The  oiling  tends  to 
waterproof  the  road,  but  it  is  readily  understood  that  continued  heavy  hauling  even 
on  perfectly  dry  earth  roads'  will  eventually  rut  and  dig  them  out  In  pot  holes.  The 
mixture  of  oil  and  earth  lades  stability  to  meet  alt  the  requirements  of  trafflc.  It 
■ometiiing  could  be  mixed  with  the  oil  and  earth  to  give  it  stability  and  aid  It  to  resist 
liis  wear  of  traffic,  it  would  mora  naarty  meet  all  taafBe  midltlaiiB.  On  wodMmtdr 
travded  roada  whera  Onre  b  a  greatw  amount  ct  pleaaore  travd,  tlw  died  aarth  raate 
«rill  give  better  service. 

"Thb  Road  Subvacb  PRBn>AiuTOBY  to  Oiling.  As  the  prime  objecta  of  oiliog  an 
earth  road  are  the  suppreeaicoi  of  the  dust  and  the  maintaining  trf  a  smooth  waterproof 
surface,  it  is  very  important  that  the  road  surface  be  oiled  when  It  is  smooth,  free  from 
dust,  and  in  a  condition  to  abaorb  the  oil.  Oil  applied  on  dust  will  not  paietmte  tba 
road  surface,  but  will  merely  mix  with  the  loose  material  to  make  an  otled-dust  surface 
that  is  apt  to  fly  readily  and  become  a  nidsanoe.  The  surface  should  be  perfectly 
smooth  and  free  from  low  places  that  will  retain  watar.  If  wat«  la  allowad  to  stand 
upon  an  oiled  earth  surface,  a  bad  mud  hols  irill  aotn  nsulb  A  molBt  ■ubaofl  pnpam- 
toiy  to  oiling  is  not  serious  tho  beat  results  nay  be  wpsctad  whMi  the  road  b  reaaon- 
abty  dry  for  about  2  in  on  the  surface. 

"Cost  or  Surfacb  Oilino.  The  coat  of  prqwilng  a  road  for  an  oQ  treatment  may 
vary  from  SlOO  to  fZDOO  per  mile.  However,  the  grading  and  preparation  of  an 
earth  road  ^ould  not  be  charged  against  the  coat  of  oiling.  The  oiUng  or  dragging  of 
an  earth  road  is  a  maintenance  propoeitlon  and  should  be  eatimated  separately  from 
the  building  or  preparing  of  the  road,  liie  road  should  be  hmpt  wall  shaped  regaidlass 
of  whether  It  is  to  be  oHed  or  not.  However,  soma  «*»'''"t  b  aliaoat  afamys  naeMnry 
prior  to  the  Unit  application  of  oil,  and  this  oost  will  vary  from  (28  to  $60  per  mOe 
of  road.  Road  oil  can  be  purchased  for  from  3  to  7  cents  par  gal,  depending  upon  the 
quality.  It  may  be  applied  on  the  curfaca  of  the  road  at  the  rate  of  H  to  H  P^'  |Kr 
sq  yd.  So  the  cost  of  iril  alone  may  vary  from  (76  to  $276  per  mile  of  road  16  ft  wide, 
depending  upon  the  quality  and  quaati^  of  oil  applied.  Tbe  coet  of  applying  the  oil 
will  vary  depending  upon  the  loigth  of  haul  and  the  Idnd  cf  equipment  used. .  Thb 
cost  may  be  estimated  at  from  |50  to  S160  per  mile  of  road  16  ft  wide.  The  above 
flguree  show  tbe  coat  of  oiling  to  vary  from  (ISO  to  $476  per  mile  of  road.  With 
average  condltioiu  and  with  a  medium  priced  oil,  the  average  coet  of  <dling  akute 
per  application  may  be  from  $200  to  f260  per  mile  of  road  16  ft  wide.  It  must  be 
understood  that  tlwee  oasts  are  based  on  tbe  conditions  prevailing  during  the  season 
of  1916.  In  view  (rf  all  the  Information  that  is  available  on  oiled  earth  roada,  ladi- 
catiaas  ate  that  the  traatnuBts  muat  be  aude  each  year  or  at  least  every  other  year 
to  get  the  desired  results.  On  thb  basb,  flSO  to  9200  per  year  for  6  to  10  years  may 
be  a  basis  for  estimating  the  coat  of  surface  oiling." 

niioois  Speciflcationa  for  Surface  Oiling  Berth  Roads  are  as  follows: 

"nspARATioN  OP  Earth  Road  Sukpacb.  The  earth  road  surface  riuUl  be  smooth, 
free  from  sod,  vegetation,  loose  material  or  other  foreign  matter  and  shall  conform 
to  the  crom  section  shown  on  the  plana.   Ik  shall  be  eompaeted  with  a  tiMtor  or  a 
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pmnr  ntOw  ttat  vdctw  st  lewt  800  lb  per  In  <rf  wldtb  of  tnmi  of  one  wfaad;  and 
tba  oomp*et«d  wartam  ibal\  be  nnootta  tad  fr«e  from  wvtca.  The  Burfaee  ahall  al*o 
be  fm  fron  duet  mad  Boffldently  dry  to  prevent  the  wbeeb  of  the  oil  diitributor  from 
atiddng  or  mairinc  tbe  aurfMe.  If  the  aurfue  of  the  roed  b  rutted  in  mny  manner 
or  !■  doc  out  Into  boka  or  depreidoas  that  would  retain  water.  It  aball  be  made  pw> 
UeOy  amootb  by  draEilnc  at  suitable  timea  prior  to  tlw  application  ol  the  oil. 

"  AvrucATWN  OP  OH  sbaD  not  be  ap^led  uptM  the  road  iintU  after  tbe  aoifaoe 
baa  beai  approved  by  tlw  engineer.  The  oil  ahall  be  distributed  uniiormly  over  tbe 
of  road  9MUM.  It  ahall  be  VpUad  by  a  pr— ni  dtattUwtar  unte  not  lev 
than  15  lb  pr—ura  per  sq  in.  The  dietiibator  ahaU  be  reculated  ao  that  the  wUtii 
to  be  oQed  ahall  be  covered  by  one,  two  or  more  equal  atripa  without  overlapfdng. 
Extreme  care  ahall  be  talren  to  get  the  oil  uniformly  distributed.  All  placea  not 
Gtnrcnd  Iqr  tbe  flfit  apfrilcation  ot  oU  ahall  be  covered  by  hand-pouiing  eana  wfalefa 
wbaU  follow  hnraedlateiy  beUad  tbe  dlatributar.  Tbe  oQ  ahaU  be  appUed  in  at  least 
two  VplkatioiiBb  The  total  tpnatflr  ct  dM  und  ahaU  be  not  ha  than  H  1^  per 
■q.jrd  of  surface  qiedfied  to  be  oQed.  Whether  applied  in  two  applications  at  mora, 
the  anuMuit  ol  <A\  for  each  application  ahall  be  tbe  same,  and  there  shall  be  a  pc^l 
of  at  least  6  hr  intervening  between  suoeearive  appiieations  or  sueh  additional  time 
as  la  iiiijiiiwij  for  the  oQ  to  be  absorbed  and  offer  no  tendency  to  stlc^  to  the  wbeda. 
From  the  time  ol  tbe  fltst  application  of  oil  until  8  daya  after  the  laat  application,  tiw 
road  shall  be  kq>t  doeed  to  all  public  travel.  Oil  applied  on  daya  having  an  air  tern- 
ponttamadeMthan  £4°  C  (7S°  F),  and  oU  that  is  too  heavy  to  penetrate  readily  faita 
the  sojfaoe  ot  the  road,  shall  be  heated  to  the  temperature  prescribed  by  tbe  eoglneer 
before  appiytng  same. 

"Tbiinq  Oil.  No  oil  shall  be  used  untU  after  having  been  tested  and  approved 
by  the  engineer.    AU  oil  need  shall  comply  with  tbe  fallowing  qwdfleatioiia: 

1.  Tha  oQ  riiall  ba  a  Ihdd  product,  free  frMn  water. 

2.  SpeeUe  Gravis.  Ite  spedflc  gravity  at  26°  C  (TT  F)  shall  not  be  kaa  ten 
0.8M  0SJ«  B). 

S.  Total  Bitumen.  It  shall  be  aoWUa  1b  >*— t^fWy  pure  eold  wbon  dlwlphMi'  to 
tbe  axtMit  of  at  laaat  M.5%. 

4.  Vtao^.  Wben  UO  ce  irf  the  cU  is  heated  in  an  Engler  >nBoadniater  to  50°  C 
(121"  F)  and  maintained  at  this  temperature  for  6  mln,  the  first  60  cc  wUdi  flows 
thru  tbe  aperture  tlaO  show  a  apedllc  visoority  of  not  less  than  5.0  nor  more  than  20.0. 

5.  Residue  on  Evaporation.  When  30  g  of  the  oO,  in  a  tin  diah  2H  in  in  diameter 
and  ^  in  deep  with  vertical  ddea,  is  evaporated  utttO  a  reridue  of  a  penetration  at  26°  C 
(77°  F)  o(  10  mm  la  obtained  when  tested  with  Dow  machine.  No.  2  needle,  100  g,  6  sac. 
the  weight  of  the  residue  shall  be  at  least  40%  of  the  wdght  of  the  oil  taken  for  evapor- 
atka.  At  BO  ttasa  dniiag  tUa  avapoiatkn  riiall  tha  <ril  be  haatad  at  a  tcmpaiatura 
to  HOBBd  2B0*  C  (isr  ¥).- 

18.  ICaintentnce  ct  Sand-cniqr  Roads  " 

The  BoooMB  and  effideucy  of  tbe  sand-clay  and  topooil  road  is  praeticaUy 
depondent  upon  eyatMXiatio  maintonaaoo  which  coiwBtB  brsdy  in  the 
■yitematio  use  of  the  road  drag,  particulariy  after  eveiy  heavy  rain.  In 
"Tnin^Ti'""B  the  aand-clay  or  topaoil  road  no  material  ahotild  ever  be  dragged 
from  the  ditches  on  to  the  nu^ced  portiong,  for  all  such  acrapings  usually 
ooatain  more  or  leas  organic  matter  which  will  cause  the  road  to  duuntegrato 
and  ultimately  destroy  it.  Ditches,  after  they  have  once  been  brought  into 
the  right  grade,  sboiUd  be  diaturbed  ae  little  aa  poesible.  Wherever  poe- 
liUe,  graaa  ahould  be  permitted  to  grow  from  the  ditches  to  the  surfaced 
portion  of  the  road.  The  mowing  of  the  grass  is  one  item  of  the  oost  of 
■naintenaooe. 

Provision  must  be  made  ahead  of  time  for  obtaining  suitaUe  material 
with  which  to  add  to  a  topaoil  road  whenever  it  becomes  necetuary  to  fill 
up  any  depreaaioos  or  holes  that  have  been  formed  and  which  are  ttM>  large 
to  be  remedied  by  the  drag.  The  material  uited-  ahould  l>e  of  the  same 
character  and  quality  as  the  original  topaoil.    If  neoeeuary,  such  rauteriaU 
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should  be  purchased  ahead  of  Ume  at  varioua  points  along  the  road,  so 
tiiat  the  road  supervisor  would  know  where  he  can  obtain  suitable  material 
with  which  to  make  his  repairs. 

In  adding  material  to  a  sandrday  surface,  the  sand  and  clay,  of  ap- 
proximately the  same  character  as  the  original  surface,  should  be  thoroty 
mixed  together  and  tamped  into  the  boles  and  then  the  surface  dragged, 
if,  however,  the  drag  has  been  ooneiBtently  lued  on  the  Toad  from  the  time 
it  was  built,  it  will  only  be  very  rarely  that  holes  will  develop  that  have 
to  be  filled  in  this  way.  When,  however,  it  does  become  necessaiy  to  fill 
ruts  and  holes  with  topaoil  or  sand-clay  mixtures  or  to  add  these  materials 
to  the  surface  of  the  road,  it  is  absolutely  necessary  that  the  holes  should 
be  cleaned  of  all  dead  material,  and  the  bottom  loosened  before  any  new 
material  is  added.  It  is  also  just  as  imp<»taut  that  the  surface  of  tin  road 
sbnild  be  swept  dean  of  loose,  dead  material  and  harrowed  with  a  spiked 
tooth  harrow  before  adding  a  layer  of  the  new  material;  otherwise,  the 
new  material  will  not  become  firmly  attached  and  incorporated  with  the 
old  material. 

The  Patrol  System  of  Maintenance  ia,  perhaps,  more  necessary  in  main- 
taining the  sand-clay  road  to  its  highest  efficiency  than  most  any  other 
form. of  surfaced  road.  The  following  general  instructions  (32)  are  sug- 
gested tor  patrolmen: 

1.  Inspect  the  road  for  its  entire  length  during  a  rainy  day  and  locate 
all  holes,  which  will  be  easily  noted  as  they  will  be  filled  with  water. 

2.  Use  the  road  drag  immediately  after  a  rain. 

3.  Fill  all  holes  and  depressions  that  cannot  be  evened  up  with  the  drag 
with  good  material,  and  then  go  over  the  section  again  with  a  drag. 

4.  Never  put  on  the  road  any  sod,  sand  or  any  material  fn»n  the  side 
ditches.  Obtain  fresh  material  of  the  same  eharactw  as  the  balance  of 
the  road. 

fi.  When  the  road  surface  is  very  rough,  run  a  spiked  tooth  harrow 
over  it  while  the  road  is  still  wet  and  this  will  very  materially  increase  the 
eflSciency  of  the  drag. 

0.  In  dragging  the  road,  drag  from  the  edges  of  the  surfaced  portion  of  the 
road  toward  the  center.  Be  careful  never  to  drag  any  mat^ial  from  the 
unsurfacod  portion  of  the  road  on  to  the  surfaced  part. 

7.  Be  sure  after  dragging  the  road  that  no  ridge  has  been  left  between 
any  portion  of  the  road  and  the  ditch.  At  times  a  one-horse  cultivator  can 
be  used  to  advantage  in  removing  the  ridge  that  may  have  formed  between 
the  wheel  rut  and  the  ditch.  The  drag  should  be  used  immediately  after- 
wards to  bring  the  surface  of  the  road  back  into  shape. 

8.  Remove  all  ^asa,  tin  cans,  nails  and  rubbish  of  whatever  character 
that  may  be  found  on  the  surface  of  the  roadway, 

9.  See  that  all  culverts  are  clear,  with  outlets  and  inlets  in  good  order, 
and  that  the  water  can  run  freely  in  the  ditches. 

10.  The  old  surface  of  the  road  must  be  cleaned  and  roughened  before 
new  material  ia  added. 

Dust  Preventives  and  Binders  for  Sand-Clay  and  Topsoil  Roads.  But 
little  experimental  work  has  thus  far  been  done  in  regard  to  utilising  various 
oils,  asphalts  and  other  products  as  binders  or  dust  preventives  in  con- 
nection with  aand-clay  or  topsoil  road.s.  Glutrin  gives  good  results  as  a 
dust  preventive  and  very  favorable  results  have  been  obtained  from  the 
application  of  glutrin  td  saud-clay  roads  as  a  binder.  This  result  is  not 
obtained  until  several  mgnthh  to  a  year  after  the  application  of  the  glutrin. 
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light  and  medium  asphaltio  oils  have  been  experimented  with  to  a  limited 
extent  and  give  indication  of  bung  satisfactory  as  duat  preventives  and 
binders.  The  application  of  these  materials,  even  as  dust  preventives, 
will  increaae  the  life  of  the  sand-clay  or  topsoil  road. 

Coct  of  Maintenance.  The  ooat  of  maint^iining  sand-clay  and  topsoil 
roads,  as  outlined  above,  varies  tnm  $60  to  tlOO  pw  mile  per  year,  accord- 
ing  to  the  width  of  the  road.  These  figures  represent  the  maintenance  of 
a  road  constructed  as  described  above.  Reports  are  made  that  such  roads 
have  been  maintained  at  a  cost  of  tlO  to  930  per  mile  per  year,  but  this 
does  not  mean  the  thoro,  systematic  maintenance  advocated  above.  In 
some  instanees  a  road  with  a  9  ft  surface  of  sand-clay  has  been  maintained 
satisfactorily  at  S30  per  mile  per  year. 


Ksfliodi  RMommanded  by  the  V.  S.  O.  P.  R.  (31).  "  The  principal 
factor  in  BUccessfuUy  operating  a  properly  constructed  road  drag,  provided 
that  the  condition  of  the  road  is  favorable,  ia  skill  on  the  part  of  the  operator. 
Under  ordinary  circumstances  the  position  of  the  hitching  link  on  the 
draw  chain  should  be  such  that  the  runners  will  make  an  angle  of  from  60° 
td  75°  with  the  center  line  of  the  road,  or  in  other  words,  a  skew  angle  of 
from  15°  to  30°.  It  is  apparent  that  by  shifting  the  position  of  the  hitching 
link  the  angle  of  skew  mOy  be  increased  or'  diminished  as  the  conditions 
require.  When  draggins  immedtatdy  over  ruts  or  down  the  oenter  of  the 
road  after  the  sides  have  been  dragged,  it  is  usually  preferaUe  to  have 
hitching  link  at  the  center  of  the  chain  and  to  run  the  drag  without  skew. 
When  the  principal  purpose  of  the  dragging  is  to  increase  the  crown  of  the 
road,  they  should  be  sufficiently  skewed  to  discharge  oil  material  as  rapidly 
BS  it  is  collected  on  the  runners.  On  the  other  hand,  if  depressions  occur 
in  the  road  surface  the  skew  may  perhaps  be  advantageously  reduced  to  a 
minimimi,  thus  enabling  the  operator  to  deposit  the  material  which  collects 
in  fnmi  of  the  nmnore  at  su^  points  as  he  desires  by  lifting  or  otherwise 
manipulating  the  drag.  The  length  of  hitch  is  another  very  important 
oonsidentuxi  in  operating  the  road  drag.  It  is  impracticaUe  to  prescribe 
even  an  approximate  rule  for  fixing  the  length  of  hitch,  because  it  is  mate- 
rially affected  by  the  height  of  the  team  and  the  arrangement  of  the  harness, 
as  well  as  by  the  condition  of  the  road  surface.  Experience  will  soon  teach 
the  operator,  however,  when  to  shorten  the  hitch  in  order  to  lessen  the 
amount  of  cutting  done  by  the  front  runner  and  when  to  lengthen  it  in 
order  to  produce  the  opposite  effect.  When  the  road  surface  is  sufficiently 
hard  or  the  amount  of  material  which  it  ia  desired  to  have  the  drag  move 
is  sufficient  to  warrant  the  operator  standing  upon  the  drag  while  it  is  in 
operation  be  can  greatly  facilitate  its  work  by  shifting  his  weight  at  proper 
times.  For  example,  if  it  is  denred  to  have  the  drag  discharge  more  rapidly, 
the  operator  should  move  toward  the  discharge  end  of  the  runners.  This 
wiU  cause  the  ditch  end  of  the  runners  to  swing  forward  and  thus  increase 
the  skew  angle  of  the  drag.  The  operator  may,  of  course,  produce  the 
opposite  effect  by  moving  his  weight  in  the  opposite  direction.  In  the 
same  way,  he  can  partially  control  the  amount  of  cutting  which  the  drag 
does  by  shifting  his  weight  backward  or  forward,  as  the  case  may  be. 

"  Whkn  to  Vsm  IBS  Dua.  It  is  fully  as  important  that  a  road  be  dragged 
at  the  right  time  oa  it  ia  that  the  dragging  be  properly  done.  The  rule 
ftequeatly  dted,  that  all  earth  roads  should  be  droned  immediately  after 
evoy  rstn,  is  in  many  aaes  entln^  impnwtiinble  mad  ia  also  very  mia- 
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leadinc  because  of  the  oondltioiis  which  it  faib  tt>  contemplate.  It  is  true 
that  then  are  many  road  surfaces  c<Hnpoeed  of  earth  or  eartiiy  material 
which  do  not  become  very  muddy  under  traffic,  even  during  long  rainy 
seasons,  and  since  such  mirfacea  usually  tend  to  harden  very  rapidly  as  soon 
as  the  weather  clears  up,  it  may  be  desirable  to  drag  roada  of  this  kind 
immediately  after  a  rain.  Such  roads,  however,  would  not  ordioarily  need 
to  be  dragged  after  every  rain,  because  of  the  strong  tendency  that  they 
naturally  possess  of  holding  their  shape.  On  the  other  hand,  many  varieties 
of  clay  and  soil  tend  to  become  very  muddy  under  only  light  traffic  after 
very  moderate  rains,  and  it  is  evident  that  roads  constructed  of  such  ma- 
terials could  not  always  be  successfully  dragged  immediately  after  a  rain. 
Sometimes,  in  fact,  it  may  be  necessary  to  wait  until  several  consecutive 
clear  dsys  have  elapsed  after  a  long  rainy  spell  before  the  road  is  suffidently 
dried  out  to  keep  ruts  from  forming  almost  as  rapidly  as  they  can  be  filled 
by  dnggios-  In  many  cases  of  this  kind,  howevw,  it  is  possible  greatly 
to  improve  the  power  of  the  road  to  resist  the  destructive  action  of  traffic 
during  rainy  seasons  by  repeatedly  dragging  it  at  the  proper  time.  Well 
oonstnicted  sand-clay  and  topsoil  roads  should  not  often  become  muddy  after 
ihey  are  onoe  well  compacted.    They  may  become  seriously  rutted,  how- 


Fig.  S.  Standard  Split-Log  DrsE  ot  Penn.  State  Highway  Dept. 

ever,  under  heavy  traffic,  duriog  rainy  weather,  and  are  almost  sure  to 
need  dragging  several  times  each  year.  Such  roads  should  ordinarily  be 
dragged  as  soon  after  a  rain  as  practicable,  as  otherwise  the  surface  soon 
becomes  dry  and  bard,  bo  that  it  is  necessary  to  do  conMderably  more 
dragging  in  order  to  fill  the  ruts.  Furthermore,  the  material  which  the 
drag  moves  will  not  compact  readily  uuless  it  contains  a  considerable 
amount  of  moisture.  In  general,  it  may  be  said  that  the  beat  time  to  drag 
any  type  of  road  is  when  the  material  composing  the  surface  contains 
sufficient  moiature  to  compact  readily  after  it  has  been  mo^'ed  by  the  drag 
and  is  not  sufficiently  wet  for  the  traffic  following  the  drag  to  produce  mud." 

■^SpUt-Log  Drag  (19b).  The  bent  material  for  a  drag  !■  dry  red  cedar.  Red  elm 
and  walnut  when  thoroljr  dried  are  excdient,  and  soft  maple  or  even  wUtow  are  pref- 
erable to  oak,  hickory  or  aah.  The  log  should  be  7  or  8  ft  long  and  from  10  to  12 
In  in  diameter,  and  carefully  split  or  lawed  down  the  middle.  The  beevieet  and  beet 
ahould  be  selected  for  the  TronL  Set  the  halvea  flat  tidee  to  the  front,  foatoi  80 
in  apart  inside  measure  with  S  strong  stakes,  the  ends  of  which  are  wedged  in  two 
2-inch  auger  botes,  l>ored  thru  the  slabs.  Both  slabs  are  the  same  Wgth  but  the 
rear  one  diould  extend  14  or  16  in  away  from  the  ditch  end  of  the  front  slab  as  indicated 
In  Fig.  B.  A  platform  of  boards  should  be  built  to  lay  on  top  of  the  slabs  to  «iable 
tba  drtvH  to  walk  all  over  the  drag  quickly  and  securely.  To  fastm  the  cfasins,  simply 
wr^t  one  end  aroand  an  end  stake,  cany  It  over  tbe  top  of  the  slab,  oat  to  tiw  doaUe 
tnss  sad  then  back  to  the  ditch  end  of  tbe  slab,  wfaote  It  sbonld  be  sUppwl  thru  a 
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bond  hole  and  can  be  fasteiMd  by  Bljpping  a  bolt  thru  one  of  the  links.  The  hole 
riKKild  be  bored  8  or  4  In  from  the  end  of  the  sUb  and  about  ita  center  up  and  down. 
A  strip  of  iron  S  or  4  In  wide,  and  H  i»  thick  ^ould  be  attached  to  the  front  slab. 
It  is  not  aeceaaary  to  have  this  iron  over  40  to  42  in  lone,  but  the  life  of  the  slab  will 
be  prolonced  if  it  ia  extended  the  entire  length  of  the  slab.  The  Iron  riiould  be  attached 
M  that  it  will  be  M  in  behnr  the  lower  edge  of  the  slab  at  the  ditch  end  while  the  other 
(nd  ^ould  be  fluah  with  the  aiab.  The  bolta  boldins  the  plate  in  place  should  have 
flat  beada  and  the  holai  to  receive  them  should  be  eounteraunk.  If  the  face  of  the  lof 
ataada  frfumb.  It  ia  mil  to  wedge  out  the  lower  edge  of  the  blade  wfth  a  three  ewnorod 
stop  el  wood.   Two  eommon  mistakea  an  made  in  cMistruetlng  «  dr^,  aaa  is  In 


Tig.  6.  Staodard  PUnk  Drag  of  Penn.  Sute  Highway  Etept- 


maldns  It  too  heavy.  It  should  be  so  light  that  one  man  can  easily  lift  It.  A  Hght 
drag  reeponds  more  readily  to  the  various  methods  of  hitching  and  to  the  shifting  of 
the  position  of  the  operator.  If  desired  a  drag  may  be  made  heavier  at  any  time 
by  pnqter  wdghting.  The  other  mistake  ia  in  the  use  of  squared  timbers  with  too 
wide  a  faee  on  tii»  ground,  instead  of  those  widi  sharp  edges,  wherAy  the  cuttinc 
effect  of  the  sharp  edges  is  lost  snd  the  drag  b  permitted  to  sUde  over  instead  of  to 
equalise  the  frregularidn  in  the  surface  of  the  road. 

•■  Plank  Drag  (19b).    Drags  may  be  made  of  planks  instead  of  logs.    In  some 
localities  lop  of  suitable  siu  are  hard  to  obtain  and  for  this  resson  plank  dnws  are 
into  general  use.   Elm  and  cypress  are  perhaps  the  best  wood  to  use  but  if 
these  are  not  obtainable,  stnaething  strong  and  light  will  do.   The  plank  should  ba 


Fig.  7.  Standard  I^p-Flank  Drac  oi  Penn.  State  Hi^wsy  Dept. 


7  or  8  ft  long  and  2  by  12  in  In  saetlon,  reinforced  lengthwise  of  lis  center  by  a  2  by 
(riuik.  The  other  details  (see  Ftg.  6)  are  the  same  as  for  a  split-log  drsg. 
**  Lap-Flaak  Diag  (19b).  Another  form  of  home-made  drag  that  is  used  quite 
of  ten,  b  what  is  called  the  tap-plank  drag  (see  Fig.  7).  This  form  of  drag  is  particularly 
useful  where  the  soil  is  a  stidv  day  that  Is  hard  to  work,  when  it  is  wet,  with  the 
sptit-log  or  plank  drag.  It  will  move  but  a  very  small  quantity  of  earth,  however, 
sikd  its  principle  value  is  to  puddle  the  road  and  smooth  tlM  surface  when  the  ruts 
and  holes  are  not  deep.  This  drsg  is  usually  made  of  planks  about  9  ft  in  length, 
12  in  wide  and  1  in  tbidc.  They  may  be  bolted  together  or  bound  with  Iron  stnps 
at  aaefa  end  and  in  the  middle,  the  straps  being  plaeed  about  1  ft  from  each  end.  The 
planks  are  lapped  ooe  aa  top  of  the  other,  usually  three,  the  top  erne  being  the  forward 
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one.  Eadi  plank  is  Ispped  over  the  undeilyinE  one  Bbont  6  in.  The  iron  itnps  are 
from  4  to  6  in  widet  uid  the  end  ones,  to  which  a  chain  is  fastened,  extend  about  2  In 
beyond  the  front  edge  of  the  drag.   Tfaew  ends  have  hoiea  drilled  in  them  for  attaduns 

"  Steel  Dngt  (19b),  While  the  wood  dncs  are  more  Kenerally  used,  yet  all  of 
the  roed  machine  eompanlee  are  now  manufacturing  all  steel  drags  and  these  can  be 
obtained  at  reasonable  prices." 

UUiuiia  Road  Drag  Law.  The  General  AMerably  of  tbe  State  of  lUinota,  In  IMS, 
paMnil  a  Road  Drag  Iaw  antlioiWiig  the  road  miiiiiilMliiMiiB  In  any  towiuli^  to  hav* 
earth  roads  dragged  at  all  seasona  of  the  year  wbsoerer  It  waa  deemed  to  be  fc—tfHal, 
and  to  contract  with  the  adjoining  land  owners  for  this  work  at  a  rate  of  from  76  centa 
to  $1  per  mUe,  not  leM  than  20  ft  wide,  for  each  time  the  road  wairdragged,  the  higher 
price  to  be  paid  for  work  done  during  Um  months  of  Dec.,  Jan.,  Feb.,  or  Me■^^^l■  The 
law  alaa  provldn  It  to  he  unlawful  to  place  loose  earth,  weedi,  sods,  or  ottwr  TnaataWa 
matter  on  a  nad  which  has  been  dragged  wiUtout  the  authority  of  the  mad  oOldalv 
to  place  any  material  which  will  prevent  the  free  flow  of  water;  for  any  traffic  to  pass 
OTW  a  surface  just  dragged  until  same  shall  have  partially  dried  out  or  have  frosen, 
except  in  those  instuicea  where  the  road  is  not  BufBdently  wide  to  provide  a  safe  by> 
paM  or  on  roads  wide  oiough  so  that  the  wheels  will  not  make  a  rut  neaiw  than  9  tt 
to  the  etnttf  of  the  dragged  portion,  bt  order  that  all  commiwooeia  sfaould  follow 
the  same  practice,  the  foUowinc  InatructioDS  were  published  (13a) : 

"Roads  pn^Mrly  dragged  will  dry  oat  weeks  eariior  in  the  quing  than  a  road  not 
so  maintained,  and  when  dried  out  will  be  smooth  and  in  exoelloit  condition.  More- 
over, they  will  not  rut  up  so  readily  during  the  winter.  The  ordinary  country  road 
can  be  well  maintained  if  dragged  at  the  proper  time  on  an  average  of  twice  a  month. 
The  dragging  wHl  have  to  be  more  frequent  during  winter  and  spring  tiban  in  sommer. 
Unless  the  road  is  in  the  right  ooadition,  the  work  of  dragging  will  be  wasted.  One 
thing  to  be  indated  npcm  is  that  the  work  be  dona  at  the  rl^t  moment.  The  t^t 
tbne  b  when  the  road  Is  weL  The  muddier  It  Is  the  better  the  mults.  On  a  raad 
that  is  In  extremely  bad  condititm  where  the  mud  is  very  de^,  it  is  probable  that 
the  lap-plank  drag  can  be  worked  to  better  advantage.  In  the  summer  time  and  in 
the  early  fall,  dragging  should  be  data  whDa  It  fa  aebially  raining,  for  unless  the  rain 
fa  exceptionally  heavy  and  long  continued,  the  water  will  penetrate  the  dry  roadbed 
so  fast  that  the  surface  will  be  comparatively  dry  when  ttie  drag  is  uaed  after  the 
rain  has  stopped,  with  the  result  that  the  road  surface  will  worit  up  in  munbs.  When 
this  happens  It  ^  a  rign  the  road  is  too  dry.  The  nearer  it  Is  possible  to  spread  the 
mud  ovw  the  road  as  a  mortar,  much  in  the  same  way  a  mason  works  mortar  with  • 
trowel,  the  greater  the  improvement  produced.  TTndw  no  eonditionB  should  a  road 
be  dri«ged  when  it  fa  dry.  Thfa  merely  oumbles  up  the  suifaoe  and  makea  a  layer 
of  the  looae  material  which  qulek^  beeomea  dust  and,  when  wet,  fa  turned  Into  mud 
and  holds  the  water  mi  the  surface  of  the  road.   Drag  when  the  road  fa  good  and 


muddy.  Don't  drag  when  it  fa  dry.  Drag  irimtevsr  poaidbla  at  all  ■naanni  ol  the 
year.   If  a  road  fa  dr^ged  imiuedlataly  b«£ore  odd  weaUwr,  It  will  Eretae  in  a  onoott 

ontdition.'* 

KanaaaConatyRoadDngCaitnwt   "ThtaContrw^  made  thfa  dar«< 


  191...,  between  the  Board  (rf  County  Ctnumfariccwn 

for  County,  Kansas,  party  of  the  first  part, 

and  party  of  the  second  part; 

"WtnsssBth;  1.  That  aaid  aeoond  party  hueby  contracts  and  agrees  to  dr^  and 

can  for  the  aactim  of  County  Road  heralnafter  deeeribed,  from  tide  date  to  

 191...,  said  read  bdnc  known  as  Section  of  DivWoa 

 of  Coun^  Road  Mo  and  covering  as  foUoemi  Beginning 

at  and  ending  at  or  s  total 

lengUi  of  miles. 

Z.  If  at  any  time  second  party  fa  unable  to  drag  thfa  section  when  it  fa  neeeasaiy, 
be  agrees  to  procure  a  substitute  who  will  perform  the  service  for  said  second  party. 

8.  Second  party  agrees  to  drag  this  section,  or  so  much  of  it  as  can  be  dragged,  at 
■ach  times  and  in  such  manner  required  by  the  County  Engineer. 

4.  That  be  will  keep  himself  informed,  by  actual  view  or  otherwfae,  of  tiw  cooditioa 
of  thfa  section  of  road,  and  report  any  damage  to  culverts,  bridges,  or  grade,  promptly 
to  the  County  Engineer.  v 
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S.  It  b  agned,  that  for  the  wrvieea  readered  under  this  eontnet,  the  Cmmly  Ctm- 
■niloDen  will  pay  nid  ncond  pmrty  the  following,  in  full  compematkm:   For  aadi 

round  trip  with  drag,  U  per  the  County  Engineer's  instructiana,  per 

mile,   for  eadt  rotind  trip  over  entire  section.    For  repairing  culverts 

or  bridgasf  or  uiy  other  aervlee  rmdered  on  County  En^eer's  orders,  par 

honr  lot  hand,  and  per  hour  for  man  and  toam.   Second  party  to 

make  on  U>  voucber  for  sucfa  servicaa,  under  oath,  and  prwcnt  aama  in  eame  ■™"™' 
a>  other  daims  against  the  county. 

S.  This  OMitraet  will  be  annulled,  and  of  no  effect  upon  the  failure  of  the  second 
paity  to  fulflU  ttie  contract,  and  he  hereby  agrees  upon  notice  of  auch  failure,  to  return 
to  tfaa  Comi^  Engineer,  the  county  prtqwrty  in  his  cbai|e  and  aarrender  tiifa  oontraet 
laiMdiataly. 

mtMH our  handa,  Uila  day  of  191.... 

The  Board  of  County  CommisBioners. 

By  County  Engineer. 

 Contractor." 


14.  BiUiognphy 

BOOKS 

1.  Aoo.  T.  R.  The  Construction  of  Boads  and  FaTamotts:  Chap.  4,  The  Con- 
struct! cm  and  Maintenance  of  Earth  Roads;  Chap.  6,  Sand-Clay  Roads;  McGraw- 
Hill  Book  Co. 

t.  Baku,  I.  O.  Roadi  and  Pavementa,  Chap.  8,  Earth  Roadi,  Jirim  WBcqr  Jfc  Sona. 
•.  BuuwKABD,  A.  H.   ElaBMnta  of  Kghway  EngbwwlBC,  Gap.  6,  Euth  and  Sand* 

Oar  Roada,  John  WSey  dc  Sma. 
4.  Pa«,  I*  W.   Roada,  Fadia  and  Brldcai:  Cb»p.  i,  Tba  Earth  Road;  CbMp.  6, 

The  Sand-Clay  Road;  Stui^  ft  Walton  Co. 

PERIODICAL  LITERATURE 

tm  Aqo,  T.  R.  Design  and  Construction  of  Earth  Roads  In  Iowa,  Eng.  News,  April 
16,  1914,  p.  821. 

«.  Ago,  T.  R.  and  Cuanss.  C.  D.   OOed  Earth  Roads,  Not  865  Day  a  Year  Road  in 

Iowa,  Eng.  A  Cont.,  July  4, 1917,  p.  20. 
9.  Boas,  G.  H.    Maintanutea  and  R^mIt  of  Earth  Roada,  Pmn.  Hi^way  Nawa, 

Hay,  1915.  p.  10. 

a.  CooLBT,  G.  W.   UainteBanea  of  Earth  Roada.  Proa.  Am.  Road  Coni;.  1914. 

p.  193. 

ft.  Eno.  Nbwb,  Staff  Art.   i;arth  Roada  by  Day  I^bor,  Ffeib.  IB,  1917.  p.  266. 
1*.  Flbtchbi,  a.  B.   The  OOed  Earth  Road  fd  California,  m.  Hlgfawaya,  Oct, 

1916,  p^  169. 

U.  GlABEABT.  W.  8.   <k)  CmatnieUon  and  Maintawtnee  of  Earth,  Sand-Clay  and 

OOed  Earth  Roada,  and  Gnlwta,  Bui.  Kansas  Agr.  Col.,  Vol.  8,  No.  6,  1911; 

(b)  Earth  Road  MaintMianoe,  Bui.  Univ.  of  Mich.,  Dec.,  1916,  p.  208. 
IS.  BmwsB,  L.  I.   Earth  Road  Improvement,  Cornell  C.  Engr.,  April,  1916,  p.  305. 
U.  lu.  HloHWAYS,  Staff  Arte,    (a)  Road  Dngging,  July,  1914.  p.  84;  (b)  Road 

BoDen  in  the  Conrtmctfam  <tf  Earth  Roada,  Nov.,  1916,  p.  141. 
U.  Kmtm,  W.  S.   SneeaMinEarthRoadCtmtraetinK,  Eng.  Ree.,Jan.  6,1917.  p.  24. 
U.  Koca,  J.  C.   An  Investigation  of  Sand-Clay  Uiztures  for  Road  Surfadng.  Trans. 

Am.  Soe.  C.  E..  Vol.  77,  1914.  p.  1464. 
It.  HcxsBvnLO.  C.  H.   Earth,  Sand-Clay  and  Gravel  Roads.  Bui.  U.  S.  Dept.  Agr. 

46S,  1917. 

17.  HuLUH.  J.  H.    Earth  Road  Cnutruetkm  and  Maintananea.  Good  Roada.  Uardi 

10, 1917,  p.  168. 

18.  MoausoN.  R.  L.   Earth  and  Oraval  Road  Maintenanon,  Good  Roada.  Feb.  10, 

1917,  p.  98. 

U.  Pbnh.  Statb  Hiqhwat  Dvt.    (a)  Earth  Road  Location  and  Conatruetlon,  BuL 
B,  1914;  (fc)  Earth  Road  Maintenance,  Bui.  6, 1914. 


D>qiti;eo  by  L.ooQle 


518 


Earth  and  Suid-Clay  Roads 


SAct.9 


M.  PnnBm,  B.  H.    (a)  Earth  Roads,  lU.  Higfawaya,  May,  1916,  p.  S7;  (b)  Methods 

and  Coata  o(  Oiling  Earth  Roads  In  lUinH^  Ens.  *  C^ot..  Aug.  2, 1916,  p.  112. 
21.  Pratt,  J.  H.    {»)  Sand-Clay  Roada,  Proe.  Am.  Road  Bldrs.  Ama.,  1918,  p.  167; 

(k)  Sand-Clay  and  Top  Soil  Roads,  the  Eeonoraie  Rowh  for  North  Carolina, 

Proe.  N.  C.  Good  Roads  Inst.  1914,  p.  35. 
SI.  Sawyer,  K.  I.   The  Value  of  Continuous  System  of  Maintenance  of  Earth  Roads, 

Bui.  Univ.  of  HicUcan,  Sept.,  191B.  p.  69. 
n.  ScHNSPn,  P.  B.   The  Naeaarity  for  Improvament  of  Roads  other  than  the  Hard- 

Surfoeod  Ualn  Roads,  Bettor  Roads,  Hareb,  1917,  p.  114. 
M.  ShbBts,  p.  T.    Care  of  Earth  Roads  in  Winter*  Eng.  Roe.,  Jan.  £7, 1917.  p.  142. 
ti.  Slack,  S.  B.   Why  Sand-Clay  Compound  Road  Soils  are  Bllleient,  Bui.  Sebool 

of  C.  Eng.,  Univ.  of  Georgia,  1914. 
M.  SlOTB,  J.  E.    Natural  Sand-Clsya  In  North  Can^ina.  Southern  Good  Roada, 

Oct.,  1914,  p.  16. 

tJ*  SmLB,  G.  D.    Earth  Roads,  Construction,  M^tenance  and  Equipment,  Better 

Roads,  March,  1914,  p.  15. 
ta.  Strahan,  C.  M.    Developing  an  Earth  Road,  Bui.  Univ.  ot  Michigan.  Sept., 

1916,  p.  64. 

M.  Tbbrku,  R.  C.  Earth  and  GnTd  Roads,  Frae.  Am.  Road  Bldrs.  Amb^  1912, 

p.  166. 

n.  TuiTBi,  J.  E.   The  Economics  of  Macadam  Vmna  Earth  Road  Conatmetion, 

Eng.,  A  Cont.,  March  2S.  1914,  p.  STO. 
n.  U.  S.  O.  p.  R.    The  Road  Drag  and  How  it  is  Used.  V.  S.  Dept.  Agr.  Farmers' 

Bui.  697. 

tZ.  WmsLOW,  D.  H.  Qenoal  Inatnietlmis  to  Patrolman  for  Maiateaanee  of  Sand- 
Clay  Roadway  on  the  Capital  Highway,  N.  C.  Rap.  to  U.  S.  O.  P.  R. 

n.  Wynn,  W.  a.  The  Conatruetlon,  Ualntenaaea  and  Rapalr  of  Earth  Roada, 
Pan.  Highway  News,  Marofa,  1916.  p.  24. 


SECTION  10 


GRAVEL  ROADS 

BY 

CHARLES  J.  BENNETT 
STAn  BioBWAT  oomnniONM  or  ooHOBOvcin 


GENERAL  DATA 
Art.  Page 

1.  Historicat  Development. . .  519 

2.  CharacteriBtics   610 

3.  DrmiiiBge,  FouDdationa 

and  Subgmde   620 

4.  CrowDB   521 

MATERIALS 

6.  Occurrence  of  Gravels. . . .  621 

6.  Physical  Propertiea  of 

Gravelo   631 

7.  Sampling  and  Tests  of 

Gravels   523 

8.  Specifications  for  Gravels.  627 

9.  ^cavating.  Screening  and 

Hauling  Gravel   528 


CONSTRUCTION 

Art  Page 

10.  Types  of  Gravel  Roads. . .  534 

11.  Natural  Gravel  Roads. ...  536 

12.  Surface  Methods  of  Con- 

struction   535 

13.  Trench  Methods  of  Con- 

struction  637 

14.  SpecificaUooa  for  Trench 

Methods   538 

15.  ConatniBtion  Coat  Data  646 

MAINTENANCE 

16.  Caiuea  of  Failure   648 

17.  Methods  of  Maintenance.  648 

18.  Maintenance  Coat  Data. .  660 

19.  Bibliography   661 


GENERAL  DATA 

1.  Historical  Developmeat 

The  first  roads  were  buUt  of  tocsl  material  without  regard  to  durability 
or  suitability  for  road  purposes,  but  aa  the  travel  developed,  it  became 
imperative  to  secure  materials  better  than  the  local  material  and  still  of 
easy  aeoess.  The  DKit  step,  theawfore,  after  tlw  earth  road  was  the  gravel 
road,  and  evidences  of  gravel  roads  are  found  in  antiquity,  proving  that 
the  logical  development  of  tranaportstion  was  first  from  the  earth  to  the 
gravel  and  so  on.  Samples  of  gravel  roads  are  found  in  Rome  and  Great 
Britain-  The  Roman  roads  were  probably  built  by  slaves  and  captives 
of  the  Cieaars  and  the  British  roads  by  the  Britons  under  duress  by  their 
own  conquerors. 

3.  Characteristics 
Adaptability.  There  are  naiUioDS  of  miles  of  rural  highways  at  the  present 
tinoe  which  are  not  improved  and  which,  when  constructed,  will  have  road- 
ways of  local  materials.  At  the  same  time,  there  is  an  enormous  need  for 
an  improvmient  in  the  general  condition  of  all  rural  roads,  and  there  are 
fmr  otMununities  or  localities  where  suitable  matwial  may  not  be  found 
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convenient  for  the  improvement  of  these  highways.  By  far  the  most  uni- 
vecsal  of  these  common  materials  is  gravel  secured  either  from  banks  or 
from  the  beds  of  strauns.  The  location  is  easily  found.  The  matenal  is 
cheap  in  first  cost  and  easily  handled.  The  general  results  of  proper  gravel 
construction  are  more  satisfactory  and  economical  than  those  secured  from 
any  other  known  natural  material.  By  its  very  composition,  gravel  is 
suitable  for  a  road  surface,  the  material  having  been  formed  primarily  by 
the  washiiiK  or  wearing  away  of  the  rough  corners  of  small  particles  of 
rock  in  Buch  a  manner  as  to  preserve  the  most  durable  particles  which, 
therefore,  wilt  take  a  ransiderable  amount  of  abrasive  wear  without  rapid 
disintegration.  By  the  same  method  of  formation,  the  material  has  gener- 
ally been  bo  mixed  that  the  pwomtage  of  voids  ia  oomparatively  low, 
and  hence,  by  the  addition  of  a  small  amount  of  cheap  binding  material,  a 
praotioally  imprarious  surface  can  be  secured  with  a  minimum  amount  of 
manipulation. 

Characteristics.  A  gravel  road  constructed  by  any  one  of  the  followings 
mentioned  methods  has  several  notable  peculiar  characteristics  which  do  not 
pertain  to  roads  of  oUier  types  unless  they  are  of  extremely  high  grade. 
A  gravel  road  is  easily  repaired.  The  material  for  repairs  is  locally  available 
and  of  the  same  character  as  the  material  of  whioh  the  road  was  oii^nally 
built.  Such  a  road  is  fulb''  as  durable,  if  not  more  so,  than  a  crushed  stone 
road  unless  the  stone  which  has  been  crushed  is  of  an  extremely  hard  and 
tough  texture  with  a  high  ooefiSfi^t  of  wear.  The  gravd  road  is  com- 
fortable to  ride  upon,  vhethmr  at  a  slow  or  fast  speed,  due  probably  to  the 
almost  imperceptible  shifting  of  the  particles  which  go  to  make  up  the 
road  ilaelf.  The  road  is  easy  of  traction  and  ia  not  as  dusty  without  treat- 
ment as  an  earth  road  or  a  road  built  of  crushed  stone.  Without  bitu- 
minous treatmeatfit  cannot  be  considered  as  adaptable  to  traffic  exceeding 
100  motor  vehicles  per  day  and  can  only  be  considered  safe  and  adaptable 
for  such  traffic  in  good  weather,  aa  during  certain  months  of  the  year,  it  will 
be  practically  impassable  for  motor  travel.  Again,  as  the  travel  increases, 
the  ooot  of  maintenance  will  increase  to  a  point  when  it  may  be  demon- 
strated that  it  vould  be  cheaper  to  build  a  more  permanent  type  of  road- 
way. Climatic  conditions  have  much  influence  on  the  characteristics  of  a 
gravel  road.  For  instance,  the  objection  to  a  gravel  road  on  account  of 
adverse  frost  conditions  ia  largely  eliminated  in  a  mild  climate.  Neverthe- 
less, a  gravel  road  has  ite  limitations,  but  can  be  used  more  universally  and 
requires  less  technical  supervision  than  any  other  known  type  of  construction. 


The  ordinary  rules,  which  apply  to  the  drainage  and  foundation  of  high- 
ways, are  applicable  to  gravel  roods  except  that  greater  care  diould  be  taken 
in  the  i»«paration  of  the  foundation  and  subgrade  and  the  proper  drainagie 
of  the  road  than  with  more  durable  types  if  the  road  is  to  be  given  con- 
tinuous use.  However,  carelessness  in  the  preparation  of  foundation  and 
subgrade  will  not  result  as  disastrously  in  the  case  of  gravel  roads  aa  in  the 
case  of  a  road  of  more  expensive  type  since  the  cost  of  reconstruction  is 
materially  less.  Generally  speaking,  the  subgrade  should  be  free  from 
projecting  stones,  stumps  and  pockets  of  vegetable  material,  should  be 
firmly  rolled,  and  shaped  in  such  a  manner  as  to  afford  a  proper  foimdation 
for  tiie  gravel  surface.  The  drainage  both  beneath  and  on  tiie  sides  of  the 
road  should  be  carefully  designed  so  as  to  ipve  continuous  servioe  and  the 
stnjcttves  of  suffident  magnitude  to  remove  all  danger  of  TRuhouts,  up- 
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heavab  due  to  frost,  and  other  lib  which  may  result  from  imimper  draiuaga 
deagn. 

4.  Crowns 

For  gravel  roads  wluch  arc  to  be  treated  with  bituniiuous  carpets,  the 
cross-crown  on  the  road,  except  on  Kradca,  »hould  not  exceed  in  per  ft. 
For  roads  which  are  to  be  treated  with  some  other  method  or  left  untreated, 
the  croaa-orown  abould  not  exceed  H  in  per  ft  with  the  exception  of  grades, 
whNe  the  croBS-CTown  should  be  sufficient  to  allow  the  water  to  run  laterally 
off  the  surface  of  the  road  without  causing  longitudinal  ruts. 

MATERIALS 

B.   Occurrence  of  Gntvels 

Deflnitions.  Bank  gravel  is  defined  by  Committee  D-4,  Am.  Soc.  Test. 
Mat.  as  "gravel  found  in  natural  deposits,  usually  more  or  less  intermixed 
with  sand,  clay,  etc;  gravelly  clay,  eravelly  sand,  clayey  gravel  and  sandy 
gravel  indicate  the  varying  proportionB  of  the  admixture  of  the  finer  mate- 
rials." Unless  otherwise  stated,  the  word  gravd  will  hereaftn  be  used 
to  designate  bank  graveL 

There  is  another  type  of  gravel  which  is  not  <ndinarily  suitable  tor  road 
ooastniction,  namely,  river,  lake  or  sea  beach  gravel.  This  class  may  be 
defined  as  gravel  consisting  of  round  or  oval  stones  witii  regular  smooth 
surfaces,  containing  no  binding  material  such  as  aand,  silt  or  clay. 

Formations.  Gravel,  as  noted  in  the  definition,  is  found  in  banks,  in 
the  beds  of  rivers  or  on  the  shores  of  large  bodies  of  water.  The  generally 
accepted  theory  of  the  existence  of  gravel  deposits  is  that  the  gravel  was 
deposited  during  the  glacial  period  of  the  earth's  geologic  history,  when 
■o-oalled  terminal  moraines  were  formed.  The  relative  sixes  of  the  particles 
gMDg  to  make  up  the  bank  gravri  were  supposedly  detemiined  by  the  rdative 
sgitaUon  of  the  water  in  which  the  particles  of  stone  were  suspended.  The 
grmvd  located  near  the  beds  of  rivers  or  on  the  shores  of  lakes  or  seas  -was 
and  h  still  formed  by  the  constant  attrition  of  particles  of  broken  rock 
one  upon  the  other,  these  particles  being  agitated  in  the  water  either  by  the 
wind,  tides  or  currents.  See  Sect.  3. 

Distribution.  The  precise  location  of  gravel  banks  is  largely  a  matter  of 
careful,  skillful  search.  Banks  may  be  located  by  a  practiced  observer, 
however,  by  rimple  methods.  In  what  is  known  as  a  gravel  country,  that 
is  where  the  material  is  prevalent,  the'  better  quality  is  sometimes  found  in 
knr,  round  mounds,  and  the  chaiBCter  of  the  gravel  may  eanly  be  detet^ 
mined  by  the  digging  of  test  pits.  In  a  country  in  which  gravel  is  not 
generally  prevalent,  the  location  of  gravel  banks  may  be  indicated  by  a 
eombined  growth  of  white  birch  and  small  pine  trees,  which  growth  almost 
invariably  indicates  the  presence  of  gravel  of  some  class  or  another,  but 
generally  of  a  good  quality.  Gravel  may  be  also  found,  as  noted,  in  the 
beds  of  streams  or  on  the  banks  of  lakes,  and  if  the  geologic  history  of  a 
section  of  country  is  known,  indications  of  gravel  may  be  secured  by  study- 
ing the  lUffnent  fumations  and  the  possible  previous  location  and  path  of 
^acien. 

6.   Physical  Properties  of  Gravels 

Composition  and  CharacterlstlcB  of  Different  Gravels.  In  the  first  place, 
H  may  be  said  Uiat  no  two  gravels  are  likely  to  have  the  same  composition 
and  diaraateristios.    Consequently,  it  is  tUflSmilt  to  draw  a  sporifioaticm 
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for  the  material  to  be  used  in  &  gravel  road  within  very  narrow  limits. 
Nevertheless,  there  are  certain  prime  requisites  which  are  necessary  in  lUl 
gravel,  which  may  be  used  for  satisfactory  gravel  consbuction. 

The  eompositioD  and  laboratory  tests  of  gravels  from  Iboquoib  Bkach, 
Lako  Ontario,  Canada  as  giveo  by  Reinecke  (25)  are  as  follows: 


Location 


Let  8. . 
Lot  23.. 
Pit  117.. 
Pit  U3.. 

Pit  146  I 


COHrosmOH 


Clay 


lime 
Carbonate 


Nous  None 
M«»     /.Moderate  1 
(amount  J 
None  lAbundant 

SnuU] 
amount 


Abundant 


Estimated  PereenUge 
in  the  Gravel  Portion  of 


Lime- 
stone 
Febbl«H 


85 

90  to  95 

70 

50 

50 


Til 


10 
Small 

20 
Rare 

25 


si  I 

Men  A 


5 

Small 

10 

50 

2S 


I 


2.2 
2.7 
2.6 
7.6 

3.7 


French 
!  Wear 

IS. 2 

84 

U.7 

86 

16.1 

117 

5.4 

89 

11.0 

72 

An  (6b)  deacriboa  the  compodtioD  of  loWA  (ravels  aa  follows:  "The  faet  tint 
Iowa  graveia  do  not  contain  aa  (Teat  a  percentac«  aa  ta  dctfrable  In  material  to  be 
uaed  for  road  aurfadng  la  shown  hy  the  [ollowins  results  of  tlie  analysis  <a  161  nnqdes 
of  pavel  which  were  obtained  from  practically  every  eoun^  in  tbe  state  that  has 
any  gravel. 

"Seventy-eight  aamplea  contained  leas  than  25%  of  material  that  was  retaizted  oo 
the  H-i^  acreen. 

"Thirty-eight  samplea  contained  less  than  86%  sad  more  than  26%  of  material  tbmt 
waa  retained  on  tbe  yi-in  sere«i. 

"Nineteen  samples  contained  leas  than  60%  and  more  than  86%  of  material  Oat 
was  retained  on  the  acreen. 

"Sixteen  aamplea  contained  an  exceaa  of  60%  of  material  that  waa  retained  on  a 
}i-ia  screen.  This  last  named  group  induda  all  of  the  gravels  that  are  really  coarae 
enough  for  high  grade  gravel  aurfadng,  but  since  such  a  amall  percent  of  Iowa  gravds 
are  of  this  dtxa,  it  ia  neceeeary  to  adqit  the  construetion  methods  to  the  use  o(  the 
poorer  paveb. 

"In  general  Iowa  gravels  do  not  contain  aufflcient  clay  to  serve  as  a  permaaant 
binder  and  yet  the  gravels  da  bind  in  time,  showing  that  some  other  element  in  the 
gravel  is  a  factor  in  the  bonding  action.    Tbe  variation  in  clay  content  and  tbe  com* 
paratively  small  amount  of  day  the  materials  contote  are  shown  1^  the  toUowing 
results  of  the  analysis  of  the  151  samplee  mentioned  above: 
107  lamples  contain  leas  than   6%  of  clay; 
32  samples  contain  lees  than  11%  of  clay  but  more  than  6%; 
8  samples  contain  less  than  16%  of  clay  but  more  than  11%; 
4  Bamplea  oratain  more  than  16%  of  day." 

Requirites  of  Good  GraTel.   Gravel  for  road  building  purposes  should 

generally  consist  of  material  formed  from  hard  atone  particles  which  will 
resist  abrasiou.  It  should  contain  of  these  stone  particles  at  least  75% 
of  pebbles  ranging  in  size  from  }^  to  I  ^  or  2  in.  Btone  particles  above  2 
in  in  siae  are  too  large  .to  use  in  the  construction  of  gravel  roads  unless  they 
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be  built  in  courses.  The  gravd  should,  in  addition,  contain  about  26% 
of  a  aaml  or  cb^  mixture,  of  which  from  8  to  16%  should  be  clay  or  similar 
tiinriiTig  material,  auoh  as  oxide  of  iron  or  Umeatooe.  Katurally,  there  an 
few  gravel  bankB  which  will  fulfill  all  the  requirements  mentioned  without 
either  the  addition  or  removal  of  some  materiaL  Generally  ^leaking,  moat 
gravels  contain  either  too  many  Urge  atones  or  too  large  a  proportion  of 
fine  sand.  A  gravel  bank  which  contains  gravel  in  proper  proportions  for 
road  building  is  extremely  rare.  On  the  other  hand,  many  gravel  banks 
exist  which,  by  the  addition  of  material  easily  secured  locally,  will  give 
excellent  results  when  used  for  road  building  purpcwes.  The  proportion  of 
landing  material  required  deiwnds  mainly  on  the  tjrpe  of  road  to  be  con- 
structed as  diaouflsed  in  Art.  10. 

I>iirabilitf.  As  menticmed  above,  the  stone  pebUes  whidi  go  to  make 
up  the  gravel  should  be  of  hard  and  tough  chiuacter.  Many  gravd  banks, 
othmwise  suitable  for  road  work,  fail  in  that  the  atone  particles  crumble 
up  under  the  abrasion  of  metal  tiree  and  become  dust  so  soon  that  tbe 
gravel  road  easily  wears  out. 

Binder.  As  noted  above,  gravel  should  contain  from  8  to  16%  of  cement- 
ing material,  such  as  clay,  limestone  or  iron  oxide.  One  of  the  beat  binders 
for  gravel  is  clay  and  the  amount  of  clay  content  to  be  included  in  road 
building  gravel  varies  corndderaUy,  and  should  vary  not  only  with  the 
character  of  tbe  material  going  to  make  up  the  gravel  but  also  with  tbe 
climatic  conditions  under  which  the  nwterial  is  used.  In  cold  and  wet 
countries,  a  smaller  amount  of  clay  should  be  used,  since  the  tendency  of 
clay  is  to  make  mud.  In  warmer  and  dryer  climates,  an  additional  amount 
of  clay  should  be  used,  as  here  the  amount  of  moisture  ia  less  and  the^e  is 
a  greater  need  for  binder  and  less  danger  of  mud  therefrom.  The  bond  of 
the  gravel  road  is  entirely  chemical;  that  is,  there  is  no  mechanical  bond 
between  the  particles  nnce  they  are  round  and  will  eanly  roll  one  upon  the 
other.  Consequently,  some  chemical  bond  must  be  secured  which  can 
be  obtained  1^  the  use  of  cloy  or  other  cementing  material  which  has  a 
chemical  action  on  the  particles.  There  are  many  proprietary  substances 
sold  for  the  purpose  of  binding  gravel  roads.  These  substances  are  referred 
to  in  Art.  17.  In  connection  with  the  binder  for  gravel,  it  ia  sometimes 
the  custom  to  add  loam  to  the  gravel  for  binding  purposes.  Tbe  use  of 
loam  is  poor  practice  unless  nothing  else  can  be  secured.  Tli^f^ 
localities,  however,  where  either  stone  chips  or  clay  may  not  be  secured 
so  that  tbe  iise  of  loam  is  hardly  excusable. 

7.   Sampling  and  Tests  (^'Gravels 

Sampttng  Gravel  from  Fits,  Strtam  Beds,  Etc.  In  order  to  make  the 
iwoper  laboratory  tests  on  gravel,  it  is  necessary  to  take  samples  of  local 
material  in  such  a  manner  that  the  test  will  indicate,  so  far  as  is  possible, 
a  relation  between  the  sample  and  the  entire  bank.  Consequently  great 
care  sbould  be  taken  in  securing  samples  of  gravel  to  take  such  material  as 
will  indicate  the  general  character  of  the  bank,  having  in  mind  the  propor- 
tions and  different  sizes  as  they  exist,  together  with  the  character  of  the 
material  which  goes  to  make  up  the  pebbles  and  also  the  finer  material. 
In  this  connection,  it  mi^t  be  wise  to  add  a  sample  from  other  sources  which 
would  indicate  ti»  charact«r  of  binding  material  which  might  be  found  in 
the  same  U>oality  and  which  might  be  added  to  the  existing  gravel  to  give 
auoeessful  results.  In  oonneetion  with  tbe  testing  of  gravel,  it  may  be  well 
to  state  that  for  many  banks  an  inspection  of  the  gravd  and  looal  roads 
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built  from  it  will  give  a  very  fair  indication  of  the  value  of  the  material 
for  road  maldns  purposes,  but  the  different  tests,  as  outlined  bdov,  will 
sunilemeiit  the  praotioal  knowledge  gained  by  obaervation  aai  give  aotual 
reaults  as  to  the  resiBtance  of  the  gravel  to  abraaoa  and  its  suitability  as 

indicated  by  tiie  different  operations  and  testa  thru  which  the  gravel  is 
required  to  pass. 

The  foUowinR  method  for  aamplins  gravel  was  adopted  at  the  first  con- 
ference of  State  Highway  Testing  Engineers  and  ChoniBtfl,  called  by  the 
U.  S.  O.  p.  R.  in  Feb.,  1917. 

"  Bt  Whou  Taken:  Samples  are  to  be  taken  by  the  enginew  or  his 
authorised  representative. 

"  Whbh  Taken:   Samples  are  to  be  taken  from  the  proposed  source  of 

supply  at  least  days  before  the  gravel  is  to  be  accepted  or  rejected, 

also  from  every  eu  yd  excavated,  or  when  the  quality  or  appearanoe 

of  the  gravel  changes,  and  at  such  other  times  as  may  be  directed  by  the 
en^neer. 

"  Where  and  How  Taken:  (1)  Sampling  at  the  pit.  Enough  samples 
shall  be  taken  to  represent  an  average  of  the  material.  An  individual 
sample  must  be  taken  thru  a  full  vertical  section  of  that  material  which 
it  is  proposed  to  use  at  the  point  selected.  Each  sample  shall  be  taken  from 
a  freshly  exposed  volical  face.  (2)  Sampling  from  cars,  barges,  etc. 
T''-nffUB*i  samples  shall  be  taken,  as  directed  by  the  engineer,  to  represent 
average  composition.  Samples  from  cars  ahM.  be  taken  from  both  ends 
and  from  top  and  bottom  of  the  car. 

"AuouNT  AND  Size  of  Sample:  (1)  Sampling  for  quality:  Sample  ahall 
weigii,  for  screened  gravel,  25  to  30  lb;  for  bank  gravel,  50  to  75  lb.  (2) 
Sampling  for  size.  A  sample  for  size  shall  weigh  not  less  than  10  lb  for  mate- 
rials of  ^  in  maximum  diameter  or  less.  Samples  of  materials  of  other 
sizes  shall  increase  in  weight  to  a  maximum  of  approxim&tely  60  lb,  vary- 
ing with  the  aise  and  weight  of  the  largest  i»eces  represented  by  Uie  sample. 
The  sample  shall  be  representative  of  the  product  as  delivered  for  use. 

"  Marking  and  Shipping:  Samples  shall  be  shipped  in  ti^t  boxes  or 
bags  and  shaU  be  accompanied  by  a  card  in  the  container  or  securely  at- 
tached thereto,  stating  date,  by  whom  taken,  by  whom  submitted,  source 
of  supply,  exact  location  where  sample  was  taken,  proposed  purpose  to 
which  the  material  is  to  be  put,  space  for  remarks,  and,  in  case  of  pit  or 
bank  investigation,  owner,  quantity  available,  amount  and  character  of 
stripping,  whether  material  from  same  source  has  been  previously  used, 
where  and  for  what  purpose,  and  with  what  results,  haul  to  neanst  point 
on  road,  average  haul  to  job,  character  of  haul,  initial  oost  of  work." 

The  Methods  of  Testiiig  GniTeli  given  herewith  are  those  adopted  hy 
the  Special  Committee  on  "  Materials  for  Road  Construction"  of  the  Am. 
Soc.  C.  E.,  designated  Am.  Soc.  C.  E.  Method,  those  proposed  by  Com- 
mittee D-4,  "  Standard  Teats  for  Road  Materials"  of  the  Am.  Soc.  Test. 
Mat.,  designated  Am.  Soc.  Teat.  Mat.  Com.  D-4  Method,  and  those 
adopted  at  the  first  conference  of  State  Highway  Testing  Engineers  and 
Chemists  caUed  by  the  U.  S.  O.  P.  R.  in  Feb.,  1917. 

Mechanical  Analyria  of  Broken  Stone.  Broken  Slag  or  Gravel.  Am.  Soc. 
Test.  Mat.  Com.  D-4  Method.  "  The  method  shall  consist  of,  first, 
drying  at  not  more  than  110°  C  (230°  F)  to  a  constant  weight  a  sample 
weighing  in  pounds  six  times  the  diameter  in  inches  of  the  largest  holes 
required ;  second,  passing  the  sample  thru  such  of  the  following  sised  araeens 
having  circular  openines  as  are  required  or  called  for  1:^^  the  specifioation. 
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aereenB  to  be  ueed  in  tbe  order  luuned:  8.89  cm  (3.5  in),  7.62  cm  (3  in), 
6.36  cm  (2.5  Id),  5.08  em  (2  in),  3.81  cm  (1.5  in),  3.18  cm  (1.25  in),  2.64 
cm  (1  in),  1.90  cm  (0.76  in),  1.27  cm  (0.5  in),  and  0.64  em  (0.25 in);  third, 
determining  the  percentage  by  weight  retained  on  each  screen;  foiuih,  re- 
cording the  mechanical  analyais  in  the  following  manner: 

Percentage  passing  0.64-cm  (K-in)  B(»^n  =, 

Percentage  passing  1.27-cm  ()^in)  screen  and  retained  on 

0.64-cm  iH-in)  screen  = 

Percentage  passing  1.90-cm  (J^-in)  screen  and  retained  on 

1.27-cm  (H-in)  screwi  =. 

Percentage  passing  2.&4-cm  (Inn)  screen  and  retained  on 
1.90-cm  (^-in)  screen  a 


Mechcnical  Analysis  of  Sand  or  Other  Fine  Highway  Material.  (See 
Sect.  17,  Art.  4). 

Mechanical  Analysis  of  Mixtures  of  Sand  or  Other  Fine  Highway  Ma- 
terial with  Broken  Stone,  Broken  SUg,  or  Gravel.  Am.  Soc.  C.  E.  Method. 
"  The  method  shall  consist  of:  (1)  Drying  at  not  more  than  110°  C  (230° 
F)  to  a  constant  weight,  a  sample  weighing  in  pounds  six  times  the  diameter 
in  inches  of  the  largest  holes  required;  (2)  separating  the  oampte  by  tbe 
use  of  a  lO^neeh  sieve  (Am.  Soc  Test.  Mat.  standard  sieve);  (3)  examin* 
ing  the  portion  retained  on  the  lO^nesh  sieve  in  accordance  yritSx  Uie  method 
for  making  a  '  Medianioal  Analyns  of  Broken  Stone,  Broken  Slag,  or 
Gravel ';  (4)  examining  the  portion  passing  tbe  10-mesh  sieve  in  accordance 
with  the  method  for  m^-lrmg  a  '  Mechanical  Analysis  of  Sand  or  Other 
Fine  Highway  Material  *;  (6)  recording  the  mechanical  analjuis  in  1^ 
toUowing  manner: 

Percentage  passing  200-mesh  sieve   — 

Percentage  passing  lOO-mesh  sieve  and  retained  on  200- 

meeh  sieve   ■ 

Percentage  passing  80-mesh  sieve  and  retained  on  100- 
meshsieTe   — 


Percentage  passing   10-meeh  sieve  and  retained  on  20- 

mesh  sieve  

Percentage  paamng  0.64-cm  (K-iq)  screen  and  retained 

on  10-mesh  sieve  

Percentage  passing  1.27-cm  (H-in)  screen  and  retained 

on  0.64-cra  (K-in)  si:reen  

Percentage  passing  1,90-cm  iH-^)  screen  and  retained 

on  1,27-om  (H-uO  screen  


Toldl  in  Mineral  Aggregates.  Am.  Soc.  Test.  Mat.  Com.  D-4  Method. 
"  The  voids  in  mineral  aggregates  shall  be  determined  by  the  Cone  Spectfio 
Gravity  Method.  In  the  method  of  making  the  determination  of  voids,  as 
hereinafter  described,  there  shall  be  used  a  truncated  cone  made  of  No.  18 
B.  &  3.  gage  ^vaniied  steel  with  calked  seams  and  having  the  following  , 
dimensions:  overall  diuneter  of  bottom,  25.4  cm  (10  in) ;  overall  hei^t,  26.4  I 
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cm  (10  in);  inaida  diameter  of  opening,  7.6  cm  (Sin).  The  test  ehall  be  made 
in  tfae  foUowiog  manner:  First,  ihoroly  mix  the  aggregate  by  rolling  on 
paper;  second,  fill  the  cone  with  aggre^te  avoiding  segregation;  third, 
compact  aggregate  in  cone  by  oscillation  on  edge  of  oone  resting  on  wooden 
floor,  wooden  box,  or  block  of  wood,  and  use  cotton  waste  pressed  against 
surface  of  aggregate  to  prevent  segregation  during  oscillation;  fourth, 
continue  to  add  aggregate  and  compact  until  the  cone  is  full  of  thoroly 
compacted  aggregate,  which  process  will  require  from  300  to  500  oscillations; 
fifth,  weigh  cone  with  aggregate;  sixth,  weigh  cone  empty;  seventh,  weigh 
eone  full  of  clean  water;  eighth,  determine  the  specific  gravity  of  aggr^te; 
ninth,  the  percentage  of  voids  in  the  aggregate  shall  be  calculated  by  the 
following  formula:  ,  n  a 


in  which  A  represents  the  weight  in  grams  of  the  cone;  B,  the  weight  in 
grama  of  the  cone  filled  with  water;  C,  the  weight  in  grams  of  the  cone 
filled  with  compacted  aggregate;  D,  the  specific  gravity  of  the  ag^gate." 

Atmtsion  Teat  for  Gravel.  Am.  Soc.  C.  E.  Method.  "  The  test  for 
abrasion  of  gravel  shall  be  made  with  a  Deval  alxasion  maohioe.  (For 
description  of  machine,  see  Sect.  11,  tbstb  for  brokbn  btonx).  A  charge 
of  gravel  shall  consist  of  pieces  which  shall  pass  a  screen  having  circular 
openings  6.08  cm  (2  iu)  in  diameter  and  be  retained  on  a  screen  having 
circular  openings  1.27  cm  (0.5)  in  diameter.  The  total  weight  of  gravel  in 
a  charge  shall  be  within  10  g  of  5  kg  (11.02  lb).  The  gravel  to  compose 
a  charge  shall  be  washed,  and  dried  in  a  closed  oven  for  1  hr  at  a  temperature 
within  5°  of  110"  C  (230"  F).  The  charge  of  gravel  shall  be  placed  in  one 
cylinder  of  the  machine,  which  shall  be  rotated  at  a  rate  of  not  less  than 
30  nor  more  than  33  rev  per  min.  Ten  tiiousand  revolutions  shall  con- 
stitute a  test.  The  percentage  of  material  worn  off  which  will  pass  thru 
a  Steve  having  openings  of  0.16  cm  (0.06  in)  shall  be  considered  the  amount 
of  wear  of  the  charge  of  gravel.  The  loss  by  abra^on.  determined  as  stated, 
shall  be  expressed  in  terms  of  the  percentage  of  the  total  weight  of  the 
charge  of  gravel." 

Method  adopted  at  first  conference  of  State  Highway  Testing  Engineers 
and  Chemists.  "  The  aggregate  is  first  screened  thru  screens  having  cir- 
cular openings  2  in,  1  in,  and  ^  in  in  diameter.  The  sises  used  for  this  test 
are  equally  divided  between  those  passing  the  24n  and  retained-  on  the 
1-ln  screen,  and  those  passing  the  1-in  and  retained  on  the  H-in  screen. 
The  material  of  these  sixes  is  washed  and  dried.  The  following  weights  of 
the  dried  stone  are  then  taken;  2500  g  of  the  siie  passing  the  2-in  and 
retained  on  the  1-in  screen,  and  2600  g  of  the  size  passii^  the  1-in  and  retained 
on  the  V^in  screen.  This  material  is  placed  in  the  cast-iron  cylinder  of 
the  Deval  machine  as  specified  for  the  standard  abrasion  on  stone.  Briefly 
described,  this  machine  consists  of  a  frame  and  two  or  more  cylinders 
mounted  at  an  angle  of  30°  with  the  axis  of  rotation.  The  cylinders  are  of 
the  following  size:  20  cm  diameter  by  34  cm  deep,  inside  dimensions. 
Six  cast-iron  spheres,  1.875  in  in  diameter  and  weighing  approximately 
0.05  lb  each,  are  placed  in  the  cylinder  as  an  abrasive  charge.  The  iron 
composing  these  spheres,  which  are  the  same  as  those  used  in  the  Standard 
Paving  Brick  Rattler  Test,  has  the  following  limits  of  composition:  Com- 
bined carbon,  not  undw  2.60%;  graphite  carbon,  not  over  0.25%;  silicon, 
not  over  1.00%;  manganese,  not  over  0.50% ;  phosphorus,  not  over  0.25% ; 
sulphur,  not  over  0.08%, 
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"After  the  caat-iroo  spheres  have  been  placed  in  the  cylinder,  the  lid  ia 
bolted  on  and  the  cylinder  mounted  in  the  frame  of  the  Deval  machine. 
The  duration  of  the  test  and  the  rate  of  rotation  are  the  same  as  specified 
for  the  standard  teat  for  stone,  namely,  10  000  revolutions  at  a  rate  of 
30  to  33  rev  per  min.  At  the  completion  of  the  teat  the  material  is  taken 
out  and  screnwd  thru  a  No.  16  meah  screen.  The  material  retained  ui>od 
the  screen  is  washed  and  dried  and  the  percent  loss  by  abrasion  of  the 
material  passing  the  No.  16  screen  calculated. 

"  When  the  material  hB«  a  specific  gravity  below  2.20,  a  total  weight  of 
4000  g  instead  of  5000  g  shall  be  used  in  the  abrasion  test." 

Cementation  Test  for  Gravel  Powders.   See  Sect.  11,  Art.  5. 

Bltttriation  Teat  for  Silt.  Method  adopted  at  first  conference  of  State 
Highway  Testing  Engineers  and  Chemists.  "  The  entire  sample  is  ntoist- 
ened  and  thoroly  mixed  and  a  sample  weighing  approximately  105  g*  is 
obteiDed  for  ehitriation  and  grading  by  quartering  or  by  selecting  small 
portions  from  various  parts  of  a  flat  pile.  The  sample  is  then  dried  at 
not  over  110^  C  (230^  F).  This  dried  sample  is  acctu-ately  weighed  and 
placed  in  a  500  cc*  beaker,  and  about  350  cc*  of  water  is  added  and  agitated 
in  such  manner  that  no  whirling  results.  After  settling  for  20  see  the 
water  is  poured  off  thru  a  200-meBh  sieve,  and  the  operation  of  agitation, 
sedimentation  and  decantation  repeated  until  the  wash  water  is  approxi- 
mately clear.  Particles  caught  on  the  200-mesh  sieve  are  then  washed 
back  into  the  washed  sample  remaining  in  the  beaker.  The  entire  washed 
sample  is  dried  to  constant  weight,  and  accurately  weighed,  and  the 


The  following  specifications  for  gravels  were  adopted  at  tiie  first  con- 
ference of  State  Highway  Testing  Engineers  and  Chemists  called  by  the 
U.  S.  O.  P.  R.  in  Feb.  1917. 

"  General.  The  gravel  shall  be  oompoeed  of  hard,  durable  rock,  tA  hi^ 
resistance  to  ateaaion,  together  with  sand  and  clay  or  other  binding  material, 
and  shall  be  free  from  thin  or  elongated  pieces. 

"  Grading  tor  Base  Covrsb.  (1)  The  gravel,  when  tested  by  means  of 
laboratory  screens,  shall  meet  the  following  requirements:   Passing  a  . . . . 

in  screen,  100%;  total  retained  on  J^-m  screen,  %  to  %.    (2)  The 

material  retained  on  the  K-in  screen  is  known  as  coarse  aggregate.  The 
coarse  aggregate,  when  tested  by  means  of  a  laboratory  screen,  shall  meet 
the  following  requirement;  Total  retained  on  ....  in  screen,  .  ■ . .%  to 
....%•  (3)  The  material  passing  the  K-in  screen  is  known  as  fine  aggre- 
gate.  The  fine  aggregate,  when  tested  by  means  of  a  laboratory  sieve, 

shall  meet  the  following  requirement:  Total  passing  200-meBh  sieve  % 

to  ....%. 

"  Gradinq  for  Wsarikq  Course.  (1)  The  gravel  when  tested  by  means 
of  laboratory  screens,  shall  meet  the  following  requirements:   Passing  a 

 in  screen,  100%;  total  retained  on  K-in  screen  %  to  ....%. 

(2)  The  material  retained  on  the  li-in  screen  is  known  as  coarse  aggr^;ate. 
The  coarse  aggregate,  when  tested  by  means  of  a  laboratory  screen,  shall 


*I[  the  uad  U  so  eoanw  that  a  100.^  sample  is  not  suffldsnt,  the  size  of  the  sample, 
Uh  container,  and  the  amount  of  water  used,  ttuty  be  proporOonally  Ineieaasd. 
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meet  tile  following  requiremeat:  Total  retained  on  ....  in  screen,  ....  % 
....%.  (3)  The  material  passing  the  }i-in  ecreen  is  known  aa  fine  aggre- 
gate. The  fine  aggregate,  when  tested  by  means  of  laborat<Hy  sieve,  shall 
meet  the  foUowing  requirement:   Total  passing  SOO-mesh  sieve  %  to 

....%." 

Am.  Soc.  Htm.  Imp.  specifications  for  gravel.    See  Art.  14. 

Can.  Soc.  C.  E.  specifications  for  gravel  adopted  in  1917  are  as  follows: 

"Definition.  Gravel  shall  oonakt  of  oaturally  formed  fragments  of  tough,  durabla 
rock,  well  graded  in  dse  from  the  smallest  to  the  largeat,  free  from  flat,  elongated 
particles,  and  shall  not  contain  more  than  16%  by  weight  of  soft,  friable  materiaL 
It  shall  not  contain  an  excess  of  clay  nor  an  eicom  of  loose  or  adhering  dust,  vegetlUde 
loam  or  other  deleterious  matter.    It  shall  be  satisfactory  to  the  engineer  in  all  rcspeeta. 

"Screened  GraveL  Screened  gravel  is  gravel  fullUUng  the  above  tequireineBtB 
which  Is  screened  Into  one  or  mor«  of  the  rises  deflzted  In  the  Spodflcatioas  for  Crashed 
Stone.   See  (10)  and  Sect.  II,  Art.  T. 

"  Run  of  bank  gravel  Is  gravd  fulfilling  the  recpdrsments  (rf  these  ipedflcationa, 
which  shall  be  clasaed  tmder  one  of  tliree  grades  shown  below  acoordlng  to  quail  tiee 
determined  in  a  properly  equipped  laboratory.  The  properties  determined  shall  be 
the  eosAtdent  of  wear  and  ttie  proportians  of  tiie  various  itaes  of  parUdss  pnssnt. 

"The  eoeOdsnt  of  wear  shall  be  determined  on  natsrlal  psodng  a  screen  having 
circular  openings  2  in  in  diameter  and  retained  by  a  screen  having  dreular  openings 
}^  In  in  diametw.  The  teat  shall  be  conducted  In  the  same  mannv  as  that  tat 
determining  the  coefBdent  of  wear  of  crushed  stone.  Run  of  bank  gravel  sliall  be 
classed  according  to  the  following  grades: 

"Grade  A  is  a  run  of  bank  gravel  contai&ing  a  large  percentage  of  psbblea  of 
igneous  rocks.  It  shall  not  contain  more  than  6%  by  wei^t  of  material  which  shall 
be  retidned  on  a  screen  having  4  In  circular  openings,  and  not  more  tluui  46%  by 
weight  of  material  which  shall  pas  a  amen  having  ^  in  square  openings.  It  ihall 
not  cont^  more  than  S%  by  weight  of  clay  or  loam  nor  have  a  coefllcient  of  wear 
of  less  than  14. 

"Grade  B  is  a  run  of  bank  gravel  containing  a  sraallsr  percMitage  of  igneous  raek 
pAbfas.  It  shall  not  contain  more  than  K%  Iv  wel^t  of  material  which  is  rvtainad 
by  a  screen  having  4  In  dreular  openings  nor  more  than  60%  by  wdght  of  material 
retained  by  a  screen  having  H  In  square  openings.  It  shall  not  oontain  more  than 
9%  by  weight  of  clay  or  loam  nor  have  a  coefltciont  of  wear  of  lees  than  11. 

"Orade  G  is  a  run  of  bank  gravel  cmnposed  (Uefly  of  pebUes  of  ssdlnentary  rode 
It  shall  not  enitain  more  than  6%  by  wdght  ot  material  wUdi  Is  rstslned  on  a  serssa 
having  4  in  circular  ^adncs,  aiKl  not  mon  than  80%  by  wrtght  of  matsrW  wUA 
passes  a  screen  having  K  1»  square  openings.  It  shall  not  contain  more  than  12%  by 
weight  of  clay  or  loam  nor  have  a  eoolBdent  of  wear  of  less  than  7. 

"Grade  D  is  a  run  of  bank  gravel  which  does  not  meet  the  requiremmts  ot  any  at 
the  alMve  grades  and  wlilch  may  be  used  only  by  written  permiaslon  ot  the  mginewr. 

"When  so  directsd  by  the  engineer,  gravel  shall  be  crushed.  The  mMerial  so 
produced  shall  conform  to  the  reqidrsmeats  of  screened  gravel  or  run  of  bank  gravel  as 
directed  by  the  engfateer." 

9.  Ezctmtfaig,  Screening  and  Hauling  Gravel 
Excavation.   There  are  many  methods  of  excavating  gravel  from  the 

pit,  each  of  which  has  its  use  for  partictUfU'  loctU  conditions.  The  hd^t 
of  the  bank,  whether  above  or  below  the  ordinary  ground  levd,  or  whether 
easily  accessible  from  the  highway;  all  these  factors  enter  into  the  methods 
of  excavation.  Ordinarily,  for  pits  which  are  above  the  road  over  which 
the  material  is  to  be  hauled  to  the  work,  gravity  can  be  employed  in  handling 
the  material;  while  for  pits  below  the  surface,  some  mechanical  method  of 
elevation  should  be  employed  if  the  job  is  of  sufficimt  magnitude.  If 
the  job  is  of  small  extent,  the  grarel  may  be  excavated,  tereenad  and 
loaded  by  huid.  If  a  job  is  of  greater  extent,  the  material  may  be  handled 
by  a  steam  shovel  loading  directly  into  the  oarta  ot  directly  into  the  ■oreMia 
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as  oatlined  below.  CoDvenieiit  area,  in  the  vicinity  for  the  waste  material 
which  may  oot  be  used,  should  be  supplied  so  that  the  excavated  material, 
which  is  of  no  uae,  can  be  easily  disposed  oS  withoat  obetnietins  the  eeo- 
nomioal  operation  of  the  gravel  bank. 

Care  of  Gnvel  Fits  in  mater.  RactHuiuiidatlaaa  bjr  the  Iowb  State  Highway 
ConunlHioa  (15c).  "Cover  the  surfaee  with  a  heavy  ooat  of  straw.  Tfata  will  keap 
oat  the  frost  and  will  save  much  dynamite.  Open  up  the  runway,  on  an  «asy  grade, 
at  the  south  side  of  the  gravel  pit,  ao  that  the  sun  wiU  help  with  iU  hesL  Bade  down 
the  runway  and  load  so  that  Uie  pit  Is  circular  and  as  soon  as  poiriUs  drive  Into  the 
pit  end  nahe  a  drcult  In  condng  out.  Keep  the  bank  caved  down  fhnn  the  top, 
throirinff  all  UaA  dirt  and  (ronn  dumtai  out.  Always  load  frmi  the  bottom  and 
dean  up  ao  you  go.  Keep  pushing  badi  the  straw  as  It  Is  neeoMary  to  nncow  for 
matm  matariaL  Cave  down  the  last  thing  at  night  and  remove  all  frosen  diunks  toward 
the  center  which  cannot  be  used  for  road  materlaL  Be  sure  that  the  walb  of  the 
pit  are  entirely  covwed  with  loose  material  when  left  for  the  night  or  over  Sunday." 

Screening.  As  sugsested  in  Art.  4,  there  are  few  gravel  banks,  which 
contain  material  <rf  a  proper  quality,  without  Bereeoins  or  the  addition 
of  other  materials,  for  the  oonstruotion  of  a  gravd  road.  For  the  ordinary 
gravel  road,  built  with  comparatively  little  care  tor  light  travel,  the  necea- 
Rty  for  grading  material  is  sometimes  roughly  covered  by  simply  raking 
or  shovelling  out  the  larger  sised  stones;  but  for  roads  built  with  any 
degree  of  care  for  moderately  heavy  travel,  or  for  roads  which  are  to  be 
treated  either  with  a  bituminous  surface  or  with  a  dust  palliative,  con- 
siderable care  should  be  taken  in  separating  different  sisee  of  material. 

There  are  maay  methods  of  screening  gravel,  and  that  one  used  will 
depend  upon  the  location  of  the  pit  and  the  oharaoter  of  matoial  contained 
therein.  The  gcreeniag  of  gravd  in  almost  any  pit  is  in  itself  a  local  problMO. 
but  there  are  numerous  devices  for  the  proper  handling  and  screening  of 
gravel  which  will  beu  mentioning. 

With  the  HAND  screen,  the  material  is  thrown  by  hand  against  an  in- 
clined screen  of  different  sized  mesh  and  the  different  sized  particles  are 
separated  thereby.  This  screen  is  ordinarily  used  for  separating  the  fine 
saiid  and  stones  from  the  gravel,  leaving  the  larger  particles  for  use  in 
the  road.  This  metlK>d  can  best  be  used  where  a  small  quantity  of  gravel 
is  to  be  eecured  either  for  road  repairs  or  for  the  surfadiw  of  shcnt  sectiuia. 
It  is  however  evidoit,  in  this  day  of  high-priced  labor,  that  the  use  trf 
mechanical  means  for  handling  large  volumes  of  gravel  or  other  material 
is  of  extreme  value.  Consequently  the  use  of  hand  screening  should  not 
be  seriously  considered  for  work  of  any  magnitude. 

MacBANiCAL  means  for  screening  gravel  are  many  and  varied,  but  may  be 
roughly  divided  in  two  classes:  first,  for  removing  fine  or  coarse  material, 
and,  second,  for  separating  the  different  sises  of  aggregate.  Both  types 
usually  consist  of  an  elevator  and  screens  operated  by  power.  The  screen 
Ux  ramoving  the  fine  puticlea  consists  of  a  single  screen  of  a  modi  of  ap- 
pnurimatdy  H  iu  square  a^jtated  by  a  rotary  cam.  This  screen  allows 
the  fine  material  passing  thru  the  screen  to  fall  into  a  pile  to  be  used  either 
for  sand  or  for  top  dressing  the  road,  and  the  coarse  material  is  shot  from 
the  lower  end  of  the  screen,  which  is  set  on  an  incline,  into  a  bin  or  into 
the  waiting  wagon.  The  use  of  bios  is  advised  simply  because  it  obviates 
the  necessity  of  wagons  standing  still  while  the  screens  are  loaded.  Screens 
for  separating  the  gravel  into  different  sised  particles  consist  of  an  elevator 
and  rotary  screen  similar  to  those  used  on  portable  crushing  plants.  In 
these  idants,  the  gravrt  is  elevated  and  passed  thru  the  screen  and  the 
parCielea  which  are  too  large  (or  road  construction  purposes  are  removed 
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and  placed  in  the  waste  heap.  Such  apparatuB  may  be  combined  with  an 
excavator  or  drag  line  bucket  for  loading  the  elevator  bo  that  the  use  of 
hand  labor  ia  reduced  to  a  minimum.  The  uee  of  graded  screens  will  give 
far  better  resulta  for  the  construction  of  roads  where  considerable  care  is  to 
be  taken  in  the  first  eonstraetioo  of  the  rood  or  whara  the  bank  gravel  dooa 
not  approximate  a  satisfactory  mixture  for  road  construction  purposes. 

Crashing  and  Screening.  Certain  pite  contain  so  much  large  material 
that  it  ia  economical  to  crush  and  screen  the  gravel  at  the  same  time.  In 
other  words,  the  entire  output  of  the  bank  is  passed  tliru  a  crusher  so  that 
the  larger  particles  are  crushed  small  enough  for  road  construction  pui> 
poses,  and  the  entire  mass  passed  thru  a  screen  and  into  storage  bins. 
Where  extensive  road  building  is  to  be  carried  on,  this  method  gives  excellent 
reeults,  because:  First,  the  entire  output  of  the  bank  is  used  and  waste 
piles  are  not  neooaaaiy ;  second,  the  resultant  material  gives  a  better  road 
than  ordinary  gravel. 

It  should  be  bcme  in  mind  in  excsvatiDg  and  ecreening  gravel  lor 
road  consbiiction  purposes  that  a  considerable  amount  of  the  material 
should  be  screened  and  piled  alongside  the  road  for  maintenance  purposes 
after  the  road  is  constructed.  When  gravel,  must  be  excavated  and  hauled 
for  short  distances  either  to  a  crushing  plant  or  screens,  si  rude  horses  and 
carts  may  be  employed  with  one  driver  to  at  least  three  carts. 

CmsUof  and  Screening  Plants  for  road  gravds  as  used  in  Wlsconria  sn  ikseribsd 
IB  bllowi  by  Dona^tey  (18) ;  En  many  eastern  and  southern  eountMS  of  WseoBsia 
there  are  numsroua  gravel  pits  of  •xceUant  quality,  bat  usually  contkinlD£  a  rather 
Ugh  perosDtage  of  lai^  etone,  and  many  containing  an  ueeae  of  binder.  To  handle 
this  particular  kind  of  gravel  eooDomically  and  get  the  very  beet  reaulta,  It  ie  nr  rieeiijr 
to  eniah  and  screot  lb  An  Mdinary  potable  jaw  eniabar  with  screen  and  Una  is  used, 
having  a  capacity  of  from  80  to  120  eu  yd  psr  day,  aaually  equipped  with  eonvsyor 
and  grbzly  screen  which  removes  the  line  material  and  tnuufers  it  to  the  devator, 
snowing  only  the  coane  ttone  to  paaa  thru  the  cruabw  jaws,  which  inereaaea  the 
capacity  from  20  to  iO%.  The  cruahers  are  equipped  with  a  thrae-eompartmant 
portable  bin,  with  SS  to  50-cu  yd  c^>adty,  and  a  two  eaction  screen,  each  aaction 
SO  in  ht  diameter  and  4  ft  in  iMigth;  the  ftit,  or  lead  aeetfon,  having  IH-in  perfora- 
tkm;  and  the  second  asctian  IH-^  pefforations,  wliieh  eeparatea  the  material  Into 
Uiree  aizes.  The  No.  1  aiae  consistB  of  materia]  refuring  the  IH-ln  ring;  the  No.  2 
tfse  the  material  refusing  the  ^-in  ring  and  paaeing  thru  the  l^-ln  ring;  the  Mo.  3 
siie,  the  material  paaaing  thru  the  H-in  ring.  The  cruaher  jawa  are  adjusted  so  as 
to  produce  about  equal  prc^rtiona  of  the  No.  1  and  No.  2  aiies. 

ia  many  instances  better  results  are  obtained  by  eruahing  the  gravel  Una  anough 
for  ptaeticslly  all  the  material  to  paaa  thru  the  lli-in  ring,  mad  to  carry  om.  hite  the 
No.  2  material,  just  enough  of  the  No.  8  «■  bonding  mMerial  to  fill  the  volda  in  the 
No.  2.  TUa  la  aeeranpliahed  by  pladng  a  sheet-Iron  jacket  around  the  lower  thrrn- 
lourths  of  the  flnt  section  of  the  screen,  which  doee  not  permit  all  of  the  finer  material 
to  paaa  thru  the  i-i-ia  perforatlona,  but  carries  over,  into  the  Un  with  the  No.  2  material, 
the  neceaaary  btndw.  This  must  be  regulated  so  as  to  juat  fill  the  voids  In  the  No.  8 
material  with  the  No.  8,  and  no  num.  Tin  balanos  of  the  No.  S  matarial  irill  naturally 
drop  bito  the  No.  8  bin  and  nay  bs  nsed  In  flntrtlng  the  snrtsee  wbsra  aiidWonal 
binder  is  required,  or  for  future  malntaianea  and  other  purposes. 

Hauling.  In  general,  the  cost  of  gravel  road  construction  may  be  re- 
duced the  most  by  refinement  in  methods  of  hauling  the  material.  Con- 
sequently every  possible  effort  should  be  made  to  reduce  the  cost  of  hauling 
zravel  to  the  lowest  possible  point.  Hence  it  may  be  said  that  the  gravel 
bank  should  be  so  equipped  that  the  time  of  loading  in  the  pit  should  be 
a  minimum  and  the  time  of  unloading  at  the  job  should  also  be  small. 
This  gives  rise  to  the  necessi^  on  large  oonstoucUon  jobs  for  Home  method 
of  quickly  loading  wagons  or  vehicles  which  transport  the  gravel,  while 


Art.  9 


Excavating,  SereeniiiK  and  Hauling  Gravel 


531 


the  vehictM  themsdves  should  be  euily  and  quickly  dumped  at  the  job. 
With  this  end  in  view,  the  cooBtnictioD  of  binB  (or  the  storage  of  gravel 
so  that  the  vehicles  may  be  loaded  by  gravity  ia  advised  where  the  aise  of 
the  job  will  warrant  it.  It  is  fairly  easy  to  devise  a  aatisfactory  manner 
of  mtcAvatiOQ  and  acreeniug  from  fme  of  the  above  meotioned  methods, 
but  the  proper  detMnunatifHi  ot  the  hauling  devices  ia  one  of  considerable 
difficulty.  Four  general  methods  will  be  described:  lint,  the  use  of 
teams;  eeoond,  traction  engiDos  and  trains;  third,  motor  tnicks'witb  or 
without  trailers;  and  fourth,  industrial  railroads.  In  connection  with  all 
of  the  four  methods,  it  must  be  understood  that  considerable  money  may 
be  spent  on  the  road  entering  the  gravel  pit  in  order  that  larger  loads  may 
be  hauled  with  greater  ease  of  traction.  < 

Tbam  Hauuno.  For  hauls  up  to  1  mile  or  on  small  jobs,  the  use  of 
teams  is  advised  and  beyond  that  diatanoe,  the  determination  of  the  method 
of  hauling  depends  greatly  on  local  conditions.  The  teams  to  be  selected 
lor  hauling  tibe  gravel  should  be  eompoaed  of  strong,  active,  seasoned 
animala,  either  horaee  or  mules,  and  properiy  desigDed  wagons.  The 
amount  of  load  will  naturally  be  determined  by  the  grades  to  be  surmounted 
and  the  character  of  the  road  surface  owe  which  the  load  is  to  be  hauled. 
Ordinarily,  a  team  of  two  good  horses  can  haul  about  1.7  yd  for  a  mile 
economically.  The  wagons  to  be  employed  should  be  of  strong  and  rugged 
construction,  easily  dumped.  The  use  of  tail  dump  wagons  is  not  advised. 
In  some  instances,  the  old-fashioned  slab-bottom  brick  wagon  can  be  used 
to  good  advantage,  where  a  part  of  the  load  is  to  be  dumped  and  the  re- 
mainder carried  to  anothw  point.  For  road  oonstructioo  purpoees,  when 
all  the  material  is  to  be  used  and  d^Kurited  in  piles,  the  use  of  bottom 
dumping  wagons  properly  constructed  is  the  best  practice.  The  wheels 
of  the  wagon  should  be  large  and  the  tires  broad.  The  wagons  should  be 
constructed  so  as  to  be  easily  turned.  Care  should  be  taken  during  the 
construction  of  the  road  to  see  that  the  wagons  ara  kept  in  good  condition, 
well-greased  and  free  from  liability  of  breakdowns.  Extras  for  parts  liable 
to  breakage  should  be  kept  at  hand. 

TitAcnoM  Enoinx  and  Train.  Where  the  length  of  haul  exceeds  a  mile 
and  where  the  material  can  be  secured  in  large  quantitieB  quickly  and 
conveniently  and  where  the  job  is  of  sufficient  magnitude  to  justify  the 
expenditure  of  money  for  special  equipment,  or  where  future  work  of  a  like 
character  may  be  expected,  the  use  of  one  of  the  other  three  methods  may 
be  advised.  The  objection  to  the  use  of  traction  en^es  and  trains  is  that 
the  speed  of  haul  is  stow  and  the  trains  are  clumsy  to  handle  and  of  little 
use  for  other  purposes.  The  advantages  are  that  the  traction  engine 
may  be  converted  into  a  steam  road  roller  and  used  in  the  construction 
of  the  road,  which  fact  is  offset  by  the  necmsity  for  a  roller  at  the  time 
the  traction  engine  is  woridng  unless  the  material  is  spread  out  a  long 
time  before  the  road  eonstruction  work  is  started.  A  large  amount  of 
Hint*""',  however,  may  be  hauled  for  moderate  distances  at  a  low  cost. 
It  seems  evident  that  the  use  of  motor  trucks,  cither  with  or  without 
trailers  or  an  industrial  railway  will  be  more  advantageous  than  the  use 
oi  a  traction  engine  with  trailers.  The  traction  engine,  however,  may 
properiy  be  employed  when  the  road  approaching  the  job  is  soft  and  a 
large  tractive  surface  is  required  to  support  the  tractor, 

MoTOB  Thdcu.  The  present  development  of  motor  trucks  has  pro- 
ceeded far  enough  to  determine  that  for  long  hauls,  where  the  service  can 
be  made  practically  continuous,  the  uso  of  self-propelled  vehicles  running 
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at  a  moderately  hi^  speed  is  advantageous  for  haulins  purposes.  Con- 
sequently, for  work  where  the  hauls  vary  in  length  and  the  material  may  be 
haodled  quickly  at  the  pit  and  on  the  road,  the  use  of  motor  trucks  properly 
organized  is  advised.  The  sise  and  waij^t  of  theee  trucks  is  determined 
by  the  chuaeter  of  the  road  surface  and  brideea  leading  from  the  pit  to 
the  job.  Coosequeatly  care  sbouid  be  made  in  the  selection  of  etaiidaid 
equipment,  recalling  that  in  many  inetanoee  the  hi^way  txidgee  are  not 
designed  for  exceeding  heavy  loads.  Taking  all  things  into  oonsideration, 
the  motor  truck  units  should  not  be  too  heavy,  since  the  heavier  track* 
are  clumsy  and  expensive  of  operation  and  available  only  for  certain  specific 
jobs.  Experience  teaches  that  from  3  to  4-ton  trucks  give  the  best  results 
under  ordinary  conditions.  The  trucks  and  trailers,  if  any,  should  have 
proper  dumping  bodies  easily  operated;  those  on  the  truck  by  power,  and 
thoee  on  the  trailers  by  gravity.  These  devices  should  be  so  anuiged 
that  the  entire  load  can  bo  deposited  at  onoe  or  spread  evenly  over  the 
sorface.  The  (noper  devices  for  regulating  the  amount  of  material  to 
be  deposited  are  eudly  devised;  in  fact,  are  part  of  the  stwidard  equipment 
of  motor  truck  bodies.  Motor  truck  haul  may  be  used  for  distances  from 
1  mile  up,*  but  great  care  should  be  taken  to  see  that  the  trucks  are 
oonstantly  in  operatioo  and  kept  in  good  oondition  mechanically  so  that 
the  loss  of  time  and  consequent  expanse  due  to  the  failure  of  transportatioa 
machinery  may  not  occur. 

The  Use  or  Indubtbiaii  ob  Narrow  Gaob  Railroads  is  also  of  extreme 
value  in  certain  cases.  Briefly,  the  equipment  consists  of,  first,  narrow  gage 
raihroad  traeka  built  in  aectiom  easily  handled  with  portiMe  avritches, 
tumoute,  and  simple  turntables;  seoond,  trains  of  small  oars  hauled  by 
steam  or  gasoline  engines  or  by  a  continuous  cable.  Such  devices  are 
common  and  eadly  secured.  The  value  of  this  method  liee  mainly  in  the 
fact  that  for  long  road  jobs,  the  railroad  may  be  laid  alongside  the  road 
or  even  on  the  subgrade  without  causing  the  damage  to  the  subgrade  which 
results  from  thi  continuous  use  of  wagons  or  motor  trucks.  Large  quan- 
titiefl  of  material  are  easily  and  quickly  handled  at  a  low  coat  provided 
the  sise  of  the  job  is  large  enough  to  warrant  the  initial  financial  outlay 
or  tliat  there  is  reasonaUe  future  oppcvtunily  for  the  emplosrment  of  the 
plant.  The  objection  to  this  method  is  that  it  affords  no  meehudcat 
means  for  spreading  the  road  material  and  there  Is  usually  an  added  expense 
for  handling  the  material  on  this  account.  For  this  reason  the  use  of 
trucks  and  spreading  wagons  is  favored. 

Spsdel  Methods  for  Bxcsration  sad  Haoliac.  Interesting  iBstences  sod  devlen 
for  bandHtig  gravel  which  have  been  und  are  here  fauerted  for  mggestlve  laf ormatioB. 

Wheel  ■erapem  for  sxeaTating  tha  gtavel  from  a  shallow  pit  combfasd  with  a  douUs 
indtna  leading  over  a  hopper  so  that  the  wheel  wraperB  mi^t  be  eootinnoaaly  tai 
service,  and  wagons  loaded  by  gravity  beneath  the  hopper. 

Steam  shovd  loading  from  the  bank  directly  into  a  porUble  cnuher  where  the 
material  was  very  atony  and  the  face  of  the  bank  high.  From  the  Ubi,  which  were 
■xtra  huv,  a  stream  of  teams  and  motor  trndsi  carried  the  Butwial  oo  a  short  or 
loDg  haul  as  the  needs  might  arise. ' 

Single  carts  ssaisted  by  a  snatch  block  and  hoisting  line  hauled  up  an  IbcUbs  from 
the  pit  to  an  elevated  platform  above  screens  and  bins.  Thence  the  material  psasd 
by  gravity  thru  screens  snd  bins  into  an  industrial  railway  train  beneath. 

Dumping  wagoiu  of  the  wdlnary  whig  bottoai  with  dumping  duias  so  set  that 
the  material  oould  be  spread  over  a  long  dbtanee  in  windrows  snd  spread  into  place 
with  a  tight  road  machine. 

'With  the  local  problem  in  view,  the  engineer  may  devise  different  combinations  of 
tts  abm  methods  or  addltlciiBl  devices  that  may  best  (It  his  immedUte  needs. 
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Coflt  Data.   The  cost  of  excavating,  screening  and  hauling  graTtl  varies 

so  widely  in  different  localities  on  account  of  the  character  of  labor,  leogth 
of  workiog  day,  prioea  paid  per  day  for  labor  and  the  character  of  the 
equipment  used,  that  it  is  hardly  possible  to  give  any  definite  rule  for 
estimating  the  cost  of  these  different  it«m8.  Nevertheleaa,  for  a  consider- 
able length  ot  road  with  easily  available  gravel  banks  and  an  average 
haul  not  comeeding  one  mile,  the  eo«t  of  gravd  delivered  on  the  road  may 
be  etmsidered  aa  II  per  eu  yd.  Variataona  in  local  conditions  make  it 
evident  that  no  standard,  which  can  be  relied  on  and  used  for  sU  work, 
can  be  stated  as  to  the  cost  of  the  above  items.  Certain  figures,  howevw, 
compiled  by  different  authoritieB  will  be  of  intereet:  Rogers  (20)  gives 
the  coot  of  excavating  gravel  as  from  10  to  15  cents.  Elbe  (14)  gives 
the  cost  of  crushing,  hauling  and  spreading  gravel  using  crusher,  traction 
mgine  and  trailers  as  42^  cents  per  ton.  The  length  of  average  haul  is 
not  ^ven.  Different  authorities  state  that  the  cost  of  spreading  gravel 
varies  from  2  to  6  cents  a  ton.  General  experience  teaches  that  for  ordinary 
lata,  where  the  material  is  easily  available,  16  cents  per  cu  yd  can  be  charged 
for  excavation  and  0  cents  per  ou  yd  f or  screening;  for  team  haul,  over 
ordinary  earth  roads,  about  30  cents  -per  ton  a  mfle  or  apiaoximatdy  40 
eenta  per  cu  yd  mile.  For  traction  engine  or  truck,  for  distances  varying 
from  1  to  6  miles,  the  cost  varies  from  12  to  20  cents  per  cu  yd  mile. 

Hauling  and  Spreading  Gravel  with  Motor  Trucks  (15b).  In  the  fol- 
lowing table  are  given  detailed  costs,  during  the  period  from  July  1,  1915, 
to  Miqr  1,  1910,  of  hauling  and  spreading  grav^  with  one  White  Motor 
truck  and  two  3^  trailers  in  MoNraoMBBT  ConHTT,  Au. 


CnTd 
Hauled 

Total 

Cost 

Average 

HauT 
loHilei 

July 

1711. B 

9S19.6S 

1.26 

Aui  

1029.0 

288.86 

2.10 

^Pt  

mi.  6 

461.22 

8.48 

Oct  

607.0 

84S.22 

4.00 

Nov  

6S7.0 

SSfl.fi? 

6.00 

Dee  

471.0 

829.64 

6.60 

Ju  .  . . 

S86.6 

280.97 

6.00 

Feb  

4S9.0 

310.98 

8.60 

Mweli... 

UBS.O 

4tt.4S 

2.80 

April.... 

U70.0 

881.40 

2.96 

S877.6 

$8602.82 

ClMsof  Road 
Hauled  Orcr 


Cost 
psrCuYd 


Cost  per 
Cu  Yd 
Uile 


Soft  grave! 
Loom  gravd 
Loom  gevrti 
Loom  gravel 
Loom  gravd 
Loom  gravd 
Loom  gravri 
Loose  graval 
OnvaT 
Gravel 


$0.1867 
0.2768 
0.4112 
0.6708 
0.6046 
0.6996 
0.7288 
0.6770 
O.SIOT 
0.2600 


$0.1481 
0.1310 
0.1198 
0.1426 
0.1009 
0.1249 
0.1214 
0.1880 
0.1860 
0.0880 


Average  coets,  umng  fotu*  White  trucks,  each  hauling  two  S-yd  trailers, 
for  Uie  period  July  1,  1915,  to  May  1,  1916,  were  as  follows: 


Total  nuznbvr  of  yards  hauled. 

Total  rdHDllM  

Total  cost  

Average  coat  per  ttuA  per  month  

Amage  coat  pvr  yd  

Avenife  coat  par  ydnnlle  

Mazimiun  coat  par  yd4iifle  

MiDlmom  coot  par  yd^nlls  

|l<f[^iwnm  haul  

l^^slBflnBm  haal. 

Averaga  haol  

Mariixmin  material  hauled  per  truck  per  month . 
Hlnimum  material  hauled  per  truek  per  month. 
Average  material  hauled  per  truck  per  mtwth. . . 


28  928 
96  776 
$12  401.62 
864.76 
$0.4818 
0.1200 
0.2800 
0.0416 
11.4  milw 
l.lialka 
8.2iiillw 
177B  cu  yd 
283  cu  yd 
860  cu  yd 


D>qiti;eo  by 
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Hauling  with  Waspni.  An  analyBis  of  cost  data  covering  hauUng  of 
gravel  in  Stbbl  County,  Minn.,  u  given  ia  the  following  table,  the 
figured  being  baaed  on  ourrant  rates  in  1915,  namely,  25  oenta  per  hr  Ux  a 
laborer  and  40  oenta  per  hr  for  team  and  driver. 


Length  of  Haul 

H-1  Mile 

1 

2 

6 

1 

2 

6 

407 

476 

482 

827 

1671 

864 

7.Z 

6.2 

4.6 

9 

.6 

7.0 

9.0 

Avwase  number  at  loada  par  team  day .... 

12.1 

14.0 

9.46 

9 

.76 

11.67 

7.35 

4.24 

4.62 

2.88 

7 

.81 

8.76 

6  51 

PncentaKe  of  time  dumpinCt  S  oiln  per  load 

10.0 

ID. 9 

7.8 

8 

.1 

9.7 

6.1 

Avenge  actual  time  ia  pit  per  toad  

30.6 

26.0 

46.0 

26 

.6 

16.6 

46.7 

Pereentage  of  actual  tune  in  pit  par  load  

61.7 

68.8 

78.8 

48 

.2 

12.0 

67.2 

Pereentaga  of  time  raquirBd  for  loading  at 

24.2 

28.0 

18.9 

19 

.6 

28.8 

14.7 

87. e 

80.8 

64.4 

28 

.7 

8.7 

42.6 

4.5 

3.0 

8.8 

4 

.1 

2.2 

6.1 

21.9 

19.0 

28.8 

27 

.8 

!2.fi 

86.8 

Total  coat  per  eu      In  eent^  tnmAing  uid 

29.9 

28.0 

88.8 

84 

.8 

80.9 

46.8 

46.0 

39.0 

36.0 

60 

.0 

60.0 

46.0 

Spraadfuy  cost  per  cu  yd  in 

2.0 

2.26 

8.76 

1 

.76 

2.0 

2.S 

Waiiiwy  f^f^  par  CQ  yd  mHa  in  canta,  actual-- 

78.0 

67.6 

94.8 

86 

.4 

80.5 

48.4 

Hauling  coat  per  cu  yd        in  evBta  witli 

43.0 

43.0 

43.0 

27 

.8 

27.8 

27.8 

Length  of  Haul 

1- 

1 

H  Mile 

IM-SUile 

2>t-» 

1 

2 

8 

1 

S 

8 

■ 

606 

626 

898 

812 

878 

837 

267 

6.6 

7.6 

7.0 

6.4 

7. 

6 

B.O 

7.2 

Averase  numbw  of  loads  per  team  day. . . . 

7.0 

9.1 

7.56 

6.4 

6. 

9 

4.6 

4.0 

8.75 

11.38 

9.44 

9.4 

12. 

1 

10.8 

11.0 

PeroeataKe  of  time  dumping,  B  min  per  load 

6.8 

7.6 

6.8 

i 

.6 

6. 

8 

S.I 

8.S 

50.7 

11.0 

24 .4 

86.0 

11. 

6 

86.1 

86.1 

Parcentage  of  actual  time  in  pit  per  load. . . 

36,9 

16.7 

80.7 

32.6 

18. 

3 

27. a 

28.4 

Pnoentage  of  time  required  for  loading  at 

14.0 

18.2 

1 

6.1 

10.8 

18. 

9 

9.S 

8.0 

Pereentaze  of  time  actually  loat  in  pit ... . 

Z1.9 

16.6 

21 

.7 

18.0 

16.4 

Average  number  of  teanw  at  pit  

2.8 

i'.s' 

2.2 

2.0 

"i. 

6 

2.2 

1.7 

Total  coat  per  en  yd  in  taata,  loading  and 

B8.1 

29.4 

36.8 

49.4 

38. 

4 

68.0 

66.7 

49.1 

89.4 

47.8 

66.4 

61. 

t 

76.0 

89.7 

TO.O 

66.0 

65.0 

86.0 

80. 

0 

107.  E 

122.6 

Hauling  coat  per  cu  yd  mile  in  centa,  actual . 
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CONSTRUCTION 

10.  Types  of  Gravel  Roads 
Three  Types.   Gravd  roads  may  be  divided  into  tiiree  general  ^rpes  aa 
follows:    Naturai  gravel  roada;  roads  built  by  the  surfaoa  method  of  ooq- 
stniction  and  roads  built  by  the  trench  method  of  construction.  There 
are  two  different  staodards  of  constructing  the  several  types  based  on 
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the  method  of  mainteiumce  treatment  to  be  foUowwl  after  tlia  road  is 

oooatructed. 

Grftvel  Roads  with  Bitnminoite  Surfaces.  For  gravel  roads  which  are 
to  be  maintaiDed  with  a  bituminous  caipet,  either  of  asphalt  or  tar,  eare 
should  be  taken  to  elimiDate  all  day  or  loam  from  the  stave!  so  that  ft 
win  not  interfere  with  the  proper  adhesion  of  the  bituminous  material  to 
the  road  surface  or  tend  to  cause  muddy  conditioDB  in  rainy  weather. 
With  property  screened  gravel,  this  result  may  be  easily  obtained,  but 
thwe  are  few  natural  gravel  roads  which  do  not  contain  a  sufBcient  amount 
oi  loam  to  seriously  interfere  with  the  use  of  a  bituminous  carpet.  The 
surface  of  gravel  roads  to  be  covered  with  a  carpet  should  be  more  or  less 
porous  so  that  the  material  may  penetrate  slightly  into  the  surface  but 
should  not  be  so  porous  as  to  allow  the  material  to  disappear  within  the 
road  surface,  tad  cause  the  road  to  roll  into  bunches  on  account  of  an 
exoesB  of  bituminous  material  contained  therein. 

Gravel  Roads  without  Bituminous  Surfaces.  For  roads  which  are  to 
be  left  without  a  bituminous  treatment  or  which  are  to  be  treated  with 
some  road  preservative  or  dust  palliative  other  than  bituminous  material, 
the  addition  of  a  certain  amount  of  binding  material  is  impetmtlve. 

11.  Natural  Qaml  Boada 

The  most  common  type  of  gravel  road  is  the  one  built  from  natural  gravd 
banks;  that  is,  roads  built  with  unscreened  bank  material  with  the  possible 
removal  of  the  larger  particles  of  stone.  These  roada  are  ordinarily  con- 
structed by  dumping  the  material  shovelled  from  the  gravel  bank  onto 
the  surface  of  old  roads  in  such  a  manner  as  to  widen  them  out  and  to 
adjust  the  cross  grades  so  as  to  properly  drain  the  surface  of  the  road.  A 
typical  cross-section  of  a  natural  gravel  road  is  shown  in  Fig.  1.  After  the 
gravel  is  deposited  upon  the  surface  of  the  road,  it  should  be  well  handled 
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over,  leaving  no  piles  undisturbed.  Otherwise,  since  a  portion  of  the  road 
is  compacted  harder  when  the  material  is  dumped  and  left  in  place,  there 
will  be  a  decided  bump  in  the  travelled  portion  of  the  road  which  can  only 
be  removed  by  harrowing  or  continued  dragging.  For  roads  under  light 
country  travel,  this  is  a  satisfactory  method  of  procedure,  but  the  following 
rules  should  be  followed:  If  the  road  to  be  improved  is  exceedingly  narrow, 
tiie  grass  chi  the  sides  should  be  removed  and  carted  away  from  Uie  road; 
the  dittdwB  should  be  deepened  and  proper  drainage  outlets  provided. 

Natural  gravel  roads  are  advisable  in  many  instances  where  the  matoial 
is  easily  availaUe  uid  whoe  the  road  ie  not  liable  to  be  subjected  to  a 
targe  amount  of  motor  travel,  nor  to  a  continuous  travel  thruout  the  year. 
Some  of  the  easiest  riding  and  most  comfortable  roads  are  those  which 
are  built  by  this  method  without  the  use  of  either  roller  or  other  device. 

IS.   Stuftce  Metitoda  of  Construction 
Tho  surface  method  of  oonstruction  is  known  as  ibo  feather  edge  method- 
thai  is,  where  the  graval  varies  In  tiuokneas  from  nothing  at  the  edge  to 
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a  considerable  amount  at  the  center,  according  to  the  foundation  and  the 
type  of  travel  to  which  the  road  is  to  be  subjected.  A  typical  croBs-sectioo 
IB  shown  in  Fig.  2. 

Width  and  Dapth.  Roads  built  by  the  feather  edge  method  abould  be 
preferably  not  less  than  18  ft  in  width  so  that  a  sufficient  thickneea  of 
gravel  will  occur  underneath  that  portion  of  the  road  which  is  subjected 
to  travel.  They  should  be  8  in  in  depth  in  the  center  and  should  be  so 
constructed  as  to  provide  a  cross-section  as  shown  in  Fig.  2.  Tlie  sub- 
grade  should  be  prepared  with  a  road  machine  so  as  to  g^ve  the  above 
desired  result,  and  all  vegetable  and  similar  material  should  be  well  re- 
moved from  the  edges  and  subgrade  of  the  road.    The  gravel  should  not 
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exceed  IM  in  in  the  largest  size  and  should  contain  a  proper  amount  of 
sand  and  clay.  The  larger  sizes  of  stone  should  be  laid  in  the  lower  courae, 
and  the  material  should  be  as  evenly  graded  as  ponible,  aa  the  ptfktielea 
whieh  go  to  make  it  up  will  gradually  readjust  themselves  in  position 
so  that  larger  stones  may  come  to  the  top.  The  courses  laid  in  the  road 
rilould  not  exceed  4  in  in  depth  and  should  be  harrowed  before  rolling  so 
as  to  properly  mix  the  material  together.  The  harrowing,  however,  should 
not  extend  into  or  disturb  the  subgrade.  Each  course  should  be  firmly 
rolled  with  the  use  of  watering  carts  and  steam  roller  if  the  road  is  to  be 
used  by  motor  vehicles  immediately  after  construction  or  if  it  ia  to  be 
later  treated  with  bituminous  material.  The  roller  may  be  dicpensed  with, 
however,  if  the  construction  of  a  smooth  surface  can  be  deferred  for  aome- 
time  after  the  construction  of  the  road  since  this  surface  can  be  secured 
by  the  use  of  some  form  of  road  drag  continuously  applied  as  mentioned 
in  Art.  17. 

HI.  State  Hii^tway  Dept.  Spedilcations  iar  the  feather  edge  method  are 
as  foUows: 

"Before  aay  gravri  is  hauled  onto  the  road,  the  wm  ssetlop  of  the  road  should  be 
brooght  to  the  requlreiiMBts  of  the  idaas,  and  the  entire  width  of  the  graded  roadway 
should  bo  tboroly  rolled  untU  It  is  of  pnetieslly  a  imiferm  daiuity  at  aU  |ilaiss 
At  least  the  portion  of  thia  roadway  that  is  to  (orm  the  aubcrade  for  the  sravel  should 
be  dry,  compact,  almost  perfectly  cmooth  and  ahould  have  lueh  cro«-alope  as  may 
be  DeoMsary  to  shed  reatUly  aay  surfaoe  water  that  might  {all  thereon.  The  rdUiw 
should  prehisbly  be  d<ne  with  a  three  wheel  Bclf-4>r^MlliBc  rollar  wolghkig  from 
about  800  to  400  lb  par  In  of  width  of  tread  on  each  rear  wheel.  If  aoch  a  roller  Is  oot 
readQy  available,  a  tractor  of  rimitar  dnlgn  and  havint  approximatdy  the  same 
wejxht  will  usually  answer  the  purpose  very  well.  During  the  proceaa  of  nrillng,  it 
will  often  appear  to  be  wtirely  unneecaaary  and  In  fact  It  frequently  la,  but  the  purpose 
of  the  rolling  la  quite  aa  much  to  detect  the  location  of  soft  and  yielding  q>ota  aa  it  Is 
to  consolidate  the  roadbed  Kenerally.  It  is  eamitial  that  these  «poU  be  detected 
before  gravel  is  placed  upon  the  road.  When  they  are  detected  additional  material 
ahould  be  added  untU  the  yieldini  ceases,  and  it  may  e-na  be  discovered  that  water 
podnts  soma  distsnoe  bmeath  the  ground  surfaee  will  need  to  bs  released  to  an  open 
chaanaL  There  should  not  be  left  oaths  graded  roadway  at  any  time  bems  of  earth 
or  oflwr  material  that  would  faiterflBre  with  the  imoo^ts  dratangs  of  Ita  sariaee^** 
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18.  Trench  Methods  of  CfMutmction 


The  trenoh  method  of  gravel  road  construction  may  be  defined  as  that 
method  wbioh  hieludes  the  construction  of  the  shoulders  for  the  support 
of  the  gravel  roods  before  the  road  material  is  deposited  on  the  roadway. 
This  method  of  construction  demands  a  greater  attention  to  drainage, 
since  the  trench  may  become  a  receptacle  for  water  if  propw  drainage  is 
not  provided.  Most  gravel  roads  which  are  designed  for  state  road  work 
or  toe  moderately  heavy  travel  are  built  by  this  method  since  the  shoulden 
form  a  fina  support  to  the  edge  of  the  toad  and  the  tbicknesi  is  uniform, 
pving  uniform  support  to  the  loads  carried  and  allowing  for  greater  care 
in  the  construction  of  the  road  and  the  compaction  of  the  material  which 
goes  into  it.   A  Epical  cross-section  is  shown  in  Fig.  3. 

Shoulders.  In  constructing  a  gravel  road  by  the  trench  method,  the 
shoulders  should  be  constructed  in  such  a  manner  that  they  may  be  cut 
back  to  lines  after  they  are  placed  and  should  be  left  su£5ciently  high  so 
that  they  will  compact  flush  with  the  surface  of  the  gravel  road  when 
oonstnicted.  They  should  be  constructed  of  good  material,  and  no  vege- 
table  or  other  edmilar  matter  should  be  allowed  to  remain  close  to  the 
gravel  road. 

Honber  of  Coorses.  Praotioe  varies  as  to  the  number  of  oourses  to 
be  constructed.  Ordinarily,  however,  there  shotdd  be  at  least  two  and 
not  more  than  three.  With  two-course  roads,  the  coarser  material  should 
be  placed  in  the  first  course,  and  thoroly  rolled,  partly  bound  with  binding 
material  and  left  porous  on  the  surface  to  allow  the  top  course  to  be  added. 
The  top  course  should  consist  of  material  graded  so  as  to  give  a  uniform 
we  and  with  sufficient  binder  to  keep  the  surface  firm  either  until  it  can 
be  teeated  by  the  lutuminous  carpet  method  or  by  the  use  of  dust  palliaUves. 
If  the  road  Is  to  have  ao  treatment,  an  ezeesrive  amoimt  of  Under  should 
be  added.   A  three-oourse  road  should  be  treated  in  the  same  manner 


with  the  exception  thlt  the  lowest  oourse  may  contain  larger  material 
than  the  bottom  of  a  two-course  road.  This  course  m^  make  use  of 
some  large  material  which  cannot  be  used  in  the  upper  courses. 

Thicknesses  of  Courses.  The  Uiickness  of  a  course  should  not  be  more 
than  4  in  in  the  case  of  two-course  roads  and  3  in  in  the  case  of  three.  The 
top  course  in  both  types  of  road  should  not  exceed  2  in  in  thickness. 

Siies  of  Gravel  for  Different  Courses.  For  a  two-course  road,  the 
bottom  course  should  consist  of  gravel  varsing  in  sise  from  H  to  IH  in. 
the  material  to  be  evenly  graded  so  as  to  give  a  fairly  close  mixture.  The 
tap  eotnae  should  OMuist  of  material  from  H  to  H  In  with  the  propra* 
amount  of  hinder  added.  For  a  three-course  road,  the  bottom  course  of 
road  may  oonsiat  of  particles  as  large  as  3  in,  but  tba  material  should  be 
■o  graded  as  to  prevent  the  larger  parUdes  from  fOTeing  tiieir  way  up  thru 


Ft*.  S.  THnA  Hitliod  of  CoDstrustlaa 


538 


Gravd  Roada 


Sect.  10 


the  upper  courses.  The  second  course  should  oonsiBt  of  nuiterial  from 
H  to  1 K  in  ID  8U«  evenly  proportioned  bo  as  to  give  a  fairly  close  appear- 
ance, and  the  top  course  should  be  as  specified  for  a  two-courae  road. 

Spreading.  The  ordinary  specifications  for  spreading  the  gravel  should 
provide  rigidly  for  the  entire  rehandling  of  the  material  in  order  to  prevent 
hard  spots  which  will  result  from  dumping  on  the  subgrade.  The  same 
result,  however,  may  be  secured  in  different  ways:  First,  by  dumping 
the  material  on  the  side  of  the  road  and  rehandling  into  place;  second, 
by  dumping  the  material  on  boards  placed  beneath  the  wagoo  and  re- 
handling  the  materifd  from  these  boards;  third,  by  duminng  in  t^les  a 
sufficient  distance  enougb  ahead  of  the  Work  so  that  the  material  must 
be  entirely  rehandled;  fourth,  by  the  use  of  proper  dumping  wagons  in 
order  that  the  material  may  be  spread  evenly  either  in  windrows,  or  layers 
on  the  surface  of  the  road.  In  this  case  the  material  may  be  handled 
into  place  by  the  use  of  forka,  rakes  or  a  road  machine.  The  material  for 
the  upper  courses  of  the  road  should  never  be  dumped  directly  upon  the 
finished  courses  beneath,  since  this  will  result  in  the  irregular  compaction 
of  the  surface  which  can  only  be  removed  by  harrowing  or  by  continuous 
dragging  during  wet  weather. 

Compaction.  If  a  smooth  surface  is  desired  immediately  upon  the 
opening  of  the  road  to  travel,  the  use  of  a  steam  road  roller  is  imperative. 
If,  however,  the  road  can  be  allowed  to  self  harden,  a  gravel  road  may 
be  built  without  the  use  of  a  steam  road  roller,  and  by  continuous  harrow- 
ing and  dragging  and  the  occasional  addition  of  binding  material,  the 
road  may  eventually  be  brought  to  a  hard  and  smooth  surface.  No  matter 
how  much  rolling  is  employed,  soft  places  may  eventually  occur  in  the 
surface  of  the  road,  and  it  will  be  necessary,  therefore,  to  provide  for  addi- 
tional material  and  fw  future  dragging  aa  the  road  matures.  In  no  case 
should  a  bituminous  carpet  be  added  to  the  road  until  it  has  had  soffieient 
tame  to  thoroly  compact  and  develop  soft  or  weak  spots. 


The  following  spedfioations  were  adopted  in  1B16  by  the  Am.  Soc. 
Mun.  Imp. 

"  Oeaeial  Deecriptioi.  ^  The  gravel  road  shall  omulit  of  three  coutsn  of  miztoras 
of  gravel,  nnd  and  clay,  separately  coiutnieted,  laid  to  coDform  to  Uia  raqulied  gndH 
and  crtMB-aections  and  conatructed  aa  herdnafter  spedfled.  The  tranavefSS  of 
the  Aniahed  surface  of  the  [ravel  roadway  shall  be  1  in  per  ft. 

"  Subgrade.  The  subgrade  for  the  gravel  roadway  shall  oonafst  of  the  natural  earth 
roadbed  prepared  and  rolled  until  Arm,  hard  and  even,  and  ahall  conform  to  the  specified 
crow  ecctjoo.  If  eandy  or  other  soil  be  encountered  which  will  not  compact  readily 
under  the  roller,  a  small  anouat  of  clay,  or  other  means  satisfactory  to  the  Engineer, 
shall  be  uaed  until  a  Arm,  even  surface  is  obtained  after  rollioK.  Where  the  proposed 
rrade  allows  the  use  of  an  old  roadway  for  the  subgrade,  the  roadway  shall  be  shaped 
and  rolled  to  the  spedfled  croas  section  and  elevatiraa  and  depFessions  removed  so  aa 
to  form  an  even  surface  bdore  the  eonttruetlon  of  the  firat  course.  The  roUn-  uaed 
shall  be  a  10  to  IS  ton  road  roller. 

"  Shoulders.  After  the  roadbed  has  been  graded,  dtoulders  of  firm  earth  or  other 
suitable  material,  8  in  in  depth  after  compaction,  shall  be  constructed  oo  each  side  of 
the  roadbed  at  such  distances  apart  as  may  be  required  to  retain  the  width  of  gravel 
■pedfled.  No  material  which  contains  weeds,  sod,  rootst  or  other  perishable  matter 
and  which  will  not  compact  under  the  roller  shall  be  placed  In  the  ahouUna.  The 
■houlden  shall  extend  to  the  side  dttdMa  or  gutters  with  the  same  tratwvene  sktpe  as 
required  for  Um  roadway  aurfaee  and  shall  be  thorcriy  rolled  at  the  same  time 

as  the  third  or  wearing  coarse. 
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"  Quality  nS  Orarel.  All  gravel  ihall  ha  lutrd  and  toacb.  Gravel  which  eootaina 
ovM- 10%  of  Adntacmted  itom  khan  not  be  used. 

"  Sxet  of  OraT«]  MixtBTM.  Two  mfarturw  of  ^vel,  Mud  and  clay  dialt  be  oacd 
beraoafter  dealfnated  in  then  Bpedflcatlona  as  No.  1  product  and  No.  2  product. 

No.  1  product  aball  consist  of  a  mixture  of  gravel,  sand  and  clay,  with  the  propor- 
tions of  the  various  mea  as  foUove:  All  to  paM  a  IH-in  ecreeo  and  to  have  at  least 
60  and  not  mora  than  76%  ratained  od  a  aeraan;  at  leaat  86  and  not  more  than 
76%  of  the  total  ooarM  agfrafate,  nateiial  over  In  In  ibe.  to  be  retained  oa  a  H-in 
acreen;  at  least  S6  and  not  more  than  86%  of  the  total  fine  aggregate,  material  under 
Ji^  in  in  siae,  to  be  retained  oa  a  2<K>-meah  sieve. 

No.  2  product  shall  constat  t4  a  mixture  of  gravel,  aand  and  day,  with  the  propor- 
tkHta  of  the  various  liam  as  foUowa:  All  to  paM  a  2!-<i-ln  acreen  and  to  have  at  least 
60  and  not  more  than  76%  retained  on  a  H-in  aereen;  at  least  25  and  not  more  than 
76%  of  the  total  coarae  aggregate  to  be  retained  on  a  1-tn  acreen;  at  leaat  66  and 
not  more  than  85%  of  the  total  fine  aggregate  to  be  retained  oa  a  200- mesh  sieve. 

'*,Test  of  Gravel  Mixture.  The  mixture  of  gravel,  aand  and  clay  of  the  No.  1  product 
shall  be  subjected  to  a  cementation  tat  conducted  by  the  Engineer  in  aocordanoa 
with  the  method  recommended  by  the  Spedal  CommiCtaa  on  'Uaterlab  for  Road 
Conatruction'  of  the  Am.  Soc  C.  B.  in  Jan.,  1916,  and  as  described  in  the  1916  Proc, 
p.  2788,  except  that  the  teat  shall  be  made  on  material  whicfa  will  paaa  a  J^-ln  wenun. 
Its  eo^ldent  of  eemeatatioa  shall  not  be  leas  than  60. 

"  Construction  of  Pirst  Coarse.  After  the  subgrade  or  subbase  course  ihall  have 
been  prepared  aa  specified,  a  course  of  No.  2  product  shall  be  evenly  spread  so  that 
it  shall  have,  after  rolling,  the  required  thickness  of  3  In.  The  depth  of  the  No.  2 
product  loose  iball  be  gaged  by  the  use  of  strings  between  iron  atahaa,  as  directed. 
The  spreading  of  the  mixture  of  gravel,  Mwd  and  day  must  be  from  piles  dumped  on 
boards  provided  for  the  purpose  or  from  piles  damped  alongride  the  road.  This 
course  shall  be  thoroly  rolled  with  a  10  to  16  ton  road  roller.  The  initial  rolUng  shall 
begin  at  the  sidea  of  the  road  and  continue  towards  the  center  and  atiall  be  kept  up 
untU  there  la  no  disturbance  of  tiie  No.  2  product  ahead  of  the  roller.  After  the  fint 
eoDiae  baa  been  compacted,  water  shall  be  sprinkled  on  the  roadway  surface  just  ahead 
td  the  roller  in  sudi  qtumtlty  aa  shall  prevent  the  sticking  to  the  wheels  of  the  nAier 
of  the  fine  material  on  the  surface,  and  the  combined  watering  and  rolling  shall  be 
continued  until  the  voids  of  the  gravel  become  filled  with  fine  particles  and  until  the 
roadway  surface  conforms  to  the  specified  uuss  switiui.  After  the  completion  of  the 
roDing  no  teaming  other  than  that  neetury  for  bringing  on  the  No.  2  product  for 
the  next  coarse  shall  be  allowed  over  the  rolled  surface.  The  surface  of  the  first  course 
shall  ba  maintained  in  hs  flnisbed  condition  until  the  second  eouna  ahaD  have  basn 
sprvad.  Should  It  be  apparent  after  the  rolling  of  the  first  course  that  the  subgrade 
or  ahouldtf  material  shall  have  become  churned  up  into  or  mixed  with  th»  material 
of  this  course,  whether  by  reason  of  the  rolling  or  by  hauling  over  the  surface,  or  other- 
wise, the  Contractor  shall  a^  his  own  expense  remove  and  replace  such  mixture  of 
Ho.  i  product  and  subgnKle  or  shouhfar  material  with  No.  S  iwoduet  and  shall  roU 
the  matoial  to  produce  a  uniform,  firm  and  even  first  eaane  aa  laqoired. 

"  Construction  of  Second  Coarae.  On  the  completed  tint  course  shall  be  spread. 
In  tbe  manner  tpedfied  In  the  preceding  paragraph.  No.  2  product  to  form  the  second 
course.  This  mixture  of  gravel,  sand  and  day  shall  be  evenly  spread  to  such  depth 
that  It  shall  have,  after  rolling,  the  required  thickness  of  3  in.  TIw  second  course  shall 
be  compacted,  puddled  with  water  and  finished  under  the  same  provisions  aa  prescrilied 
for  the  first  course.  When  the  roiling  shall  have  been  completed,  the  surface  of  the 
second  coarse  shall  be  firm,  even  and  true  to  the  lines,  grades  and  tross  sertiona. 

"  Conttractkm  of  Third  Course.  On  tbe  completed  second  course  ahalt  be  spread 
in  the  manner  above  specified  for  the  first  course  No.  1  product  to  form  the  third 
course.  Tbb  mixture  of  gravel,  sand  and  clay  shall  be  evenly  spread  to  such  a  depth 
that  it  will  have,  after  roUing,  the  required  thickness  of  2  in.  Tbe  third  oourae  shall 
be  compacted  and  puddled  with  water  under  the  same  provisions  as  prescribed  for  the 
first  course.  When  the  rolling  shall  have  been  completed,  ths  surface  of  the  third 
course  shall  be  firm,  even  and  true  to  the  lines,  grades  and  goes  eectloni.  If  neowary 
to  satisfactorily  bond  the  roadway  surface,  the  third  cooiae  shall  then  ba  avanly  ooverad 
with  a  thin  layer  of  sand  or  sand  and  day  and  rolled. 

"  HManranant  and  Papdunt   The  quantitr  of  gra'vil  road  to  be  paM  for  ahall 
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be  On  BoiBlMr  of  >qd«t«  ymrd>,  meMmrad  horiw&teUyt  tatblMtorily  oomplatsd  fn 
■ccordBOn  with  tbs  ■paeMoitloiM.  The  prioi  i^Nibtod  dull  Indude  ihBpInK  and 
Retail  of  the  Mibcnde,  the  fainliUiii  oC  tlia  dUhmt  prodneti  of  cnml,  Mnd  and 
elmy,  the  pUdng,  rolling  and  wktariof  of  the  levenl  eamwtB,  and  all  work  and  eapiaaea 
Inddental  to  the  completjon  of  the  gravel  road.  (Tba  quantity  of  ahonldera  ihaU  be 
paid  for  tmder  a  wpanta  item.) " 

As  representing  variations  in  practice  throughout  the  United  States  to 
meet  local  conditions,  the  following  excerpts  from  state  specifioationa  are 
quoted: 

A'«'""if  Spedilcatioiia.  "After  the  road  haa  been  gtaded  and  aubgraded  as  apedfiad. 
a  coat  vi  gravel,  approved  by  the  State  Hishway  Engineer,  or  the  Aarietant  Highway 

Ei^Jiteer,  ahall  be  placed  on  the  road  to  a  depth  of  in,  and  to  a  imiform  width 

of  ft.   Thia  material  muat  be  dreaied  with  a  road  machine  or  dragged 

until  the  aurfaca  ia  hard  and  firm  and  free  from  holea  and  bumps  and  untH  every 
particle  of  gravel  la  thoroly  ueated.  No  jfravel  muat  be  placed  on  the  road  iriwn  the 
surface  of  the  aubgrade  ia  wet  or  spongy.  The  road  must  preaMit  a  smooth  even 
surface,  free  from  dips  or  high  places,  and  must  conform  to  the  grade  and  mm  aectloii 
shown  on  the  profile  and  plans.  TbA  ditchea  must  be  parallel  to  the  cMitcr  of  the 
road,  except  where  It  is  possible  to  turn  the  ditch  away  from  the  road.  The  contaaetor 
must  see  that  no  strlppings,  earth  or  other  inferior  or  noo-road  building  material  Is 
placed  on  the  road.  Where  such  material  shows  on  the  road  the  aonbutor  wHI  ba 
required  to  move  same  and  place  instead,  awterial  that  haa  been  ^iprorad  by  the 
Engineer  or  his  Assistsnt. 

"  Clat.  When  it  is  deemed  necessary  by  the  ^g*™"  to  place  nndfpaval  on  tba 
road,  a  good  quali^  ol  mineral  day  appro*9d  by  the  Baglneer,  wIH  be  iwiulred  mind 
with  said  sand-gravel  to  make  a  firm  bond  of  the  maak  The  mixing  of  the  day  and 
gravel  on  the  road  must  Im  done  in  strict  accord  with  the  following  directions:  Wbere 
passible,  the  wagons  must  be  loaded  14  day  and  ^  gravel  and  dumped  on  the  road. 
Where  such  ia  not  possible,  4  in  of  titmy  muat  be  hauled  and  placed  on  the  road,  after 
which  6  in  of  gravel  must  be  placed  on  said  day.  In  both  cases  after  400  or  600  lis 
ft  of  the  maaa  haa  been  placed,  a  thoro  plowing  muat  be  given  the  road  ao  that  the 
clay  is  wdl  broken;  after  audi  plowing  the  entire  mass  must  be  harrowed  untD  the 
travel  and  the  day  are  tboroly  mixed.  After  the  thoro  mixing  and  the  road  haa 
suBOdently  dried  out,  it  must  be  properly  shaped  so  as  to  have  a  fall  from  center  to 
ditches  of  I  In  to  thia  ft  and  then  thoroly  rolled.  In  the  evwit  a  lack  of  mixing  fa 
Bpparutt,  the  contractor  wUl  be  required  to  iq>eat  the  process  until  tlie  maa  is  well 
mbed." 

rentncky  Sfedfkatlona.    "SBoOLMn.    During  the  imparatkm  of  the  Pibcrada 

and  before  any  stone  is  placed  thereon,  shoulders  shall  be  built  along  eadi  aide,  as 
indicated  on  the  cross^section  drawings.  They  shall  be  built  to  a  suffldent  hd^t  ta 
permit  placing  the  lower  course  of  gravel  against  them,  shall  be  true  to  the  aUgnmcat 
of  the  edge  of  the  gravel  and  shall  have  the  side  next  to  the  gravel  as  nsartir  vartiGal 
as  the  natural  scril  wIU  permit.  The  ahouldMB  may  be  built  for  both  eouraea  of  gnivd 
before  any  gravel  is  plsced  and  the  Contractor  may  use  side  boarda  having  a  bo^t 
equal  to  the  loose  depth  of  the  gtaveL  But,  after  the  first  courae  of  gravel  has  been 
rolled,  the  shoulders  muat  be  made  trxie  and  properly  shaped  before  the  seoond  course 
ot  gravel  b  laid.  Only  selected  material  whidi  readily  eompacta  under  the  roller  and 
contains  no  weeds,  sod,  roots  or  other  perishable  matter  sliall  be  used  for  ahoaMm. 

"Gbavsl,  Fun  Cotntn.  A  layer  of  gravel  shall  ba  spread  on  the  prepared  bed 
to  such  thidOMss  and  width  as  shown  on  the  plana.  The  gravel  for  this  course  shall  be 
not  lesa  than  2  In  nor  more  than  4  in,  measured  on  the  greatest  diagonal.  It  shall 
ccmtain  not  more  than  26%  of  material  lees  than  2  in  in  use,  reasoiuU>ly  w^  di^ 
tributed  thmout  the  mass.  It  must  be  evenly  spread;  and  after  wetting,  ndlad  to 
eMnpaetnesB  and  must  present  a  true  surface  to  the  ftaiished  roadbed. 

"Gbavil,  SannfD  Coubbb.  The  second  ooursa  oi  gravel  shall  then  bo  added  of  auoh 
thidraeas  and  width  as  shown  on  the  plans.  The  gravel  for  this  course  shall  be  not 
lass  than  H  in  nor  more  ttian  2  In,  measured  on  the  greatest  disgonal,  and  shaU  con- 
tain not  more  than  25%  of  material  of  less  dimensions,  or  of  sand  and  daj^  reasonably 
wdl  distributed  thruout  the  mass.  Binding  matarial.  of  such  quali^  and  sufBdeat 
to  fill  aD  voids  as  directed  by  the  Entfnaar,  shall  be  avanly  spread  over  thw  eouiae. 
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The  wbols  flhftll  b»  unifonnly  tcprmi,  well  Aoahecl  and  Srmly  eotapBctcd  tmtn  the 
■urface  becomes  smooth  and  rounded  u  sfaowD  on  the  pUns." 

Haine  Spadtottooi.  "  G»vd  bIuU  be  funUahed  by  the  eontnetor  from  bwahB 
approved  Iqr  the  oinlawir  wnd  ehall  be  of  a  quality  aatUaetmy  to  the  cocineer.  In 
(eneral  it  ahall  coniirt  of  bard,  souad  duraUa  sbMtea  cS  varloua  aiBea,  rancinE  from 
pea  atMia  to  a  marimum  bIu  of  3ii  in.  The  quality  of  the  blndins  material  shall  be 
determined  by  the  cnpneer.  The  amount  of  binder  contained  in  the  gravel  ahall 
be  Bot  len  than  16%  nor  more  than  26%  and,  in  case  the  fine  material  which  occun 
in  the  bank  is  defldant  <M- Is  not  suitable  M  a  binder,  the  Gimtcaetor  will  furalsh  aoItaUa 
and  spread  a  layer  of  sudt  aiaterial  on  eadi  course,  mbdnc  and  rolling  the 
sama.  as  diracted  by  the  oiglnew  until  It  is  thoitdy  bonded.  Gravel  shall  be  ^iread 
In  either  two  or  three  courses.  The  roller  shall  w^h  at  least  10  tons.  Any  depree- 
doaa  ahall  be  Ailed  and  compacted,  at  the  time  they  a|q>ear,  with  the  same  tnat«ial 
iriildi  la  being  used. 

"TWD^knmBOAD.  Wbwever  the  smaller  sisea  of  stone  predominate,  the  bottom 
couM  ahall  have  a  thickness  of  4  in  aft«  rolling.  This  course  shaU  be  bonded  with 
a  tea  material  befora  tba  seeood  eoune  is  applied.  The  second,  or  top  course,  shall 
be  similar  to  the  bottom  eouiae  and  shall  have  the  same  thickneai.  It  shall  be  bonded 
with  line  material  ttttO  a  Arm,  hard,  smooth  snrbMe  la  produeed.  The  rolling  of  each 
eourae  shaU  be  dooa  iriiDa  tha  gravel  la  wet,  u^ns  a  vrlnldar  It  as  ordered  by  the 
oDgloeer. 

"TB»4kKnH  Road.  Whenever  the  lai|HabBaa(atoBaiH«d(»nInatatlia  bottom 
eowaa  ahall  have  a  tUcknem  of  S  in  alter  roQIng.  The  seDond  eoune  dull  be  of  the 
sane  Und  of  matwial  and  of  the  sams  thirlmrm  The  top  course  shall  have  a  thidt- 
neaa  of  2  in  after  rolling  and  contain  sttne  not  larger  thsn  Ihi  in  in  sixe.  Each  course 
shall  be  thoroly  bonded  with  fine  material  by  minng,  rolling  and  iprinkliag  uutQ  a 
flim,  hard,  smooth  anzfaoa  b  produced. 

"SruAOiNO.  Spreading  wagons  may  be  nied  whan  mpgtamd  hy  the  engineer. 
When  dump  carts  are  used  the  gravd  shaB  be  dunqied  upon  s  platform  or  upon  the 
ground  on  the  sides  and  then  spread  uniformly  over  the  surface  to  be  built.  It  may 
be  also  qiread  witii  shovab  from  the  carts.  The  contractor  shall  deposit  where  directed 
by  the  engineer,  along  <«  near  the  edge  of  the  road  in  piles  neatly  formed  and  approxi- 
mately 600  ft  apart,  6  cu  yd  of  gravel  for  use  in  maintenance  of  the  road.  The  gravd 
amfaoa  wlmi  finisbed  abidl  conform  to  the  lines  and  grades  given  by  the  englnetf  In 
■wortance  with  plana  and  medAtathms.  No  aUowanea  will  be  rade  lor  material 
wUdi  may  be  driven  Into  the  subgrade  by  rolling. 

"Payment  for  gravd  roada  will  be  made  per  cubic  yard  compacted  into  place  in 
acewdance  with  the  thlrlmms  q)edfled  on  plana. 

"Grmval  for  ahall  be  paid  for  at  the  price  bid  per  cubic  yard,  but 

miaaiirid  in  the  wagon  at  point  of  delivery  on  the  road." 

Mawachaastti  Sfeciacationa.  "  Before  the  surfacing  is  q>read  the  roadbed  shall 
be  efaaped  to  a  true  surface  conforming  to  the  propoeed  cross-section  of  the  highway 
and  rolled  by  a  ateam  roller,  unlees  otherwise  ordered  by  the  Engineer.  All  depressions 
occurring  must  be  filled  with  suitabla  material  and  again  rolled,  until  the  aurfaca  Is 
sBMotb  and  hard.  The  coat  of  abvlng  aad  rolling  the  roadbed  ahall  be  Induded 
in  the  price  paid  for  esaavatioB  and  for  fumtaUng  Ow  matnla]  uaad,  and  ahaU  not 
be  additiond  thereto. 

"On  tbe  roadbed  prepared  as  hereinbefore  deaerlbed,  gravel  of  a  quality  satiafactory 
to  tbe  Engineer  shall  be  q>read  for  the  width  18  ft,  and  to  a  depth  of  «  in  at  the 
enter  and  4  in  at  the  aidee  of  tbe  roadway,  after  rolling.  The  gravd  shall  cimtain 
no  stones  messuring  over  8  in  in  tlielr  longest  dimendona.  It  shall  be  vread  from 
a  dumping  board,  and  eara  ahall  be  taken  while  qireading  the  gravd  to  rake  forward 
and  distribute  the  hrgMt  stonea  so  that  they  will  be  at  the  bottom  of  the  gravd  eourae 
and  be  evenly  distributed.  The  gimvd  so  placed  ahall  be  thoroly  watered  and  rolled 
with  a  steam  roller  to  the  satidaetion  of  the  En^neer.  Any  deprcadons  that  appear 
during  or  after  rolling  ahaU  be  filled  with  gravel  and  r*>n>lled  until  the  sarhce  Is  true 
and  even.  Tbm  surfooe  of  the  roadway  wfaan  completed  shall  present  sudi  a  ei«wn  as 
the  Fnglnsw^  nay  diraet." 


maamata  BpadtattaM.  "  The  aabgrade,  hafora  bdng  gravelled,  shaU  be  draamd 
to  wDsa  aaetion  shown  on  plan  and  muat  be  thoroly  cosnimcted,  free  Mbi  nta,  wavaa 
and  widnlatloni    Oravdlhit  nf<an  a  wet,  naddy  roadbed  will  not  be  pennlttad. 
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linaa  ud  indM  will  be  ctvcn  by  the  engltieer  in  dittrce  and  gravel  will  be  depoalted 
to  rope  Ubm  Ud  true  and  par^lel  to  the  center  line  at  the  vedfied  dManoee. 

"The  iHUtb  tnd  tfafeknen  of  completed  gravel  roads  to  be  bidlt  under  these  mptdA- 
catioiia  will  be  aa  ahown  on  typieal  criw  ■aetlone  made  a  part  beretrf.  The  siavri 
dial!  be  furaiahed  by  the  eounly  and  ot  a  quality  approved  by  the  oigineM-.  and  the 
locatim  ol  the  pU  from  which  the  same  la  to  be  taken,  will  be  designated  in  the  atat»- 
ment  of  quantitiee.  When  clay  baae  is  called  for  by  qtedflcationa.  nich  baae  ahall  be 
deposited  In  advance  of  the  gravel  and  uniformly  distributed  to  required  width  and 
thickness,  and  rolled  with  a  S-ton  roller  or  dreesad  with  a  road  madiine  and  road 
drag  as  specified. 

"No  earth,  sod  nor  any  foreign  or  vegetiUile  matter  will  be  allowed  in  the  gravel, 
and  care  must  be  taken  that  strippings  be  not  mixed  with  the  graveL  Any  loads 
tak»  to  the  work  eont^nfng  auc^  objeetionaUe  material  will  be  rejected  or  ined  for 
filling  if  such  is  required  and  paid  for  at  a  price  not  exceeding  that  for  wMdi  the  neareat 
material  can  be  loaded  and  hauled,  or,  if  not  used,  will  be  taken  away  from  the  woric 
and  deposited  as  the  engineer  may  direct,  at  the  coat  of  the  contractor.  The  gravri 
aliall  be  brought  to  a  Ann,  compact  nrfaee,  tn»  tram  rota,  wavaa  and  undulattons. 
TliiB  riuUI  be  aeeompUabed  by  means  of  a  rdler  of  not  kaa  than  fi  tons  weight,  or  by 
a  v>tem  <rf  malntoiaRce  by  means  of  dragging  and  hand  raking  for  a  period  of  at 
least  80  days  from  completion  of  pladng  same. 

"The  contract  price  shall  Include,  unless  otherwise  spedfled,  the  neesasary  strippinf 
of  irita,  loadlngt  tranqmrtatian,  dumping,  spreading,  malntidnlnf  or  rolling  aa  reqidrad 
and  any  necessary  work  to  bring  the  gravel  aorfadng  to  erase  setllon  herahi before 
specified.  In  a  complete  and  workmanlike  manner. 

"The  Migineer  will  furnish  the  bidders  information  relative  to  pit  locadona,  the 
results  of  teat  pits  and  iMrings,  and  determination  of  quality  and  quantity  of  gravel 
wtme  such  determinations  have  lieat  made,  but  any  information  furnished  to  bidders 
In  Uiis  respect  l>y  the  en^near  aliall  not  be  considered  aa  WmHng  upcm  the  contnetiug 
county,  nor  aa  a  basia  for  extra  charge  abova  contract  price,  as  Mdiien  znuat  visit  pro- 
posed     loeattona  and  ntiaty  tbemsdvea  as  to  the  avaUabUI^  cf  gnvd. 

"Unieas  otherwise  spedfled  gravd  will  be  measured  in  the  wagon  boxes  as  defivered 
on  the  work  and  checks  showing  the  amount  delivered  in  each  load  will  be  ftimished 
the  teamster  by  the  inspector  in  the  employ  of  the  county.  The  gravel  placed  on  the 
road  will  be  in  excees  of  measumnents  cm  the  plan  at  time  ot  pladng,  but  the  con- 
tractor  wHl  be  required  to  deliver  wagon  measurement  in  amount  «p«*M«<  for  each 
100  ft  station. 

"Sub-Gradb.  The  roadway  aliall  be  graded  approximately  to  cro»4ection  as 
shown  on  diagram,  having  a  width  of  IT  ft  at  a  depth  of  T  in  below  grade  at  center 
and  12  in  below  grade  at  ridea.  All  soft  spots  or  vegetable  matter  shall  be  removed 
from  roadway,  and  the  cent«r  17  ft  thoroly  rolled  or  compacted,  aa  directed  by  tlia 
vajUnaa.   When  fill  Is  ov»  S  ft  high,  the  roadway  shall  be  24  feet  with  oown  of  18  in. 

"Gravso.  Subtacino.  The  gravel  uaed  shall  be  an  approved  pit  gravel,  cwtaining 
not  mora  than  10%  of  sand  nor  more  than  16%  of  day.  Same  shall  be  free  from 
stone  of  over  2  in  in  diameter.  Sand  and  day  proportions  may  be  altered  at  diraction 
of  engineer  when  surfadng  Is  to  be  used  on  heavy  day  or  sandy  roads.  In  placing 
gravel,  same  shall  be  shovelled  into  place,  and  not  dumped  on  road  in  such  a  manna 
aa  will  develop  wavy  surface  after  settlement  All  stonea  of  ovef  1  In  In  diameter 
must  be  kept  at  hast  4  In  bOaw  finisbed  aurfaee.  The  iraTsi  shall  be  d^nadtMl  on 
die  center  of  the  road  17  ft  wide  at  baae,  and  16  ft  wide  at  top,  rolled  to  a  thickness 
of  7  in  at  center  and  5  in  at  8  ft  from  center.  If  for  any  reason  rolling  is  not  d<»e, 
work  will  not  be  accepted  until  3  months  after  gravel  is  placed,  or  until  same  has 
permanently  set,  and  contractor  will  be  required  to  keep  same  raked  smooth  and 
in  good  condltfan  ontfl  accepted  by  tlw  ani^neer. 

"Shouuibs.  After  the  gravel  is  tlioroly  compacted,  tl>e  shoulders  earth  shall 
be  brought  to  croes-seetion  shown,  leaving  the  roadway  with  uniform  crown  as  required 
on  the  diagram,  the  whole  roadway  to  be  rolled  or  dressed  as  directed  by  the  engineer." 

Maryland  SpeciAcatloilB.  "  The  portion  of  the  roadbed  prepared  ioi  the  gravel 
shall  be  below  the  udes  an  amount  equal  to  the  thiekMss  of  the  firat  course  of  gravel 
so  ss  to  pnvent  the  gravel  spreading  at  the  ddes.   The  shape  for  the  roadbed  shall 

be  as  shown  <«  the  aocmnpanying  pbuM  and  shall  havo  a  croas^kqie  of  in  to 

Itt. 
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"FnsT  Cousas.  H&teii&L  The  first  otune  of  the  gnvel  Burtadnc  Bhall  conakt 
of  gnvel  of  dxn  vsrylnf  from  amnd  to  2H  ia,  no  pieces  to  hsve  «  dimenilon  greater 
than  in.  This  is  known  as  No.  1  sise.  If  more  than  25%  of  the  gravel  will  pui 
}i-in  screen,  all  the  gravel  for  this  course  must  be  screened  if  required  by  the  Engineer. 
No  material  shall  be  used  which.  In  the  opinion  o{  the  Engineer,  is  unfit  for  the 
work.  If  say  anch  material  b  put  upon  IIm  road  it  dull  be  reiBond  immediately 
upon  notice  from  the  EugiiMer  and  replaced  by  proper  materia]  at  the  Ccntnctor^ 

CflQMOSea 

"Spreading.  No  gravel  shall  be  spread  before  the  roadbed  has  been  made  as 
Th»  gmvei  shall  be  spread  upon  the  roadbed,  prepared  as  described 
with  shovels  from  piles  alongside  the  road,  or  from  a  dumping  board;  or  it  may  be 
qiread  directly  from  wagons,  espedally  constructed  for  this  purpose  and  approved 
tor  tiw  Engfnesr,  but  in  no  case  shall  the  gravel  be  dumped  directly  upon  the  roadbed. 

"Rolling.  After  the  gravel  for  the  fltat  course  hss  been  spread  to  the  required 
thickrwes,  and  haa  a  pr^Mr  trees  eoctlop,  it  shall  be  rolled  with  a  steam  roUar.  velghiDg 
not  len  than  8  tons,  until  it  is  compacted  to  form  a  firm  even  surface.  Should  any 
difficulty  be  experienced  while  rolling  in  having  the  gravel  readily  compact,  sprinkling 
with  vatcr  or  lightly  spreading  with  sand  or  other  material,  as  the  Engineer  may 
approve,  shall  be  emplc^ed.  The  rolliag  most  begin  at  the  rides  and  work  toward 
dw  cantar  thoroly  covering  this  space  with  the  rear  whoeh  of  the  roller. 

"Unevamen  and  DepressIoDS.  Should  any  unevetmcn  or  depreedons  appear,  dm- 
ing  or  after  the  rolling  of  the  first  course,  they  shall  be  remedied  immediately  with 
gravri  and  rerolled  until  a  firm,  even  surface  is  obtained.  After  the  first  course  has 
been  thoroly  rolled  and  compacted,  should  the  aubgrade  material  appear  to  have 
churned  up  into  or  mixed  with  No.  1  gravel,  if  so  directed  by  the  Engineer,  the  Con- 
tractor ehaD,  at  his  own  expoise  and  without  extra  compeosation,  dig  out  and  remove 
the  mixture  of  aubgrade  material  and  No.  1  gravel,  and  raplaca  the  same  with  dean 
g»vd  and  thoroly  mail  the  freah  gravel. 

"The  thidmeas  the  flrat  course  of  gravel,  after  thoro  rolling,  shall  be  that  of  the 
daas  of  gravd  surfaciag  provided  for  any  particular  place  as  described  under  Claseoj 
A  and  B.  If,  for  any  naMoa,  a  greater  thidoMaa  thu  ^teafled  is  made  by  the  Con- 
tractor no  extra  allowanoa  tot  such  additional  thicknees  irill  be  made. 

"Shoulders.  After  the  first  course  has  been  made  as  herein  describtd,  earth  shoul- 
ders shall  be  constructed  along  each  side  of  the  road  tor  a  width  of  at  Inst  ft 

aa  shown  on  the  accompanying  plans.  Against  these  ahouldere  i^ll  be  mpnad  the 
gravel  tor  the  seccmd  course  as  Iterdn  described.  The  shoulders  shall  contain  a  snfll- 
doit  quantity  of  earth  ao  tfiat  a  smooth  and  continuous  sitqw  will  be  obtained  after 

the  shoulders  and  second  course  are  rolled.    The  shoulders  with  the  f t  ol 

gravel  will  naalte  a  total  width  of  ft  to  be  shaped  as  shown  on  the  plana. 

Uateiial  for  the  shoulden  must  be  free  from  roots,  stumps  or  other  vegetable  matter 
and  thoroly  compacted  by  the  roller.  Material  with  a  proportion  of  sand,  such  as 
prevents  It  when  dry  from  compacting  readily  under  the  roller  shall  not  be  used, 
except  under  written  approval  of  the  Engineer.  No  material  which  Is  considered 
unfit  for  the  work  by  the  Engineer  ahaD  be  used,  and  when  any  aucfa  la  put  on  the 
mtk  it  aball  be  immediately  removed,  upon  notlae  by  the  Engineer  at  the  ^mtnetor'a 
expense.  No  first  course  material  shall  be  spread  on  the  subgrade  when  the  latter  Is 
muddy  or  soft  or  in  any  way.  In  the  opinion  ol  the  Engineer,  unfit  for  recdving  the 
(bet  course. 

"SaoottD  CouBSB.  The  seeond  course  of  the  gravel  surfacing  dmil  be  tile  Mine 
width  as  the  first  course. 

"MateriaL  The  second  course  shall  condst  of  gravel  at  aisea  varying  from  sand 
to  IH  In;  oo  piece  to  have  a  greater  dimendon  than  li4  in.  This  shall  be  known 
aa  No.  2  size.  If  mora  than  20%  of  the  gravel  will  pass  a  H-in  screen,  all  the  gravd 
for  this  couise  must  be  screened  If  required  by  the  Engineer. 

"kneading,  Rolling,  Unevenness  or  Depresdons.  (Similar  to  requirements  for 
ipreading,  rolling,  unevenness  or  depresdons  under  first  course.) 

"TbidOMBB.  The  thickoese  of  the  second  course  of  gravel,  after  thoro  rolling, 
Aall  be  that  of  the  daas  oi  gravd  surfadng  provided  tor  any  particular  place,  as 
dssoibed  under  Claases  A  and  B.  If,  iar  any  rcsaoa,  a  greater  thltknew  than  specified 
Is  made  by  the  Contnetor  no  extra  allomnoa  for  such  addltlmal  thidoMsB  will  be 
aOowed. 
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"Third  Coukbb.  Mfttorial.  The  third  coune  of  the  grvnl  niTfadng  ihtU  eooAt 
st  dean,  aharp  aand  with  do  partlclei  larger  than  ^  In. 

"Spreading.  After  the  aeeond  coune  of  No.  2  gravel  has  been  rolled  and  completed 
aa  above  deecribed  the  wad  riiall  be  spread,  but  in  no  eaae  shall  land  be  used  untU 
the  second  course  has  been  thoroly  rolled  and  compact«d.  The  sand  diall  be  spnad 
dry  with  shovels  from  piles  alongside  the  road,  or  from  dumping  boards,  but  ta  so 
caae  Is  the  aand  to  be  dumped  directly  on  the  second  course. 

"Wftterinf  and  Rolling.  After  the  aaad  is  spnmi  It  aball  be  qnlnUed  wMi  mtar 
iMnB  a  prapariy  enutnietad  watednc  cart,  and  tba  rollad  wltli  a  iteam  roUsr  wnlglilin 
not  Ian  than  8  tons.  The  amount  of  water  neeeasary  shall  be  determined  by  the 
EngiiMer.  The  rolling  ahall  begin  at  the  sides  and  oontlsue  until  the  surface  is  hard 
and  smooth  and  ahows  no  perceptible  trada  from  vehides  passing  over  IL  If,  alter 
tolUnc  the  sand,  tba  No.  2  gravel  appears  at  the  surface,  addldonal  aaad  shall  be  used 
in  sudi  places.  Tba  rolUng  and  waterinc  efaaO  ccotinuo  until  the  water  fhuhaa  to 
the  rartaee.  Tba  rolling  to  to  eztnd  onr  tha  irtwle  width  of  tlia  road  indudbic 
the  should  era. 

"  UnevennM  or  Depreasloos.  (Siniilar  to  reqnir«BMiita  for  imawBMi  or  deprea- 
rfona  under  flrat  course.)" 

Connactlcut  SpecUlcatlons.  "  Kdid  op  Guvbu  The  gravd  shall  be  composed  of 
•  iMfd  durable  stone  and  aaaorted  slaea  of  finer  materials,  aufBdent  but  not  more  than 
safBcient  to  flU  all  voids.  All  gravel  wed  under  this  spedflcatke  must  be  serened. 
Care  must  be  taken  to  have  the  gravel  as  near  unlfonn  In  quality  as  posdbU^  avoiding 
all  shi^  gravd. 

"CouBSH  or  Qravhu  There  shall  be  three  courses*  consisting  of  two  ooiima 
8  in  in  d^th  after  rolling,  and  one  course  2  In  in  depth  after  fx^Ung.  No  aUowanes 
will  be  made  for  the  settling  of  the  sobbaae  or  the  stone. 

"8n<wQBA.vo,.  All  gravri  must  be  screened.  The  gravel  for  the  first  coarse  shall 
range  in  atie  from  pea  stow  to  8  in  In  its  longest  diameter.  The  gravel  tar  Ota  sseand 
eoorse  shall  range  fa)  slie  from  pea  Mone  to  2  In  in  its  longest  diameter.  The  gravel 
for  the  llnlshlng  course  must  be  of  a  naturo  suluble  and  acceptable  to  the  State  Hl^ 
way  CommWoner  or  hla  authorlted  agent  and  no  sbno  shall  noead  2  in  in  iti  longest 
diainstar. 

"Fnn  AND  Sbooiid  Cointaas.   The  gravel  shall  be  dumped  on  the  ride  of  the  nwd 

where  it  is  possible.  If  not,  it  can  be  dumped  on  the  side  of  the  roadbed  on  a  platform 
and  scattered  with  shovds.  Ho  forlis,  hooks  or  scrspera  will  be  allowed.  The  reason 
for  this  is  so  that  the  grsvd  will  have  uniform  resistance  and  premre  in  rolUng.  A 
patent  spreading  wagon  will  be  allowed.  The  gravel  ahall  be  spread  mdformly  and 
rolled  down  aftw  which  a  apriolder  shall  be  used  and  this  course  wet  down  and  then 
rolled  again  and  the  wetting  and  rolling  shall  be  continued  until  the  course  ii  firm 
and  thoroly  compacted.  This  course  shall  be  8  in  in  depth  whoi  complete  after  rolling. 
After  the  first  coune  has  been  finished  the  second  course  shall  be  applied  and  the  same 
method  shall  be  pursued  in  its  treatment  in  every  particular  as  described  tor  the  first 
course,  except  that  the  dze  of  the  gravel  ahall  not  be  larger  than  will  go  thru  a  2-tn 
screen.  This  course  shall  be  8  in  In  dapth  after  rolHns.  It  In  putting  on  tiOter  eonrae, 
any  aatOlnf  is  found,  all  sudt  places  must  bs  broni^t  op  to  gmde  Isrcl  betois 
any  other  course  la  commenced.  All  wheel  tradka  and  footmarks  of  horses  shall  be 
carefully  filled  and  then  rolled  down  firmly  on  esdi  course  before  the  neat  course  is 
applied. 

"FtmsmNO  CovnsB.  The  material  for  thia  course  shall  be  carted  oito  the  sides  of 
the  road  proper  and  dumped  at  suitable  intervals  before  the  roOing  hsa  bean  fully 
completed  on  the  second  course,  after  which  all  wheel  tracks  and  footmarks  of  horaee 
shall  be  carefully  filled  and  then  rolled  down  firmly.  Thfai  course,  after  being  spread 
uniformly,  shall  be  wet  down  and  then  rolled,  and  the  wetting  and  rolling  shall  be 
continued  until  the  road  is  solid  and  firm  and  will  not  show  the  mark  of  hoof  or  wheel 
while  driving  over  it. 

"Sprinkunq  Wagons  Am  Roluer.  The  contractor  shall  provide  and  use  con- 
tinuMly  during  the  construction  of  the  road,  and  until  its  final  acceptance  by  the  State 
Highway  Commiaalmier,  me  vertical  spray  sprinkling  wagon  for  each  2600  lin  ft, 
or  fractional  part  thereof,  of  said  road.  A  steam  roller  weighing  not  leas  than  10  tons 
muM  be  nsed  oa  all  work." 
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-   15.  Cofistnictloa  Cost  Dtta 

Prafimlliary  Data.  In  order  to  imperly  detennine  the  eort  of  a  gravel 
road  before  consUiietioD,  a  carefi^  pre-mirvey  of  the  ground  should  be 
made.  It  is  assumed  that  the  party  requiring  the  coat  has  already  SgurgJ 
the  other  items  which  go  to  make  up  the  road  construction  job,  and  thia 
paraeraph  will  concern  itself  only  with  the  cost  of  surfacing  the  road  itself. 
In  the  first  place,  the  gravel  bank  should  be  located  and  the  average  haul 
determined.  In  other  words,  the  number  of  cubic  yards  of  gravel  to  bo 
used  on  the  road  should  be  calculated,  and  the  work  divided  up  into  zones, 
and  the  cost  per  cubic  yard  of  excavating,  screening  and  hauling  the  gravel 
for  each  zone  computed.  This  entire  cost  abould  be  averaged  ovw  the 
whole  job  and  to  it  added  the  cost  of  manipulation  of  material  after  it 
has  been  placed  on  or  adjacent  to  the  subgrade.  The  cost  of  manipulation, 
placing  and  rolling  of  the  material  will  be  the  same  for  the  entire  length 
of  the  work;  the  only  variation  in  figures  being  the  cost  of  hauling  the 
material  to  the  point  where  it  is  to  be  used.  In  figuring  the  different 
items  which  go  to  make  up  the  cost  of  gravel  surfacing,  it  is  impossible  to 
give  any  exact  figuree  as  to  what  each  item  will  cost,  but  a  fair  indication 
can  be  secured  from  cost  data  given  below.  Care  shouM  be  taken  to 
make  neceBsary  allowances  for  the  local  conditions,  nam^  cost  of  labcu-, 
length  of  day,  oost  of  teams,  siie  of  wagons,  condition  of  teams  to  be 
secured,  if  teams  are  used,  and  the  ohancter  and  capacity  of  the  men  who 
will  do  the  actusl  work. 

Baais  of  Cost  Data.  Following  is  a  statement  of  cost  of  the  construction 
of  different  gravel  roads  separated  as  follows:  First,  the  cost  of  gravel 
roads  in  those  states  for  which  the  Bx>ecLficationfl  are  quoted.  These  costs 
are  secured  from  information  furnished  by  the  highwi^  departments  of 
the  several  states,  and  must  be  accepted  only  as  an  indication  of  the  average 
cost  of  work  for  tho  locality  loentioned.  Wide  variation  in  the  cost  will 
be  noticed.  This  ia  due  to  many  faetors.  Principally,  however,  theee 
are  variations  in  cost  of  manipulation  of  material  due  to  different  specifica- 
tions, length  of  working  day,  class  of  labor  employed,  and  length  of  haul 
of  material. 

Alabatna.  Dallas  Countt.  Selma  and  Richmoad  Road  buJIt  In  1914;  width  of 
roadbed.  20  ft;  width  of  gravel,  12  ft.  Road  was  buflt  with  county  ooovfa^;  cost 
flf  eoavlets  per  man  per  day  (or  guard  hire,  medical  atbenticn  and  fiisillin  wss  $0,808; 
average  Dumber  of  ecnvlets,  4S. 

DfebOmtfon  of  Cost 


Prevloaaly  reported   $6672.88 

Esrth  excavation   2806.92 

dearfagand  grubUBg   110.00 

GiavU   1800.00 


99389.80 

Engliwerfaig   26.00 


19414.80 

IfOn  eoiq>leted,  2.7B.   Cwt  per  mile   11420.60 


Fatbttb  Countt.  Guin  Road  built  in  1916;  width  ol  roadbed,  SO  ft;  width  oi 
gravel,  12  ft  Work  consisted  of  surfacing,  with  day  gravel,  4.64  miks  of  road;  7968 
cu  yd  gravel  used;  oost  pw  mile,  $1062.72. 

Halb  Couim.  Grsansboro  and  UnloBtown  Bead  boiltin  1916;  width  of  roadbed, 
Wftj  width  of  graved  14  fb 
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DiMribatiaa  ot  CM 


WuAtxemtim,  7404  euyd   )lttS.88 

ClMiing  and  grubbing  7  acTM   86.00 

Doubl«  strength  vitriflod  pipe,  24-l>.  <S  Ub  ft   146.26 

Ccnentc  >batmHita,  49.78  cu  yd   497.84 

Gnvd.  piMtd.  1468  en  jrd     1K8.40 

Fona  Mooont   101. ao 


ISST6.4S 

Gnvri   68S.S0 

Fnli^oncnvd   44S.C0 

StMl  bridgB   170.00 


94S71.1S 

BnginMring   158.14 


86024.27 

UOm  completed,  1.06.    Cost  per  milo   84789.87 


Norm  It  ia  evidrat  from  the  cost  shown  for  AUbnnift  tltat  the  coat  per  cubic  yard 
of  travel  u  the  unit  determined  upon  for  thk  etate.  For  the  Fayette  County  Road. 
th«  eoet  for  pladng  gravel  ia  10.60,  which  ii  a  remarkably  low  coat  U  then  wan  ady 
manlpulatton  or  grading  material.  The  Hale  County  Road,  <ni  the  other  hand,  abom 
that  tha  aoat  of  pladng  the  gravel  waa  80.40,  while  the  coat  of  the  gisval  waa  80>40 
and  tta  MgU  on  the  graTal  waa  80  esitit  making  tfaa  total  eoat  ot  gravd  In  fdaoa 


Coat  «f  Otanl  Roada  la  Malaa,  1814 


Name 

MOea 

Coat 

Total  Coat 
per  una 

KHHUdiunhport-Biddrford  

2.03 

811618.16 

16728. 8S 

Woolwich  

7.41 

40886.79 

6617.78 

5.66 

42666.60 

7681.94 

Waldoboro  

7.09 

52144.91 

7854.71 

Oiaana  

2.28 

12816.86 

6621.21 

Laadi  

1.45 

9021.80 

6221.93 

MMUaon  

1.08 

5676.32 

5266.85 

Nawport  

1.69 

14197.19 

8929.06 

6.02 

84848.88 

8704.95 

9.28 

88787.88 

6888.80 

Coat  at  Gravel  Roada  in  Maine,  191S 


Gravri 

Total 

Name 

MUea 

Surface 

Coat 

Coat 

pvCuYd 

pwMOa 

\naeasBet  

8.90 

829638.71 

87690.26 

Warren  

6.80 

$1  !46 

87423.81 

6462.88 

4.88 

1.60 

84211.01 

7010.45 

1.65 

14771.92 

7984.72 

3.62 

i;49 

26228.76 

7244.13 

8.44 

1.69 

26404.91 

7676.84 

Fairfield  

2.29 

1.19 

10262.36 

4480.60 

Norridgewock  

6.61 

1.66 

88798.60 

6023.81 

8.08 

1.6S 

22344.07 

7264.66 

4.92 

1.16 

28987.12 

6891.89 

1.09 

1.30 

8669.01 

7862.80 

Dow  

6.72 

1.20 

89990.47 

6060.96 

1.96 

1.84 

14887.87 

7886  .M 

L.ooQle 
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oD  Uw  road,  tl>60,  which  oompam  fftTonUy  vlA  th*  amnit  oort  for  State  of 
klaine  quoted  on  pace  210. 

Maioe.  The  tiguree  for  1914  aad  U15  show  the  total  coet  per  mile  of  gravel  roads, 
•ad  for  1916,  average  coats  pw  cuUc  yard  where  the  gravel  BurfadngB  are  indicated. 

Musachnsatts.  FoUowiim  are  avenge  coate  for  gravel  roada  6  in  in  thickneea,  not 
hchadtng  any  gradlBf  or  otfaiv  voric  except  the  crmvel  in  place: 


1012   10. 16  per  tq  yd. 

1918   0.28  per  aq  yd. 

1914   0.2«per(»qyd. 

1915   0.21  per  aq  yd. 


It  b  iwamaw  t6  state  that  the  nriadoti  fa  theae  cents  ia  due  to  the  lai«th  at  hanl 
o(  the  ninteriaL  The  iverage  coats  for  all  gmvd  roads  tor  4  yeua  are  glvai  aa  aeeared 
from  <rfBcial  aoureea. 

Haiytand.  The  following  table  gives  cost  data  for  the  dlffermt  parts  of  the  work 
on  iSTml  aeetkma  of  gravd  roads,  14  ft  in  width,  oonatructed  during  1912  and  1918. 


of 
Road 

Preliminary 
Surveys 
and 
Flans 

Grading 

Surfacing 

Bridges. 
Culverts 
and 

TJnder- 
drains 

Inspec- 
tion 
and 
Super- 
vldon 

Miscel- 
laneous 

Total 

Com 

ilSt 

4.64  

9889.71 

$5866.16 

117179.74 

16644.61 

1641.88 

9828.01 

9309B4 

96679 

C.25  

467.58 

11258.42 

27218.08 

6066.78 

1621.91 

497,88 

47004 

7620 

8.01  

220.37 

8981.92 

10792.00 

1627.87 

716.93 

272.09 

17461 

5801 

8.87  

£88.84 

9186.68 

18918.67 

1408.29 

1060.99 

806.70 

26148 

6766 

fi.02  

867.58 

17448.02 

26241.78 

8778.88 

681.71 

1004.26 

64466 

10849 

2.00  

146.43 

4S24.S6 

8181.84 

627.19 

602.06 

228.11 

9606 

4762 

6.12  

476.86 

15968.71 

19684.24 

9667.76 

1268.28 

473.81 

47489 

7751 

6.98  

466.47 

12980.77 

22971.73 

10880.44 

1024.67 

668.78 

48276 

8078 

1.00.... 

16.11 

i6».69 

4666.46 

718.81 

298.76 

106.77 

7612 

7812 

Cosmecticat.  The  flgores  in  the  following  table  indicate  that  the  cost  per  square 
yard  tat  surface  varies  cooalderably,  but  generally  it  is  higher  for  the  shorter  lengths 
of  roada.  The  extremely  low  prices  quoted  in  Canaan,  ChapUn  and  Eaatford  ariee 
frooi  tba  fact  that  a  gianl  aiqiply  of  cood  quaHty  was  bninediately  avaflablo. 


Year 

BoUt 

Town 

Naaie^Baad 

Uilea 

Coetper 
SqYd 
Surfaee 

Coetper 
Mile  of 
Surfaee 

Total 
Coatpar 
Mile 

191S.. 

Caaaaa 

HuntsviUe 

0.89 

90.21 

11724.80 

96198.07 

1914. . 

ChapUn 

Hartford-Providence 

3.07 

0.22 

1806.88 

6482.04 

1914. . 

Colebrbok 

Norftdk 

0.84 

0.40 

8286.84 

10060.86 

»U.. 

Eaetford 

Bartford-I^OTldmoe 

8.87 

0.22 

1806.96 

77U.S1 

1>U.. 

LebaaoB 

1.60 

0.87 

8088.98 

7491.66 

1114.. 

Pnuldln 

Lebanon 

0.69 

0.46 

8696.80 

7860.62 

in*.. 

Columbia 

Hartford-WaUmantie 

8.18 

0.80 

2818.10 

8931.66 

uu. . 

mndham 

Wtadhaaa 

1.91 

0.88 

2710.40 

6841.28 

*«*%'ir"  Boian  (He)  states,  In  diacnariat  the  east  of  gravri  roads  ia  IfUUgan. 
that  tbara  Is  "a  great  dfvenl^  of  plaat  used  sad  a  wide  range  of  eoaditlMis  from 
nburben  streets  to  roads  thru  uncut  forests.  An  average  cost  based  on  59  Jobs,  sg- 
grecsting  68.42  miles  of  9-ft  grsvel  rosds,  is  sbout  92600  per  raOe.  VlOi  a  ii-aOm 
bank,  the  cost  was  92840.  and  with  a  e-mOe  haul,  92860." 

IMlad  Slataa.  In  the  foUowbif  table  an  ^■nu,  for  amml  stataa,  tyirical  pilesa 
of  gnml  roads. 
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Prom  Munidpat  Jmmal,  Feb.  3,  1916 


SUts 


Coat  par 

Sq  Yd 


Colmdo  

Conneetieut, . 
Idaho  

ittdiuiE  

MssNtehuaetU 

Minnnotk,  .  . 
Pentuylvuiia. 
TenneoMe .... 
TwmcMPo .... 

VeniKKit  

Wi 
Wl 


Denver  

Norwalk  .... 

PocaUUo  

CnwfordaviU« 
Fruninshun  . 

Duluth  

FreelAod  

Memphis  

Paria  

Montpdiw.  ■  ■ 

PuyaUup  

Waupaok  


10.20 
0.2K 
0.18 
0.44 
0.30 
0.28 
0.29 
0.45 
0.22 
0.22 
0.18- 
0.SO 


MAINTENANCE 
16.    Causes  of  Failure 

A  gravel  road  is  eiiaily  destroyed,  generally  because  of  its  lack  of  me- 
chanical bond.  With  roada  which  are  not  superficially  treated,  the  deterio- 
ration is  rapid  and  increases  far  out  of  proportion  to  the  weight  of  travel 
and  the  speed  thereof.  In  other  words,  a  gravel  road  subjected  to  alow 
movinK  travel  of  a  light  character  will  last  for  an  indefinite  period,  but  as 
the  traffic  increases  in  weight  or  speed,  the  wear  on  the  road  increases  so 
rapidly  that  when  the  amount  of  travel  reaches  a  certain  number  of  vehides 
or  the  units  are  heavy,  the  use  of  the  gravel  road  is  unwise.  By  far  the 
most  destructive  agency  tending  to  break  up  the  gravel  road  is  rapid  motor 
travel.  Consequently,  a  gravel  road  is  limited  in  its  use  to  ttuwe  roads 
which  are  subjected  to  light  and  slow  moving  travel  chiefly  of  a  horse- 
drawn  character.  Nevertheless,  this  type  of  road  may  be  superficially 
treated  during  maintenance  in  such  a  manner  as  to  increase  its  use  for 
travel  and  eitend  its  scope  beyond  the  number  of  units  stated  above  as 
100  motor  vehicles  per  day- 

17.  Me^ds  of  Msintenance 

As  outiined  in  Art.  10,  many  gravel  roads  of  necessity  must  be  maintained 
under  li^t  travel  without  the  use  of  bituminous  or  stu>erfioial  treatment 
other  than  the  natural  material  itself. 

Ordinary  Maintenance.   Gravel  roads  built  without  any  superficial 

treatment,  that  is,  with  gravel  alone,  can  best  be  maintained  in  good  con- 
dition by  the  proper  use  of  a  drag,  either  of  the  spUt  log  type  or  aome 
variation  thereof.  There  is  no  device  in  the  whole  list  of  rowl  machinery 
which  is  of  so  much  value  in  the  proper  maintenance  of  gravel  road  surfaoea 
as  the  drag.  In  general,  the  drag  should  be  used  after  rain  storms  or 
whon  the  road  is  rutted  in  the  fall  or  winter  season  just  before  freezing,  and 
local  urangements  should  be  made  for  the  application  of  the  drag  when 
the  road  needs  it.  An  instructive  discussion  of  this  dence  is  issued  1^ 
the  U.  S.  O.  P.  R.  (31). 

Repairs.  Repairs  to  untreated  gravel  roads  may  be  made  by  plaoinK  a 
small  amount  of  gravel  in  the  depressions  or  ruts  with  a  sufficient  amount 
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of  Raod  and  floer  binding  nuteiial  to  keep  the  patches  in  i^aoe.  These 
patches  may  ba  wet,  but  should  be  preferably  pla««d  in  the  road  after  a 
rain  storm  when  the  depressiooB  are  filled  with  water  and  easily  located 
and  filled  to  a  proper  surface.  Repain  should  be  made  carefully  and 
jwriodically  eo  that  the  defects  of  the  road  surface  do  not  last  kmg  «u>ugh 
to  cause  a  serious  brealdng  up  of  the  entire  construction. 

Keconstmction.  Reconstniction  of  untreated  gravel  roads  can  beet 
be  carried  on  in  the  spring  or  in  the  fall  when  the  road  is  soft  and  a  coating 
of  gravel  may  be  given  to  the  entire  surface  in  such  a  manner  as  to  replace 
the  surface  by  new  mat«rial  fresh  from  the  pit.  Gravel  which  has  been 
thrown  out  by  travel  on  the  sides  of  the  road  or  washed  out  by  rains  is 
not  fit  for  use.  In  no  case  should  lepaizs  or  reconstruction  be  attempted 
by  using  any  portion  of  the  material  from  the  sides  of  the  road  whether 
it  be  gutter-wash  or  turf. 

Beads  witii  Si^perfldal  Treatment.  The  maintenance  of  gravel  road* 
which-  may  be  treated  superficially  will  be  considered  as  divided  into  two 
claoBos;  as  roads  upon  which  a  dust  palliative,  either  of  oU  or  some  other 
material,  is  used,  and  second  as  roads  treated  with  a  tatuminous  carpet. 
Both  types  of  treatment  are  designed  with  the  idea  either  of  laying  the 
dust  which  in  itseU  is  a  road  protection  or  of  applying  sc»ne  surface  to 
the  gravel  road  which  will  enhance  its  usefulness  and  allow  it  to  be  travelled 
more  freqaent^r  and  with  heavier  and  faster  vehicles.  In  nther  event, 
it  must  be  borne  in  mind  that  the  gravel  road,  however  treated,  is  not  suit- 
able for  heavy  winter  travel  in  locations  of  extreme  temperature  changes 
or  for  localities  where  continued  rains  are  liable  to  occur,  thus  softening 
up  the  road  itself. 

Koads  Treated  with  Dust  PslUatives.  The  treatments  of  roads  for  the 
laying  of  dust  and  the  incidental  preservation  of  the  surface  may  be  divided 
into  two  classes:  First,  by  the  use  of  dust  layers  consisting  of  material 
of  an  tnhr  duuaoter;  aiid  second,  by  the  use  of  dust  layers  of  hygrosoopia 
nature.  In  each  case,  an  attempt  is  made  to  keep  the  dust  carpet  from 
being  Mown  aw^  by  the  Windsor  being  torn  up  by  passing  travel.  In 
addition,  the  idea  is  to  form  a  mat  with  this  oily  or  moist  duet  upon  the 
surface  of  the  road  which  affords  protection  to  the  larger  particles  of  road 
metal  and  prevents  them  from  separating  or  ravelling,  thereby  disinte- 
grating the  road  its^.  The  oily  materials  may  be  either  asphaltio  or 
non-asphaltio  oils.  In  case  of  the  asphaltic  oil  for  dust  laying,  the  oil 
should  be  applied  to  the  road  without  cover.  With  the  non-asphaltic  oil, 
there  should  ba  a  sUght  barer  of  clean  dust  upon  the  surface  of  the  road 
whibh  win  form  a  mat  with  the  oU  and  protect  the  road  iritlle  keeping  the 
dust  in  place.  Material  of  this  (diaracter,  however,  tends  to  f«m  mud 
in  wet  weather. 

With  dust  layers  of  hygroscopic  nature,  the  idea  is  to  collect  moisture 
on  the  surface  of  the  road  by  the  use  of  this  material  and  thereby  make  a 
moist  mat  or  carpet  on  the  surface  of  the  gravel  road  protecting  the  larger 
I>articles,  and  also  preventing  dust  from  flying.  When  such  materUls 
are  used,  the  road  should  contain  a  certain  amount  of  clay  or  other  Unding 
material  in  order  that  the  moisture  and  dnst-horing  material  may  be  retained 
near  the  surface  of  the  road  and  not  pass  down  Ihru  the  voids  Into  the 
bottom  of  the  road  where  it  will  be  of  little  or  no  value.  These  materials 
are  generally  made  up  of  some  alkaline  substance,  the  most  successful 
ot  which  is  calcium  chloride  or  deodorised  chloride  of  lime  which  has  the 
property  of  attracting  to  itself  watw  from  the  atmosphere  or  surrounding 


D>qiti;M  Ciy 


r 


660 


Gravel  Roads 


Seot.  10 


sources  of  supply,  thereby  moisteniDg  the  road  surface  and  keeping  it  in 
a  smooth  and  dustlesa  condition  under  light  traffic.  The  calcium  chloride 
can  be  placed  on  the  road  from  sprinkling  carts  in  n  saturated  solution,  or 
it  can  be  spread  dry  shortly  after  a  rain  storm  in  such  a  manner  as  to  form 
■  moist  mat  as  suntcsted  above.  Repairs  to  roads  treated  in  this  manner 
can  be  made  by  adding  a  mnall  amount  of  the  duat-IiQing  material  to 
the  gravel  patches  in  such  a  way  as  to  make  the  patch  of  the  same  character 
as  Uie  remaining  road  surface.  Ordinary  rock  salt  in  saturated  solution 
sprinkled  on  the  rood  has  the  same  effect,  but  to  a  lesser  degree.  The 
sprinkling  of  gravel  roads  with  sea  water  in  the  \icinity  of  the  ocean  or 
branches  thereof  will  give  the  same  results,  but  the  sprinkling  wiU  have 
to  be  done  frequently. 

Gravel  roads  treated  by  either  of  the  above  methods  can  be  resurfaced 
or  raconBtructed  in  the  same  manner  as  outlined  for  roads  without  treat- 
ment, namely  by  placing  a  light  coating  of  fresh  now  gmvcl  upon  the  surface 
of  the  road  at  the  season  of  the  year  when  the  material  will  best  incoipurate 
itself  with  the  old  surface.  For  a  detailed  treatment  of  the  subiect  of 
dust  pre\-ention  by  palliatives,  see  Sect.  13. 

Superficial  Bltumlnoos  Treatment.  Gravel  roads  to  be  maintained  by 
a  superficial  bituminous  treatment  should  be  constructed  as  outlined  in 
Art.  10,  using  clean  gravel  without  the  addition  of  clayey  binding  material. 
The  surface  of  the  roivd  it«clf  should  be  bound  together  and  made  of  ck>se 
texture  by  the  addition  of  fine  particles  of  clean  sand  gravel  or  screenings 
in  sueh  a  manner  that  an  excess  amount  of  the  bituminouB  material  wfll 
not  enter  into  the  road,  thereby  causing  the  road  to  roll  under  travel. 
The  purpose  of  the  bituminous  carpet  is  to  provide  a  covering  for  the 
gravel  road,  taking  the  wear  from  travel  on  the  carpet  of  stone  and  bitumi- 
nous material  itself,  lay  the  dust  and  protect  the  surface  of  the  gravel 
from  dinntegration.  For  details  of  construction  and  maiutenaaoe  of 
bituminous  surfaces  on  gravel  roads,  see  Sect.  14. 


The  co«t  of  maintaining  gravel  roads  varies,  of  course,  with  the  method 
of  treatment  which,  in  its  turn,  is  determined  by  the  volume  and  rapidity 
of  traffic  using  the  road.  In  the  case  of  roads  whic^  are  not  superficially 
treated,  the  cost  of  dragging  varies  from  SIS  to  $50  per  mile  per  year.  The 
road  may  be  repaired  at  a  cost  not  to  exceed  150  per  mile  per  year. 
The  total  cost  of  dragging  and  repairs  should  not  exceed  $500  per 
mile.  When  this  point  is  reached,  the  iise  of  some  superficial  treatment  should 
be  undertaken  as  a  matter  of  economy.  Calcium  chloride  may  be  applied 
at  a  cost  of  too  per  mile  for  the  material  and  SIK)  for  the  cost  of  application. 
The  cost  of  sprinkling  periodically  will  vary  from  $200  to  S500  per  mile 
per  year,  depending  upon  the  numlier  of  applications  and  the  character 
of  the  travel.  Bituminous  carpets  may  be  constructed  for  9600  per  mile 
with  maten'al  at  t0.06  per  gal,  labor  S2  per  day,  teams  96.50  per  day  and 
sand  at  90.10  per  cu  yd  in  convenient  gravel  banks.  Reooiutructioa  of 
these  roads  will  vary  from  9500  to  S1500  per  mile.  It  may  be  eanly  deter- 
mined that  when  the  total  costs  of  repairs,  oiling  and  Boneral  maintenance 
reaches  the  sum  total  of  91000  per  mile  it  is  time  to  discontinue  the  attempt 
to  utilise  the  gravel  road  and  proceed  to  the  seleoUoD  of  some  more  rigid 
and  durable  type  of  road  or  pavement. 
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GBlfSRAL  DATA 

1.  EQftorical  Derelopment 

I^MafMf S  Method.  Broken  stone  roadways  vere  first  gystematloally 
constructed  in  1764  by  Treasguet,  at  that  time  Chi^  Engineer  of  the  District 
of  Limogee,  Department  of  Roads  and  Bridges  of  France.  Under  his 
direction  roadways  were  built  in  three  oourses.  His  method,  aa  described 
by  himself,  was  as  follows: 

"  The  bottom  of  the  foundation  is  to  be  made  i>araUel  to  the  surface  of 
the  road.  The  first  bed  of  the  foundation  is  to  be  placed  on  edge,  and  not 
on  the  flat,  in  the  form  of  the  rough  pavement  and  consolidated  by  beating 
with  a  l&rge  hammer,  but  it  is  unnecessary  that  the  stonee  should  be  even 
with  one  another.  The  second  bed  is  to  be  likewise  arranged  hand, 
layer  by  layer,  and  beaten  and  broken  coarsely  with  a  large  hammer,  so 
that  the  stones  may  wedge  together  and  no  empty  space  may  remain. 
The  last  bed  of  3  in  in  thickness  to  be  broken  about  to  the  size  of  a  small 
walnut  with  a  hammer  on  oite  side  of  a  sort  of  anvil,  and  thrown  upon  the 
road  with  a  shovel  to  form  a  curved  surface.  Great  care  must  be  taken 
to  choose  the  hardest  stone  for  the  last  bed,  even  if  one  is  obliged  to  go  to 
more  distant  quazriea  than  those  which  furnish  the  stone  for  the  body  of 
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the  road.  The  Bolidity  of  the  road  depending  on  the  latter  bed,  one  canoot 
be  too  scrupulous  us  to  the  quality  of  the  materials  which  are  used  for  it." 

Telford's  and  HcAdam's  Methods.  The  next  engineer  to  Bystematically 
use  broken  stone  for  roadways  .was  Telford,  in  Eng^And,  about  1805.  Bin 
meibod  wu  substantially  the  same  as  Tresaguet's,  except  that  he  made 
the  subgrade  levd.  A  decade  later  John  Louden  McAdam  expresaed  and 
demonstrated  hia  ideas  of  road  building,  and  mnoe  about  1825  broken  stone 
roadways  have  been  quite  generally  spoken  of  as  macadam  roads.  McAdam 
contended  that  the  foundation  course  of  large  stone  was  unnecessary  and 
injurious;  that  any  dry  native  soil  or  earth  would  carry  any  weight  passing 
over  a  broken  stone  crust  10  in  in  thickness,  provided  the  crust  be  thorol>- 
consolidated.    Consolidation  was  secured  by  traffic  and  not  by  rolling. 

Comparison  of  Early  Methods.  Tresaguet  and  Telford  used  stones 
6  or  7  in  in  maximum  dimenraons  in  the  lorwer  courses.  Treeafcuet  used 
■tone  "tho  siie  of  a  small  walnut"  for  the  top  course,  while  Telford  used 
stone  that  would  pass  a  2H->n  ring,  and  covered  the  whqle  surface  with  1}4 
in  of  "good  gravd,  free  from  clay  or  earth."  McAdam's  belief  as  to  rises 
was  expressed  by  himself  as  follows:  "  The  sise  of  stpne  used  on  a  road 
must  be  in  due  proportion  to  the  space  occupied  by  a  wheel  of  ordinary 
dimensions  on  a  smooth  level  surface;  this  point  of  contact  will  bo  found 
to  be  longitudinally  about  an  inch,  and  every  piece  of  stone  put  into  a 
road,  which  exceeds  an  inch  in  any  of  its  dimensions,  is  mischievous."  He 
later,  in  directions  for  road  makiiig,  specified  that  no  stone  should  exceed 
6  OS,  which  corresponds  to  cubes  about  2  in  on  a  side.  The  methods  of 
Telford  and  McAdam  have,  with  some  variations,  been  considered  as 
standard  even  to  the  present  day.  For  a  detailed  history  of  the  ooostructioD 
of  broken  stone  roads  see  (37). 


A  suitable  foundation  is  absolutely  necessary  for  a  broken  atone  road. 
If  the  natural  subsoil  is  of  gravel  or  sand,  no  artificial  foundation  is  aecessary. 
It  was  the  theory  of  McAdam  that  any  base  t^t  would  support  a  man 
was  sufficient  to  support  a  road  surface,  but  this  theory  has  been  often 
proven  purely  theory  rather  than  fart.  A  day  or  loamy  subsoil  may 
support  a  broken  stone  surface  in  a  climate  where  there  is  little  or  no  ftoat 
and  no  extremely  wet  seasons,  but  in  all  localities  where  such  conditions 
do  not  exist,  the  crust  should  be  supporf«d  by  an  artificial  fotmdation  qpn- 
sisttng  of  stone,  sandy  gravel  or  coarse  sand.  If  the  subsoil  is  of  extremely 
fine  silicious  material  a  foundation  consisting  solely  of  stone  will  after  a 
time  become  inoETcctive,  due  to  the  gradual  filling  of  the  voids  in  the  stone 
with  the  rilicioua  material  of  the  subsoil.  In  such  cases  it  is  desirable  to 
place  4  to  6  in  of  sandy  gravel  or  coarse  sand  on  the  subgrade  before  placing 
the  stone  base.  With  a  water-bound  road,  moisture  is  oeccssaiy  to  preserve 
the  road,  henoe  a  foundation  of  gravel  or  sand  is  preferable  to  one  of  stone 
in  kMSalities  where  there  ore  prolonged  dry  seasons,  the  gravel  having  a 
tendraicy  to  asriat  in  the  retention  of  moisture  in  the  crust,  whereas  a  stone 
foundation  has  a  tendency  to  assist  in  drying  the  crust. 


The  crown  or  camber  at  which  broken  stone  roads  are  constructed  should 
be  suflScient  to  prevent  water  from  running  longitudinally  over  the  road 
and  to  prevent  the  water  from  standing  on  the  surface  of  the  road.  Until 
about  1910  a  crown  of      in  to  the  ft  was  almost  universally  adopted,  and 
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BUice  then  has  been  quite  commonly  used.  A  greater  crovn  -tends  to  a 
concentration  of  travel  in  the  middle  of  the  rosd  and  cooseqtteDt  fonnation 
of  ruta.  Aa  smooth  bituminous  aurfaces  are  often  ranatruotefl  on 'Water- 
bound  Toads  after  they  have  become  worn  to  such  an  extent  thmt  the  upper 
auifaee  requires  renewal,  a  crown  not  exceeding  H  in  to  Qie  foot  is  often 
dcarable. 


Essentitl  Physical  Propertiea.  Ths  nature  and  quality  of  rock  used  in 
the  construction  of  water-bound  broken  stone  roads  is  of  prime  importance. 
The  rock  used  should  excel  in  three  properties:  namely,  hardness  to  resist 
the  wear  caused  by  the  grinding  action  of  vehicle*),  of  steel  shod  animals 
and  of  the  stones  against  one  another;  toughness,  to  withstand  the  shocks 
or  blows  from  traffic;  cementing  value,  to  bind  the  parts  and  particles 
together  and  thua  cause  the  crust  to  be  as  near  monolithic  as  poasibto. 
Trap,  granite  and  limestone  are  moat  commonly  used. 

Trap  excels  either  of  the  other  two  in  hardness  and  toughness,  but  oftoi 
lacks  cementing  power.  Comparatively  speaking,  it  wears  but  httle  under 
traffic,  but  a  surface  constructed  of  trap,  while  durable  under  traffic,  becomes 
more  rough  than  surfaces  made  with  softer  stooe. 

Granite,  to  be  of  value,  should  have  a  close  and  uniform  structure. 
Granite  of  coarse  structure  is  unfit  for  use  except  in  foundations.  A  granite 
surface  is  good  under  light  traffic,  wears  more  rapidly  than  a  surface  of 
trap,  but  is  sometimes  more  desirable  as  it  presente  after  wear  a  smooth 
ea^y  surface  for  li^t  vehicles. 

limmtODe  possesses  greater  cementing  value  than  either  te^>  or  granite, 
but  is  not  hard  or  tough.    It  is,  however,  a  good  material  for  li^t  traffic  for  - 
the  same  reason  given  above  for  granite. 

Field  Stones,  couaiating  of  round  or  irregular  shaped  cobbles  are  often 
crushed  and  used.  Stone  from  ledxe  is  more  desirable  than  field  stone 
because  of  its  uniform  quality.  Field  stones  usually  have  to  be  culled  or 
selected  in  order  to  secure  uniformity  in  the  crushed  material.  Lack  of 
uniformity  in  quality  of  stone  tends  towards  an  tmeven  surface  after  the 
road  has  been  subjected  to  wear. 

For  a  detailed  discussion  of  rocks  for  road  metal,  see  Sect.  3,  Arts.  1 
to  6,  inc. 


Hiiwnl  Compocitions  of  Rocks  Used  for  Road  Metal  (32)  are  shown 
in  Table  I. 


Sampling  of  Rock  and  Broken  Stone.  The  following  method  was  adopted 
at  the  first  conference  of  State  Highway  Testing  Engineers  and  Chemists 
ealled  by  the  U.  S.  O.  P.  R.  in  Feb.,  1917. 

"  Bt  WaoM  Takkh.  Samples  are  to  be  taken  by  the  engineer  or  his 
authorized  representative. 

"When  Takbn.    Samples  arc  to  be  token  from  the  proposed  source  of 

supply  at  least  days  before  the  stone  is  to  be  accepted  or  rejected, 

also  from  every  cu  yd  quarried,  or  when  the  quality  or  appearance 

of  the  stone  changes,  and  at  such  other  times  as  may  be  directed  by  the 
engineer. 

"  Wbbbb  and  How  Takbn.  (1)  Sampling  for  quality.  Samples  shall  be 
taken  either  fxom  the  quarry  or  from  oars  as  directed  by  the  en^eer 


MATERIALS 


4.   Physical  Properties  of  Rock  for  Road  Hetal 


6.  Tests  of  BnAen  Stone 


r 


556 


soma 


•op 


Broken  Stone  Roads 


Sect.  11 


•iopi<ia 


-ojoa 


•poaiq 
-OIOH 


S2: 


amp 


Olio 

iota 


00 -'«]•-■ 


ISO 


eeoimi 


O«0 
■CCD 


.Google 


Art.  5 


Teata  of  Broken  Stone 


S57 


and  ahftU  be  sound  Interior  rock,  representative  of  that  which  it  is  propooed 
to  use.  Mixed  samples  may  be  taken  if  denned  necessary  by  the  ensneer. 
(2)  Sampling  for  size.  Samples  of  the  crusher  product  shall  be  taken  either 
at'  the  crusher  or  from  cars  as  directed  by  the  eufpneer.  The  sample  shall 
be  mixed  from  runs  of  th.6  crusher,  on  different  days,  or,  if  taken  from  ears, 
shall  be  taken  from  both  ends  and  top  and  bottom  of  the  car. 

"Amount  and  Sizb  of  Samfle:  (1)  StunpUng  for  quality.  A  sample 
shall  weigh  between  25  and  40  lb,  and  shall  oonsist  of  pieces  of  rock  at 
least  IH  iQ  in  siw,  and  one  piece  at  least  3  by  4  by  6  in,  free  from  seams 
and  cracks,  and  with  bedding  plane  marked.  (2)  Sampling  for  mat.  A 
samide  f<x  siie  shall  weigh  not  lees  than  10  lb  for  materials  of  in  mask 
mum  diameter  or  leas.  Samples  of  materials  of  other  sixes  shall  increase 
in  weight  to  a  maximum  of  aivrozimately  60  lb,  varying  witli  the  siie 
and  weight  of  the  largest  pieces  represented  by  the  sample.  The  sample 
shall  be  representative  of  the  product  as  delivered  for  use. 

"  Markinq  and  Shipping.  Samples  shall  be  shipped  in  tight  boxes  or 
bogs  and  shall  be  accompanied  by  a  card  in  the  container  or  securely  at- 
tached thereto,  stating  date,  by  whom  taken,  proposed  purpose  to  which 
the  material  is  to  be  put,  space  for  remarks,  and  in  case  of  quarry  InTseti- 
gations,  owner,  quanti^  avoilaUe,  amount  and  character  of  stiipj^iB, 
whether  material  from  same  source  has  been  previously  used,  when  and 
for  what  purpose,  and  with  what  results,  haul  to  nearest  point  on  road, 
average  haul  to  job,  character  of  haul,  initial  cost  of  rock." 

Laboratory  and  Service  Tests  of  Rock.  In  order  to  ascertain  the  value 
of  any  rock  as  a  material  suitable  for  hi^way  buUding,  there  are  several 
teats  that  have  been  developed  which  give  some  indication  as  to  what 
may  be  expected  of  a  rock  when  used  in  the  road.  The  tests  are  made  to 
determine  catain  specifia  characteristics,  and  attho  the  results  of  the  tests 
do  not  alwi^  agree  with  the  results  obtained  in  service  tests,  still  they  are 
a  great  aid  in  comparing  the  respective  qualities  of  different  rocks.  There 
are  many  variable  conditions  to  which  a  road  is  subjected,  and  since  it 
is  difficult  to  duplicate  these  conditions  by  any  accelerated  mechanical 
test,  the  beet  knowledge  in  regard  to  the  worth  of  any  rock  will  be  obtained 
from  observations  of  its  wear  in  actual  service.  Tests  are  made  to  deter- 
mine the  physical  properties  of  abrasion,  cementing  value,  toughness, 
hardness,  crushing  strength,  absorption,  and  specific  gravity. 

The  Methods  of  TeBtlng  Rock  and  Broken  Stone  given  herewith  are  thoae 
adopted  by  the  Special  Committee  on  "  Materials  for  Road  Construction  "  of 
the  Am.  See.  C.  E.,  designated  Am.  Soc.  C.  E.  Method;  those  proposed  by 
Committee  D-4,  "  Standard  Tests  for  Road  Materials  "  of  the  Am.  Soc.  Test 
Mat.,  designated  Am.  Soc.  Test.  Mat.  Com.  D-4  Method;  and  thoee  adopted 
by  the  Am.  "Soc.  Test.  Mat.,  designated  Am.  Soc.  Test.  Mat.  Method. 

Mechanical  Analsreis  of  Broken  Stone.   See  Sect.  10,  Art.  7. 

Voids  in  Broken  Stone.   See  Sect  10,  Art.  7. 

Specific  Gravity  of  Coarse  Aggregates.  Am.  Soc.  Test.  Mat.  Com.  D-4 
Method.  "  The  apparent  specific  gravity  shall  be  determined  in  the  fol- 
lowing manner:  The  sample,  weighing  1000  g  and  composed  of  pieces 
approximately  cubical  or  ^bericol  in  shape  and  retained  on  a  screen  having 
1.37-cm  (H^)  circular  openings,  shall  be  dried  to  constant  weight  at  a 
temperature  between  100°  and  110"*  C  (212'  and  230"  F),  cooled,  and  weighed 
to  die  nearest  0.5  g.  Record  this  weight  as  weight  A.  In  the  case  of 
homogeneous  material,  the  smallest  partides  in  the  sample  may  be  retained 
on  a  wcntm  having  1^-in  circular  openings. 
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"  Immene  the  sample  in  water  for  24  hr,  surface-dry  indiWdual  pieces  with 
aid  of  a  towel  or  blotting  paper,  and  weigh.  Record  this  weight  as  weight  B. 
Place  the  sample  in  a  wire  basket  of  approximately  yi^in  mesh,  and  about 
12.7  cm  (5  in)  square  and  10.3  cm  (4  in)  deep,  suspend  in  wate^  from 
center  of  scale  pan,  and  weigh.  Recotd  the  difference  between  this  wmght 
«id  the  weight  of  the  empty  basket  suspended  in  watw  as  weight  C, 
weight  of  saturated  sample  immersed  in  water. 

"  The  apparent  specific  gravity  shall  be  calculated  by  dividing  the  wei^t 
of  the  dry  sample  A  by  the  difference  between  the  weights  of  the  saturated 
sample  in  air  £  and  in  water  C,  as  follows: 


"Attention  is  called  to  the  distinction  between  apparent  specific  gravity 
and  true  specific  gravity.  Apparent  specific  gravity  includes  the  voids 
in  the  speoimeo  and  is  therefore  always  less  than  or  equal  to,  but  new 
greater  than  the  true  specific  gravity  of  the  material." 

Apparent  Spedflc  Gravitj  of  Sand,  Stone  Screeniiigi,  or  Other  Ptm 
Highway  Material.   Am.  Soo.  C.  E.  Method. 

"  Afparatcs.  The  determination  shall  be  made  witii  a  Jaekeon  qmctfio 
gravity  apparatus  triiich  shall  consiBt  of  a  burette,  with  graduations  read- 
ing to  0.01  in  specific  gravity,  about  23  cm  (9  in)  long  and  with  an  inaide 
diameter  of  about  0.0  cm  (0.25  in),  which  shall  be  connected  with  a  glaSB 
bulb  approximately  13  cm  (5.5  in)  Iodr  and  4.5  cm  (1.75  in)  in  diameter, 
the  glass  bulb  being  of  such  size  that  from  a  mark  on  the  neck  at  the  top 
to  a  mark  on  the  burette  just  below  the  bulb,  the  capacity  is  exactly  180  ec 
(6.09  os) ;  and  on  Erlenmeyer  flask,  which  shall  contain  a  hollow  groaod- 
glass  stopper  having  the  neck  of  the  same  bore  as  the  burette  uid  a  capaci^ 
of  exactly  200  cc  (6.70  os)  up  to  the  graduation  on  the  neck  of  the  atoppw. 

"  MsiHOD  OF  Dbtbioiinatiok.  The  method  shall  consist  of:  (1)  <hy  at 
not  more  than  110*  C  (230**  F)  to  a  constant  weight  a  sample  wri^bing 
about  55  g;  (2)  weigli  to  0.1  g,  50  g  of  the  dry  sample  and  pour  it  into  the 
unstoppered  Erlenmeyer  flask;  (3)  fill  the  bulb  and  burette  with  kerosene, 
leaving  just  space  enough  to  take  the  temperature  by  introducing  a  ther- 
mometer thru  the  neck;  (4)  remove  the  thermometer  and  add  sufficient 
kerosene  to  fill  exactly  to  the  mark  on  the  neck,  drawing  off  any  excess 
with  the  burette;  (5)  nm  into  the  flask  about  one-half  of  the  kerosene  in  the 
bulb  to  remove  air  bubbles  and  tbra  run  in  more  kerosene,  removing  any 
material  adhering  to  the  neck  of  the  flask,  until  the  kerosene  is  just  below 
the  ground  glass;  (6)  place  the  hollow  ground-glass  stopper  in  position  and 
turn  it  to  fit  tightly,  and  then  run  in  kerosene  exacts  to  the  200-co  (6.76-ot) 
graduation  on  the  neck,  care  being  taken  to  remove  all  air  bubbles  in  the 
flask;  (7)  read  the  specific  gravis  from  the  graduation  on  the  burette, 
and  the  temperature  of  the  oil  in  the  flask,  noting  the  difference  between 
the  temperature  of  the  oil  in  the  bulb  before  the  determination  and  that 
of  the  oil  in  the  flask  after  the  determination;  (8)  make  a  temperature 
correction  to  the  reading  of  the  specific  gravity  in  accordance  with  the 
table  furnished  by  the  manufacturer  of  the  apparatus,  adding  the  coneotion 
if  the  temperature  of  the  kerosene  has  increased  and  subtoaoting  it  if  the 
temperature  of  the  kerosene  has  deereased." 

*The  bukst  may  be  conveniently  nupended  by  meuu  of  a  flne  wire  Inmt  from  a 
hook  ahap*d  in  the  form  of  a  quMtioa-nurk  with  the  top  and  restiiic  on  tb«  eentar  of 
thassalepan. 
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AbMftieii  of  Water  Fir  Cubic  Foot  of  Rock.  Am.  Soe.  TMt  Mat 
Com.  D-4  Method. 

"  The  absorption  of  water  per  cubic  foot  of  rock  shall  be  determined 
by  the  following  method:  (1)  a  sample  weighing  between  29  and  31  g 
and  approcimately  cubical  in  shape  shall  be  dried  in  a  closed  oven  for  1  hr 
at  a  temperature  of  110°  C  (230°  F)  and  then  cooled  in  a  doucoator  for 
I  hr;  (2)  the  aample  shall  be  rapidly  weighed  in  air;  (3)  trial  weighings  in 
air  and  in  water  of  another  sample  of  approximately  the  same  sixe  shall 
be  made  in  order  to  determine  the  approximate  loss  in  weight  on  ImmOToion; 
(4)  after  the  balances  shall  have  been  set  at  the  calculated  wei^t.  the  first 
mmpia  shall  be  wdghed  as  qtiiokly  as  poesible  in  distiUed  water  having  a 
temperature  of  25"  C  (77°  F);  (5)  allow  the  sample  to  ranain  48  hr  in 
distilled  water  maintained  as  neariy  as  iwaeticable  at  25"  C  (77"  F)  at 
the  termination  of  which  time  bring  the  water  to  exactly  this  temperature 
and  weigh  the  sample  -while  immersed  in  it;  (6)  the  number  of  pounds  of 
water  absorbed  per  cubic  foot  of  the  sample  shall  be  calculated  by  the 
following  formula: 

Wt  Wi 

POUNM  or  WATXB  ABBOBBBD  FEB  CUBIC  WOOfS  «  =  =-  X  A2.24 

tr    —  Wi 

in  which  W  represents  the  weight  in  grains  of  sample  in  air;  Wu  the  weight 
in  grama  of  sample  in  water  just  after  inunersioD;  Wt,  the  weight  in  grams  of 
sample  in  water  after  48  hours'  immersion,  and  62.24,  the  weight  in  pounds  of 
a  cuWc  foot  of  distilled  water  having  a  temperature  of  23°  C  {77"  F). 

"  Finally,  the  absorption'of  water  per  cubic  foot  of  the  rock,  in  pounda, 
shall  be  the  average  of  three  determinatioas  made  on  three  different  samples 
according  to  the  method  above  described." 

Abrarion  Test  for  Brokon  Stone.   Am.  Soc.  Test.  Mat.  Alethod. 

"  The  machine  (see  Fig.  1)  shall  consist  of  onq  or  more  hollow  iron  cylin- 
flers;  closed  at  one 
end  and  furnished 
with  a  tightly  fitting 
iron  cover  at  the 
other;  the  cylinders 
to  be  20  cm  (7.87 
in)  in  diameter  and 
34  cm  (13.38  in)  in  Fig.  1.  Deval  Abrasion  Machine 

depth,  inside.  These 

(flinders  are  to  be  mounted  on  a  shaft  at  an  angle  of  30°  with  the  axis  of 
rotation  of  the  shaft. 

"At  least  13.6  kg  (30  lb)  of  coarsely  broken  stone  shall  be  available  for  a 
test.  The  rock  to  be  tested  shall  be  broken  in  pieces  eg  nearly  uniform 
in  siie  as  possible,  and  as  nearly  50  pieces  as  possible  shall  constitute  a 
test  sample.  The  total  weight  of  rode  in  a  test  shall  be  within  10  g  of 
5  kg  (11.02  lb).  All  test  pieces  shall  be  washed  and  thoroly  dried  before 
weighing.  Ten  thousand  revolutions,  at  the  rate  of  between  30  and  33 
to  the  minute,  must  constitute  a  test.  Only  the  percentage  of  material 
worn  off  which  will  paes  thru  a  0.16~cm  (K«-in)  mesh  sieve  shall  be  con- 
sidered in  determining  the  amount  of  wear." 

Fbsmoh  CoMmoiiurr  or  Wbab  equals  40  divided  by  the  percent  of  wear. 

Hediflsd  Abiasloa  Tsrt  if  SeoMd  W).  "The  piln^  of  aetkn  of  tbs 
■aeUne  It  that  ortlMbritknrttlsria  that  »■  sidH  an  stral^t  nwtd  ptsew  with  qiaea 
hstesuu  to  allow  far  ttw  osaps  of  the  dust.  Its  cross  loetlon  k  oetaidnal  and  its 
klsnal  vohiBB  was  mads  equal  to  that  of  ths  Daval  ^Hndw.  Its  Isngth  ta  also  the 
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■UM  ■■  tbMt  of  the  Deval  cylinder.   The  spaee  between  the  staves  or  iMm  of  tha 
dwmbw  1b  K*^!  «llowinc  for  fnt  pwnga  ttf  durt  lad  paitMai  up  to  that  iIm. 
"It  wu  tlw  pufposa,  at  flnt,  to  use  tUa  abnudon  chamber  in  a  Deval  frame  ao  that 

the  motion  and  movement  of  the  charge  would  be  rimitar  to  that  in  the  regular  teat, 
but  later  in  order  to  make  a  oimpler  and  more  compact  machine,  it  was  ao  amnced 
that  it  revolved  about  its  own  lonfitudinal  axia  in  a  horisoDtal  poaitioa.  It  waa  alao 
ttapugbt  that,  operated  in  tUa  latter  porftitm.  It  iraiM  be  nern—iy  to  employ  an 
abraaive  ebarce  as  in  the  standard  bride  rattler  teat,  in  order  to  giva  an  appndMa 
loM  duiioK  the  test.    Thia  was  erroneous,  however,  aa  the  ramilta  ahow. 

"The  number  of  comparative  tests  already  made  with  tUa  machine  are  not  many, 
but  the  reaultB  seem  to  be  conclusive  and  show  that  the  cushioning  effect  of  the  4oat 
is  very  marked. 

"The  foltowlnf  testa  have  been  made  upon  two  limestonca  of  very  great  differenca 
In  hardneee:  (1)  Both  stones  in  the  tegular  Deval  test;  (2)  both  stones  irith  new 
^pe  of  chamber  in  a  Deval  frame;  (S)  both  sttmes  with  new  type  of  chamber  with  fta 
aida  horizontal  and  with  an  abrasive  charge  consisHng  of  a  araall  amount  of  1-in  and 
H^n  tempered  steel  balls;  (4)  both  stones  with  new  type  of  chamber  with  its  azia 
horizontal  and  no  abrasive  agent;  (6)  both  stones  in  a  regular  Deval  test  except  that 
the  stones  asd  inside  of  cyUnder  were  g^vaa  a  thoro  dry  deaning  aftw  ewy  lOOO 
revohidoDfl,  Uiua  redudng  ouahiooiag  effect  to  a  much  smallar  degree. 

"  Tha  rHults  of  teata  of  a  hard  and  Bott  atone  with  the  two  typea  of  abiariva  diambem 
follow: 


Percent  Wbu 


Kind  of  Tbbt 

Monoo 
limestone 

Bedford 
Umeatone 

Ratio 

S.3 

10.3 

l.»S 

2.  Mew  type  Deval  frame  

12.8 

52.6 

4.12 

8.  New    type,    horizontal  with 

abrasive 

12.8 

87.7 

Z.U 

4.  Mew  type,  horixontal  with  no 

abrasive 

agent  

12.8 

36.3 

2.S7 

£.  Deval  test  with  all  dust  removed  afto* 

10.7 

25.8 

2.41 

"la  the  new  type  of  chamber  practically  all  of  the  dust  la  removed  me  fast  m  formed. 
Iliat  Oda  haa  a  gnat  alEeet  la  shown  la  Itema  (1)  and  (2)  in  above  table.  In  the  eaaa 
of  the  hard  atone  the  removal  of  the  duit  earned  only  about  140%  faicrean  fn  the 
percuit  wear,  but  in  the  ease  of  the  aoft  stone.  It  caosed  410%  increase. 

"Altho  more  testa  are  needed  to  establish  the  facts,  it  would  seem  that  the  following 
oonduflions  can  be  drawn  from  the  above  tests:  To  remove  the  dust  in  a  tasting 
machine  of  this  kind  is  the  correct  prindple  and  prevents  the  boosting  of  an  inferior 
Btona  in  compariaoo  vith  a  good  one.  The  new  type  gives  a  wider  range  of  values  for 
a  given  lot  of  Btonea  and  therefore  better  differentiation  of  quali^.  The  new  typa 
operating  on  a  horiamtal  axis  is  a  mora  simple  and  compact  "'■'*hy»,  and  of  rhraprr 
ccmstruetioo.'' 

C«in«iitRtion  of  Rock,  SUg,  and  Onvel  Powders.  Am.  Soc  C.  E. 

Method.    "  The  cementation  teat  shall  he  made  as  follows:   Of  the  material 

to  be  tested,  SfW  g  shall  be  broken  to  pass  a  1.27-cni  (H-in)  ineah  sieve 
and  then  placed  in  a  ball  mill  (see  FIk.  2)  with  90  cc  (3.02  oz)  of  water  and 
two  steel  shot  weighing  together  9  kg  (20  lb).  The  mill  and  its  charge 
shall  be  revolved  for  2H  hr  at  a  rate  of  2000  rev  per  hr.  The  dough  thus 
formed  shall  then  be  removed,  and  25  g  of  an  average  sample  of  it  shall 
be  placed  in  a  metal  die,  25  mm  (0.98  In)  in  diameter,  and  subjected  to  a 
pressure  of  132  kg  per  sq  cm  for  an  instant  in  a  hydraulic  press.  The 
c^indrical  briquette  resulting  should  measure  exactly  26  mm  (0.08  in) 


D'qitijM  by 


Art.fi 


Testa  of  Broken  Stone 


Pig.  2.   BaU  MiU 


in  bei^t.  If  it  does  not,  EiubBequent  samples  of  the  dough  shall  be  taken 
in  mich  quantity  that  the  resulting  briquette  after  compression  will  be 
exactly  25  mm  (0.98  in)  in  height.  Five  such  briquettes  sbiUl  be  made 
and  aUoired  to  dry  in  the  air  for  a  period  of  20  hr,  after  whidi  they  shall  be 
heated  for  4  hr  in  a  hot-air  oven  at  a  temperature  of  93.3°  C  (200°  F), 
and  then  cooled  in  a  desiccator  for  20  min.  These  cylinders  or  Isiquettee 
shall  then  be  tested  in  a  machine  as  follows: 

"  The  machine  shall  be  arranged  so  that  a  1-kg  (2.20  lb)  hammer  is 
raised  to  a  height  of  1  cm  (0.30  in),  and  then  falls  freely  on  a  plunger,  trans* 
nutting  the  shock  of  the  blows  of  the 
hammer  thru  the  plunger  to  Um  tcet 
piece,  Bucoeaaiva  bknn  being  ebuok  by 
the  hammer  at  a  rate  of  40  to  70  per 
min,  until  the  test  piece  fails,  which  is 
indicated  by  the  failure  of  the  plunger  or 
hammer  to  rebound.  The  test  piece 
siiall  be  placed  on  the  anvil  under  the 
plunger  without  lateral  support,  and  may 
be  fastened  in  place  on  the  anvil  by  a 
drop  of  shellac.  The  average  of  the  num- 
ber of  blows  on  the  five  MquetteB,  re- 
quired to  produce  failure  in  mch  case,  is 
Uie  result  to  be  reported,  and  is  the 
coefficient  of  cementation." 

Test  for  Tonghnesi  of  Rock.  Am.  Soc. 
Test.  Mat.  Com.  D-4  1018  Method. 

"  DuiNmoN.  Toughness,  as  applied  to  rock,  is  the  resistance  offered 
to  fracture  under  impact,  expressed  as  the  final  height  of  blow  required 
of  a  standard  hammer  to  cause  fracture  of  a  cylindrical  test  specimen  of 
^ven  dimensions. 

"  Saupuno.  Quarry  samples  of  rock  from  which  test  specimens  are  to 
be  prepared  shall  measure  at  least  6  in  on  a  side  and  at  least  4  in  in  thickness, 
and  when  possible  shall  have  the  plane  of  structural  weakness*  of  the  rock 
plainly  marked  thereon.  Samples  should  be  taken  from  fresh  quarried 
material,  and  only  from  pieces  which  show  no  evidences  of  incipient  frac- 
ture due  to  blasting  or  other  causes.  The  samples  should  preferably  be 
split  from  large  pieces  by  the  use  of  plugs  and  feathers  and  not  by  sledging. 
Commercial  stone  Uock  samples  from  which  test  specimens  are  to  be 
prepared  shall  measure  at  least  3  in  on  each  edge. 

"  Siu  AMD  Font  or  Txbt  SracmsN.  Specimens  for  teat  dtall  be  cylin- 
flers,  2S  mm  in  height  and  from  24  to  25  mm  in  diameter.  Three  test 
specimens  shall  constitute  a  test  set.  The  ends  of  the  specimen  shall  be 
plane  surfaces  at  right  angles  to  the  axis  of  the  cylinder. 

"  Prbpahatiok  of  Test  Speciuens.  One  set  of  specimens  shall  be 
drilled  perpendicular  and  another  parallel  to  the  plane  of  structural  weak- 
ness of  the  rock,  if  such  plane  is  apparent.  If  a  plane  of  structural  weakness 
is  not  apparent,  one  set  of  specimens  shall  be  drilled  at  random.  Speci- 
mens shall  be  drilled  in  a  manner  which  wUl  not  subjeot  the  material  to 
undue  streasee  and  which  will  insure  the  specified  dimenuons.  t   The  enda 

•The  plane  of  ■tmetml  weaknssi  may  In  eartaln  eaiss  be  the  lift,  dfavtgev  or 
bedding  plane. 

tTha  fom  of  dJamond  drill  dasBribad  in  Bui.  No.  147,  IT.  S.  Dep.  Agr.,  pp.  6  and  7, 
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of  the  Cylinders  may  be  sawed  by  means  of  a  band  or  diamond  saw,*  or  in 
any  other  way  which  will  not  induce  incipient  fracture,  but  shall  not  be 
ehipped  or  Isoken  off  with  a  hammer.  After  sawing,  the  ends  of  th« 
■peoimena  shall  be  cround  plane  with  watv,  and  carborundum  or  amty  on 
a  cast-iron  lap  until  the  cylinders  *re  25  nun  in  tength. 

"  Impact  Machihb.  Any  form  of  impact  machine  which  will  oomply 
with  the  following  eflsentiaU  may  be  used  in  making  the  test: 

1.  A  cast-iron  anvil  weighing  not  less  than  60  kg,  flnnly  fixed  upon  ■ 
solid  foundation; 

2.  A  hammer  weighing  2  kg,  arranged  so  as  to  fall  tneiy  between  suiiabla 
guides; 

8.  A  phuger  made  of  hardened  steel  and  weighing  1  kg,  ananged  to 
slide  freely  in  a  vertical  direction  in  a  sleeve,  the  lower  end  of  the  plunger 
being  spherical  in  shape  with  a  radius  of  1  cm; 

4.  Means  for  raising  the  hammer  and  for  dropping  it  upon  the  plungw 
from  any  specified  beigbt  from  1  to  not  lees  than  75  cm,  and  means  tor 
detennining  the  height  of  fall  to  approximately  I  mm; 

6.  Means  for  holding  the  cylindrical  test  specimen  securely  on  the  anvil 
without  rigid  lateral  support,  and  tmder  the  plunger  in  such  a  way  that 
the  center  of  its  upper  surface  shall,  thruout  the  test,  be  tangent  to  the 
^iherical  end  of  the  plunger  at  its  lowest  point. 

"  MsTHOD  OF  TasnNo.  The  teat  shall  consist  of  a  1-cm  fall  of  the  hammer 
for  the  first  blow,  a  2-cm  fall  for  the  second  blow,  and  an  increase  of  1-em 
fall  for  each  succeeding  blow  until  failure  of  the  test  specimen  occurs. 

"  Recordino  and  RnpoRTiNa  Rssultb.  The  height  of  the  YAow  in  centi- 
meters at  failure  shall  be  the  toughness  of  the  test  specimen.  The  individual 
and  the  average  toughness  of  three  test  specimens  shall  be  reported  when  no 
plane  of  structural  weakness  is  apparent.  In  cases  where  a  plane  of  structural 
weakness  is  apparent,  the  individual  and  average  toughness  of  the  three 
specimens  in  «ich  set  shall  be  reported  and  identified.  Any  peculiar  con- 
dition of  a  test  specimen  which  might  affect  the  result,  such  as  the  presence 
of  seams,  fissures,  etc.  shall  be  noted  and  recorded  with  the  test  result." 

Bftect  of  Controllable  Vulablet  on  the  ToufhaoM  Test  for  Rock  by  Jadwm  (S7): 

"1.  In  j'nd^ng  tbs  quality  tA  a  rock  quarry  from  the  ranilti  erf  a  slogle  test,  uie 
feet  tl»t  iBTse  w^atiMw  in  tougho—  may  occur  from  time  to  tfane  Aoold  be  bone 
In  mind,  and  an  ^ort  made  to  secure  a  test  at  the  material  at  anmalmatdy  the  mom 
time  that  the  material  la  to  be  used. 

"2.  Great  care  ahould  always  be  exerdaed  in  aelecting  samples  for  the  toughneM 
test,  because  the  product  of  a  rock  quarry  of  even  apparently  uniform  quality  in  apt 
to  vary,  thruout  different  portions  of  the  face. 

"8.  In  preparing  samples  for  the  toughneoi  text,  the  foHowbiff  p«Alts  ahould  be 
kept  In  mind  and  the  operator  governed  accordingly:  (a)  In  every  case  where  planes 
of  foliatioQ  SB  in  all  gneiaeea  and  schists,  or  planes  of  bedding  as  in  many  aandrtona 
and  aome  Umestonea,  are  viaible,  spedmena  ahould  be  drilled  as  nearly  at  ri^t  anglea 
to  the  plane  of  weakness  aa  posaible.  Another  aet  of  spedmeni  should  ako  be  prepared 
from  samples  drilled  parallel  to  the  plane  of  weakneas;  (b)  no  core  drill  should  be 
used  wMch  drills  spedmms  with  a  greater  total  variation  than  1  mm;  (c)  nriadona  in 
the  halglit  of  ^Mcimeiis  may  be  as  great  >s  1  mm  without  practically  affecting  the 
result;  (d)  variations  In  ttte  moUture  content  <d  apedmens  apparently  do  not  prac- 
tically affect  the  result,  but  for  the  sake  of  uniformity  all  spedmeiu  should  be  dried 
in  an  oven  prior  to  teKing;  and  (e)  the  greatest  pcesible  care  should  be  exerdaed  in 
the  preparation  of  the  qwdmco,  ao  is  to  insure  perfect  bearing  surfaeaa  abeolut^ 
peipeodicular  to  the  axis  of  the  eyUndw. 


«A  iitirfaetofy  fonn  oi  diamond  mw  Is  dcieribed  In  BoL  No.  S4T,  U.  8.  DepC  Ap, 
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"4.  Very  Httle  injury  Is  done  to  a  Bpadmen  during  the  pngrem  of  the  tMt  aa  m 
remit  of  vibratioBfl  of  the  plunger. 

"6.  The  total  coarc  of  the  bhnr  required  to  caiHe  failure  ie  not  influenced  by 
eaeoodarj  Uom  of  Uia  hammer,  prodnoed  by  iti  nbomid  after  atiildiig  the  phisKei " 

Hardnew  Test  for  Sock  or  Slag.  Am.  Soe.  C.  E.  Method.  "  The 
test  for  hardness  shall  be  made  with  a  Dotty  (see  Fig.  3),  or  ffimilftr  machine, 
oonnsting  of  a  revolving  disk  on  which  is  fed,  at  a  uniform  rate,  a  standard 
quarts  sand  passing  a  30  and  retained  on  a  40-meah  sieve.  Two  cores, 
each  25  mm  (0.98  in)  in  diameter,  shall  be  cut  from  the  material  to  be  tested, 
and  their  faces  ground  off  so  as  to  be  at 
right  angles  to  the  long  azea  of  the  cores. 
The  cores  shall  be  placed  in  the  holders 
or  disB  and  weighted  so  that  the  entire 
weight  of  each  core  with  its  holder  and 
added  weight  is  1250  g.  Each  core  shall 
be  ground  in  the  machine  on  one  face  ( 
for  1000  rev,  after  which  it  shall  be  re- 
versed and  ground  on  the  other  face  for 
an  equal  number  of  revolutions.  The  ^*  ^  Dtory  Hardneas  Machine 
toss  of  weight  of  each  specimen  shall 

be  determined  at  the  end  of  each  1000  rev,  and  the  average  loss  in  weight 
shall  be  used  for  stating  the  hardness  <rf  the  material,  which  lattw  shall  be 
expressed  by  the  formula:  hardness  -  20  —  M  If^t  where  W  equals  the 
average  loss  in  grammes  per  1000  rev." 

Crashing  Strength  of  Rock  or  Slag.  Am.  Soc.  C.  E.  Method.  "Cylinders 
shall  be  cut  from  a  suitable  block  of  the  material  to  be  tested,  each  of 
which  cylinders  shall,  as  nearly  as  practicable,  be  5  cm  (2  in)  in  diameter 
and  10  cm  (4  in)  in  length.  After  cutting,  the  dimensions  of  each  cylinder 
shall  be  accurately  measured  and  recorded.  Each  cylinder  shall  then 
be  subjected  to  compression,  and  the  ultimate  stress  at  which  its  failure 
occurs  shall  be  noted.  This  etrees  divided  by  the  average  area  in  cross- 
section  of  the  cyiinder  in  square  inches  shall  be  reported.  It  is  desirable 
that  the  test  <d  the  material  shall  be  made  on  at  least  three  such  cylinders 
separately,  and  the  average  of  the  three  or  more  specimens  shall  be  taken 
as  the  average  resistance  to  crushing  of  the  material.  In  making  the  test, 
the  cylinder  shall  be  fixed  in  the  testing  machine  so  as  to  be  unsupported 
on  its  sides  and  rest  squarely  on  its  ends,  and  the  compressive  stress  shall 
be  applied  cumulatively.  The  ends  of  the  cylinder  sh^  be  at  right  angles 
to  its  long  axis,  and  the  blocks  or  pieces  of  the  machine  in  contact  with  the 
ends  of  the  <QrUnder  and  thru  which  the  pressure  is  transmitted  sb^  have 
such  position  and  freedom  of  movement  in  the  machine  as  will  insure  the 
application  of  the  stress  directly  along  or  parallel  to  the  long  axis  of  the 
cylinder." 

Reenlts  of  Testa  on  Rock  Samples,  aa  made  by  the  V.  S.  0.  P.  R.,  are 
given  in  Tables  II  and  V. 

YsiUtloMs  in  the  PropertieB  of  Road-Baildiag  Rocks  (42).  The  chart,  shown  in 
Fig.  4,  shews  in  gnphic  form  the  nrlalloos  which  have  been  found  to  exist  in  the 
FkfBdi  coefBdsnt  vt  wear,  ta^hneas,  and  hardness  of  4  o(  the  road^ufldlng  nA 
faiwIHee.  In  each  of  the  blocka  shown  on  the  chart  the  horizontal  scale  represents 
the  range  in  test  values  het^ning  at  0  on  the  left  and  numerically  increasing  toward 
the  rl^t.  The  vertical  scale  in  each  case  shows  percentages  of  the  total  number  of 
ssmplf  tested.  Each  of  the  heavy  black  vertical  Ihiee,  therefore,  repreaentB  the  per^ 
ewtages  of  the  total  number  of  eamplee  (d  the  type  Indicated  having  a  value  cor- 
nspondlng  to  that  shown  on  the  h<»izontal  base  line  immediately  below  It.  This 
limxt  is  prlmarUir  of  value  in  enabling  the  rssults  of  a  particular  test  to  ba  eranpaied 
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with  sU  otbm  which  hftve  b«en  JOMde  by  the  Offlw  on  tAaUAr  nuterlaL  Thua,  nip- 
poae  the  reraltB  of  tMts  on  a  certain  aample  of  UnMatone  ahowed  a  French  eoefltdent 
of  WW  of  11,  a  toughneaa  o[  10,  and  a  hardneM  of  17.6.  By  referrinc  to  the  lime- 
atone  block  ft  Li  aeen  that  6.5%  of  79S  timeatonaa  ahowed  a  French  eoefflcient  of 
wear  of  11.  7.5%  of  889  have  a  toughneM  of  10,  and  6%  of  826  have  a  hardneaa  of 
17,6.  The  chart  shows,  furthermore,  that  a  hirge  majority  erf  all  hmeatonea  have 
valnea  ruling  lower  than  thoae  died  In  the  example,  or,  in  other  worda,  that  tUm 
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ttmeatooe  b  eoiudderably  above  the  average  on  all  of  the  three  determinations  ahown 
on  the  chart.  The  exact  percentafea  either  above  or  below  may,  of  couree,  be  calcu- 
lated by  taking  the  sum  of  all  the  vertical  linea  lying  to  the  right  or  left  of  the  value 
which  are  eonaldered. 

Interpretation  of  Result!  of  Tests  on  Rock  Samples  by  U.  B.  O.  P.  R. 
(42).  Results  of  about  2700  determinatioos  indicate  that  in  general  the 
limita  in  Table  III  for  low,  average,  and  high  values  for  each  of  the  teats 
may  be  applied: 
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Sect.  11 


Low 

Avan«a 

Under  8    |     8  to  12 
Under  8    1     8  to  12 
Under  15       16  to  18 
Under  at  26ta76' 

Over  12 
Over  12 
Over  18 
Ow76 

For  a  more  oonaplete  discuasion  of  the  relatioa  between  the  results  of 
laboratory  and  service  tests,  see  (25a). 

Table  IV.—Genera]  Limiting  Test  Values  for  Broken  Stone  <SSb) 


Type  of  Conetrogtlon 


LnimNQ  Valum 


fVencb 
Coefficient 
(rfWear 


Touthneaal  Hardi 


Wetor-bouad  imcmdawi.  plain  or 
with  dnat  paUlative  treatment. 

Macadaro  with  bituminous  carpet.. 

BituminotM   macadam   with  seal 
eoat  

Bttnmlttooe  ecnwKCe  | 

Binder  oourae  for  sheet-asphalt  or 

Topelca  type  

Portlaod  cemeDt-eoncrete  

Stone  pavine  block  i  

Broken  stone  foundation  


Ught 
Moderate 
Heavy 
IJEhtto 
Moderate 

Moderate 
to  heavy 

liffhtto 
Moderate 

Moderate 
to  Heavy 

Any 
Moderate 
to  Heavy 

Any 

Any 


6  to  8 
9  to  16 
16  or  over 


&to  9 
10  to  18 
19  or  over 


6  or  over     6  or  over 


10  to  17 
14  or  over 
17  or  over 

<t) 


7  or  over 

7  or  over 

10  OTOTOf 

7  or  over 

3  or  over 


10  or  over 

7  or  over 
18  or  over 

6  or  over 

8  or  over 

9  or  over 
3  or  over 


(t) 


(t) 

16  or  over 
16  or  over 
8  or  over 


*Lisht  traffic  is  unimed  as  lees  than  100  vehicle*  per  day,  moderate  traffic  between 
100  and  260  vehicles,  and  heavy  traffic  over  260  vehicles  per  day. 

tNumeroufl  tests  have  shown  that  limits  for  liardness  are  unneoeeeaiy  If  the  matarial 
poanaee  the  required  French  coefficient  of  wear  and  tougbnen. 

tLimits  for  French  coefficient  of  wear  are  not  at  preaent  considered  noetMary  tor 
this  type  of  construction. 

{Cruehing  strength,  20  000  lb  or  over  per  sq  in  is  sometimes  required. 

"Cbmenti.vo  Values  should  show  over  2o  in  all  cases  if  niatcrtal 
is  to  be  used  in  water-bound  macadam  coDHtructiou.  In  getieral,  Rranitea, 
gneisses,  schists,  sandstones,  and  quartzites  should  not  be  used  in  the 
wearing  course  of  water-bound  macadam  roads.  Shales  and  slates  never 
should  be  ueed  in  this  connection;  therefore  cementing  value  teata  have 
been  discontinued  on  these  materials." 

6.    Sizes  of  Broken  Stone 

The  sizes  of  broken  stone  to  be  used  in  each  course  arc  dependent  upon 
the  quaUty  of  the  stone,  the  nature  of  traffic  and  economy.  If  the  stone 
is  not  hard  the  larger  sises  of  stone  should  form  a  large  percentage  of  the 
upper  course,  unless  the  roadway  is  designed  for  light  pleasure  travel,  in 
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T>bla  Tt— RMolts  of  ComprsMfam  Tut*  of  Rock  (Mb) 


Cruahinc 

NanM  «  Rode 

Strength 
Lb  per 
Sqln 

I  - 

County 

State 

14  585 

GlovanvDle 

Fulton 

N.  Y. 

16  000 

GrsraeuUe 

Putnam 

Ind. 

17  680 

Frederick 

Frederick 

Md. 

27  600 

Wklford 

Lawrence 

Pa. 

16  780 

HUlnde 

Cook 

UL 

17  960 

Greeiuburg 

Decatur 

Ind. 

ArgflUeeous  dolomite  

11  750 

Monroe 

Monroe 

Midi. 

Sandstone  

29  000 

Albion 

Orieans 

N.  Y. 

Cftlearooui  Mndatone  

9  490 

ClukBMd 

Huron 

Ohio 

Fddqttthic  Moditone  

26  340 

Prompton 

Wayne 

Pa. 

Femiginoua  aandotone  

17  780 

Nokesville 

Prince  Wm. 

Va. 

11  910 

ParkeniburK 

Wood 

W.Va. 

16  635 

Oneoo 

Windham 

Conn. 

21  260 

North  Jay 

Fnnklin 

Me. 

20  020 

Vlnal  Haven 

Knox 

Me. 

IT  540 

Long  Cdv«  - 

Knox 

Me. 

22  370 

RocfcpoTt 

£nez 

Maai. 

13  980 

Westford 

MiddleMX 

Maa. 

14  160 

Alexandria  Bay 

JeStnoa 

N.  Y. 

Grmnits  

16  200 

Yorktown 

We«tebe>ter 

N.  Y. 

15  616- 

Hailboro 

Cheahire 

N.  H. 

18  420 

Concord 

Merrimack 

N.  H. 

IS  440 

Mt.  Airy 

Surry 

N.  C. 

20  760 

W«steriy 

Waohiogton 

R.  I. 

82  860 

Weetfi^d 

Hampden 

Maaa. 

Altered  dinbaae 

89  216 

BirdBboro 

Berks 

Pa. 

Ftfdsp«thk  qiurtdt*  

16  600 

Groopway 

Va. 

which  ease  tiie  am&ller  sizes  should  be  uaed  for  the  top  course,  as  this  will 
tend  to  produce  a  smooth  and  desirable  surface.  With  any  quality  of 
stone,  traffic  consisting  of  heavy  vehicles  is  less  destructive  to  the  road 
surface  if  the  larger  sises  are  placed  in  the  upper  course.  For  economical 
consideTation  it  is  often  desirable,  especially  where  the  stone  is  crushed 
locally,  to  so  distribute  the  aiies  in  the  coursee  that  the  entire  product 
of  the  crusher  may  be  used. 

The  percentage  of  each  taae  of  output  from  a  crusher  varies  with  the 
quality  of  the  stone.  In  geneml,  the  softer  the  stone  the  greater  will  be  the 
proportion  of  fine  material,  but  no  fixed  formula  can  be  adopted.  A  crusher 
Bet  with  the  jaws  at  2H  in  may  produce  with  a  granite  of  medium  hardness 
30  to  40%  of  stone  from  1  K  to  2^  in  in  size.  30  to  40%  from  H  to  1  Ji  in 
and  25  to  35%  of  material  under  ^  in  in  mee,  or  an  averaite  of  35,  35  and  30% 
of  the  above  respective  sizes.  With  a  trap  rock  the  same  crusher  opening 
would  produce  an  average  of  approximately  50,  30  and  20%  of  these  sizes. 

Is  preparing  specifications  for  sixes  of  stone,  it  is  quite  necessary  to  state 
the  limitatkms  in  aiies  eitiier  by  aise  of  apertures  of  screens  or  by  aise  of 
riog  thru  which  stones  will  or  will  not  paas.  The  safeet  method  is  1^  the 
aise  of  rings,  but  the  most  common  method  is  hy  the  size  of  screen  apertures. 
If  a  specification  simply  states  that  "no  stone  shall  be  used  except  that 
which  will  pass  thru  a  screen  whose  apertures  measure  m  in  diameter, 
but  will  not  pass  thru  a  screen  whose  apertures  measure  1  H  in  in  dianieter," 
then  the  product  obtained  may  contain  an  excess  of  material  that  will 
pass  thru  a  1  K-in  ring,  on  account  of  the  fact  that  if  the  cylindrical  screens 
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are  too  small  for  the  output  of  the  onieher,  or  are  aet  at  too  great  an  angle 
or  are  revolved  too  rapidly,  tbe  small  sues  will  pass  along  instead  of  thru 
the  smilW  screens  and  be  (topoaited  with  the  larger  siiea.  Deaignation 
of  siies  as  No.  1,  chestnut,  or  other  similar  designations  should  never  be 
used  unless  such  designations  are  clearly  described  by  dimensionB  or  by 
reference  to  some  well-known  standard.  As  an  illustration  of  the  fallacy 
of  such  designations.  No.  1  size  stone  in  Massachusetts  corresponds  prac- 
tically with  No.  3  site  in  the  adjoining  state  of  New  York. 

Variatloiis  in  Products  of  Broken  Stone  (11a).  "Products  of  broken 
stone  obtained  from  portable  and  stationary  stone-crushing  and  screening 
plants,  while  complying  with  a  given  kpedfication  of  the  type  now  wdinarily 
used,  vaty  to  a  consideraUe  extent,  due  to  variations  in  iba  plant  and  its 
operation,  such  as  kind  of  rock,  type  and  method  of  operation  of  crushing 
idanta,  methods  of  separation  of  products,  differences  in  lengths  and  diametors 
of  sections  of  rotary  and  shaker  screens,  and  diflerenoee  in  inclination  and 
rate  of  operation  of  screens. 

"  The  necessity  for  more  carefully  drawn  specifications  covering  the  sixes 
of  the  particles  of  which  a  given  product  of  a  stone-crushing  and  screening 
plant  is  composed,  is  illustrated  by  the  following  mechanical  analyses  of  two 
products  obtained  from  the  same  plant,  both  of  which  products  passed  over  a 
section  of  a  rotary  screen  having  circuLsr  holea  1 M  in  and  thru  a  swtioD  of  a 
rotary  screen  having  circular  holes  2  ^  In  in  diameter. 


Sample 
Pereentace 

Sample 

B 

PeresBtage 

0.8 
0.4 

2.2 
8.0 
29.1 
27.1 
32.9 

0.2 
1.1 
12. < 
ST.G 
40.9 
7.7 
0.0 

PaMing    W-in  Kreen  and  retained  on    >^-ln  aeteen .... 
PsHDi    H-in  aereen  and  retained  on    H-in  acreen .... 
Pasring  1    -in  acreen  and  retained  on    ^4-in  acreui .... 
Paadng  1  K-ln  screen  and  retained  on  1    -in  acreen .... 
Paaainfl  ^in  acreen  and  retained  on  I  K^n  aereen .... 
Pacing  2   -in  aereen  and  retained  on  1^-in  acreen  

100.0 

100.0" 

Proportions  at  Prodoets  of  BnAsa  Stone  (22)  at  emaUBg  plants  In  Hew  York 
are  given  in  tlie  fallowing  table.   For  qwdflcatioDs  eoverlag  the  bIhb  of  bndnn  Btoii% 

aee  Art.  10. 


1^ 

si 

Cu  Yd  Field  Stone 
Delivered  to  Crusher 

1  Cu  Yd  Cruabed 
'  Stone  Produced 

NO.  1 

No.  2 

No.  8 

No.  4 

Kind  of 
Uatoial 

Cu  Yd 
Produced 

!  Percent  of 
Total 
Output 

Cu  Yd 
Produced 

Percent  ol 

Total 

Output 

Cu  Yd 
Produced 

sis 
0.^5 

Cu  Yd 
Produced 

Percent  of 

Total 

Output 

1. . . 

195 

190 

36 

19 

18 

9 

64 

84 

72 

88 

Sandatone  and 

linuattHie 

2... 

187 

182 

82 

17  H 

10 

6H 

70 

28  M 

70 

88W 

Limestone 

8.. , 

196 

202 

36 

IS 

14 

7 

76 

88 

76 

87 

Limestone  and 

aaadatooe 

4.. . 

190 

216 

40 

18 

18 

8 

79 

87 

79 

87 

Sandatone 

6... 

173 

172 

82 

19 

28 

16 

62 

86 

60 

29 

Poor  sandatons 

8.. , 

189 

184 

36 

19  M 

16 

9 

188 

Tm 

Umeatoae 

7... 

166 

170 

32 

19 

22 

18 

116 

68 
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7.   l^edficatifHUi  tot  Bnkmi  Stone 

Am.  Soc.  C.  B.  and  Am.  Soc.  T«at.  VUi.  (11a)  reeonun«n<UtiMU  of  the  Spec.  Corn- 
Mat.  Road  CooB.  ud  Com.  D-4,  Standard  Teats  for  Road  Materiala,  respectively. 

"The  bnAen  BtoDe  ahaU  otnaiBt  <tf  one  product  of  the  opemtion  <rf  a  etone-auahiDg 
•ad  ■!  iiaiiliiiL  plant,  without  recomUning  or  and  ahall  cooform  to  the  (oUov- 

Inc  mecfaanical  uw^nlB.  uilBf  laboratory  Kresna: 

Puaing    in  aetwat,  having  emalleet  holea 

■elected,  from  to  % 

Paainc    in  acreen,  having  next  to  Urceet 

holea  selected,  from  to  % 

PiMing    In  Mreen,  having  largest  fudea 

holes  aelected,  from  to  % 

"  In  this  form  of  apecifleatioD  an  attempt  is  made  to  cow  In  the  mechanical  analyA 
only  the  Umita  of  tlfe  amallest  and  largest  particles.  No  attempt  la  made  to  aecure 
a  carefully  graded  aggregate,  but  simply  a  product  suitable  for  the  type  of  road  or 
pavement  in  quortion. 

"Note:  An  sngbieer  shonU  baae  the  ieleetioii  of  senans,  to  be  used  in  the  qied- 
fleatton  for  a  given  product  of  broken  stone,  on  tha  rasulta  of  meehanioU  ana^nes  of 
many  rimllar  products  obtdned  from  portable  aad  stationary  crushing  and  ■crMning 
plants  which  supply  the  locality  in  which  the  specification  is  to  be  uaed. 

"Example.  Tbe  broken  stone  shall  consist  of  one  product  of  the  operation  of  a 
stone-eiushiDg  and  screudng  plant  without  reennbining  or  mlziag,  and  shall  conform 
to  the  foOowtng  mechanlwl  analyslB,  using  laboratory  scrssns: 


Psisiag  >i-in  scroen   S  to  10% 

Passing  1    -in  screm  and  retained  on        sgoen   80  to  0S% 

PsHing  IH-in  screen  and  retained  on  1-in  sOMll   2  to  10% 

Total  passing  IH-ia  screen   100%.' 


Am.  Soc  Hun.  Imp.  (12).  "Quauty  of  Beokbn  Stons.  All  broken  stone  shall 
ba  dean,  rough  surfaced  aad  sharp  angled,  of  compact  texture  and  uniform  gr^. 

"TiaTS  FOB  Brokbn  Stone.  The  broken  stone  shall  be  subjected  to  abrasion 
tests  and  toughness  tests  oonducted  by  the  Engineer  in  accordance  with  methods 
adopted  by  the  Am.  Soe.  Teat.  Mat.,  August  15,  1908.  It  shall  show  a  French  coef- 
flcsMt  of  wear  of  not  lees  than  7.0  and  its  toughneaa  shall  be  not  less  than  6.0. 

"Sub.  The  product  of  the  crusher  stiall  be  passed  over  a  rotary  icfenn  with 
•eetioas  having  leapectively  drcular  opanlocs  of  the  following  dlmaniiona:  First 
saetion,  M-ln  holes;  second  secUoB,  IH-ia  b^:  third  section,  2H-ia  holss;  fourth 
■aetloD,  Syi^  holes.  If  so  directed  the  first  section  of  the  screen  sl»U  be  fitted  with 
a  dust  ja«jcet  having  ^-in  openings  ao  placed  aa  to  separate  the  dust  from  the  product 
peering  thru  the  first  section.  The  screening  plant  shall  also  be  fitted  with  a  tailing 
diute  so  that  no  stone  failing  to  psM  the  largest  iqienlngB  will  fall  into  the  bio  tor 
No.4itebKdMB  atone.  The  various  slass  of  broken  Btooeihatlba  anight  In  Hparate 
Una^  and  dull  be  dedgnated  as  f<dloim: 

Dust,  all  paving  thru  H-i^  screen. 

Screwilng',  all  passing  thru  ^in  screen. 

No.  1  sise,  paadng  thru  H-in  screen  and  over  H-ia  acfeen. 

No.  2  sise,  passing  over  ii4n  screen  and  thru  lii'iu  screen. 

No.  8  sise,  r****"!?  over  1^-in  screen  and  thru  Zii-in  screen. 

No.  4  aisa,  passing  over  2H-in  screra  and  thru  SJ^-ln  screen. 

Tailings,  pasdng  over  amen. 
"POBTABLB  Plants,    Portable  crashing  and  screening  planta  shall  be  operated  as 
directed. 

"Stationary  Plants.  If  brokoi  stone  is  to  be  supplied  from  stationary  crushing 
and  sersening  plants,  the  several  siaes  ot  broken  stone  slull  not  be  used  unless  samplsB 
have  been  previously  approved  by  tha  Engineer.  The  various  sisss  ot  broken  stone 
furnished  shaD  be  snbstantially  the  same  as  the  samples  an>roved." 

Can.  Soc  C.  X.  (16).  "Dbtinition.  Crushed  atone  shsll  be  bedded  rode  <x 
boulders  which  have  been  broken  by  ""^>>hfiW  means  into  fragments  of  varying 
ah^es  and  sizes.  It  shall  not  contain  more  than  10%  by  weight  of  stdt  or  friable 
mntesiaL  Uatarfal  ot  irideh  the  paitidn  nra  eoated  with  dirt  at  have  tbe  edgsa 
was  oir  vfll  not  ba  MCQptad. 
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"W>ATHBBm>  Stonb.  No  cnafaed  itone  shall  be  aeeeptod  which  Bhowt  atcna  at 
bdnc  disliitecrated  or  redttced  In  qwJily  by  tbe  mMoa  ol  the  wMther. 

"Cbubbbb  Run.  Crusher  nin  shkll  be  the  product  of  the  cnuher,  ot  wtiich  not 
mora  than  8%  by  weisht  shall  pen  a  J^-in  openinE. 

"Stssa  or  Stone.  The  following  schedule  of  aiaes  ahalt  be  ueed,  with  the  percentasea 
of  material  larger  than  tbe  maximum  and  unaller  than  the  minimum  opoiince  raapoc- 
tively,  u  shown.  The  sizes  of  opening  shall  mean  the  diameter  ot  circular  ^^padagt 
in  steel  or  iron  platea.  The  percentagea  shall  be  determined  by  w^bb  The  riiea  of 
■tMie  Willi  the  opminga  bjr  which  tbiy  are  obt^ned  are  as  followa: 


Name  of 
Sba 

Maximum 
ffiieof 
OnraiBC 
in  Inehaa 

Maximum 
Pereentage 
Retained 
bjr  Max- 
imum Siae 
of  Opening 

Minimum 

Opaninc 
in  Inebca 

Maximum 
Peroentan 
Pmadnc 

SiMOf 
Openins 

fi 

S 

4 

8 

4 

S 

3 

8 

8 

8 

2W 

8 

2^in 

2H 

6 

2 

10 

2 

6 

10 

5 

1 

16 

1 

6 

IS 

H 

7 

15 

"ScaBBNlNOS.    Screenings  shall  be  material  all  of  which  shall  pan  a  K-ln  aereen. 

"  HlNBRAL  Dust.  Mineral  dust  shall  be  finely  pulverized  stone  of  which  not  leaa 
than  80%  by  weight  shall  pass  a  200-meah  sieve. 

"TasTB  ON  Stokb.  In  addition  to  fuIfUHng  the  foregoing  requ!rem«ta,  crushed 
stone  shall  be  classed  Into  three  grades,  according  to  qtiallties  which  riiall  be  deter- 
mined by  testa  conducted  in  a  properly  equipped  laboratory.  The  propertlee  detei^ 
mined  shall  be:  CoefBdent  of  wear,  touglmeas  and  absorptuHi.  Material  meeting 
tiie  requirements  ot  any  of  the  grades  with  respect  to  coalBcieBt  ot  wear  and  toufhnssB 
but  failing  to  meet  the  requirement  with  respect  to  abaorptioa  may,  on  eooaMentkn 
ci  the  engineer,  be  claaeed  with  the  higl»er  grade. 

"GiuraB  OF  CBUBKaD  Stonb.  Cruahed  atooa  shall  be  clasaod  under  one  et  the 
following  grades: 

Grade  A  is  a  rock  which  has  a  toughness  of  not  less  than  18,  a  coefficient  of  wear 
ot  not  less  than  14,  and  an  atMorpdon  of  not  more  than  0.6  lb  per  ou  ft. 

Grade  8  ia  a  rock  which  has  a  toughneH  of  not  lesa  than  10,  a  coefficient  d  wear 
of  not  leas  than  7,  ud  an  absorption  of  not  more  than  1.0  lb  per  en  ft 

Grade  C  Is  a  rock  which  has  a  touglmeas  ot  not  len  than  7,  a  coefficient  of  wear  of 
not  leas  than  S,  and  an  absorption  of  not  more  than  1.5  lb  per  cu  ft. 

Grade  D  is  a  rode  that  does  not  meet  the  requirements  cd  any  of  tbe  above  gndM 
and  wliich  may  be  used  only  on  consideration  by  the  engineer." 

Bncineering  Standards  Committee  of  Great  Bribdn  spedfleatioaB  for  rises  of  bnAen 
atone  are  as  follows:  "Tmm-lNCH  Gagb  Broken  Stonb.  Broken  stone  spedfied 
as  8-lnch  gage  shall  all  pass  thru  a  3-in  ring  and  stiall  consist  of  the  foDowing  perceatagea 
by  weight:  Not  more  than  16%  passing  thru  a  2}^-in  ring  in  every  direction;  not 
Ims  than  65%  over  2H  'n,  and  not  exceeding  4  in,  in  greatest  length  by  measuremoit; 
not  more  than  20%  over  4  in  in  greatest  length  by  measurera^t. 

"Two  AMD  Onb-HalfInch  Gage  Broken  Stone.  Brolten  stone  spedBed  as2H-b> 
gage  Aall  all  pass  thru  a  ring,  and  shall  consist  of  the  following  pereentagn 

by  wdght:  Not  more  than  15%  passing  thru  a  2-in  ring  in  every  direetfon;  not  teai 
than  65%  over  2  In,  and  not  exceeding  3  in,  in  greatest  length  by  measurement;  not 
more  than  20%  over  3  in  in  greatest  length  by  measure  men  t. 

"  Two-Inch  Gaoe  Broken  Stone.  Broken  stone  specified  as  2-in  gage  shall  all  pa» 
thru  a  2-in  ring  and  shall  cooaiBt  of  the  following  percentages  by  weight:  Not  more 
than  1S%  pa^ng  thru  a  IJj-in  ring  In  every  dlracaon;  not  leea  than  65%  over  IH 
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fai,  ud  not  exeeedlni  2>i  In,  in  graateat  hogth  bgr  mMonmBt;  set  move  diu  M% 
over       ti>  it>  gmtait  IsukUi  by  measuretnent. 

"Onb  and  Onb-Half-Inch  Gaob  Bbokbn  Stonb.  Broken  sbme Bpedfled  w  l>j-in 
fage  shall  all  pan  thru  a  lH-ia  nag,  and  shall  conaiat  of  the  following  pereentagaa 
by  wd^t:  Not  more  than  15%  paaring  thru  a  1-in  ring  in  every  dinctitm;  not  iMi 
than  85%  emr  1  In  and  not  'T—"'W*'g  2  In,  In  grentaat  length  by  nNMUrenuDt;  not 
mora  than  20%  over  t  in  in  graateat  length  by  meaaotement. 

In  Oka  BritUt  apedflcatlona  everything  below  1  in  ia  called  dipplnga  and  b  specified 
m»  foDowa: 

"  Onb-Inch  Chippinos  muat  all  be  capable  of  paidng  thru  a  atpiara  hole  of  1^  side, 
and  at  leaat  70%  by  woght  muat  be  retained  by  a  aieTe  having  aquare  holes  of  9i- 
indde. 

"  Thkeb-Quartkb-Inoi  CaiPPiNas  muat  all  be  eapable  of  pawing  thru  a  squara  hole 
of  ^-in  aide  and  at  least  70%  by  might  must  be  tetalncd  by  a  sieve  having  square 
holea  of  H-in  aide. 

"  Halt-Inch  CHiPPiNas  must  all  be  capable  trf  passing  thru  a  aquare  hole  ci  >4-ta  aide 
and  at  least  70%  by  weight  muat  be  rstained  by  a aieve  having  equate  liolee  of  H^inslds^ 

"  TBan-EiouTHS-lNCH  Chifpinq«  must  all  be  cqMl>le  of  passing  thru  a  square  hols 
at  9i4n  side  and  at  least  70%  by  weight  must  be  retained  by  a  riave  having  Itolaa 

of  H-bi  side. 

"  Quastbb-Incb  CHlPPtNas  must  all  be  capable  of  paming  thru  a  squan  liole  of  K-b 
aide  and  at  least  70%  by  weight  must  be  retained  by  a  rieva  havhijg  square  holea  ol 
H4nald». 

"OHB-EnsnjiKH  CuirriNUB  must  all  be  capaUe  of  passing  tliiu  a  aquare  lialeal 
ride  and  at  leaat  70%  by  weigfat  most  be  retained  l>y  a  rfeve  liaving  aqnan 

bolee  of  l/iHn  nde." 

Form  of  Specification  fw  Brol^en  Stone  recommended  tor  adopdon  at  the  Bnt 
conference  Of  State  Highway  Teeting  Engineers  and  Ctiemlita  held  at  the  U.  3. 0.  P. 
R.  in  Feb.  1917. 

"Gbnbral.  The  broken  stone  shall  constat  of  angular  fragments  of  (Insert  types 
allowable},  of  uniform  quality  thru  out,  free  from  tUtt  or  elongated  plecea,  soft  or 
disintegrated  stone,  dirt,  or  other  objectionable  matter. 

"POTBiCAL  Pbupbbtibs.   The  stooa  alialt  meet  the  fdlowing  raquiramanta: 

Feroentof  wear   ....    to  .... 

Or  French  coeffldsnt   , . . .  to   

•Toughnem     to   

*Hkr^iem     to   

'Absorption  not  mora  than  .... 

"ScBBBNiNas  <m  No.  . . .  Stonb.  That  portion  of  the  product  ot  the  crusher,  in- 
dudtng  tlia  dust  of  fracture,  which,,  iritsn  treated  by  maaws  o(  laboratny  acrewa, 
will  meet  the  following  requinments: 

Pasring  in  screen   100% 

Total  paadng  Insorean  %to  ...% 

"TopCoubsbobNo.  . . .  Stonb.  That  portltm  of  the  product  ot  the  crusher  whidi. 
when  tested  by  means  of  laboratory  screens,  will  meet  Uie  following  requirements: 

Passing  in  screen   100% 

Total  paaalng  ....  In  screen  %to...% 

Retained  on  in  screen   100% 

"BoTTOu  CouBSB  OB  No.  . . .  Stonb.  That  portion  of  the  product  of  the  eruslitf 
which,  when  tested  by  means  of  laboratory  screens,  will  meet  the  following  requimnents: 

Paaring  ....  in  screen   100% 

Total  passing  In  screen  %to 

Retained  (»  in  screen   100% 

"  MBTBOO  or  SaMTUNO.   Stone  shall  be  sampled  for  quall^  and  sise  in  accordance 

wiUi  tha  method  deaBrihad  on  page  pantgrapha  ,  o<  these  qteeUlcatlaBa. 

"ICvranX  or  TmiNO.   Taata  ol  the  physical  propartim  and  siiea  of  tiM  atone 

■ball  ba  made  in  aeeordanoa  with  tha  mothoda  daacribad  or  nfOrrad  to  on  pagm  

c£  awaa  i^iadfleatto^  Taata  Noa^  

*THto  raeomnndad  by  tha  canfafMue  wbldi  It  amr  ba  tairdda  to  ondt  ia  kom 

D'qitijM  by  Google 
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8.   QuMiTjing,  Crashing  and  Screening  Broken  Stone 


la  BieakioB  Field  Stone  preparatory  to  omahing,  a  eledge  hammer -is  lued. 
one  striking  face  being  slightly  rounded  and  the  other  wedge-diaped.  LaiKo 
bouldera  are  drilled  with  hand  drilbt,  blasted  with  powder  or  dynamite,  and 
then  broken  up  with  sledge  hammers. 

In  Qoarrylng  Ledge  Stone,  hahd  drilling  is  slow  and  aometidutt  more 
ezpentdve  than  machine  drilling.  There  are  three  well-known  methods 
of  hand  drilline.  For  shallow  holes  of  small  diameter  one  man  holds  a 
■mall  drill  with  one  hand  while  he  strikes  it  with  a  small  hammer  held  by 
the  other  hand.  For  large  holes  of  greater  depth,  one  man  holds  a  drill 
while  two  other  men  strike  alternately  with  laive  hammers  weighinc  8  to  12 
lb.  Another  method  is  sometimes  called  churn  drilling,  in  which  one  or  two 
men  lift  the  drill  a  few  inches  and  let  it  fall  again,  thus  using  tiie  wei^t  (tf 
the  drill  instead  of  the  blow  of  a  hammer  to  cause  the  impact.  In  all  hand 
drilling  the  workmen  must  revolve  the  drill  slightly  between  each  impact 
in  order  to  keep  the  hole  circular  and  to  prevent  binding.  One  man  with  a 
chum  drill  will  drill  from  6  to  18  in  of  2-in  holes  per  hr.  After  a  hole  has 
been  drilled  to  a  depth  of  about  4  ft,  two  men  are  required  to  handle  one  drill. 
Chum  drilling,  if  the  holes  are  to  be  vertical,  is  the  most  eoonomioal  form  of 
hand  drilling.  In  all  drilling  the  drills  have  to  be  duwpened  frequently, 
vaiying  with  the  hardness  of  the  stone. 

Nearly  all  quarrying  of  ledge  stone  is  now  earned  on  with  powsb  dbilu, 
operated  by  steam,  gasolene  or  electric  power.  No  general  rule  can  be  made 
for  either  type  of  power.  In'  large  plants  for  general  sale  of  broken  stone 
steam  power  is  most  generally  used.  A  steam  drilling  outfit  is  cumber- 
some and  heavy,  consequently,  when  the  outfit  is  to  be  moved  from  place 
to  place,  the  air  compressor,  using  a  gasolene  enione  for  power,  is  useful 
and  desirable.  Such  an  outfit,  suitable  t<a  operating  three  drills,  including 
drills,  hose  pipe  and  all  neoeasary  adjunots,  costs  about  tS2O0.  In  all 
power  diillB,  except  rotating  drills  whidi  are  not  used  in  rock  suitable  for 
road  making,  the  power  is  apidied  to  the  drill  in  such  manner  that  then  are 
many  blows  to  the  minute  of  Aort  strokes.  A  blaeksmlt^  equipment  is 
necessary  with  all  outfits. 

The  Cost  of  QuariTing  Stone,  including,  breaking  the  stone  to  staes  that 
will  go  into  a  crusher,  varies  with  the  quality  of  the  rock  and  with  the  sase 
to  which  the  stone  must  be  reduced  for  the  crusher.  It  may  be  as  low  as 
to. 30  per  ton  in  a  large,  well-equipped  plant  where  several  hundred  tons 
of  stone  are  crushed  daily,  or  as  high  as  S0.60  per  tim  in  a  small  plant  whiob 
turns  out  leas  than  100  tons  per  day. 

For  further  details  pertaining  to  quarrying  see  Sect.  3,  Arts.  17  to  19  inc. 

Crushers  are  of  two  tyi>es.  The  gyratory  crusher  is  used  in  large  or 
permanent  plants,  and  the  jaw  crusher  in  small  or  portable  plants.  The 
following  tables  Omw  data  relating  to  the  standard  types  of  gyiatoiy  and 
jaw  crushers. 

Power  for  operating  crushing  outfits  consists  usually  of  steam  engines  and 
boilers,  altho  gasolene  engines  are  sometimes  used.  Permanent  plants  of 
course  have  stationary  machinery,  but  plants  for  local  use  consiat  of  bcHler 
and  engine  combined  and  mounted  on  steel  wheels  and  axles.  The  moat 
commonly  used  portable  plants  consist  of  a  15  or  ^  H.P.  engine  and  bcdler, 
altho  infrequently  large  outfits  up  to  50  H.P.  are  used  on  large  works. 

Klerators  and  Screens.  Bucket  elevators  are  used  to  carry  the  output 
of  the  crusher  to  elevated  revolving  circular  screena,  the  screens  being  so 
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Waishti.  Cayadttai  and  Poww  BeQolrtd  for  Oymtory  &aihen 


DiMBNSlONS, 

BacBiviNa 

8mm 
OnsNiNoa 

Capacity  in  ton8 

PBB  HR,  VaBYINC 
WITH  CHARACTBR 

or  Rock 

H.F.  for 
CnubGrj 
Edlovtttor 

AppTOX* 

Eaeh  About 

Both  About 

Tone 

To  Pm 

Dluncter 
Ring 

2... 

8     by  22 

8     by  44 

Sto  10 

2H 

12  to  16 

10  000 

8..... 

8Kby24 

8Hby  48 

10  to  20 

2H 

20  to  26 

16  600 

A. 

9     by  27 

9     by  64 

16  to  80 

Z!S 

26  to  80 

28  600 

6..  . 

12     by  85^ 

12     by  71 

26  to  60 

SOto  60 

82  000 

6. 

12^^  by  87 

12  4  by  74 

46  to  90 

3 

40to  60 

44  000 

14    by  44 

14     by  88 

90  to  160 

8^ 

76  to  126 

67  600 

19    by  60 

19    by  120 

ISO  to  226 

4 

100  to  150 

100  ooo 



25}{by72 

ZiH  by  144 

400  to  600 

6 

176  to  260 

180  000 

Weights,  Capacities  and  Power  Reqnired  for  Jaw  Crushers 


Number  by  Wbldi 

EMhSteof 

N0.1H 

No.  2 

No.  2!^ 

No.S 

No.  4 

CnidMrlsKiioim 

Appnudmste  coat  

Sbb  of  isw  opening 

^00 

$900 

11200 

11800 

f2000 

for  reeeiving  •tone, 

8  by  16 

»by  16 

10  by  20 

12  by  28 

Prodnet  per  hour  tn 

tons  WMU  machine 

10  to  16 

12  to  18 

16  to  26 

16  to  80 

26  to  40 

Waight in  poundi. , . . 

6000 

7000 

9260 

16  600 

27  OW 

V^ht,  mounted  on 

4  wbedfl,  with  12-ft 

devator,  in  pounds. . 

7600 

9600 

12  000 

Not  mounted 

Not  mounted 

Speed  revtdutloni  per 

240 

276 

275 

266 

S«B 

Drivinc  puQeye,  dia- 

38^10 

meter  and  faee,  in. . . 
Horse- power  required 

80  by  8 
12 

82  b^  9 

86  ^  11 

Floor  apaee  required. 

lenfth  

6ft6fai 

6  ft  6  in 

7  ft  6  in 

7ft 

8ft6Iit 

Floor  roace  required. 

5(t6Itl 

6ft 

width  

&ft 

6ftl  hi 

6  ft  9  in 

Extreme    height  of 

3  ft  6H  h> 

4ft8ut 

5  ft  2  ^  in 

4ftThi 

SftTin 

Siae  of  dentor  beat 

Baited  

No.  2 

No.  2 

No.  2J^ 

No.  S 

No.  a 

Diameter  of  acreen 

42 

bert  suited  in  Inches. 

80 

30  - 

86 

86 

mounted  that  the  broken  stone  will  gravitate  from  one  to  the  other.  The 
screens  are  built  in  BectioDS,  each  section  being  from  2  to  4  ft  in  length,  and 
in  portable  plants  from  24  in  to  36  in  in  diameter.  The  openings  are  txt- 
oular  and  of  one  sise  in  each  section.  Under  the  specificaUoos  adopted  by 
the  Am.  Soo.  Mun.  Imp.,  the  nses  of  holes  are  as  follows.  First  section 
'  K-in  holea;  second  seoticm,  IJi-in  holes;  third  section,  2  K-in  holes;  fourth 
■eotioB,  SH-in  holefl.    In  many  rases,  however,  the  screens  are  in  three  aec- 
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tiona,  the  boles  being  H  1 K  in  and  in,  respectively.  When  it  is 
desired  to  separate  the  dust  from  the  material  paaaiag  the  first  section,  a 
dust  jacket  having  H-io^  opemngn  ia  fitted  around  a  portimi  at  the  &it 
section.   Bins  are  so  arransed  that  the  [Htiduct  from  each  screra  vfU  go  lo 

a  separate  compartment. 

Cost  Data  and  Description  Covering  Qatxrj  and  Cmdiing  Plants 

Pscoima  Q1UUT7,  Los  Anc^u  Coonty,  Cai.  (88).  The  rock  obtained  at  tbe  quany 
is  an  andeilttt,  a  volcanic  rock  having  Oe  following  pbyricnl  propitiss; 

"^ledfie  gravitr   Z.76  Frsneh  eoiOtfaBtof  near.  17,9 

Wd^tpereuft   ITS.OOIb       Hardness   17.9 

Water  sbaorbed  per  cu  ft..      O.SSlb        Toughnem   29.0 

Percent  of  wear   2.2  Cementing  value   Excellent 

"Ttie  rock  was  bring  taken  from  two  quany  openlDgs,  me  having  a  (aee  of  about 
200  ft  with  a  boigfat  varying  from  20  to  86  ft,  and  the  othw  having  a  face  of  110  ft 
fa  iMgth  and  from  20  to  60  ft  in  height  During  the  eariy  opmtioa  of  tbe  quarry 
as  many  as  three  8>^-ln  air  drills  worUog  to  a  depth  of  24  ft  were  used  during  the 
day.  shift.  As  the  face  Incressed  In  height  the  Dumber  of  drills  was  daersssed  until 
at  the  date  of  tbe  report,  only  one  8^4n  drill  was  ne<«Mary.  The  holes  ranted  from 
20  to  24  ft  hi  depth,  about  70%  of  them  being  drilled  from  the  quarry  floor  as  lifterv. 
and  the  remainder  being  drilled  from  the  top.  Moisture  in  the  hill  prevents  tbe  use 
of  blade  powder.  Each  bole  is  cluuged  with  from  100  W  800  lb  of  40%  dynamite 
and  from  one  to  ten  holsa  are  fired  at  a  time. 

The  following  table  shows  the  total  and  unit  eosia  of  operation  and  maintanance  at 
the  Paadma  Quarry,  July  to  December,  1910.   Total  output,  144  798.16  bms. 


Total 

Penentage 

ol 

Cost 

^on 

Total 

Cents 

Coat 

Salaries  

$2198.98 

1.62 

2.9 

StripgmK! 

6T22.69 

4.U 

9.0 

Drilling  and  btasdng: 

8  496.14 

2.42 

4,7 

Powder,  83  1951b;  0.220  lb  per 

4  180.35 

2.85 

6.S 

228.62 

0.16 

0.8 

Loading  and  transporting,  quany 

to  CTuslter: 

lAbor  

86  868.S2 

25.88 

48.9 

Materials  

818.86 

0.28 

0.4 

Handling  muck: 

9  804.56 

6.77 

12.8 

Plant  operation: 

2  464.96 

1.70 

3.2 

648.32 

0.38 

0.7 

LoadinK  and  shipping: 

1  392.66 

0.96 

1.9 

Maintenance: 

2  021.26 

1.40 

2.S 

Materials  

rsis.oz 

1.25 

2.4 

Geimal: 

389.27 

0.27 

0,6 

322.80 

0.22 

0.4 

Power: 

Labor  

2  910.03 

2.01 

3.9 

Totals  

$75  403.12 

62.08 

100.0 

CrediU: 

4  348.97 

8.00 

49.08 
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"A  coDBlderable  amount  of  vuta,  partly  from  the  ttrlpping  mixed  with  ths  nirfae* 
rock  and  partly  from  seams,  cornea  down  In  the  quarry.  The  rodi  Is  dsaned  of  mudt 
aa  f t  Is  loaded  with  foria  into  can  at  the  worldng  face,  and  the  accumulated  muck  ia 
removed  with  Fiesno  scrapera  between  ^tifta.  The  can  used  in  the  quarry  are  S6-in 
gags  end  dumpins  quarry  can  having  a  capacity  'of  from  2  to  tons  and  a  total 
heitfat  <rf  30  in.  They  are  snatched  by  mules  to  the  main  quarry  line  and  Ahere,  in 
tmina  of  10  cars,  dnwn  by  a  5-ton  electric  locomotive  a  maximum  distance  ot  400 
ft  ever  a  treatle  to  the  tittle  above  the  crusher.  They  are  dumped  by  mrana  of  • 
^wdal  automatle  eroaa  otst  ndne  tipple  and  returned  to  the  quany  by  a  gravity  swltdi- 
faa^  Tm  can  can  be  dumped  In  4  min,  and  only  one  man  is  required  to  (derate 
the  meduniam. 

"The  rodt  is  fed  into  a  No.  6  gyratory  misher  hy  one  man.  From  this  crusher 
It  pMeea  thru  a  preliminary  84n  screen,  the  rejectitwa  trom  wlileh  are  returned  and 
croihed  in  a  No.  i  gyratory  cnaher.  The  total  product  Is  than  tnn^orted  by  a 
bA  conveyor  to  final  wUng  seresna  over  the  storage  lAia.   Theae  sereena  asparate 

the  stone  into  4  slsea  which  are  stored  in  the  bins  for  gravity  loading  into  nllroad  can." 

Quany  and  Plant  at  Newton,  Mass.  (85a).  The  crusher  was  phused  near  a  ledge 
of  hard,  green  trap  rock.  The  stone  was  drilled  witn  a  Rand  steam  drill  and  broken 
to  aiie  to  go  into  the  emshw  by  sledge  hammeis,  and  taken  by  horses  and  carts  to  the 
oualter,  a  distanoe  of  about  600  ft,  and  dsHTWed  on  a  platform  level  with  the  top 
of  the  hopper.  It  was  fed  into  the  hopper  by  two  laborera.  Unit  costs  were  as  follows, 
wagBB  b^ig  for  a  9-hr  day:  Foreman,^;  operator,  steam  drill  and  boiler,  $3;  operator 
crnsber,  SZ;  bladcaraith,  92.50;  laborer,  SI. 75;  two  one-horae  carts  ud  drivers,  16; 
powdn- per  60-lb  box,  $11.34;  coal  per  ton,  $6.90;  oil  per  g&l,  $0.16;  waste  per  lb,  $0.09. 


CoBt_per 

Cu  Yd 

Cost  per 

Too 

Steam  drilling,  hietuding  coal,  oil.  waste,  powder, 

Shannning  drills  and  tools  

Breaking  Btone  for  crusher  

Teaming  stone  for  crusher  

Feeding  stone  to  eruahsr  

Com.  ofl  waste  and  repain  of  erusher  

Bap^  

$0,092 

0.084 
0.06» 
0.279 
0.098 
0.072 
0.06S 
0.031 
0.079 
0.041 

$0,076 

O.OTO 
0.0S8 
0.281 
0.081 
0.060 
0.044 
0.026 
0.066 
0.0S4 

Total  

$0,898 

$0,746 

TonvhhM  Cora  CmAing  Plant,  RoeUand  County,  n.  T.  (17).  "The  rock  is 
blastod  tnm  a  high  wtical  quarry  face,  loaded  by  steam  shovels  to  cars  on  a  Ugh 
levd  trad^,  and  drawn  an  average  distance  of  about  800  ft  to  the  top  of  the  crusher 
houae.  It  la  dumped  directly  into  the  cm^r  hopper  and  pasaea  vertlally  downward 
thru  three  successive  seta  of  horizontal  crusher  rolls,  which  reduce  it  to  ■  maximum 
riw  of  about  2  in.  From  the  lower  nOa  it  ia  laiaed  about  M  ft  by  a  atesply  Indfaied 
atari  pan  devator  irideh  diadiargea  into  a  Iion«r  In  the  top  of  the  preliDabiary  aeraen 
hooaa.  TUb  hopper  dischargea  into  a  distributer  that  spreads  the  broken  rock  evenly 
over  a  gravity  screen  that  removes  all  stone  larger  than  l>j  in  and  delivers  It  to  a 
belt  conveyor  by  which  it  is  returned  to  the  Isst  pair  of  rolls.  About  90%  of  the 
product  whidi  pamnn  thru  the  prellndnary  screen  is  ddivered  by  a  belt  conveyor  362 
(t  lo^  indined  about  10°,  to  the  top  of  the  main  screen  house  where  it  passes  by 
pnvf  ty  vuticaUy  thru  a  stationary  distributing  and  screening  apparatus  which  aeparatea 
it  into  IH-in,  H-io  and  H4a  Otm,  each  of  which  is  dlocharged  on  a  aepaiate  horizontal 
belt  conveyor  and  damped  bito  otM  of  tlM  Ova  itMage  bins  with  a  oomMnad  enpndty 
of  20  000  cu  yd." 


L.ooQle 


Fig.  6.  CnmSeetUm  of  «  Brdcen  Stom  Road  on  m  Nstuial 
Road-Bad.  Full  Uom  show  abonldera  mad  dlopM  ia  eatr, 
brakn  Una^  ■houldm  and  slopea  for  amtenksMnts 
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CONSTRUCnOll 
9.  Methods  <tf  ConatiucUon 
Sttbgrad*.    Tbe  aubgnde  ia  usually  &  shftllow  trench  eompoaed  of  two  or 
more  planes  or  a,  curved  surface  sloping  from  the  center  to  the  stdea.  Tbe 
surfaee'of  the  nibgnule  is  generally  parallel  to  the  finished  surface  of  the 

broken  atone  road, 
i^f^  altho  this  is  not  true 
when  the  depth  of 
etone  at  the  edge  of 
the  shoulder  is  made 
less  than  at  the  cen- 
ter (see  Figs.  5  and 
6.)  The  autwrade 
baa  the  same  width 
as  tbe  broteo  stone 
surface.    The  sides 

of  the  b«iich,  which  serve  to  hold  the  stone  in  place,  are  formed  by  earth 
shoulders,  generally  from  3  to  ft  in  width.  In  places  where  the  edge  of  the 
stone  is  bounded  by  a  curb  or  gutter,  the  earth  shoulder  is  generally  omitted 
unless  the  roadway 
is  extremely  wide  and 
only  a  part  of  the 
width  ia  built  ot 
broken  stone.  The 
subgrade  should  be 
brought  to  true  line 
and  grade  and  be 
thoroly  compacted 
with  a  steam  roller. 
Any  low  spots  which  appear  during  compaction  should  be  biou^t  up  to 
grade  with  good  material  and  rerolled. 

Hauling  the  Broken  Stone.  The  road  metal  may  be  hauled  to  the  highway 
with  ordinary  carts  or  wagons.  Patent  bottom  dump-wagona  with  doors 
hinged  on  the  sides  or  on  the  ends  of  the  wagons  are  commonly  used  and 
serve  the  purpose  in  an  excellent  manner.  It  is  possible  with  this  type  of 
wagon  to  regulate  the  size  of  opening  between  the  bottom  doors  so  that  any 
width  of  opening  up  to  the  maximum  can  be  obtained.  By  this  means  it  ia 
possible  to  spread  the  stone  in  laj'ers  as  the  wagon  is  drawn  along  the  road. 
Similar  wagons  are  built  to  be  hauled  by  a  traction  engine.  Wagons  of  this 
type  generally  have  a  capacity  of  3  to  4  cu  yd  and  are  drawn  in  trains. 

The  Blleet  ol  DManee  VmOML  Upon  tfie  BeMaaunt  tt  Orm&ed  Hiitooi  ia 
Wafona  and  Carls  Is  given  In  tits  fofiowliig  talils  (14): 


Fig.  6.  Cnia»fieeU<»  of  Broken  StmM  Road  on  a  V-Dnia 
Foondatiim  CoBstmcMd  on  an  Embankment 


Saaof  Stona 

Sbttlbhbnt  Arm  a  Haul  op 

H  Une  or  More 
in  Wagcnu 

75  Hues  or  Hon 
in  Cars 

12.7% 
11.8% 
9.2% 
8.2% 

i6:6% 

7.0% 

L.ooQle 


Art.O 


Metboda  of  ConBtniotum 


577 


tKglag  die  Brolnn  Stent.  la  some  oaaee  wime  tbe  stem  ia  not  of  a 
particularly  good  quality,  better  resulta  may  be  obtained  by  placing  the 
smaller  stone  in  the  bottom  of  the  road  and  the  larger  sUed  stone  on  top. 
There  are  alao  cases  where  the  run  of  the  crusher  from  the  coarse  sizee  down 
to  dust  is  placed  on  the  road  as  one  course,  but  this  method  is  not  recom- 
mended. If  the  stone  is  brought  in  patent  bottom  dump-wagons,  it  may  be 
dumped  directly  upon  the  subgrade  and  spread  with  forlm.  Stone  tHtnight 
to  the  work  for  the  uppn  courses  of  a  road,  however,  should  be  dumped 
oa  boards  and  ahovdled  in  place  to  prevent  the  segregation  of  the  sUes, 
which  might  occur  if  the  stone  was  dumped  directly  ujtoD  the  road  from  the 
wagons. 

Thickness  of  Coorsas.  All  broken  stone  roads  should  be  constructed  in 
layers,  each  layer  being  rolled  before  a  subeequent  layer  is  placed.  The 
thicknees  of  any  layer  should  not  exceed  4  in  after  rolUng.  as  it  ia  imprao- 
ticaUe  to  properly  roU  a  layer  of  greater  thickness.  For  roads  under 
Hght  traffio.  assuming  a  good  natural  or  artificial  foundation,  the  total 
thicknen  of  the  crust,  if  of  tr^  or  other  bard  rock,  need  not  be  more  tiian 
4  in;  if  of  softMr  stone,  5  to  6  in.  If  the  baffic  is  heavy  the  thickness  should 
be  greater.  A  thicknees  of  8  to  10  in  is  not  unusual  where  the  traffic  is 
of  heavily  loaded  vehicles,  that  is,  frequent  loads  of  10  tons  or  more.  With 
very  frequent  loads  of  10  tons  or  more,  a  water-bound  broken  stone  road 
should  not  be  constructed  and  the  same  is  true  if  more  than  about  one 
Uiird  of  the  traffic  ii  of  fast  moving  motor-driven  vehidee.  The  thickness 
of  the  bottom  course  is  varied  according  to  tha  Idnd  of  foundation  and  the 
nature  of  the  traffle  to  be  canied.  If  the  natural  subsoil  is  of  good  firm 
material  like  good  road  gravel,  or  if  the  road  ia  built  upon  an  artificial 
foundation  of  stone,  the  lower  oourae  may  be  as  thin  as  2  in,  provided  the 
traffic  over  the  roadway  is  of  vehicles  weighing  not  more  than  4  or  5  tons. 
If,  however,  the  vehicles  paaaing  over  tbe  roadway  are  of  heavy  type,  the 
road  will  be  sufficiently  more  permanent  to  warrant  making  the  lower 
course  more  than  4  in  in  thickness.  On  streets  of  cities  it  is  often  economical 
to  construct  the  lower  course  6  in  in  thickness  after  rolling. 

Kegolatiiic  the  Thickness.  To  gage  the  thickness  of  a  Is^er  of  stone, 
wooden  cuboa  made  equal  to  the  d^tii  of  a  liqrer  are  snnetimes  placed  at 
intervals  aoroaa  tiie  roadway,  the  cubes  being  taken  up  and  moved  along 
as  the  work  progresses.  With  this  method,  however,  if  there  are  any 
iitesularitiee  in  the  subgrade  or  in  the  foundation  course,  they  will  be 
carried  up  to  the  finished  surface.  A  bett^  method  of  regulating  the 
depths  of  the  different  layers  is  to  set  strings  longitudinally  at  the  proper 
devation  at  the  sides  and  center  of  the  roadway.  In  Uiis  manner  tbe 
elevations  are  always  tied  in  with  the  finished  grade  and  any  inmularitiea 
ean  more  readily  be  corrected  as  they  occur. 

The  *™*«ti»  of  Broken  Stone  per  Unit  of  Area  of  Roadway  Surface  will 
of  course  vary  with  the  thickneaa  of  the  cruat,  but,  in  some  cases,  doea 
not  vary  in  exact  proportions  to  the  thickness  of  the  crust  on  account  of 
the  fact  that  the  voids  in  the  lower  coursee  are  not  alwi^rs  filled  with  stone 
dust.  In  some  cases  the  voids  are  filled  with  dust  to  a  depth  below  the 
top  of  the  wearing  surface  of  not  exceeding  3  in,  and  often  not  exceeding 
2  in.  hence  the  wei^t  per  unit  area  of  the  top  course  is  greater  than  the 
wai^t  per  unit  area  of  the  lower  course  or  courses  of  the  same  thickness. 

"  Suface  Corned  fajr  Variona  Sited  Leads  ti  Biekaa  Stons  (44).  The  foUowini 
tabalatkB  shorn  the  mmiber  of  Ifaiaar  last  of  Mt  read  a  load  of  a  ^ven  dwa  Aoold 
mwt  for  ndooB  loose  depths: 
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Weight  op  Load 

LoofiB  Depth  in  Inchbb 

Granite 

Tlmwrnnii 

SIM  OI 

Land 

Cu  Yd 

8  in 
Ft 

4  In 
Ft 

6  in 
Ft 

6iii 
Ft 

2800 

2600 

1 

12 

9,00 

7.2 

6.0 

8600 

8126 

16 

11.26 

ft.O 

T.E 

tiOO 

8750 

1^ 

18 

13.60 

10.8 

fl.O 

49O0 

4875 

21 

16.76 

12.6 

10.6 

6600 

6000 

2 

24 

18.00 

14.4 

12.0 

6800 

6626 

2W 

27 

20.25 

16.2 

IS. 6 

7000 

6250 

2^4 

30 

22,60 

IS.O 

16.0 

7700 

6876 

2?i 

S8 

24.76 

19.8 

16.6 

8400 

7600 

8 

86 

27.00 

21.6 

18.0 

Roffins.  Horae-drawn  rollers  are  not  sufficiently  heavy  to  properly 
roll  broken  atone.  If  the  stone  is  a  hard  trap,  a  roller  wei^iing  from  13 
to  20  tons  is  desirable,  but  if  the  stone  is  soft  a  roller  TreiKhing  from  10 
to  15  tons  is  better  than  the  heavier  type.  Ordinarily,  about  10  tons  per 
hour  is  considered  the  amount  of  stone  that  can  be  properly  rolled  with 
one  roller.  Up  to  the  preset  time  steam  ia  the  only  power  univemlly 
lUQoesrful  for  itdlBn,  but  Baaoliiw  enenes  may  prove  to  be  of  uae  if  pnveriy 
derigbed  for  the  variaUe  oondiUona  a  roller  is  required  to  meet  The 
amount  of  rolling  necessary  depends  on  the  character  of  the  stone,  the 
wdght  of  the  roller,  and  upon  the  amount  of  water  wid  bindw  used.  Trap 
rook  requires  two  or  three  times  as  much  rollinK  as  most  stone.  The  usual 
speed  of  steam  rollers  is  2  to  2}^  miles  per  hr.  The  amount  of  rolling 
required  varies  from  4  to  10  tons  of  broken  stone  per  hr. 

Settlement  in  Rollins  (8).  In  order  to  know  the  d^th  of  ktOM  brokSD  atone  to 
be  qtread  to  give  a  required  depth  after  r<dUnc,  It  ia  BBPWary  to  know  the  settleuent 
dna  to  rollins-  The  apparent  aettleinant  depends  upon  the  nature  of  the  subcrvde, 
that  ia,  upon  tlie  amount  ol  atone  forced  into  the  earth.  The  maTftniim  actual  settle- 
ment  b  probably  lesB  than  20%.  In  the  case  <rf  a  snbgrade  ao  hard  that  wagoos  haul- 
tng  stone  Blade  no  nits,  69<  in  of  trap  rode  IH  to  2M  In  in  diameter,  rolled  with  a  12- 
toD  steam  ndW  do*n  to  4  in,  and  7H  in  rolled  down  to  6  fat.  mth  hard  Hwstons 
6  In  loose  rolled  down  to  ^  in. 

Applying  Screentagl.  In  some  specifications  it  is  stated  that  the  voids 
in  the  foundation  course  shall  be  filled  with  stone  screenings,  saod,  or 
gravel,  the  fine  binding  material  to  he  thoroly  swept  in,  watered,  and  rolled. 
No  surplus  material,  however,  is  allowed  to  remain  on  the  surface  of  the 
foundation  course.  This  method  of  construction  provides  a  firmer  founda- 
tion than  where  the  voids  between  the  stone  are  not  so  filled.  The  same 
trsatmrat  is  also  frequently  used  to  facilitate  the  roUing  of  the  foundation 
course  where  the  stone  is  of  such  a  character  that  it  will-not  readily  compact 
under  the  action  of  the  roller.  Screenings  are  generally  used  in  connection 
with  the  construction  of  the  upper  course.  When  tiiis  ooume  has  been 
firmly  compacted,  the  surface  is  covered  with  a  layer  tA  stone  scree nings 
and  thoroly  sprinkled  with  water,  which  washes  die  screenings  into  the 
vtuda  in  the  stone.  More  screenings  are  added  as  desired  and  rolling  is 
continued,  the  surface  being  sprinkled  in  front  of  the  roller.  When  the 
proper  amount  of  water  and  screenings  has  been  used,  a  wave  of  grout 
will  be  pudwd  along  in  fhmt  of  the  roller.  A  coating  of  screenings  should 
be  laid  ovw  the  entire  surface,  no  more  being  used  than  is  necessary  to 
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cover  the  stone.  The  stone  soraenintB  rewltiog  from  the  crushinf  of  the 
rock  with  which  the  first  two  coursos  era  fiDed  are  eenerally  used  for  the 
Under. 

Amoont  of  Binder  (8).  The  UDoont  of  Under  rMpiitMl  deptnda  upon  the 
duracter  of  the  itone  and  upoo  tba  unonnt  of  rolling  It  hu  received  before  the  binder 
M  flprMd.  If  the  rofdi  after  rolling  are  about  22%,  the  completed  road  haTtng  aboot 
f%  voidi.  enousfa  binder  must  be  added  to  fill  about  17%  of  voMa.  The  Under 
contain*  about  60%  voids,  eo  about  26%  of  binder  will  be  required.  For  example, 
for  trap  macadam  16  ft  wide,  averse  tUckneaB  6  in,  100  tt  long,  the  amount  of  binder 
would  be  calculated  as  followa:  Ifi  X  100  X  0.42  -  680  cu  ft  par  100  Ha  ft;  aa  26% 
of  880  '  1S7  eu  ft  Toida;  aeraanlnga  or  Unidar  approximately  2G00  lb  per  eu 

yd,  or  98  lb  per  en  tt,  167  X  98  -  7.2  tcni  ol  Under  raqidrad. 

the  IDin<ria  Bighway  Conuniuian'B  bstmctiona  to  Ita  Bnglneen  (2ft  covering  the 
eoDBtruction  of  bn^Een  stona  roads  are  as  follows: 

"Pt^AdNO  Stohb.  On  all  roads  except  very  narrow  ones,  the  pladng  of  stone 
should  begin  on  the  end  nearest  the  stone  pile  and  be  carried  from  It  so  that  the  atoiie 
road  win  be  available  tor  hauling  the  atone.  A  12-ft  water-bound  macsulun.  8  In 
tiiick,  requirea  18  eu  yd  per  100  ft  in  ea^  ooorse  of  stone.  To  get  this  qnanti^  the 
wagons  should  be  measured  and  the  capacity  chalked  on  the  aidea.  If  th^  vary.  If 
all  are  of  practically  the  mnie  capacity.  It  Is  unnecessary  to  mark  them.  In  meas 
nring,  make  Hberal  allowance  for  heaping  above  the  boarda.  Having  determined 
the  capacity  of  the  wagons,  figure  the  distance  each  load  should  cover  and  give  the 
dumper  a  stick,  cut  tor  the  distance  the  wagons  should  be  spaced  whan  dumped. 
The  loads  ehould  be  dumped  fai  the  middle  of  the  subgrade.  If  the  ktadi  vary,  the 
msewiilHn  MtiA  should  have  notches  properly  maitod  tor  aeeh  dee  of  wagon.  Tbe 
usual  tendency  Is  to  use  too  much  st(»te  and  the  amount  used  should  be  checked  after 
each  spreading,  to  be  Are  that  tbe  stone  doee  not  exceed  the  tUdcnees  shown  on 
the  plena.  Aa  aa  additional  diedi,  use  tbe  car  weights  of  the  stone,  and  detennloe 
whether  et  2600  lb  per  en  yd  It  will  eover  the  proper  amotnt  of  roadway.  The  cpiBBtlty 
ef  eteoe  leqohed  tor  a  road  of  any  other  width  or  tUdnMSB  riiovld  be  dwdtad  hi  the 
same  manner. 

"Spbxadinq  Stonb.  When  a  sufficient  amount  of  atoaa  has  been  dumped.  It  should 
be  spread  with  a  road  machine.  The  following  method  is  moet  ladsfactory:  Set 
tbe  blade  square  across  the  road  and  use  two  teams,  hit«^ied  tandem,  on  the  grader. 
Vat  tbe  flrat  three  or  four  Crips,  drive  in  the  middle  with  tbe  bUde  held  level  and 
drag  the  stone  lengthwise  of  the  road,  allowing  it  to  spread  what  It  will,  acn^ng 
only  the  tops  of  the  loads  at  first.  Then  set  the  blade  to  throw  material  towards 
the  shoulder  and  make  the  rounds  on  the  aides,  holding  the  blade  to  conform  to  the 
crown  of  tbe  road.  If  depreedons  appear  as  tbe  sprMdlng  progreMa,  do  not  add 
additional  stone,  but  keep  dragging  with  the  grader  until  tbe  aurfaee  is  uniform.  Give 
tlw  stone  a  final  touching  up  with  hand  rakes. 

"HASBOWiNa.  Both  eonraw  of  atraie  ere  to  be  harrowed  efter  tfaqr  are  sproed,  but 
In  no  case  should  the  hsrrow  be  expected  to  spread  the  stone  or  remove  deprcesiaoa. 
The  uee  of  the  barrow  Is  to  bring  the  larger  stone  to  the  surface  and  to  shake  down 
any  amall  material  that  may  be  mixed  with  it  The  harrowing  is  also  important  on 
the  top  course  of  poured  Utumlnous  macadam  to  shake  the  dust  from  the  Individual 
stonea,  giving  a  dean  surface  for  tbe  Utumen.  Ususlly  three  or  four  ti^M  over  a 
liven  area  are  required,  but  where  tbe  2}^-in  stone  comes  very  dirty,  on  account  of 
cinders  in  the  bottom  of  the  car  or  under  the  storage  pile,  a  greater  amount  of  harrow- 
ing may  be  required.    Dirty  stone  should  never  be  used  for  the  top  course. 

"RoLUNG  SioNB.  The  roller  must  be  run  at  not  to  exceed  100  tt  per  min.  Tbe 
KdHng  should  begin  at  the  edge  of  the  macadam  on  lower  course  work,  and  tbe  roller 
riiould  work  towards  the  crown  line  about  halt  a  wheel  width  at  a  trip.  When  <»e 
side  haa  been  gone  over,  the  other  side  should  be  rolled  and  the  railing  continued  alter, 
aatebr  on  eedi  ^e  of  the  macadam  mttU  the  stone  la  thwoly  oimipacted.  On  the  OHier 
eonfee  tbe  rolling  should  begin  on  the  shoulder  and  should  be  done  in  the  aame  general 
way  as  for  the  lower  course  except  that  tt  should  begin  6  ft  oi'.t  on  each  shoulder. 
The  condition  of  tbe  surface  must  be  studied  carefully  until  it  is  properly  compacted. 
The  eondltkm  to  be  attained  ts  to  have  the  stone  keyed  together  so  ttiat  it  will  not 
fan  gnsatly  dlaturbed  by  a  load  gelng  over  tbe  aorfaee.  If  Cheater  stone  is  used.  It  is 
poseible  to  roll  too  much,  causing  the  stone  to  spalL   Tbe  JoUet  stone.  If  rolled  too 
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tons,  will  WMT  RBootfa  Inm  ■bnutoa  under  tba  roDar  and  baeome  loose.  With  cither 
■tane,  therefore,  the  roIUn(  ranet  be  watched  cuefolly. 

"Spreading  ScraBNiNaa.  Aftar  the  eecond  ooune  of  etoM  bsa  beea  pfop»lr 
rolled,  the  acreeninsa  ahall  be  spread  from  piles  dumped  aloopide  the  road.  It  1»10 
require  from  4  to  5  eii  yd  of  acreenlnga  per  100  ft  of  12-tt  road:  The  aoeanlBga  abouM 
be  dumped  half  load*  In  a  place  and  hauted  before  the  top  courae  of  atone  U  rolled, 
and  muat  be  dumped  far  enough  from  the  stotw  to  permit  rolling  the  ahouldu  next  to 
the  atone.  The  acreoiinga  ahouM  be  apraad  wlOi  aquare  end  ahoveia,  belof  whipped 
into  the  void*  from  the  ehoveb.  The  icroaiilmi  ahould  not  be  thrown  oa  the  road 
■urfaoa  In  buncbaa.  Aftar  On  acnaofav  bave  been  vaad,  tha  auiteoa  aiionld  Iw 
cone  ovar  with  a  atlS  bruah  to  dlatrlbute  the  acreeslngi  uniformly.  After  tha  aaeen- 
inga  have  bean  iprMd.  they  ahould  be  wBt««d  lightly  and  allowed  to  atand.  A  good 
plan  is  to  arrange  the  work  ao  that  the  acreenlngi  are  aprend  and  wmterod  juat  b^ora 
tlie  Am  <rf  «  day'a  work.  In  Uw  morning  a  aaomd  light  siKinkUng  may  be  mppSad 
and  tha  aurface  rolled.  It  the  aefaaBlnga  are  of  such  a  nature  that  when  wet  they  MA 
to  tha  rotlar,  they  ahtnild  be  wet  by  driving  the  ^rinkW  on  tha  aboulder  and  apraying 
tha  water  on  the  surface  from  one  spray  nonla.  Then  allow  the  surface  to  dry  until 
the  roller  does  not  stick,  and  roll  thoroly.  Repeat  the  prooeaa  of  wetting  and  rolling 
a  few  dnya  after  the  fimt  jwg  and  keep  UalBe  off  until  the  acreeninp  aat.  In 
hot,  dry  weather,  2  daya  are  auffldeot;  in  cod  weather,  I  or  B  days  are  requiied. 
The  flnal  rolling  should  be  dotM  driviiv  tha  sprinkling  wagon  iw™mH«taly  ahead  <d 
the  roller.  The  surface  at  this  titaa  should  be  ao  compact  that  the  watar  ftuabea  to 
the  top  under  the  actlcm  of  the  roller.  Care  must  at  all  timaa  be  used  not  to  apply 
BO  much  wat«r  as  to  aotten  the  subgrade.  If  thia  happens,  keep  the  roller  off  that 
portion  of  the  road  until  the  fouodatlim  has  had  time  to  dry.  After  the  road  has 
been  opened  tot  tralBc,  watch  carefully  for  any  signs  of  raveling  and  patch  tfaam  sa 
soon  ss  they  ^tpaar.  To  do  ao,  looaao  the  MiilBice  stones  wnere  the  hieak  appaan. 
add  a  law  additional  stonsa,  roll,  cover  with  screeoings,  and  sprinkle.  Wbm  the 
roed  Is  opaoed  to  traffic,  it  should  have  from  M  to  >j  In  cf  sCTesnlnga  <m  tha  MBlMik" 


Am.  SoG.  lien.  Inv.  (12).  For  aactkoa  eamrfnc  physical  t*TT'*h*  and  riw 
of  broken  sttae,  aea  Art.  7. 

"Gbnbal  Dbbcbiption.  The  brakes  stone  road  shall  consist  of  three  eourees  ei 
broken  stone,  aeparately  constructed,  laid  to  conform  to  the  required  gradee  and 
eroas  aectiops  and  constructed  as  hereinafter  qwdfled. 

"FmsT  Couaan.  After  the  subgrade  or  subbase  ooune  shall  have  beaa  iwepaiod  an 
spedfled,  a  couree  of  No.  4  broken  stona  ahall  be  evenly  qiread  ao  that  tt  ahall  have 
alter  rolling  the  required  thlekMaa  of  l>j  in.  Tha  dapth  of  loaaa  brokaa  atooa  ahdl 
be  gaged  by  the  use  of  strinp  between  boo  Makai.  aa  directed.  The  spreading  c< 
the  brolcen  stone  must  be  from  plica  dumped  on  boards  provided  for  the  puipoae  or 
from  piles  dumped  alongside  the  road,  or  as  directed  by  the  Engineer.  Thia  eourst 
ahall  be  thoroly  rolled  with  a  10  to  16-tan  road  ralttf.  Tha  rolling  ahaU  begin  at 
tha  sides  of  the  road  and  continue  towards  the  center  and  ahaU  be  kept  up  until  then 
la  no  dhturfaanoe  4^  Uw  atone  ahead  of  the  roDar.  After  tha  eonplatioa  of  tha  nUat, 
no  teaming  other  than  that  necessary  for  bringing  oa  the  broken  stone  for  the  next 
coune  shall  be  allowed  over  the  rolled  broken  stone.  Should  It  be  aniaient  after  the 
rolling  of  the  flrat  courae  that  the  subgrade  material  shall  have  beoome  ehoned  up 
Into  or  mixed  with  the  broken  stone  of  this  course,  whether  by  reeaon  of  the  ruling, 
or  by  hanHng  over  the  broken  stone  or  otherwise,  the  Contractor  shall  at  his  own  ex- 
pense remove  and  replace  such  mixture  of  aubgiada  material  and  bnbsa  stone  erhh 
clean  broken  stone  of  the  proper  else  and  ahall  roll  tha  nat«lal  to  prodnea  a  aifom, 
firm  and  even  fliet  eouiaa  as  required. 

"Skohd  Couan.  On  the  completed  first  course  ahaU  he  spread.  In  the  matmer 
apedflad  in  the  preceding  paragraph,  No.  8  broken  atone  to  form  the  aecond  course. 
Thia  broken  atone  ahall  be  evenly  q>raad  to  audt  a  dapth  that  it  ahall  have  after  roW^ 
tha  required  tUeknaaa  of  f  In.  After  tba  aapond  coune  almll  be  compacted  under 
the  same  pravWona  aa  praaerihed  for  tha  lint  eouna.  It  ahall  be  evenly  eoveied  with 
atMnlayerorBereenfav.  The  quantity  of  acraaatocs  to  ba  need  ahall  ha  Jnat  auffMant 
to  cover  tha  laifar  stones  sad  care  shall  ha  swrdaad  to  avoid  tha  u»  of  an  mwm 
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of  the  lereailiigB.  This  covering  bIuU  then  be  rolled  m  heretofore  provided.  When 
the  roIliDK  ihall  have  been  completed  the  BUrfBce  of  the  second  coum  stiBll  be  firm, 
cvm  and  true  to  the  liaes,  Krades  and  cron-aectioiut. 

"TtUBO  CouitSE.  On  the  completed  second  course  shall  be  spread  in  the  manner 
above  ^Mdfled  for  the  firat  course  No.  3  broken  ttone  to  form  the  third  coune.  Thk 
Iwokfln  BtotM  duJl  ha  evenly  Bprwad  to  aach  a  depth  that  It  will  Iiava  after  rdUng 
tha  rsqniTed  tbldmaai  ot  in-  After  the  third  ooune  shall  have  been  compacted 
under  tha  eame  provitions  aa  prescribed  for  the  first  course,  it  shall  be  evenly  covered 
with  a  thin  layer  of  screenings.  The  quantity  of  aereenings  to  be  uaed  ahdl  be  juat 
■ofBdemt  to  cover  the  larger  atonee  and  care  aball  be  ezerdaed  to  avoid  the  uee  of 
an  Bic—  of  the  soeeoin^  This  covering  shall  then  be  rolled  ss  heretofore  provided 
except  that  water  shall  be  used  in  connection  with  the  rolling  ss  followa:  After  the 
weneaSngfi  shall  have  been  tightly  rolled,  water  shall  be  sprinkled  on  the  road  surface 
juat  ahead  of  the  roller  in  such  quantity  aa  will  prevail  the  sticking  to  the  wheels  of 
the  roller  of  the  fine  material  on  the  surface,  and  the  combined  spreading  of  screenings, 
wmtaring  and  rcriling  shall  be  continued  until  the  voids  of  the  broken  stone  become 
so  filled  with  the  finer  particles  as  to  result  in  a  wave  of  grout  bdng  pushed  along 
the  road  aurfaee  by  the  front  wheel  of  the  roller.  When  the  rolling  shall  have  been 
completed  the  surface  of  the  third  course  shall  be  firm,  even  and  true  to  the  linea, 
grades  and  croas  eoctiona.  After  the  third  coune  has  been  compacted,  puddled  and 
filled  aa  above  specified,  it  shall  be  evenly  covered  with  a  thin  layer  of  screeninp. 
Sfaotild  at  any  time,  after  Its  construction  and  prior  to  the  acceptance  of  the  road, 
the  luger  atons  be  visible  in  the  surface  of  the  road,  the  Ccmtractor  shall,  without 
otra  allowanoe,  spnwd,  sprinkle  and  roD  suffldant  si  hwhiIiims  to  completely  cover 
tiheaamsb 

"  Mkasukbhbnt  and  Payhbnt.  The  quantity  ot  broken  stone  road  to  be  paid  for 
shall  be  the  number  of  square  yards,  measured  horizontally,  satisfactorily  completed 
in  aeeordance  with  the  qwdflcationa.  The  price  atipulated  shall  include  the  fumisb- 
btg,  CTUsbiiic  and  aeraanlnc  at  tba  dUtecnt  sisea  of  brokoi  atone,  the  pladng,  rolling 
and  watering  oi  tha  broken  stone,  and  all  work  and  expenses  IncidenUl  to  the  com- 
pletion of  the  broken  stone  road. 

Haaa.  Hifhway  Comm.  specifications,  substantially  aa  used  by  many  atatea, 
ooomtiea  and  munJdpaljties  In  New  England,  are  as  follows: 

"Before  the  surfacing  is  spread  the  road-bed  shall  be  shaped  to  a  true  surface  con- 
forming to  tb^  propoeed  erosa^ection  of  the  highway  and  roUed  by  a  steam  roller. 
All  depreasiiHis  occurring  must  be  filled  with  suitable  material  and  again  rolled,  until 
the  aurfaee  is  smooth  and  hard. 

"Brokra  stone  shall  be  q>read  and  rolled  on  the  road-bed  prepared  aa  hereinbefore , 
deecrlbed,  aa  follows: 

"The  width  oi  the  broken  stone  shall  be  18  ft. 

"All  brokoi  atone  used  shall  be  laid  in  layers  «w  eonrsea.  The  lower  courss  diall 
ooaalBt  of  stonee  that  wUI  pass  thru  a  ring  of  2^  bi  in  diameter  and  will  not  pass 
thru  «  ring  1}^  In  In  dlaineter;  the  upper  course  shall  consist  of  atonca  that  will 
pass  thro  a  ring  Hi  In  In  diameter  but  will  not  pass  thru  a  ring  ^  in  in  diameter. 

"The  lower  coarse  shall  be  4  in  deep  at  the  center  and  8  in  deep  at  the  sidM  after 
nUins;  The  upper  course  shall  be  2  in  deep  at  the  center  and  Z  in  deep  at  the  iddes 
after  rolling. 

"After  the  two  eounea  above  dcacribed  are  thoroly  compacted,  broken  stone  screen- 
ings shall  be  thinly  spread  over  the  stone  surface,  watered  and  rolled  until  the  mud 
fiushea  to  the  surface.  As  the  stone  screenings  are  watered  and  rolled,  voids  between 
the  larger  stones  will  appear  In  the  surface  and  tltia  operation  of  thinly  spreading  the 
acreenings,  watering  and  rolling,  and  flushing  out,  shall  be  continued  until  the  surface 
fa  completed  to  the  satisfaction  of  the  Engineer.  Screenings  no  used  shall  not  be 
taiger  than  will  pass  thru  a  >^-in  mesh  sieve.  Whenever  the  Engineer  may  direct, 
nada  shall  be  allowed  to  dry  out  between  periods  of  watering  and  rolling. 

"Eaeh  couiae  shall  be  rolled  separately  by  a  steam  roller  and  evened  up  with  material 
of  the  same  sisa  snd  qtulity  aa  baa  been  used  in  that  particular  course,  and  to  the 
satisfaetian  of  the  Engineer. 

"All  bndun  stone  ahalt  be  spread  from  carts  by  handt  or  from  a  dumping  board, 
or  from  adf-apreading  carta  which  shall  be  of  a  type  wproved  by  tha  Englnew.  No 
aolt  or  dMntcgntad  itooealiall  be  UNd. 


582 


Broken  Stone  Roads 


Seet.  11 


"It  K>  ordered  by  the  Engbear  tiw  tUdoMta  of  tha  teohn  itotM ihall  be InaMMd 

or  dirainiahed  at  auch  points  u  he  may  direct 

"The  flnlahed  aiufftce  o(  the  ro»d  ihall  prtrcnt  mich  crown  m  shall  be  directed  hr 
the  Engineer." 

Hew  Toft  Commi— ion  of  BigtmyB.  "  The  riws  of  all  stone  mod  under  thwe  iped 
ficntlons  shall  be  determined  by  the  rfu  of  ecreen  aperture  thru  whkh  the  eUne  will 
pus  when  revolved  in  a  rotary  screen.   They  dwll  be  ilMl|Tiatai1  as  foOows: 


DuUBTBi  or  APBTUSa 
tfln.  Uaz. 

M-ln  aquar*  ,   Beieeoiaia 

yt^n  square          ffrin  drcular   No.  1 

HAn  circular       1  H-in  drcular   Ko.  8 

1>^-In  circular       2>i-in  circular.   Ho.  S 

2 ^-[n  circular       SH-in  drcular   No.  4 


"Broken  stone  shall  be  dean  and  sharp  angled,  shall  pass  the  standard  taata  lor 
abraaioD  and  toufhneea  as  adopted  by  the  Am.  Soc.  Test.  Mat.,  and  shall  be  appmiwl 
by  the  Bureau  of  Tests  and  acceptable  to  the  engineer  before  being  used. 

"field  stones,  boulder*  or  fence  atones  which  are  cnalted  tor  iwi-^iiwTn  purpoeei 
shall  be  6  or  more  Inchee  In  diameter,  if  consisting  of  rounded  cobbles.  If  of  the  flat 
variety,  the  minimum  thickness  shall  be  2  In,  which  latter  requirement  will  also  tpplj 
to  laminated  quarry  stone. 

"If  after  t^  it  is  found  that  partially  developed  quarries,  ledgea  or  other  eourcas 
of  supply  do  not  fUmish  a  uniform  product,  or  it,  for  any  reason,  the  product  froni 
any  source,  at  any  time,  provea  to  be  unaattsfaetory  to  the  mglneer,  said  engineer 
may  require  the  contractor  to  tumiah  atone  from  other  sources  of  supply,  and  the 
contractor  ahall  have  no  dalm  tor  Increased  payment  on  account  of  such  requlretnent. 

"Ttte  contractor  shall  furnish  one  or  more  stone  crushing  plant*  of  type,  composition, 
and  capacity  satisfactory  to  the  oigineer.  The  rotary  screens  shall  be  provided  with 
openings  of  abe  and  shape  given  xmder  Stone  Steea.  unleea  otbMvbe  ordered  by  the 
engineer, 

"All  crushing  planta  ipatalled  on  the  work  ahall  be  fitted  up  with  a  tiling  diute 
as  that  no  atone  will  reach  the  bins  otiwr  thou  that  which  |MMa  thru  tlte  proper  ecrasn. 

"All  stone  must  be  of  the  required  doe  iriuikplaaBd  in  the  roadway,  and  no  l>f«ak> 
ing  up  of  stone  by  hammers  or  otherwba  will  bia  permitted  attar  the^tona  luw  been 
placed  in  the  wc^-k. 

"In  no  case  ^all  any  constituent  of  macadam  pavement  be  dumped  into  place  in 
mass;  the  Anal  pladng  ahall  be  by  ahovel  or  by  thin  spreading  audi  ttmt  no  appredable 
fall  occurs. 

"The  apreading  of  any  layer  or  course  ot  broken  atone,  gravel  or  filler,  wtiether  in 
foundatiMi,  bottom  or  top  couisaa,  sluUl  be  done  from  auit^ile  apnoder  wagons  or 
from  pllea  dumped  olonc  tlie  road  aa  directod  by  the  BngliMer. 

"No  aegregatlon  <>f  large  or  fine  partidea  will  be  allowed,  but  tlie  stona  oa  qireod 
ahall  be  well  graded  with  no  pocketa  of  fine  material. 

"The  quantity  to  be  paid  for  under  this  item  ahall  be  the  number  of  cubic  yards 
ot  compacted  material  in  place  in  the  completed  courae.  The  amount  to  be  estimntad 
ahall  be  computed  by  multiplying  the  flnlBhad  croasHWCtlon  of  the  bottom  course  SB 
shown  on  the  plans  or  ordered  by  the  Engineer,  l>y  the  length  cS  the  bottom  eonrat 
measured  along  the  axis  of  the  paveraenL 

"After  the  subgrade  or  foundation  course  shall  have  been  properly  prepared  and 
proper  drainage  provided,  a  courae  of  broken  atone  or  graded  No.  S  or  Mo.  4  aize  or 
a  uniform  mixture  of  same  shall  be  spread  evuily  so  that  It  wilt  have  after  rolling 
the  required  thlcknees.  If  apeciflcaily  allowed  by  the  Engineer  a  limited  amount  of 
No.  2  BtMie  may  be  used  in  the  bottom  course. 

"In  easts  wWe  the  finlahad  tUdauaa  of  the  bottom  course  is  to  be  more  than  6  In, 
the  broken  stone  or  gravel  for  It  ahall  be  spread,  rolled  and  filled  In  two  separate  loysn 
neither  of  which  ahall  be  of  a  greater  depth  than  6  in  measured  loose. 

"  The  depth  of  loose  stone  in  all  cases,  whether  in  foundation,  bottom  or  top  oouJMSt 
shall  be  gaged  by  the  use  ot  cubical  blocks  of  suitable  else. 

"After  the  bottom  course  ot  stma  baa  been  laid  loose  it  shall  be  thoririy  rolled  irith 
an  wrovad  roUar  w«l^>ing  not  less  than  10  torn. 
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"Thii  ndUnc  murt  bagin  at  the  Mea  aod  eootintw  toward  tbs  cntar  md  ibaD 
con  tin  ue  unti]  there  b  no  disturbue*  of  the  stM*  ihaad  of  tha  roller.  Aftor  tha 
atooa  i>  tboroly  compacted.  No.  1  ctooe  or  sravd,  and  ■rratnhiai  or  aand,  or  a  mixture 
of  theac.  ahall  be  uniformly  apnad  upon  tha  aurlaca  aod  awspt  In  with  the  rattan  or 
ataal  broonw  and  roBed  dry.  After  the  oompleUoa  of  the  roUisK  do  teaming  other  than 
that  naceaury  for  I»inging  mattfiai  for  the  coune  shall  be  allowed  over  the 
rolled  natariaL  It  ia  the  iutentioB  to  bind  this  oouiae  with  the  email  atone,  but  not 
to  naa  ao  much  that  a  good  bond  will  not  be  aeeuied  between  the  bottom  and  top 
counw. 

"When  two  eoutaea  of  bottom  atone  are  laid  each  courae  ehall  be  treated  by  rolling 
■Dtl  adding  line  material  as  deaoibed  above. 

"If  the  Bubgrade  material  shall  become  cfauraed  up  into  or  mixed  with  the  bottom 
or  anbbottom  eomaea  thru  the  Contractor'a  hauling  over  it  or  working  on  it  when  the 
anbpada  la  in  •  mt  condition,  the  Ctmtraetor  ahidl  at  hia  awn  eiqienM  move  aadi 
vbrtnn  of  aubgrade  mlterial  and  broken  atone  and  replace  it  with  clean  broken  atone 
of  the  proper  rfae,  aad  ihatl  roll  or  otherwiae  ctnnpact  tbe  material  so  aa  to  prodnoa 
a  tmif  om,  firm  and  even  bottom  courae. 

"I£  tha  above  eondition  oecura-  thru  do  fault  of  the  Contractor,  the  Contractor 
ahall  be  paid  both  for  excavating  and  ra^dadng  under  tlM  Itema  ExcavatloD  and  Bottom 
Conine  raapeetlvdy. 

"All  filler  for  top  and  bottom  eouraea  ahall  be  delivered  and  pilad  akmgalde  tha 
mnd  before  the  eonree  in  wUdi  It  la  to  be  wad  idnead. 

"The  top  oonraa  ahall,  azeapt  ae  noted  below,  eondat  of  No.  S  broken  stone  a*  ebown 
oe  the  idua  and  ct  the  thirimnw  abown  thanon,  tefitliar  «ith  tlia  Undn  necMntj 
to  properly  flU  and  bind  the  coarse.  The  Under  shall  enindat  of  iiagp  and  No. 
1  atone  mixed. 

"The  No.  3  Btone  shall  be  spread  evenly  upon  the  bottom  course,  using  euUeal 
Uo^  for  gaging,  to  such  a  depth  aa  to  Insure  the  required  thleknesa  after  it  sfaaD 
have  been  tboroly  rolled  and  compacted.  Care  ahall  be  uaed  In  the  spreading  of 
the  atone  that  no  irregular! tiea  in  the  contour  ahall  develop  in  tbe  rolling;  every  such 
irregularity  that  doea  occur  tbe  Cwitraetor  ahall  remove  before  adding  the  Bnallar 
natoiaL  Tha  rolling  dnil  be  dona  with  a  10  to  IS  too  aaU-propeUad  nller  of  appravad 
pattern,  and  shall  be  continued  untD  tbe  layer  of  atone  doea  not  creep  or  wave  ahead 
of  tha  roller. 

"After  the  stone  has  been  compacted  to  the  satisfaction  of  the  Engineer,  a  light  coat- 
ing of  binder  shall  be  spread  on  dry  by  shovelling  from  piles  pnvioualy  placed  along- 
ride  the  pavement,  and  immediately  sw^pt  In  and  thoroly  rolled.  Can  must  be 
taken  thruoat  to  add  tbe  Under  only  In  Ugbt  coating  and  to  tboroly  aweep  eadi 
Toatjipg  in  ordn  that  the  "■ft""^  amount  of  Under  may  be  woriied  In  to  fill  dte 
vaUa.  Tha  spreadiog  and  aweeplng  and  rollhig  shall  be  ecu  tinned  matn  no  more 
Undw  win  go  in  dry,  after  wUeh  the  macadam  AM  be  q>rinUed  nntil  nturated,  the 
■prinkler  bdng  followed  by  tbe  roller.  If  the  aubgrade  should  become  wet  to  meh 
an  extent  that  the  pavnnent  becomea  unatable  aad  waves  under  tha  roller,  the  nriler 
shall  be  taken  off  nnd  this  portion  Mt  to  dry  out  before  puddling  is  rcaumed. 

"ICore  acHMitngB  ahall  be  added  when  net— ary,  and  tha  awewlng.  ^ilnUlng. 
and  rolling  shall  eonttarae  untH  a  grout  has  been  formed  that  shall  fill  all  the  voids 
and  be  pushed  into  a  wave  by  the  wheels  of  the  roller.  After  the  wave  ot  grout  haa 
been  produced  ovw  the  whole  aaction  of  tlM  macadam  this  portion  shall  be  left  to 
dry  oat,  aftar  which  It  riuU  be  opened  to  trafflc   The  shall  be  repuddled 

aad  back-rolled  on  succeeding  days  aa  much  as  may  be  neceaeary  to  secure  satisfactory 
results.  The  macadam  shall  then  be  covered  with  a  wearing  carpet  of  acreaninga 
at  baat  H  in  thick;  thie  wearing  carpet  ahall  be  maintained  aod  renewed  until  the 
whole  road  is  accepted.  During  all  the  working  houn  when  the  roller  la  not  needed 
for  rolling  the  fills,  subgrade,  shoulders,  and  unfinished  eouraea  of  the  pavement,  it 
Aall  be  employed  in  back-rolling  the  airiiar  portlona  of  the  macadam." 

Tennessee  HeOiod  (86),  used  on  an  8-adle  aection  <a  the  Memphia-Bristol  High- 
way in  TennsMse,  aMislBted  In  separating  the  aeteaninga  into  two  siaea,  one  daa  being 
In>m  H  U>  Hin  and  the  other  the  duat  ct  frmctura,  and  putting  tbeee  two  siaea  on 
■  tha  nmd  in  aapanta  opsntiona.  The  adoption  of  the  following  qtecMontiona  ior 
Miding  a  watar-bouBd  broken  atona  rand,  both  aa  to  the  method  trf  prcvortlonlng  tha 
rock  and  m  to  sprinkHitg,  la  advucatad. 
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1.  Th«  nibgrade  shall  be  thonriy  rotted  until  It  li  Am  aoA  floopaet,  wlUi  thi 
proper  crown  of  H  la  pw  ft- 

2.  On  tfata  ifaall  be  plaoed  t  tit  No.  1  grade  rod:,  nn|iBc  in  ebe  from  IH  *• 
8  in.   TMe  ihAll  be  ■preed  uniformly  and  roUed  dry  uatfl  the  rock  don  not  emp 

before  the  rtdler,  or  ereepa  juat  enougb  to  set  It  In  piece  without  eruihbiE. 

8.  Then  2  in  of  atone  of  No.  2  rrede,  raaiing  in  >iz«  frran  ^  to  l>i  in,  ehell  be 
^treed  uniformly,  aprlnkled,  and  rolled  thoroly  into  the  viride  of  the  No.  t  irade. 

4.  Then  H  in  of  the  CMUae  matwial  from  the  eereeninp,  ea—letfatg  at  liaa  ftvei 
yi  to  H  ia,  shall  be  q>read  uniformly,  eprinUMl,  and  rolM  thoroly  into  tihe  veUi 
of  the  No.  2  grade. 

6.  Finally,  in  of  the  dust  from  the  ecreeninge  sliall  be  Hffead,  pwferaMy  by  hand 
from  shovels,  thoroly  soaked,  and  rolled  to  a  flnlah. 

"This  method  save  a  aurfnce  which  Is  virtually  impervious  to  water  and  waa  \tm 
affected  by  automobile  traffic  than  the  ordinary  type  of  broken  stCAe  road.  Fraa 
the  coBtraetor'a  point  of  view  it  was  found  practicable  to  care  Tor  100  cu  yd  irf  brolnai 
etone  per  day  with  one  10-ton  roller,  while  with  other  type*  of  broketi  atone  roadi 
It  was  found  difficult  to  properly  roll  one-half  this  quantity  and  secure  the  proper  bcaid.'* 

Road  Board  of  England.  "Theee  general  directions  are  Intended  for  use  in  caeM 
where  a  new  surface  coating  is  to  be  laid  with  steam  rolled  water-bound  macadam 
oa  any  road  which  haa  a  proper  foundation  or  aubciust  at  adequate  thidme^ 

"Trial  TaBHCm.  Before  laying  the  new  aurtaee  the  thldmev  of  the  old  crart 
Indoding  tbe  foundation  should  be  ascertained  by  opening  trial  tieuiAm  at  iBtarvals 
BveragiDg  about  150  yd  apart,  extending  from  the  side  to  tbe  center  of  ttte  road,  su^ 
(renchcB  to  be  made  alternately  on  oppodte  aides  of  the  road.  A  rareful  record  of 
the  (acta  dlsdoaed  by  theee  trencbca  should  be  kept  with  plana  and  sectiona  for  future 
reference. 

"If  a  proper  foundation  or  subcrust  of  adeciuate  thidcnem  does  not  sxiat,  or  U  ths 
road  is  weak  at  the  baunebee,  the  following  steps  should  be  taken. 

"la  the  case  of  heavily  trafficked  roads  the  haunches  should  be  strengthened  and 
the  crust  thickened  either  with  stone  of  any  kind  suitable  for  bottoming  work,  broInD 
to  a  gage  of  from  3  to  4  In,  or  with  hard  core,  dinkem  or  other  auittble  matMials, 
according  to  the  nature  of  the  subsoil.  In  some  cases,  where  the  anrtace  of  the  broken 
stone  after  being  steam  rolled  Is  sufficiently  smooth  tor  tiia  purpose  of  traffic,  it  may 
lie  possible  to  allow  the  bottoming  material  to  be  used  as  the  wearing  aorfaoe  of  the 
rMd  for  a  short  period,  not  exceeding  12  months,  if  it  Is  important  for  flnandal  reasons 
to  postpone  for  that  period  the  laying  down  of  the  final  surface  coating  in  accordanea 
with  the  other  provisions  contained  in  these  general  directions. 

"Total  THirjcNBss  or  Ck08T.  Even  wfan  there  exista  a  good  natural  foundation, 
the  total  thicknsH  of  tbe  road  crust,  including  the  old  and  the  new  m ■«—«<».»«  ttXts 
consolidation  by  rolling,  should  not  be  lees  than  4  In.  In  tbe  ease  of  well  drained 
■ubscrfl,  which  cannot  be  materially  softened  by  the  Infiltration  of  surface  water,  the 
total  thickness,  including  the  new  consolidated  surfsce  coating  as  well  as  tbe  sub- 
crust  and  foundations,  if  any,  should  not  under  ordinary  dreumstancea  be  leas  than 
6  In.  In  the  case  of  fairly  hard  day  or  other  yidding  subsoils,  the  total  MilihiiiM. 
Indndittg  foundations,  should  not  be  leas  than  9  in.  In  the  case  of  scrft  wet  day  or  bog 
or  marshy  subsoil,  foundations  of  a  Bpedal  character  may  be  required. 

"Thickness  of  Nbw  Surface  Coatino.  The  thickness  of  the  new  surf  ace  coating 
of  macadam  when  consolidated  by  rolling  should  be  from  2  to  8  in.  according  to  tbe 
traffic  requiremeota.  If  it  b  dealred  that  the  new  coating  rfiould  have  a  greater  thldt- 
neai  than  3  in  iriien  conscdldated,  tbe  stone  shonU  be  apidlad  In  two  rnatingp  aepatat^ 
rolled. 

"CKOH.FAU.  The  finished  aurfoee  should  have  a  (raea^all  ot  1  in  24,  or  ^  in  to 
the  ft.  If  the  old  crust  is  not  sufficiently  thick  at  the  crown  to  enable  this  croasfall 
to  be  obtained  when  a  new  coating  of  the  thickness  sbove  mentioned  is  superadded, 
the  old  surface  should  be  left  intact  and  unscarifled,  and  the  thidoieas  of  tbe  new 
coating  of  macadam  should  be  Increaaed  as  far  as  may  be  necessary.  If  the  cniat  is 
of  ample  thtekness,  but  the  craea^all  axceaaive,  it  should  be  (educed  by  aearifyinc  the 
surface  and  removing  material  from  the  crown  to  tbe  sldsa  prevlaua  to  tiie  appUcatloB 
of  tbe  new  coating.  Thm  material  eo  looaoied  by  scarifying  ahooM  be  acveeDed,  and 
all  material  finer  than  >^  In  should  be  put  on  one  side  to  be  uasd  for  top  drearing  during 
rolUng  operations. 


Art.  il 


Conatruction  CSost  Data 


"SnwiAHDScnniNaH.  Tht  mad  Btoti  for  the  MwnufMeeaaUnsalioiild  be  atone 
ol  appnwtd  qoaHty,  brokan  m  cuUcaHy  u  pooriUe,  utd  eboold  euitafai  about  70% 
of  atone  which  will  peaa  thru  a  2K-fn  ring,  but  whidi  wlU  not  pan  thru  a  IH'in  Hiik: 
about  20%  whidi  will  pan  thru  a  l^i-ia  ring,  but  which  will  aot  paaa  thru  a  screen 
with  roda  H-in  apart.  The  acreeniiiKa  forming  the  residue  from  the  ^fove,  which 
wiO  be  obtained  by  the  uae  <rf  the  H-ia  rod  screen,  ahould  be  Isapt  aeparate  and  wed 
aa  a  top  draning  during  rolling  operationa. 

"SPSSADnra.  The  stone  must  be  Bp  read  by  careful  men  selected  for  tbeir  knowledge 
and  experience  of  such  work,  as  the  durability  and  evenneas  of  wear  of  the  aurfaee 
obtained  by  ateam  rolled  coatinga  greatly  depend  on  judldoua  uniform  spreading. 
The  wh<de  of  the  stone  should  be  turned  over  in  the  proceaa  of  spreading.  Care  must 
be  taken  not  to  allow  the  atone  to  be  tipped  upon  the  road  cloee  to  the  point  of  spread- 
ing aa  tUa  iwevaata  a  thoro  turning  over  of  the  material  in  the  act  of  spreading.  When 
stoMB  are  tranoported  by  rail  or  by  road  over  long  distaneea,  the  dlffermt  rizea  ot  stone 
are  Babia  to  separate  tbemadvea,  and  tt  ia  important  that  during  the  act  of  ap reading 
they  should  be  well  mixed  so  as  to  obviate  the  posibillty  of  having  larger  itonca  on 
aome  parts  ol  the  road  and  smaller  atonea  on  other  parte. 

"Noteb  One  ton  to  cover  8  to  9  aq  yd  may  be  taken  aa  an  average  quanti^  required 
to  ^ve  a  eonaoUdatod  thlfkniaa  at  8  In. 

"When  stones  are  spread  In  thick  coatinga  ao  that  1  ton  covers  leaa  than  8  yd,  there 
is  a  greater  liaWHty  to  unequal  catMoUdatioa,  teaamnrii  aa  atonea  are  pushed  in  front 
nf  the  roller  until  tha  roller  surmounta  tbara  and  thna  a  corrugated  or  wavy  suitaea 
fsfOTned. 

"RtnuHO.  Tha  ralUiig  sboold  be  carried  out  Iqr  a  roller  o(  a  weigbt  of  about  10 
too*.  This  muBt  be  in  charge  of  a  skilled  driver  who  has  been  specially  trained  for  the 
porpoee.  The  macadam  should  be  conaoUdated  by  starting  the  woHc  at  the  ddes  and 
gradually  working  towards  the  center.  No  water  or  binding  should,  be  applied  until 
dry  ndlbig  baa  been  carried  out  to  a  auffident  extent  to  form  a  smooth,  hard  surface 
with  the  correct  croaa-fall,  with  the  atonea  well  knit  together  and  showiog  their  feces 
on  the  surface.  The  crosMectlon  of  the  newly  rolled  surface  should  be  frequently 
chedwd  by  the  use  of  a  long  straight-edge  and  level  to  insure  tliat  the  crosMall  of 
1  in  24  ta  correctly  obtained.  No  q>reading  or  rolling  la  to  be  carried  out  in  troo^ 
wvatbw.  When  the  road  can  not  be  entirely  cloaed  to  traffic  care  should  be  taken  to 
minimfae  inconvoiience  to  the  traveling  public  during  the  progreaa  of  the  work  by 
coating  one-half  the  width  at  one  time.  No  unrolled  stone  ^ould  be  left  on  the  road 
over  night.  Care  ahoold  be  taken  not  to  leave  a  vertical  or  steep  edge  al  the  new 
mating,  but  the  edge  should  be  thinned  out  so  aa  to  afford  an  eaay  pamage  from  the 
new  eoatlag  to  the  old  surface.  Notice  boards  waning  the  public  that  steam  rolUng 
work  is  in  progress  should  be  placed  at  reasonable  distances  from  each  end  of  the  worlc. 

"BlMDlMa.  Tlie  bihding  material  should  be  the  best  reasonably  obtainable.  It 
should  be  either  of  the  same  material  aa  the  new  coating,  or  of  granite,  limestone,  or  slag 
chippfaga.  or  failing  theae  suitable  jdt  gravel,  and  the  largaat  atone  in  it  should  not 
cxeeed  H  in  in  its  greatest  dimend<».  The  binding  material  is  not  to  be  applied  untH 
the  stones  have  been  tightly  rolled  aa  above  deacrilied.  It  should  then  be  spread, 
vatered  and  swept  over  the  surface  during  the  final  rotUag  operations,  working  it  from 
tlie  channela  towards  the  center  so  as  to  fill  the  interstlcee  or  voids  between  the  rolled 
stooea.  Care  should  be  taken  not  to  use  mora  binding  material  or  water  than  la  abao- 
hitaly  oeeeasary  to  insure  proper  consolidation.  The  success  ot  water-bound  steam 
rolBng  so  greatly  d^fenda  on  tlie  quality  and  quantity  of  the  binding  material  used 
that  aUiMua  care  dioald  be  taken  in  Its  selection  and  application. 

"  RaaoLLiNO.  In  some  cases  it  is  adviaable  that  a  steam  rolled  water-bound  macadam 
sorfaee  should  be  lightly  watered  and  rerolled  from  a  week  to  a  fortnight  after  the 
first  rolling. 

"Racosna.  A  careful  daily  record  should  be  kept  of  all  partleulara  <rf  the  woi^ 
the  Bomber  of  men  anqdoyad,  the  time  occupied,  the  quantity  ot  material  nsad,  tha 
area  of  nmr  ooating  fliddwd,  and  also  of  the  state  <^  the  weather  and  otbw  details." 

11.  Constnictloii  Cost  Data 

Costa  of  broken  stone  roads  are  dependent  upon  availability  of  material 
aoid  coats  of  labor.    Local  field  Btone  in  sometimes  availaMe,  with  abort 
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haula  to  a  enirii/v  located  when  both  miw  and  coal  are  eonvcoiniUy 
near,  ^  near  the  Toad  to  be  eonstructed.  In  nidi  a  oaee  the  ooet  of  the 
stone  roUed  in  place  on  the  road  may  be  as  low  ae  $1.25  per  ton,  or  about 
S3800  per  mile  of  road  IS  ft  wide  and  6  in  thiek.  If,  on  the  other  hand, 
the  stone  has  to  be  shipped  a  long  distance  by  raU  and  then  hauVad  a  con- 
siderable distance  by  team  or  truck,  the  cost  of  the  stone  rolled  in  place 
on  the  road  may  exceed  (3  per  ton,  or  about  SIO  000  per  mile. 

Following  is  a  list  of  items  and  cosba  making  up  the  total  cost  of  a  broken 
stone  road  where  the  stone  is  imported  to  the  work,  the  avenge  haul  from 
railroad  being  2  milee,  with  labor  at  10.22  per  hr,  and  double  team  and 
driver,  $0.60  per  hr: 


Crudied  itMW  at  ^aat  fO.W  par  tea 

Frdght  O.SSpartoB 

Unloading  ftr<HB  can  O.OTpMtoa 

AuUag   O.Upertoa 

Spreadlns  ,  0 .  D5  par  ton 

Watering  0.07  per  too 

RoIUng   0.12  par  txn 

Total  II. 91  pw  ton 


To  the  above  coets  must  be  added  all  ovn-head  coeta,  including  oflke 
forces  and  insurance,  and  if  estimating  for  bidding,  the  profita  must  be 
added. 

Using  local  field  stone  and  a  portable  erusher  the  above  list  would  be  the 
same  except  that  in  place  of  the  first  tiuee  items  there  should  be  aubatituted 
the  following: 

Cost  of  atone  at  oudMr  fO.SOpvtoi 

Coat  of  cruddng.  0.26  per  ton 


Table  TI.— Cost  of  Havfing  Stone  oh  Good  Soads  (29) 


Road  Number 

Priea  per 
Hour  of 
Taama 

Laogth 

of  HiMl 
MOaa 

Coat 
pa  Ton 
MOa 

Cost 
par  Yard 
Mfla 

1  

90.60 

1.8 

10.200 

80.240 

1  

0.60 

1.2 

0.240 

0.288 

0.62 

2.0 

0.200 

0.240 

0.«2 

1.7 

0.210 

0.200 

S  

0.02 

l.t 

0.280 

0.276 

0.02 

0.6 

0.260 

0.800 

2  

0.02 

0.2 

9.600 

0.000 

S  

0.02 

8.0 

0.170 

0.20S 

0.02 

I.TB 

0.176 

0.210 

0.02 

X.5 

0.175 

O.«0 

0.02 

Z.O 

0.190 

0.280 

S  

0.62 

i.r 

0.216 

0.260 

3  

0.02 

l.S 

0.280 

0.880 

Coat  o(  Hauling  Broken  Stone  by  Motor'  Trucks  (81)  over  macadam  roads  In  New 
ieraey.  "On  the  Jobatown  Pike  near  Mount  Holly,  N.  J.,  (our  2<ton  Autocar  tnidca, 
from  SepC  29  to  Nov.  29.  1910.  fnc,  hauled  8209  tons  irf  2H-ia  brokm  attne.  1714  tana 
of  IH-In  and  250  tons  of  aereanlngi,  making  a  total  trf  5274  tons.  During  that  t^aa 
repairs  and  overiiand  phargH  amounted  to  1500.08,  oparatfaig  mpMsee  wen  (878.87 
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wd  fnal  $460,  maUns  a  total  eoct  of  $1339.90.  Thk  sum  divided  by  the  totnl  tona 
glTM  a  unit  hmuling  cost  of  $0,264  per  ton  of  itone.  The  avenge  round-trip  haul  wu 
6  mllea.  Thk  reduoee  to  a  cost  of  $0.0608  per  ton-mile.  It  b  noticed  that  repain 
phH  ovsrhead  form  the  larseat  item,  aztd  theae  iw«  the  ezpanaeB  that  required  vigilance. 

"On  tiila  road  eontraet,  iriiidi  Induded  the  rebuilding  of  a  gravel  road  with  IftA 
macadam,  it  waa  newaairy  to  use  teams  for  hauling  gravel  for  binder  and  shouldera. 
Thcae  taama  hauled  2  tons  to  a  load  and  made  20  miles  per  day.  Five  dollars  a  day 
was  paid  for  a  team;  tberefora,  it  cost  $0,125  per  ton-mile  to  haul  that  material.  This 
aeena  to  alTud  a  fair  oomparfann  witii  the  above  Hguces,  aa  the  trnds  and  teams 
ware  In  oae  on  the  HUtte  work  at  the  aama  time  and  under  the  aame  anparlrion." 


TftUe  Vn. — Compotation  of  Brokm  Ston*  Costs  (8) 
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Oms  Cu  Yd  Wax  Lay  Nimaan  or      Yo  or  thm  Tmca- 

mSB  (LOOSB)  INMCATBD.  AND  AT  THB  COBT  FIB  Sq  YD 
WATSD 

1 

O 

Coat  per  Cu  Yd 

2  In  £}eep 

3  In  Deep 

4  In  Deep 

5  In  Deep 

6  In  Deep 

Number  of 
Sq  Yd 

■a 
>■ 
c 
CO 

1 
a. 

t 

o 

o 

Number  o(  i 
Sq  Yd  1 

CoetperSq  Yd| 

Number  of 

SqYd 

to 
1 

t 

o 

o 

Number  of  1 
Sq  Yd 

t 

y 

Number  of 
Sq  Yd 

Coat  per  SqYd 

i 

2S00 

$3.00 

$4.20 

18 

$.283 

12 

$.350 

9 

$.467 

7.2 

$.583 

6 

$.700 

2800 

J  .  /D 

a. 86 

18 

.214 

12 

.321 

9 

.428 

7.2 

.635 

6 

.642 

2800 

2.60 

8.50 

18 

.194 

12 

.292 

9 

.389 

7.2 

.486 

6 

.588 

2800 

2.2S 

3.16 

18 

.176 

12 

.263 

9 

.360 

7.2 

.438 

6 

.625 

2800 

2.00 

2.80 

18 

.156 

IZ 

.238 

9 

.311 

7.2 

.389 

6 

.467 

2800 

1.76 

2.45 

18 

.186 

12 

.204 

9 

.272 

7.2 

.340 

6 

.408 

2800 

1.60 

2.10 

18 

.ill 

12 

.176 

9 

.£39 

7.2 

6 

.350 

2800 

1.25 

1.76 

18 

.097 

12 

.146 

9 

.194 

7.2 

.243 

6 

.292 

2800 

1.00 

1.40 

18 

.078 

12 

.117 

9 

.166 

7.2 

.194 

6 

.233 

2800 

0.76 

1.05 

18 

.058 

12 

.088 

9 

.117 

7.2 

.146 

6 

.176 

2800 

0.60 

0.70 

18 

.039 

12 

.068 

9 

.078 

7.2 

.097 

6 

.117 

2600 

3.00 

8.90 

18 

.217 

12 

.325 

9 

.438 

7.2 

.642 

6 

.660 

2600 

2.76 

8.58 

18 

.199 

12 

.298 

9 

.398 

7.2 

.497 

6 

.597 

2600 

2  60 

8.26 

IS 

.181 

12 

.271 

9 

.361 

7.2 

.451 

6 

.642 

2600 

2!26 

2.93 

18 

.163 

12 

.244 

9 

.326 

7.2 

.407 

6 

.488 

2600 

2.00 

2.60 

18 

.144 

12 

.217 

9 

.289 

7.2 

.861 

6 

.483 

S600 

1.75 

2.28 

18 

.127 

12 

.190 

9 

.263 

7,2 

.317 

6 

,380 

2600 

1.60 

1.95 

IS 

.108 

12 

.168 

9 

.217 

7.2 

.271 

6 

.326 

2800 

1.26 

1.63 

IS 

.091 

12 

.136 

9 

.181 

7.2 

.226 

6 

.272 

2600 

1.00 

1.30 

18 

.072 

12 

.108 

9 

.144 

7.2 

.181 

6 

.217 

MM) 

0.7S 

0.98 

18 

.064 

12 

.082 

9 

.109 

7,2 

.136 

6 

,163 

S6eo 

0.60 

0.66 

18 

.086 

12 

.064 

9 

.072 

7.2 

.090 

6 

.ns 

2400 

S.OO 

8.60 

18 

.200 

12 

.800 

9 

.400 

7.2 

.600 

6 

,600 

2400 

2.76 

8.80 

18 

.188 

12 

.276 

9 

.867 

7.2 

.468 

6 

.560 

2400 

2.60 

8.00 

18 

.167 

12 

.260 

9 

.888 

7.2 

.417 

6 

.500 

2400 

2.26 

2.70 

18 

.160 

12 

.226 

9 

.800 

7.2 

.876 

6 

.460 

2400 

2.00 

2.40 

18 

.133 

12 

.200 

9 

.267 

7.2 

.838 

6 

.400 

2400 

1.76 

2.10 

18 

.117 

12 

.175 

9 

.233 

7.2 

.202 

6 

.860 

2400 

1.60 

1.80 

18 

.100 

12 

.160 

9 

.200 

7.2 

.260 

6 

.800 

2400 

1.26 

1.60 

18 

.083 

12 

.125 

9 

.167 

7.2 

.208 

6 

.260 

2400 

1.00 

1.20 

18 

.067 

12 

.100 

9 

.133 

7.2 

.167 

6 

.200 

UOO 

0.7S 

O.M 

18 

.060 

12 

.075 

9 

.100 

7.2 

.126 

6 

.160 

2400 

O.N 

0.60 

18 

.088 

12 

.060 

9 

.067 

7.2 

.088 

6 

.100 
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PayiOfliit  for  Broken  Stone  Roads  bj  tiie  Cubic  Ttrd.  The  uiiual  practice 
is  to  pay  for  the  actual  cubical  coDtents  of  the  road  crust  as  measured 
in  place  after  rolling.  In  estimating  cubic  yards  per  mile  of  surface,  multiply 
the  width  in  feet  by  the  average  thickness  in  inches  of  the  section,  and  then 
multiply  this  product  by  16.2963 ;  for  example,  a  crust  1  mile  long,  IS  ft  wide 
and  6  in  thick,  contains  15  X  6  X  16.2963  -=  1466.67  cu  yd  per  mile. 
Similariy,  to  ascertain  qutmtity  per  1000  ft,  a  constant  of  3.0S64  is  uaed; 
or,  for  same  width  and  thickneaa  as  above,  15  X  6  X  3.0S&4  =  277.^  ca 
yd  per  1000  ft.  The  actual  amount  of  stone  used  is  oft«n  greatra-  than 
the  amount  paid  for  in  contracts,  duo  to  the  settlement  of  stone  into  the 
subgrade  during  process  of  rolling,  hence  a  contractor,  if  doing  work  by 
the  cubic  yard  in  place,  should  take  this. fact  under  consideration  when 
preparing  his  estimate  for  bid.  Before  bidding  a  contractor  should  alao 
note  carefully  the  details  in  the  specifications  relative  to  use  of  binder  or 
dust.  Some  specifications  require  the  voids  in  the  lower  course  to  be 
filled  with  dust,  thereby  increasing  the  actual  Quantity  of  stone  and  dust 
in  a  cubic  yard  of  finished  road.  Otheta  call  for  a  H-iJi  wearing  surface  of 
dust,  irtiioh  does  not  theoretically,  but  does  practically  increase  the  quantity 
of  material  per  square  yard  or  cubic  yard,  as  it  frequently  disappears  before 
the  contract  is  finished  and  has  to  be  replaced  before  acceptance.  The 
quantity  of  water  required  for  fiushing  varies,  but  will  average  about  10  gal 
to  the  ton  of  stone. 

Payment  for  Broken  Stone  Roads  by  the  Ton  requires  that  scales  be 
provided,  as  cubical  contents  cannot  be  accurately  converted  to  tonnage 
basis.  For  purpose  of  approximate  estimate  it  m^  be  assumed  that  1 
sq  yd  rolled  in  place,  1  in  thick,  wdghs  0.055  tons  if  of  trap  or  other  atone 
of  high  specific  ^vity,  or  0.05  tons  if  of  granite,  limeet«»ie  or  other  stone 
of  medium  specific  gravity.  This  weight  does  not  include  the  dust  or 
binder,  hence,  in  order  to  determine  the  approximate  weight  of  stone  in  a 
road  of  given  thickness,  the  weight  of  the  binding  dust  must  be  added, 
which  is  approximately  0.048  tons  per  sq  yd  if  of  trap,  and  0.042  tons  pvt 
sq  yd  if  of  granite,  regardless  of  the  total  thickness  of  the  crust.  Prom 
this  may  be  obtained  the  following  formulas,  assuming  t  represents  aTeragB 
thickness,  and  w,  weight  of  section: 

Tons  per  mile     -  [(32.2667  X  t)  +  2S  ]  u>  for  trap  rock; 

Tons  per  mile     =  [(29.3333  X  t)  +  24.5]  u>  for  granite  and  limestone;  . 

Tons  per  1000  ft  =■  [(6.1111    X  0  +  5.33]  w  for  trap  rock:i 

Tons  per  1000  ft  -  [(5.5556   X  ()  +  4.66]  u>  for  granite  and  limestone. 

For  example,  a  crust  one  mile  long,  15  ft  wide  and  6  in  thick  contains 
[(32.2667  X  6)  +  28]  16  ■=  3324  tons  of  trap  rock,  of  whidl  16  1^  28  tons 
or  420  tons  is  dust  binder  and  2904  tons  is  broken  stone. 

Payment  to  contractors  by  the  cubic  yard  of  stone  as  measured  after 
rolling  in  place  is  preferred  by  some  engineers,  while  ptorment  by  the  ton 
is  preferred  by  others.  Those  prefertinK  to  pay  on  a  per  ton  bacos  claim  that 
it  is  impossible  to  measure  accurately  the  volume  of  stone ;  that  a  variation  ot 
yi  in  in  depth  makes  an  error  of  8.33%  in  the  determination  of  the  volume, 
or  from  $300  to  $400  per  mile  of  18  ft  roadway. 

Average  Prices  per  Square  Yard  of  Broken  Stone  Roads  in  various 
localities  in  the  United  States  arc  given  in  Table  VIII. 

Hetbods  and  Cost  of  Resurfacinc  «  Broken  Stone  Road  with  Rocmac  Macadam 
(28).  "The  roemae  wearing  aurfaee  was  conatructad  In  the  following  manaw: 
Upon  tlM  rolled  stona  base  of  the  old  macadam  road  was  dapooltad  a  layer  racnae 
matrix  about  1 in  in  thlrhness.  Jtocraae  matrix  cotuteted  merely  of  a  mortar  rasdi 
of  limestone  acraeninga  mixed  with  rocmac  •olution.    Roemae  aolutloB  la  a  ttqatd 
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Table  Vm 
From  MtntMpai  Emginttrint,  Jam,  191S 


City 

Price 

Total 

Yard 

Thfrlmifi. 

«BSS 

10.67 

6 

Proridanm,  R.  I  

«»flOO 

0.68 

« 

S2  600 

0.68 

7 

86  000 

0.70 

6 

17  900 

0.67 

6 

IGOOO 

O.SO 

6 

6  086 

0.60 

8 

KmCwA  

3  022 
S8G78 

1.06 
0.86 

i« 

Ctei(otta,N.  C  

17  000 

0.60 

6 

D«d«  City,  Fl»  

140  000 

1,40 

4 

Loncview,  Tex  

7  790 

0.94 

9 

dkate  of  aoda,  which  reacts  with  carbonate  of  lime  contained  In  the  Umeitone  acreen- 
infa  and  BHonMB  a  aat  dmilar  to  that  td  Prntland  centent  altho  differing  markedly 
firou  Portland  flmant  In  that  dwmical  aetltm  ia  not  completed  immediately  but  ia 
weoMMncad  with  aadi  addition  of  moisture  after  the  road  la  completed.  Thia  fact 
ttsda  to  preTMt  the  wearing  of  hoha  dnce  abtmded  parta  of  the  mufaee  heal  over 
after  a  rain.  The  rocmac  matrix,  or  mortar,  was  covered  with  4  in  irf  coarse  crushed 
st«M  and  rolled.  This  rolling  forced  the  stone  down  into  the  matrix,  filling  the  voids 
1m  the  atone.  As  the  matrix  rose  to  the  surface  it  was  broomed  forward  and  diagonally 
maam  the  road  fad  rolllag  continued  until  a  smooth  even  surface  was  secured.  The 
mad  sorfaea  was  then  qirinkled  with  dry  Umestom  afraMttnv.  TaWe  IX  givee  the 
drtaOod  coat  of  tUa  mA.   Tba  raanrlaefaig  waa  aeoomplMMd  by  day  labor. 

TMm  DC. — Coct  at  VMntUOn  Old  Hacadaa  wlfli  Boeouc  Macadam  In  QiiMa 
Vletoria  hik, 


Total 


P«r  Sq  Yd 
CanU 


Ubor 

RaaMving  M  aarfaee,  M  eu  yd  

BanUng  144  eu  yd  of  stona  and  flcreenlBga  from 

Vletoria  Farii  station  

RolUnc  

Rosmfacing  

ForsBan  

TMala  

Uaterial 

Mnstona.  Il4  eu  yd,  186.8  tons  at  |1.S6  

Seneninga,  80  en  yd,  86  tone  at  fl  

Sonae  aolutloa,  S74  gal  at  90.46  

TMala  

I^bor  

Matarial  


»9T.20 

119.08 
28.00 
68.16 
60.20 


$867. M 


$171.00 
86.00 
168.80 


«376.80 


tS67.64 

876.80 

$742.94 


11.26 

12.80 
8.26 
7.81 
6.97 


4S.fiB 


19.82 
4.17 
19.60 


48.49 


42.69 
43.49 


86.08 


D>qiti;M  by 
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12.   Slag  and  SheU  Roads 

Slag  roads  and  shell  roads  have  been  used  to  a,  Unuted  extent  thruoat 
the  United  States.  As  the  details  of  construction  are  aimUar  to  those  em- 
ployed in  the  cooBtruction  of  broken  stone  roads,  certain  femtures,  peculiar 
to  each,  are  described  in  this  section. 

Slag  Roads.  Blast  furnace  slags  are  produced  in  the  manufacture  of  Iron 
and  steel  and,  in  some  cases,  are  very  similar  in  appearance  to  close-grained 
igneous  rooks.  In  reducing  iron  ores,  the  impurities  r»e  to  the  surface,  aa  tbe 
iron  melts  in  the  furnace,  and  twite  with  the  fluxing  materiaL  Thia  nuk- 
terial  is  drawn  off  in  a  molten  condition  and  is  cooled  either  in  water  or 
in  the  air.  Sonictimee  it  is  turned  out  onto  the  ground  in  a  aemi-molten 
condition  and  forjns  large  banks  of  alag.  In  some  cases,  blast  furnace  slag 
may  be  excavated  from  slag  banks  by  means  of  a  steam-shovel,  which 
serves  to  sufficiently  break  up  the  material  so  that  it  may  be  screened.  In 
converting  the  iron  from  the  blast  furnaces  into  steel  by  the  open-hearth 
prooeos,  more  flux  is  used  in  the  process,  which  rises  to  the  surface  of  the 
mohen  masB  as  slag.  The  slag  from  the  open-hearth  prooess  is  gmerally 
ran  into  molds  It  has,  in  some  cases,  been  broken  up  in  a  rock  crusher  into 
idaes  suitable  for  road  work.  .  . 

Slag  is  UBod  for  fuundntion  courses  and  in  some  instances  to  form  the 
entire  road  crust.  The  methods  used  are  similar  to  those  described  for  the 
construction  of  broken  stone  roads.  Slag  composes  the  mineral  aggregate 
of  the  Tarmac  pavements,  which  arc  built  extensively  in  the  County  of 
Notts  and  elsewhero  in  England  (aec  Sect.  16). 

SheU  Roadi.  The  State  of  Maryland  has  built  many  miles  of  oyster 
shdl  leads  along  the  eastern  shore  of  Cheaapeidce  Bay.  The  t|^dlaare  about 
the  only  available  material  for  surfacing  roads  in  that  loeaUty.  Where 
tlie  idiells  are  simply  thrown  onto  the  old  roadbed  without  previously 
slu^iing  ibe  latter,  the  results  obtained  are  not  very  satisfactory.  The 
shells  soon  push  down  and  the  mud  works  up,  producing  conditions  which 
are  not  much  better  than  before  the  road  was  improved.  If  the  traffic 
follows  in  the  same  track  on  a  shell  road,  ruts  will  be  quickly  formed  and  a 
horse  path  will  be  made  in  the  center.  If  those  low  places  are  immediately 
filled  with  new  shells,  it  will  tend  to  make  the  traffic  distribute  itself  over  the 
surface  and  imvent,  to  a  great  extent,  subeequent  tracking.  Shell  roads, 
unless  watcrod  or  treated  with  some  form  of  dust  palliative  or  bituminous 
suiface,  are  liable  to  be  very  dusty. 

HuyUnd  State  Rosds  Conunigsioa  Specifications  stipulate  that  the  subgrade  Bhall 
be  Ann  and  well  rolled.  The  depth  erf  the  first  eourae  of  ahelli  is  either  6  fa  or  6  fa 
at  the  enter  and  8  la  at  the  sides.  The  dqith  of  the  aseond  eoune  la  dtber  S  la  or  6 
in  at  tbe  center  and  8  In  at  tbe  Mm.  The  atwlls  are  spread  upon  the  roadbed  with 
■hovels  from  plica  along  the  road  or  from  a  dumping  board.  They  are  rolled  with  ut 
8-ton  roller  aod  are  eprinkled  with  water  or  bound  with  sand  during  the  proceea  of 
rollloy  udUI  tbe  mrface  is  firmly  compacted.  The  third  course  b  composed  of  dian. 
ebarp  nnd,  spread  jnst  tbldc  oaougb  to  cover  the  second  course  after  tbe  Uttv  hss 
bssn  tboroly  oompaeted.    SmU  roads  cost  fn»n  40  to  60  omta  per  sq  yd. 

HAnrXENAITCB 

13.   Causes  of  Wear 
The  length  of  time  a  broken  stone  road  will  last  under  traffic  depends 
principally  upon  the  amount  and  nature  of  the  traffic.    If  traffic  is  li^t,  a 
t»oken  stone  surface  may  last  1st  years  if  originally  built  of  good  stone  va  a 
good  foundation. 
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Water,  if  allowed  to  fltand  on  a  broken  stone  surface,  will  soften  the  latter 
and  cause  it  to  tapidly  wear  out.  When  the  frost  ia  coming  out  of  the 
ground  in  tbe  Bpring,  Uie  nirfaoe  will  also  be  in  a  soft  ccmdition  and  require 
attention.  The  effect  of  horse-drawn  vehicle  traffic  is  frequently  ohserved 
in  the  formation  of  the  hone  path,  so-called,  in  the  oentw  of  the  road.  U 
the  surface  is  given  a  flat  crown,  this  will  be  prevented-to  some  extent  since 
the  traffic  will  be  encouraged  to  use  the  entire  width  of  surface.  If  the 
teams  track  each  other  the  wheels  will  form  ruts,  particularly  when  the  road 
is  in  a  soft  condition.  The  grinding  action  of  the  wheels  wears  the  stone 
and  fonns  dust  whidi,  in  a  dry  state,  ia  swept  away  by  the  wind,  tints  leaving 
the  stones  in  the  top  course  exposed,  in  which  condition  they  are  liable  to 
be  displaced  by  the  action  of  tre^e.  A  heavy  traffic  of  motor-can  travelling 
at  high  speed  will  also  cause  the  broken  stone  surface  to  ravel  very  quickly 
when  the  mosaic  of  the  upper  course  is  exposed.  Scmetimee  when  tbe  road 
is  in  this  condition  and  the  weather  haa  been  dry,  a  concentrated  motor 
traffic  of  only  one  or  two  days'  duration  will  cause  ravelling. 

"latantWsl  Wear  (13).  It  therefore  sppeara  that  a  load  eannot  be  addled  at 
any  plaee  on  the suifsee  without  fRvdudag  a  eone  of  some  sMt  below  It  la 
which  the  nawsdswi  h  further  eompnsMd;  alao,  if  the  load  Is  sufltdent  to  esnse  any 
*''^f  whatever  of  tbe  surface,  a  crack  will  be  formed  between  the  cone  and  tbe 
miVm***^  parts  at  the  maaa.  Aa  tbe  load  moves  this  crack  and  all  the  eommotiim 
tclow  move  sloDg  with  it,  and  tb«  whole  nuus,  from  the  top  to  very  near  the  bottom, 
lantinnotioaioltatum.  In  thkmovemaBt  thestoDaB,b^  sndUttie,  srsloresdlato 
new  poritioiiB.  Not  one  of  tbem  moves  until  It  Is  pushed,  and  If  it  Is  not  forad  Into  a 
cavity  already  fttfrnad.  It  la  forced  acainst  SMnetlilng  dee  iriildi  oppoeea  the  move* 
moit.  If  thla  ofastsde  does  not  yield  the  presMTS  may  be  great  enouch  to  break  it. 
It  ia  easier  to  displace  or  to  cruih  a  small  atone  than  a  large  one,  and  the  smaller  It  ia 
tbe  more  easily  it  ia  dealt  with.  The  net  reault  of  the  movement  under  the  paaainc  load 
Is  that  tbe  wfaols  man  la  being  ground  up  into  imaller  fragments;  the  larger  pieoea 
get  their  corners  and  edges  broken  off,  and  the  angular,  flat-sided  plecea  of  the  original 
maaa  become  Kke  rounded  pebbles.  The  moving  load  makes  tbeae  bigger  pleeca  act 
Use  the  pebblas  in  a  oemsnt  grinding  mfH;  the  smaller  pleoaa  are  brtdien  down  V> 
waad,  and  tbe  Mnd  is  ground  down  to  mud.  or  to  dmt,  ■■-™""g  to  drcuittstanees." 


Maintenance  of  a  broken  stone  road  should  begin  as  soon  as  the  con- 
struction ceases.  Ordinary  repairs  should  be  accomplished  under  what  is 
called  the  continuous  system  of  maintenance,  that  is,  a  system  where  the 
roads  are  constantly  looked  after  and  any  necessary  repairs  are  imme- 
diately made.  Not  only  is  the  continuous  systeifl  of  maintenance  the  cheap- 
eet  in  the  end,  but  it  also  keeps  the  road  in  a  good  state  of  repair.  The  patrol 
qntem  of  maintenance  aa  carried  out  in  France  is  a  good  illustratioD  of  what 
can  be  acoomphshed  by  this  method. 

Ordinary  Repairs.  To  provide  agiunst  failure  from  any  of  the  causae 
enumerated  in  Art.  13,  tbe  following  essential  principles  of  maintenance 
work  are  given.  At  all  times  the  surface  of  the  road  should  be  kept  smooth. 
This  enables  the  road  to  shed  water  more  readily  and  eliminates  shocks 
which  would  result  from  the  traffic  where  the  surface  is  uneven.  Any 
hollows  or  pot-holes,  which  develop  in  the  surface,  should  be  repaired  aa 
Boon  as  formed.  Particular  attention  should  be  pven  to  eliminating  the 
ruts,  since  any  depressions  in  the  surface  hold  tnter,  and  are  enlarged  very 
rapidly  by  the  action  of  traffic.  Broken  stone  Of  the  same  stae  as  is  used  in 
tbe  upper  course  should  be  urod  in  filling  in  the  depresdona  and  ruts.  In 
FiiBnce  and  Eocland,  it  has  been  found  that,  in  lepuring  pot-holes,  the  "best 
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results  are  obtained  if  the  holes  are  cut  out  on  the  lines  of  a  sqiiare  or  rec- 
tangle which  is  of  sufficient  area  to  include  the  dcpressifMi,  the  sides  to  he 
cut  thru  for  the  full  depth  of  the  wearing  cdurse.  The  stone  is  replaced, 
carefully  tamped,  filled  with  scremiogs,  and  puddled,  or  it  is  incorporated 
with  some  bituminous  material  either  before  or  after  pladas-  RoUinc  in 
the  spring  of  the  yearn,  when  the  road  is  soft,  will  be  of  great  help  in  providing 
a  smooth  surface  for  the  remaindw  of  the  season.  An  excess  (rf  dust  or  mad 
on  the  surface  should  be  removed,  since  dust  is  not  only  very  objectionaUe 
from  the  standpoint  of  comfort  to  the  traffic,  hut  when  wet  it  forms  mud, 
which  Iceeps  the  surface  of  the  road  in  a  moist  condition,  sometimes  for  a  long 
period.  On  the  oihet  hand,  when  the  upper  course  of  stone  presents  a 
mosaic  surface,  sand,  stone  Bcreenings,  or  other  binding  material  should  be 
spread  on  the  surface  to  prevent  ravelling.  The  surfaoe  is  best  preserved, 
however,  by  applying,  to  the  sw^t  surfaoe  of  the  road,  a  film  of  asi^ialtte 
oil  or  tar,  whidh  acts  as  a  bindw  and  dust  layer. 

The  earth  shoulder  between  the  stone  surfacing  and  the  ditch  should  be 
trinuned  up  from  time  to  time,  so  that  water  flowing  from  the  surface  of  the 
road  wfll  not  he  impeded  in  its  progress  to  the  ditch.  This  work  can.  in 
many  cases,  he  done  in  a  satiafactoiy  and  economic  manner  by  the  use  of  a 
road  scraper.  The  material  removed  from  the  shoulders,  however,  should 
never  be  thrown  up  into  the  center  of  the  stone  surface.  As  is  the  case  in 
earth  and  gravel  roads,  the  ditches  and  drains  should  be  carefully  looked  altar 
to  provide  for  the  ready  flow  of  water. 

Resurfacing.  It  is  oustomaiy  to  nsutfaoe  a  Iwolcen  atone  toad  aa  sooa 
as  the  top  layer  of  stone  is  worn  thru.  The  method  of  resurfacing  depends 
upon  the  thickness  of  the  layer  of  stone  to  be  added.  If  2  in  or  less  in 
thickness  of  stone  is  to  be  added,  the  surface  of  the  old  rpad  should  bt 
lightly  scarified  or  loosened,  in  order  to  get  a  suitable  bond  between  tlie  old 
surface  and  the  new;  stone  should  then  be  spread  and  rolled  in  the  sbom 
manner  as  in  the  laying  of  the  upper  surfaoe  in  new  construction  (see  Art. 
9).  If  3  in  of  stone  is  to  be  added  it  is  not  necsMMy  to  diatutb  the  old 
surface  before  adding  the  new. 

16.  Maintenance  Cost  Data 

The  cost  of  maintenance  varies  with  the  quality  and  ooat  (rf  materials, 
cost  of  labor,  climate,  amount  and  character  of  the  traffic  and  the  condition 
in  which  the  road  is  maintained. 

The  cost  of  maintaining  a  broken  stone  road  per  square  yard  per  annum  in 
several  localities  is  as  follows: 

London.  Heavy  traffic  streets,  t0.ft250;  moderate  traffic  streets,  S0.2075; 
lildit  traffic  streets,  S0.1450;  lightest  traffic  streets,  Sa0626. 

In  the  Department  of  Havre,  Prance,  for  departmental  roads  in  oitiea. 
it  is  S0.03,  and  in  the  country,  W.018  per  sq  yd  pw 

HaHachnietta  state  roads  bsfore  the  advent  of  the  automofaile  was 
about  $0.01  per  sq  yd  per  anmui. 

It  is  evident  that  a  more  durable  type  of  road  should  have  been  con- 
structed  where  the  maintenance  costs  are  as  high  as  that  given  above  for 
the  streets  of  London.  Water-bound  broken  stone  roads  with  a  liidit  traffic 
can  he  economically  maintained  with  an  application  of  light  oil  or  tar  ap- 
plied oc^  at  the  rate  of  about  Vi  of  a  gal  per  sq  yd,  at  a  ooat  of  about  S0.03 
per  sq  yd  per  year. 
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HTDROCARBONS 
1.  Composition  and  Clusiflcation  of  Hydrocarbons 

BitoHMn.  The  bitumen  of  bituminous  materials  used  in  highway  engi- 
neering  consists  mainly  of  hydrocarbons  and  almost  invariably  leaser 
amounts  of  their  sulphur,  oxygen,  and  nitrogen  derivativea,  all  of  whidi 
ore  e(4uble  in  e.p.  carbon  disulphide.  Tbeee  hydrooubons  and  their  derive 
atives  are  praetioally  innumerabb  and  occur  as  oomplex  mixtUTM,  solu- 
tions, and  emulsions.  There  are  no  known  methods  for  sq»arating  and 
identifying  all  of  the  hydrocarboos  and  hydrocarbon  derivatives  presMDt 
in  bituminous  materials,  and  ia  the  routine  examination  of  these  mat^^lff 
none  of  the  individual  hydrocarbons  are  determined  either  qualitatively 
or  quantitatively.  There  are  a  number  of  series  or  families  of  hydro- 
carbons, however,  whose  presence  is  readily  detected  by  comparatively 
simple  chemical  testa.  The  various  members  of  any  given  series  possoss 
many  oharaeteristics  common  to  all,  and  the  prsdominwioe  of  oertain  eeriea 
therefore  controls  to  a  great  extent  the  general  characteiistios  and  behanHor 
of  the  bituminoos  materials  in  which  they  occur.  For  this  reasm  it  is 
essential  that  the  highwi^  engineer  should  acquaint  himself  with  the  prop- 
erties of  at  least  the  more  important  hydrocarbon  series  if  he  wishes  to 
use  bituminous  materials  to  maximum  advantage.  This  involves  an  ele- 
mentary knowledge  of  the  variations  in  structure  of  hydrocarbon  molecules. 

Hydrogen  (H)  is  the  lightest  known  chemical  element.  It  has  an  atomic 
weight  of  1.01.  A  single  hydrogen  atom  cannot  combine  witii  more  than 
one  atom  of  any  other  element.  Its  chemical  i^^ity  or  valence  is  there- 
fore one,  and  it  is  termed  a  monovalent  element.   It  is  an  invariahlc 
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oonatituent  of  hydrocarbon  molecules,  and  therefore  of  all  bituminous 
materials.  At  very  hii^  temperatures  it  may  be  split  off  ia  an  atomic  or 
elemental  state  from  hydrocarbon  molecules,  leaving  behind  a  molecule  richer 
in  carbon,  or  else  the  element  carbon  itself.  The  hydrogen  molecule  is 
composed  of  two  hydrogen  atoms  expressed  Hi  or  H  —  H.  In  the  molec- 
ular 5tat«  it  is  a  rather  inert,  oolorlees,  and  odorleos  gaa.  In  the  atomic 
or  nascent  state,  whush  lb  only  trwinentty  »— iimfff,  it  1b  a  powerful  ledttdng 
agent  or  oxygen  remover.  In  this  capacity  it  u^tea  with  ozygMi  to  form 
water.  Oxidation,  which  is  the  opposite  of  reduction,  may  finniini  cither 
in  the  addition  of  oxygen,  its  substitution  for  another  element  in  a  com- 
pound, or  in  the  removal  of  hydrogen  from  a  compound  by  means  of  oxygen 
w  f>tber  oxidising  agent.  ' 

Carbon  (C)  has  an  atomic  weight  of  12.01,  ahnoet  twelve  times  that  of 
hydrogen.  One  atom  of  carbon  can  combine  with  four  atoms  of  hydro- 
gen, which  is  monovalent.  Its  chemical  affinity  is  therefore  four,  and  it 
is  called  a  tetravalent  dement,  altito  with  certain  elements  otlier  than 
hydrogen  it  sometimes  also  exhilnts  a  valence  ot  two.  It  is  a  neoessary 
constituent  of  hjrdrocarbon  molecules,  and  therefore  of  all  bituminous 
materials.  Like  hydrogen,  at  very  hi^  temperatures  it  may  be  split  off 
in  an  atomic  or  elemental  ptate  from  hydrocarbon  molecules  with  the  forma- 
tioo  of  lighter  hydrocarbon  molecules  or  the  element  hydrogen.  Unlike 
hydroeen,  it  is  non-Tolatile.  It  occurs  as  an  element  in  three  forms,  as 
diamond,  graphite,  and  amorphous  carbon.  This  variation  in  form  is  be- 
Ueved  to  be  due  to  different  traya  in  which  the  carbon  atoms  are  arranged 
in  the  carbon  molecule,  and  the  molecules  in  the  masses.  The  amorphous 
form,  as  coke,  lamp-Uaok,  or  soot,  is  of  most  interest  from  the  standiwint 
erf  tntuminous  materials.  At  ordinazy  temperature  carbon  is  chemically 
inert,  but  at  hi]^  temperatures  it  is  a  reducing  agmt  and  in  tUs  oi^iaeity 
unites  with  oxygan  to  form  carbon  dioxide  or  carbon  monoxide. 

^drocarbon  MtAecnlsi  exist  in  an  abnost  infinite  number  of  ftnms, 
some  of  which  are  exceedingly  complex.  The  molecular  weight  of  any 
hydrocarbon  molecule  is  the  sum  of  the  atomic  weights  of  hydrogen  and 
carbon,  each  of  which  has  been  multipUeH  by  the  number  of  hydrogen 
and  carbon  atoms  respectively  which  are  present  in  the  molecule.  For 
all  practical  purposes  the  aton^  weii^t  of  hydrogen  is  considered  as  1  and 
the  atomie  wtfi^  of  cai-bon  as  12.  Example:  moL  wt.  CsH«  -  (2  X  12)  + 
(6  X  1)  30.  The  molecular  weight  ol  hydrocarbon  molecules  in  general 
increases  with  the  number  of  carbon  atoms  preeent  in  the  molecule.  No 
hydrocarbon  molecule  can  contain  more,  than  25.2%  hydrogen  nor 
less  than  74.8  %  carbon.  At  ordinary  temperature  some  hydrocarbon 
molecules  are  gases,  some  hquids,  and  some  solids.  At  elevated  tem- 
peratures many  of  the  solid  and  Uquid  hydrocarbons  assume  the  gaseous 
fonn  without  chemical  change;  also  solid  hydrocarbons  may  assume  the 
liquid  form  without  chemical  change.  At  higher  temperatures,  depending 
upon  individual  hydrocarbons,  molecules  containing  more  than  two  carbon 
alonu  may  qdit  into  two  or  more  different  hydrocarbon  moleeules.  When 
iU»  occurs  tlie  ori^nal  molecule  is  said  to  be  cracked.  If  the  cracking 
wts  free  the  element  carbon,  the  original  hydrocarbon  is  said  to  be  coked, 
and  the  operation  involving  such  coking  is  termed  destructlTe.  If  hydro- 
carbon molecules  are  subjected  to  elevated  temperatures  in  the  presence 
of  air  or  oxygen,  they  may  become  oxidised.  If  they  are  subjected  to 
elevated  temperatures  in  the  presence  of  hydrogen,  they  may  be  reduced. 
Cracking,  coking,  oxidising,  and  reducing  reacticms  are  produced  in  many 
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of  the  common  manuTacturing  operatioDs  in  comiection  with  bituminous 
materials.  They  may  also  be  produced  during  the  manipulatioD  of  theee 
materials  in  highway  engineering.  They  frequently  result  in  important 
and  soraetimee  in  injunouB  modification  of  the  bituminous  material  involved, 
and  for  this  reason  tbey  should  be  deoriy  imdentood  the  highway 
engEoew.   Tbey  will  be  considered  in  detail  later  in  this  Section. 

HTdiocarbon  Radicals  may  be  considered  as  hydrocarbon  molecules  from 
whidi  have  been  removed  one  or  more  hydrogen  atoms,  leaving  an  equiv- 
alent number  of  free  valences,  which  are  extremely  ready  to  unite  with 
each  other  or  with  atoms  which  also  carry  free  or  unsatisfied  valences. 
Thus  three  radicals  may  result  from  the  removal  of  one,  two,  or  three  hydro- 
gen atoms  from  the  hydrocarbon  molecule  CH<.  The  valence  of  these 
radicals  is  expressed  by  one,  two,  or  three  dashes  placed  after  the  radical 
fomnjda,  as  foUowa:  CHt  — ,  CHi=,  CH^.  Because  of  their  extreme 
diemical  activity,  radicals  can  «Dst  only  transientiy.  They  differ  from 
true  compounds  in  the  fact  that  the  latter  carry  no  free  v^noes.  as  all 
of  the  valences  are  satasfied  within  the  molecule  itself.  Hydrocarbon 
radicals  play  an  important  part  in  determining  just  what  compounds  are 
ultimately  formed  in  the  procesees  of  cracking,  coking,  oxidation  and 
reduction  of  bituminous  materials,  as  they  are  often  produced  as  transient 
intermediate  combinations  of  hydrogen  and  carbon  diiring  these  processes. 

Saturated  Hydrocarbona  are  hydrocarbon  molecules  in  which  all  adja- 
cent carbtm  atoms  are  connected  by  not  more  than  one  valence,  graphi- 
oally  diown  as  follows:  G  —  C.  Each  valence  not  taken  up  adjacent 
carbon  atoms  connects  with  or  is  satisfied  by  a  hydrogen  atom.  Saturated 
hydrocarbons  are  quite  stable  and  not  prone  to  chemical  ohaneea.  They 
therefore  impart  chemical'  stability  to  bituminous  materials  in  which  they 
occur,  the  extent  of  this  stability  depending  upon  the  amount  or  proportion  <rf 
saturated  hydrocarbons  present  in  the  bitumen  of  the  bituminous  materials. 

Unsaturated  Hydrocarboas  are  hydrocarbon  molecules  in  whieh  at  least 
two  adjacent  carbon  atoms  are  connected  by  two  or  three  valences,  graph- 
ically shown  as  follows:  C  =  C.  C  =  .  Each  valence  not  taken  up  hy 
an  adjacent  carbon  atom  is  satined  by  a  hydrogen  atom.  It  is  evident 
that  no  two  adjacent  carbon  atoDia  In  a  hydrocarbon  molecule  can  be 
connected  by  four  valences,  because  there  would  tiien  be  no  valences 
available  for  hydrogen  which  is  a  necessary  constituent  of  hydrocarbons. 
Unsaturated  hydrocarbons  are  invariably  less  stable  than  saturated  hydro- 
carbons because  of  the  tendency  of  the  double  or  triple  bonds  to  break 
down  to  single  bonds,  thus  producing  radicals  which  unite  with  each  other 
or  with  reactive  atoms  to  form  new  molecules  which  are  saturated.  In 
general,  the  greater  the  number  of  unsaturated  valences  between  carbon 
atoms  the  less  stable  becomes  ihe  compound.  Unsaturated  hydrocarbons 
therefore  tend  to  produce  chemical  instability  in  Intumans  or  Utuminous 
materials  in  which  they  occur,  depending  upon  the  pnqiortuiii  <rf  unsaturated 
hydrocarbons  and  the  extent  of  their  unsaturation.  * 

Open  Chain  Hydrocarbons  are  those  in  which  the  carbon  atoms  are  Linked 
to  each  other  in  such  manner  that  their  form  may  be  graphically  repre- 
sented by  an  open  chain,  thus  C  —  C  —  C  —  C.  Side  chains  may  also 
extend  from  any  of  the  intermediate  carbon  atoms  in  the  main  chain,  but 
in  no  caae  are  the  Mid  carbon  atoms  of  the  same  or  different  chains  con- 
nected to  form  a  closed  chun  or  ring  of  carbon  atoms  within  the  molecule. 
Two  or  more  adjacent  carbon  atoms  in  the  open  chain  may  be  eosinected 
1^  mom  than  <nie  vw3mu»,  so  that  open  chain  hydroctfbona  may  be  dtber 
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saturated  or  unsatiuBted.  Under  oertain  oonditiooa  of  temperature  and 
inesBure  a  number  of  unsaturated  open  chain  hydrocarbon  moleculee  may 
unite  to  form  a  eini^  closed  chain  molecule.  When  this  ocoun  it  is  at 
the  ezpnwe  of  some  or  all  of  the  multiple  valences  present  in  the  reactive 
molecules  which  break  down  to  a  lesser  number  of  valences  between  adjacent 
carbon  atoms. 

Cydlc  Hydrocarboiw  are  those  in  which  some  or  all  of  the  carbon  atoms 

are  linked  in  a  closed  chain,  ring,  or  cyclic  nucleus,  thus  Open 

C— C 

aide  chains  of  carbon  atoms  may  extend  from  one  or  more  of  tiie 
carbon  atoms  which  form  a  cycle,  or  a  number  of  cycles  may  be  linked 
together  in  a  single  molecule.  Molecules  which  oontain  but  one  carbon 
eyde  are  known  as  monocyclic,  those  which  oontain  two  eydea  are  dicyoUc. 
The  BBOwal  term  po^cydic  is  applied  to  hydroearbona  which  oontain  a 
number  of  cycles  in  the  molecule.  When  two  carbon  cycles  have  a  nimkber 
4rf  carbon  atoms  common  to  each  other,  the  molbcule  is  said  to  possess  a 
condensed  nucleus.  If  three  carbon  atoms  are  common  to  two  cycles 
the  molecule  is  sometimes  called  a  bridge  compound.  In  cyclic  hydro* 
carbons  two  or  more  adjacent  carbon  atoms,  either  within  the  cycle  itself 
or  in  a  side  chain  attached  to  the  cycle,  may  be  connected  a  double 
linkage.  Cyclic  hydrocarbons  may  therefore  be  either  saturated  or  unsat- 
urated. When  the  double  linkage  oceors  in  a  nde  chain,  chemical  stability 
is  usually  leas  than  when  the  double  linkage  is  in  the  cycle.  Under  favors 
able  conditions  of  temi>erature  and  pressure,  cyclic  hydrocarbons  m^r 
break  down  tnto  open  chain  hydrocarbons.  The  most  common  form  ot 
carbon  cycle  eonaista  of  six  carbon  atoms.  No  mn^  cycles  contain  more 
than  seven  earbcm  atoms. 


2.   Open  Chain  Series  of  Hydrocarbons 

Tha  Paraffln  Swlea  of  hydrocarbons  compriaes  the  entire  group  of  sat- 
urated open  diain  compotmds.  The  general  molecular  formula  for  all  of 
the  members  of  this  seriee  is  CnHin+i-  The  simplest  poesible  hydro- 
carbon and  the  only  one  which  contains  but  a  single  carbon  atom  is  the 
parent  member  of  this  seriee.  Its  name  ia  methane  and  its  simple  molecular 
or  empiric  formula  is  CH4.  The  next  member  containing  two  carbon  atoms 
is  ethane,  CiH«;  the  third  membo-.  iwopane,  contains  tbee  carbon  atoms 
CtHi.  Etieh  succeeding  member  contains  one  mi»e  carbon  atom  and  two 
more  hydrogen  atoms  than  the  preceding  member.  This  constant  differ* 
enee  of  CHt  between  adjacent  membera  of  a  ^ven  series  is  common  to 
all  of  the  hydrocarbon  series,  which  are  therefore  homologous.  The  graphic 
or  constitutional  fonnulas  for  the  first  three  members  of  the  paraffin  series 
t«^ther  with  the  monovalent,  divalent,  and  trivalent  radicals  derived  from 
each  are  as  follows: 

H  H 

I  I 
H-C— C— H 

i  I 

H   H  H   H  H 

Ethane  CiEi  Kopane  C%Rt 
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Radlub 

Methyl      -  CHj        Ethyl      -  CiHj  Propyl      —  CjHx 

Metlq^ene  -  CHs        Ethylene  «  CiHt  Propylene  -  CtHa 

Klethenyl  =  CH         Ethenyl  =  CxH»  Propenyl  =C)H« 

It  win  be  seen  that  the  nomenclature  of  the  radicals  is  derived  in  all 
cases  directly  from  the  parent  hydrocarbon,  the  ending  yl  being  sivan 
to  monovalent  radicals,  ylene  to  divalent  radicals  and  enyl  to  trivalent 
radicals.  Moreover,  it  may  be  seen  that  the  members  oS  this  sericB,  i^ter 
methane,  may  be  consideTed  as  combinations  of  two  or  more  radicals. 
Thus  ethane  is  composed  of  two  methyl  radicals  linked  together  so  that 
all  valences  are  satisfied.  Propane  may  be  considered  as  a  combination 
of  the  radicals  methyl  and  ethyl  or  of  two  methyl  radicals  and  one  methy- 
lene radical.  The  first  four  members  of  the  paraffin  series  Eire  gasea  at 
ordinary  temperature  and  pressure;  the  members  containing  from  5  to  15 
carbon  atoms  are  liquids,  and  those  containing  over  15  carbon  atoms  are 
sc^ids.  As  the  number  of  carbon  atoms  in  the  molecule  increases  oertain 
other  physic^  differenoes  are  found  to  exist.  These  ditterences  are  seat- 
erally  observed  between  the  members  of  any  given  series  (see  Art.  4,  n- 

UlTIONB  BXISTIHO  BBTWBBH  MBUBBRS  OF  IHE  SAKB  SKanES).     The  panffiu 

hydrocarbons  are  more  stable  chemically  than  any  other  series.  They  are 
not  acted  upon  by  concentrated  sulphuric  acid,  ftmiiug  sulphuric  acid  or  nitric 
acid  at  ordinary  temperatures.  They  are  mutually  soluble  in  one  another. 
Thus,  the  solid  paraffins  are  readily  diaaolvod  by  the  liquid  paraffins  of 
low  molecular  weight.  The  lighter  Uguid  paraffins  are  not  perfect  solvents 
for  tia  solid  hydrocarbons  of  certain  other  smes.  For  such  ecnnpoiukls, 
however,  the  scdvent  action  increases  with  the  number  of  carbon  atoms 
present  in  the  liquid  paraffin  molecules.  The  solid  paraffins  unlike  the 
solid  members  of  other  series  are  practically  insoluble  in  a  very  cold  mix- 
ture of  alcohol  and  ether.  This  fact  is  made  the  basis  of  a  method  for 
determining  the  percentage  of  scale  paraffin  in  bituminous  materials. 
Paraffin  hydrocarbons,  both  liquid  and  solid,  are  essentially  greasy  and 
exhibit  but  little  cementitiousness.  They  predominate  in  oertain  petro- 
leums.   See  Art.  15,  pabuvin  pbtbolboub. 

Isomerism.  When  two  molecules  or  compounds  contain  the  same  de* 
mmits  in  the  same  proportion  but  differ  in  structure  or  constitution,  they 
are  said  to  be  isomeric  and  are  termed  isomers  of  one  another.  Isomerism 
exists  to  a  marked  extent  among  the  hydrocarbons  and  plays  an  important 
'  part  in  the  make-up  and  characteristics  of  bituminous  materials.  There 
are  two  forms  of  isomerism  of  particular  interest:  (1)  Metamerism  and 
(2)  polymerism.  In  metamerism  the  isomers  have  the  same  molecular 
weight.  In  polymerism  the  isomers,  while  of  the  same  percentage  com- 
position, have  different  molecular  weights.  Metamerism  is  a  common 
phenomenon  with  nearly  all  of  the  paraffin  hydrocarbons.  The  members 
of  this  series  cannot  polymerise,  however,  and  polymerism  will  therefore 
be  described  under  certain 
of  the  other  series.  The 
ordinary  forms  of  meta- 
merism may  be  graphical^ 
illustrated  in  formulas  of 
two  dimensions.  Starting 

with  the  fourth  member  of  the  paraffin  series,  C4  Hio. 
the  graphic  formula  may  be  represented  in  two  ways. 


Diqiti;M  Ciy 


GoogU 


Art.  2 


Open  Cbain  Series  of  Hydrocarbons 


601 


The  first  fonnuU  showB  the  ma^  chain  or  normal  constitution,  whfla  the 
second  formula  shows  tha  intrDdnetion  of  a  nde  chain.  The  first  compound 
M  known  as  normal  butane;  the  second  as  isobutane.  The  essential  dif- 
ferenoe  lies  in  the  relative  position  of  the  carbon  atoms  to  one  another, 
which  modifies  both  the  chemical  and  phyucal  properties  of  the  materiala, 
sltho  both  have  the  same  empiric  formula  C4Hio.  The  next  hydrocarbon 
of  the  iMtraffiu  series,  C|Hii,  has  three  isomeric  forms  and  ss  the  number 
of  carbon  atoms  in  the  molecules  increases  the  number  of  isomers  rapidly 
nn^ltipKa*-  Thus  the  hydrocarbon,  CiiHn,  has  808  isomers.  As  the 
known  nonnal  paraffins  run  as  hi^  as  GwHin,  it  is  evident  tiiat  the  pos- 
sible isomm  for  this  compound  sn  almost  beyond  comprehension.  An- 
other form  of  metamerism  which  is  of  ooniodemble  intweet  involves  the 
conception  of  a  three-dimensional  or  asyminetrio  carbon  atom  which  has 
the  form  of  a  tetrahedron.  Each  apex  of  the  tetrahedron  represents  a 
valenoe.  If  different  univalent  atoms  or  radicals  are  attached  to  theae 
valences  it  is  poarible  to  arrange 
them  so  as  to  obtain  isomers.  Thus 
with  four  radicals  which  may  be  rep- 
resented by  the  lett«a  R,  Bi,  Rt,  and 
Rs  tiM  following  isomers  may  be 
produced: 

It  is  evident  that  from  a  given 
viewpoint  R,  the  radicals  are  read  in 

order  from  left  to  right  or  clockwise  in  the  first  illustrstioo,  wiiile  in  the 
second  they  are  read  from  right  to  left,  or  counter-clockwise.  This  form  of 
iBomeiism  is  known  as  space  <a  stereo  isomerism.  Many  of  the  spaoe 
iMuners  are  optically  active  and  when  present  in  scAution  will  rotate  a  beam 
of  polarised  hght,  passed  thru  the  si^uUon,  to  ths  li^t  <»■  to  the  left 
as  the  eaae  may  be.  Those  which  rotate  to  the  rii^t  are  termed  dextro 
rotatory  and  those  which  rotate  to  the  left  are  termed  laevo  rotatcoy. 
Certain  petroleums  are  optically  active  due  to  tlie  preeenoe  of  stereo  iso- 
mers and  this  fact  has  been  made  the  basis  for  identifying  tiinr  source 
or  origin.    See  Art.  13,  roBiiA.TioN  or  pbtboi^uub. 

The  Oleflne  or  Ethj^ene  Series  of  hydrocarbons  comprise  the  open  chain 
unsaturated  compounds  which  contain  one  pair  of  adjacent  carbon  atoms 
conneotecl  by  two  valences.  The  graieral  molecular  formula  for  all  menir 
ben  ot  tius  e^es  is  CnHin  and  the  common  difference  CHi  exists  between 
adjacent  members.  The  first  member  of  this  series,  ethylene,  contains  two 
earbon  atoms,  and  its  empiric  formula  ia  CiBU.  The  next  member  is  pro- 
psrlene,  CiHt>  The  graphic  formulas  for  the  first  three  members  are  as 
follows: 


/  \ 

H  H 


H      H  B 

\     I  I 
C=C— C— H 

/  I 
H  H 


H      H   H  H 

\     I     I  I 
C>=0— c— C— H 

/  I  I 

H  H  H 


Ethylme  C1H4        Propylene  CjH« 


Butylene  CiHi 


It  will  be  noted  that  the  nomenclature  of  those  compounds  is  identical 
with  that  of  the  divalent  radicals  of  the  paraffin  series.  Their  relative 
Structure  should  not,  however,  be  confused,  as  the  fonnw  are  satisfied 
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moleoulM  while  the  tatter  are  merely  partial  compounds  or  oollectioDB  <d 
atoms  which  have  free  valencee.  Like  the  paraffins,  the  first  few  mem- 
bers of  the  olefine  series  are  gaaee  at  ordinary  temperature  and  pressure. 
The  members  containing  from  5  to  20  carbon  atoms  are  liquids  and  the 
higher  members  are  solids.  From  the  second  member  up  isomwiam  occurs, 
as  in  the  paraffin  series,  due  to  the  introduction  of  side  chains  wHf*d  of 
a  iHolongatim  of  the  main  chain  of  oarbon  atoms.  In  addition,  the  olefinn 
ediibii  the  phentnnMion  of  polymerism  In  which  a  number  of  moleeuleB 
combine  to  form  a  angle  molecule.  Thus  three  ethylene  moleoulee  pfAym-' 
erise  to  a  single  cyclic  molecule  containing  ax  carbon  atoms  in  the  cycU, 
as  follows:  3C1H4  C»Hii.  It  is  evident  that  the  percentage  of  hydrogen 
and  oarbon  in  these  two  molecules  is  the  same  but  thai  molecular  formulas 
and  molecular  mnsBce  are  different.  These  facts  distinguish  iKilymerism 
from  metamerism  (see  Art.  2,  isoHBBiaM).  Polymerism  of  hydrocarbons 
may  be  considered  as  isomerism  of  members  of  different  The  olefine 

hydrooarbona  are  much  leea  stable  chemioally  than  an  the  paraffin  hydro- 
carbons. Th^  are  readily  acted  upon  and  oomlane  with  snlphurio  add 
at  ordinary  tempwature  and  may  thus  be  separated  from  the  para£Sn 
hydrocarbons.  They  are  mutually  soluble  in  one  another  and  are  better 
solvents  for  the  solid  hydrocarbons  of  certain  other  series  than  are  the 
corresponding  members  of  the  paraffin  series.  The  solvent  actitm  frf  the 
liquid  olefinee  increases  with  the  number  of  carbon  atoms  in  the  molecule. 
The  olefines  are  normal  constituents  of  all  petroleums  but  seldom  if  ever 
predominate  in  bituminous  materials.  The  liquids  and  solids  are  essen- 
tially greasy  and  non-oementttious.  The  olefines  are  of  partieular  intmrt, 
however,  in  the  {act  that  by  polymerisation  they  produce  hydrooarlxKas 
of  other  aeriee  which  often  predominate  in  bituminous  materials  of  an 
asphaltic  nature  and  possess  certain  desiraUe  chuaeteristiee. 

The  AeetTlene  Seriea  of  hydrocarbons  comprise  the  optn  chain  unsat- 
urated compounds  which, contain  one  pair  of  adjacent  carbon  atoms  oon- 
nected  by  three  valences.  The  general  molecular  formula  for  this  seriee 
is  CnHin-i  and  the  common  difference  CHi  exists  between  adjacent 
members.  The  firat  member,  acetylene,  which  is  a  gas,  has  the  empiric 
formula  CiHt.   Graidiio  formulas  for  the  first  three  nmnbrns  are  as  fcdlows: 

H  H 

I  i 

H— CS>-C— C— H 


Acetylene  CiHi  Allylene  CiHt  Ethyl  Acetylene  CiHt 

Metamerism  exists  among  members  of  the  acetylene  series  and  like  the 
olefinee  a  number  of  motecules  may  polymerise  to  form  a  single  mdeeule 
of  another  series.  Thus  three  acetylene  molecules  will  polymerise  uiMier 
suitable  conditions  to  form  a  cyclic  molecule  containing  six  carbon  atmna 
in  the  cycle  as  follows:  3CiHi  =  CiH*.  The  acetylene  hydrocarbons  are 
even  less  stable  chemically  than  are  the  olefines.  Like  the  olefines  they 
are  readily  acted  upon  by  sulphuric  acid.  They  occur  to  only  a  very 
limited  extent  in  bituminous  miteriols  but  arc  of  especial  interent  because 
by  polymerization  they  produce  hydrocarbons  of  other  series  which  pre- 
diHuinate  in  tars  and  pve  tn  them  peculiar  characteriatioa  enentially  dif- 
ferent from  other  types  of  bituminous  materials. 
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Othw  Unutimted  Open  Chain  Serici.  There  are  a  number  of  other 
lu^ily  unsaturated  and  unstable  open  chain  aeriea  which  are  of  leoa  im- 
portance than  the  foregoing.  They  are  of  interest,  however,  as  being 
isomers  of  hydrocarbons  in  other  series  which  predominate  In  certain  bitu- 
minous materials.  Among  them  may  be  mentioned  the  dioleflnes  witii 
the  same  general  formula  as  the  acetylenes  CaHsa-tt  the  ole&ne  toety- 
lenes  CnHjn-fc  and  the  diaoetylenea  CnH2n-B- 


8.   Cyclic  Series  of  Hydrocarbons 

MonocycEc  Polymethylenes.  The  monocyclic  polymethyleaeH  oomprise 
a  number  of  series  of  hydrocarbons  which  include  all  of  the  saturated  mono- 
cyclic compounds.  There  are  five  of  these  series:  the  trimethylmw  aeriea 
with  throe  carbon  atoms  in  the  cycle;  the  tetramethylene  series  with  four 
carbon  atoms  in  the  cycle;  the  pentamethylene  series  with  five  carbon 
stoma;  the  hexamethylene  series  with  aiz  carbon  atoms;  and  the  hepta- 
metiiylene  series  with  seven  carbon  atoms  in  the  cycle.  All  <^  them  have 
the  general  f<»mula  CbHjb,  which  is  the  same  as  that  oS  the  deSneB.  Of 
tbese  series  the  hexamethylene  is  of  moat  common  oceuirenoe  and  gener- 
ally the  most  important.  The  hezamethylenes  an  oommonly  called  mafb:- 
THXNKS  and  the  first  member  of  the  naphtliene  series  is  termed  hexamethy- 
lene or  hexahydrobeniene.  It  has  the  empiric  formula  CtHit.  The  next 
member  is  CTHt4,  and  each  succeeding  member  differs  from  its  adjacent 
members  by  CHi.  The  graphic  formulas  for  the  first  three  members  of 
the  naphthene  series  are  as  follows: 

H   H  H   H         •  CH. 

\/  \/  /  \ 

H— C  C— H  H— C     C  C— -H       HiC  CHi 


c 

H  H 

HexamethyicDe  or  Hexahy drotol  uenc  Hexahydroxylene 
Hexafaydrobenaene 

C(Hti  CtBh  CiRia 


The  known  naphthenes  are  liquid  hydrocarbons.  Isomers  are  found  from 
the  third  member  up,  but  in  the  series  proper  isomeric  modification  occurs 
in  the  side  chuns  and  never  results  in  a  modification  of  the  six  carbon 
ey^  or  nucleus.  The  first  member  may  be  ooiuidered  as  being  composed 
of  nx  methylene  radicals  (see  Ait.  2,  ism  paBamH  sumta)  or  as  the  result 
of  pcJymerisation  of  three  ethylene  molecules.  Altho  not  so  stable  chem- 
ically aa  the  p^raflSw  hydrocarbons,  the  naphthenes  are  not  acted  upon 
by  sulphuric  acid  as  are  the  unsaturated  open  chain  hydrocarbons.  They 
are,  however,  broken  up  by  the  action  of  nitric  acid,  and  it  is  believed  that 
the  higher  members  are  readily  acted  upon  at  elevated  temperatiures  by 
sulphur  and  oxygen  (see  Art.  20).  They  are  mutually  sohiUe  in  one 
MH^her  emd  are  better  scdvents  for  the  solid  hydrocarbons  of  oertaia  other 
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tema  tiian  are  the  Mnwponding  memben  of  the  paraffin  aeries.  Their 
Bolveot  acUoa  inoieaSM  with  the  Dumber  of  carbon  atoiDB  in  the  molecule. 
The  naphthenes  are  normal  constitueots  of  petroleums  and  occur  to  a 
marked  extent  in  those  of  the  aemiasphaltic  type.  They  are  closely  asso- 
ciated with  those  hydrocarbons  which  predominate  in  asphaltic  petroleums 
and  asphalts. 

Th*  Po^CTcIie  Polrmethylea*  S«riei  include  all  of  the  various  pi^- 
methylene  aeriM  which  contain  two  or  more  polymethylone  nuoln.  Their 
geiwral  formuIaBareCnHki-t,  C«Hta-4.  CaHto-e>«te.  The  nuclei  may  be 
individual  and  connected  by  a  aingle  valence  or  they  may  be  oondenaed 
uid  have  two  or  three  carbon  atoms  in  common.  Tbe  fdlowins  ip^phic 
formulas  illustrate  the  three  types  above  mentioned. 

CH»  CHi  CHi     CHt  CH»— CH — CH» 

/\  /\  /\/\  III 

HiC      CH  HC      CHi      HjC      CH      CHt      CHi   CHt  CHi 

II  II  t        I  I  I        I  I 

HiC      CHt    H,C      CHt      HtO       CH      CHi  CHi— CH— CHi 

\/  \/  \/\/ 

CHt  CH»  CH>  CHt 

CitHti  CioHia  CfHit 

The  third  formula  represents  a  type  of  hydrocarbons  which  are  known  as 
bridge  compounds.  But  Uttle  is  known  of  the  individual  members  of  the 
tmlycyclio  polymethylene  series  except  Uiat  their  structure  is  extremely 
complicated  and  that  many  of  them  possess  unsaturated  aide  chains  which 
make  them  susceptible  to  the  action  of  sulphuric  acid  without  destroying  the 
carbon  nuclei.  The  bridge  compounds  in  particular  are  believed  to  predom- 
inate in  asphaltic  petroleums  astd  asphalts  and  to  impart  to  these  bitumi- 
nous mateiiak  their  cementitious  chancier.  Their  chemical  stal^ty  depends 
upon  their  degree  of  saturation.  The  hi^er  solid  members  are  soluble  or 
may  be  fluxed  with  the  heavier  Uquid  members  of  the  preceding  aeries. 
Many  of  them,  however,  are  insoluble  in  the  Uquid  hydrocarbons  of  low 
molecular  weight,  particularly  those  of  the  paraffin  series.  This  fact  is 
made  the  basis  of  the  determination  of  asphaltenes  in  petroleums  and 
asphalts  (see  Art.  45). 

The  Benzene  Series  of  hydrocarbons  have  a  structure  analogous  to  that 
of  the  bexamethylenes  or  nai^thenes.  They  are  monocytic,  and  the  eyde, 
known  as  the  benzene  nudeus,  contains  six  carbon  atoms.  Three  double 
valenoee  occur  between  adjacent  carbon  atoms  so  that  the  cycle  is  unsat- 
urated. The  general  molecular  formula  for  all  members  of  tiiis  series  is 
CoHbi-e-  The  common  difference  CHt  exists  betwem  adjaoent  members. 
The  first  member  is  benxene  CtHg.  Its  graphie  formula,  together  with  thoae 
of  the  next  two  members,  is  as  follows: 

CH  CH  CH 

^  \  /  \  /  \ 

HC      CH  HC  C— CHi  HC      C .  CHjCHi 

I       II  I        II  I  II 

HC      CH  HC      CH  HC  CH 

\  /  \  /  -  \  / 

CH  CH  CH 

Benzene  Toluene  Xylene 

C«H,  CH,  CHm 


D>qiti;M  by 


Art.  8 


Cyclic  Series  ^drocarbons 


60S 


From  tbe  third  member  up  isomers  occur,  there  being  (our  isomeric  forms 
ol  xylene.  Benzene  may  be  cotuddered  as  the  product  produced  by  the 
polyiueiuatio&  of  three  aoetylene  raoleeules  in  which  the  triple  valences 
break  down  to  double  valences.  It  is  also  direcdy  related  to  the  naphtbene 
series.  By  breaking  down  the  double  valences  to  single,  and  satisfying 
tbe  free  valences  thus  produced  by  hydrogen,  the  benzene  becomes  hydrog- 
enised  to  hezahydrobensene  or  hexamethylene.  The  nomenclature  of  the 
members  of  the  naphtbene  series  is  thus  established.  A  benzene  molecule 
from  which  one  hydrogen  atom  has  been  removed  givw  a  monovalent 
radical  called  phenyl.  While  the  benzene  hydrocarbons  are  less  stable 
c^iemically  than  tiie  paraffins  and  napbthenes,  the  benzene  nucleus  does 
not  readily  Ineak  down.  All  of  the  aeries  mot  with  fuming  Bu]^)huric 
wdd  to  form  sul phonic  acids  in  which  the  benzene  nudeus  is  preserved. 
The  lighter  members  of  the  benzene  series  are  liquids  and  the  hi^ier 
members  are  solids  at  ordinary  temperature.  They  ore  mutually 
soluble  in  one  another  and  the  lighter  liquids  are  excellent  solvents 
for  most  of  the  solid  hydrocarbons  of  other  series.  This  series  occurs  to 
a  marked  extent  in  tars.  It  is  one  of  a  number  of  series,  known  as  aro- 
matic hydrocarbons,  wbioh  predominate  in  tars  and  ^ve  to  them  certain 
peculiar  characteristics. 

The  Polypheny!  Scries  embrace  a  number  of  series  of  hydrooarbo&s  whose 
members  contain  two  or  more  phenyl  radicals  or  benzene  nuclei  connected 
fay  rini^  valences.  The  general  ftMrmulas  for  these  aeriee  are  CaHsn-il, 
C^in-is.  CmHki~i8.  etc.   The  simplest  type 

of  hydrocarbon  in  the  pobrphenyl  series  is         CH  CH 
dipbenyl,  which  is  the  first  member  of  the       ^  \  /  \ 

dicyclic  series  or  dipbenyl  series.    Its  graphic   hC      C  C  CH 

fomnila,  which  has  its  analogue  in  the  dicyclic      |       H  II  I 

poIymeUiylenes,  is  as  follows:  HC      CH     HC  CH 

The  polyphenylfl  are  normal  constituents  of  /  \  ^ 

tars  but  are  of  less  importance  than  other  imly-         CH  CH 
cyclic  aromatio  hydroearbcms,  suoh  as  the  naph-  IKobenyl 
thalene  and  anthracene  series.  CiiHia 

Tha  Ha^thalene  Series  of  hydrocarbons 
contain  a  condensed  nucleus  composed  of  two 

benzene  nuclei  having  two  carbon  atoms  in  common.  Ita  general  form- 
ula is  CnHki-u.  Naphthalene,  Ci«Ht,  is  the  first  member  of  this  aeriee. 
Its  graphic  formula  is  as  follows: 

Naphthalene  itself  deserves  especial  consideration 
CH     CH  because,  of  any  single  hydrocarbon,  it  probably  oc- 

^  \        curs  to  the  greatest  extent  in  tars  whidi  are  of  inters 

H'^      C      CH     ^     h^way  engineering.   It  is  a  white  crystalline 
I        I        I        body  which  melts  at  79"  C  (174'*  F)  and  boils  at  218" 
HC       C      CH     ^  (426*  F),  but  volatihzes  readily  at  ordinary  tem- 
^  ^         perature.    Altho  solid,  it  is  a  powerful  solvent  or 

CH     CH  flu*   ^or   the   solid   hydrocarbons  of  other  series 

»T  v»».  1  rtrw  present  in  tars.  The  members  of  the  naphthalene 
Naphthalene  CHue  ^  ^p^^  ^  concentrated  eulphurio 

acid. 

The  Anthracene  Series  of  hydrocarbons  have  a  rather  complicated  con- 
densed nudeus  oonststing  of  two  unaltered  and  one  altered  benzene  cydes, 
two  oarbim  atoms  bmng  common  to  adjacent  cycles.  The  general  formula 
of  Uiia  aeriea  is  CWH^-is  and  the  graptue  formula  for  its  first  member. 
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aaOutame,  is  u  0VflD  below:  The  memben  of  tbe  anthraoeiw  wriea  are 
■oUds  whidi  oocur  mainly  in  tazs.   They  are  mutually  soluble  in  mem- 
hen  of  the  bensene  and  naphthalene  aeriee  and  an> 
CH  CH  CH        acted  upon  1^  oonoentnted  sulphuric  acid. 
.^\y\/\          Other  Unoattirated  Cyclic  Series.   There  are  a 
HC     C     C    CH    number  of  other  unsaturated  cyclic  seriea  whose 
I      II     II      I       membera  occur  in   vaiioua   bituminous  materials. 
HC           C     CH    Many  of  them  are  solids  which  in  mixture  or  acAu- 
\/\                             other  fluid  hydrocarbons  impart  cementi- 
CH  CH  CH       tiouanew    to  the  mass.     

Anthracene  C.*H«  ^^^^J^^^   1   V 

^juuottTuc  compiicatad  structure  bat  I 

are  usually  related  in  some  way  to  Has  heza-  •  ^  • 

methylene  or  bensene  nuclei.   As  an  ezamide    ]  I  II 

of  this  class  may  be  mentioned  cami^eae,  whose  ^  •  CHr— CH 

graphic  formula  is  as  follows:  Compheoe  CiaHi« 

This  compound  belongs  to  a  group  of  hydro- 
carbons known  as  turpenes,  which  are  preaent  to  a  marked  extent  in  resinous 
or  roeinlike  bodies.   Memben  of  the  tuipene  group  have  been  found  in 
IntuminouB  materials  iritioh  poesess  oementitious  quajitiea. 

4.  LtterreUtioiiBhip  of  Hydrocarbons 
Relations  Bxistiag  Between  Members  of  the  Some  Series.  Certain 
general  relations  exist  between  different  members  of  any  given  series 
of  hydrocarbons  which  are  as  a  rule  quite  similar  to  the  relations  existing 
between  members  of  any  other  series.  The  following  rules  are  generaUy 
true  for  the  normal  members  of  a  given  hydrocarbon  aeries,  but  the  isomera 
sometimes  create  exoeptiona.  (1)  Members  <rf  a  given  aeries  are  usually 
completely  aoluUe  in  one  another.  (2)  As  the  number  of  carbon  atoms 
in  Uw  molecule  or  the  molecular  weight  increases,  the  specific  gravity 
usually  increases.  (3)  As  the  molecular  weight  increases,  the  coefficient 
of  expansion  decreases.  (4)  As  the  molecular  weight  increases,  the  Uque- 
fying  temp^atures  of  the  gaseous  hydrocarbons  rise.  (5)  As  the  molecular 
weight  increases,  the  boiling  points  of  the  liquid  hydrocarbfrns  become 
higher.  (6)  As  the  molecular  weight  increases,  the  melting  points  of  the 
solid  hydrocarbons  become  higher.  (7)  All  memben  of  a  given  series  pos- 
sess certain  properticw  in  common  by  which  the  series  to  which  tbey  b^onc 
may  be  identified.  These  relations  greatly  influence  the  relations  between 
flilTerent  grades  of  the  some  type  of  bituminous  material  as  given  under 
individual  tests.   See  Arts.  32  to  48  inc. 

Relations  Sxistinf  Between  Different  Series.  The  interrelationship  of 
oertain  hydrocarbon  series  has  been  shown  to  stnne  extent  in  Arts.  1  and  2. 
All  of  the  series  are  related  to  ooe  another  either  diroctly  or  indirectly,  and 
this  fact  has  a  most  important  bearing  upon  the  production  and  manufac- 
ture of  bituminous  materials.  These  relations  should  be  clearly  under- 
stood in  order  to  appreciate  the  similarities  and  differences  existing  in 
bituminous  materials  of  different  types  and  also  the  modifying  *<effecta 
ivodueed  hy  the  various  {nvcssseB  of  manufarture  and  methods  of  mon^ 
ulation.  AU  hydrocarbons  are  composed  of  the  same  elements. 
innuxDoable  compounds,  each  possessing  its  own  individual  and  peculiar 
characteristics,  ore  mere^  the  rvsult  of  different  structural  o(»nhinatk>DS  <d 
hydrogra  and  carbon  atoms  in  varying  proportions  and  quantities.  By 
brealdug  up  the  various  structures  and  recomUning  the  atoms  or  radicals 
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new  compounds  are  formed.  Thus  members  of  one  series  under  favorable 
conditions  are  transformed  into  members  of  other  seriefl.  Paraffins  may  be 
broken  down  to  defines  under  suitable  conditions  of  temperature  and 
pre«sure.  Olefines  may  polymerise  to  naphthenes  and  acetylenes  to  ben- 
lenes.  Benzenes  may  be  faydrogenized  to  naphthenes  or  condensed  to 
naphthalenes  and  anthracenee.  Naphthenes  may  be  converted  into  poly- 
ejroUc  polymeihyleneH.  and  bensmes  and  naphthenes  may  in  turn  proiduoe 
turpenea.  It  Is  for  these  reascms  that  nature  starting  witii  the  same 
identical  raw  material  may  produce  in  one  case  parafi&n  petroleum  and  in 
another  asphaltic  petrotetun  or  asi^alt.  Thess  arc  the  reasons  why,  by 
artiflaal  processes,  two  such  unlike  materials  as  bituminous  coal  and  petro- 
leum may  be  made  to  yield  tars  quite  similar  in  character,  and  why  certain 
petroleums  may  be  made  to  yield  asphalts.  Comparatively  little  has  been 
published  upon  the  general  interrelationship  of  bituminous  materials  from 
the  standpoint  of  hydrocarbon  chemistry.  A  great  deal  of  information 
regarding  members  of  the  different  aeTiea  is,  lK>wever,  to  be  found  in  test- 
books  on  (ffssnio  chemiBtiy. 


Komenclatnre.  The  nomenclature  of  bitominous  materials  is  introduoed 
at  this  pobkt  in  ordor  that  the  general  relatkmahip  of  materials  and  their 
pnvertiea  may  be  understood  and  in  order  that  the  definitionB  may  be 
readily  acoeesiUe  for  consultation  during  the  perusal  of  this  Section.  The 
following  terms  are  arranged  in  groups  according  to  a  lo^cal  sequence 
rather  than  alphabetically.  Those  marked  with  an  *  have  been  adopted 
as  standard  by  the  American  Society  for  Testing  Materials;  those  marked 
with  a  t  have  been  recommended  to  the  American  Society  for  Testing 
Materials  by  the  Committee  on  "  Standard  Tests  for  Road  Materials  "; 
and  those  marked  with  a  t  have  been  proposed  to  the  American  Society 
ot  Civil  En^neerg  by  the  Special  Committee  on  "  Materials  for  Road  Con- 
struction and  Standards  iar  Their  Test  and  Use." 


Bitumen.*  f  A  mixture  of  native  or  pyrogeoous  hydrocarbons  and  their 
non-metallio  derivatives,  which  may  be  gases,  liquids,  visoous  liquids,  or 
solids,  and  which  are  soluble  in  carbon  disulphide. 

Bituminoojl.*    Containing  bitumen  or  constituting  the  source  of  bitumen. 

Bituminous  MateriaLf  Material  containing  bitumen  as  an  essential 
eonstituent. 

liquid  Bitominoui  Material.*  One  having  a  penetration  at  25<*  C  (77"  F), 
under  a  load  of  60  g  applied  for  1  sec,  of  more  tiuu  350. 

Semiw^  Bituminous  MatailaL*  One  having  s  penetration  at  25*  C 
(77°  F),  under  a  load  of  100  g  applied  for  6  sec,  of  more  than  10,  and  a 
penetration  at  25"  C  (77*  F),  imder  a  load  of  GO  g,  api^ied  for  1  sec,  of 
not  more  than  350. 

SoHd  Bitnminous  Material.*  One  having  a  penetration  at  25^  C  (77*  F). 
under  a  toad  of  100  g  applied  for  5  see,  of  not  more  than  10. 

Bituminous  Bmiilfion.t  A  liquid  mixture  in  which  minute  globules  of 
UtumOD  are  held  in  suspension  in  water  or  a  watery  solution. 

Tlax<*t  Bitumen,  generally  Uqidd,  used  in  ounbination  with  a  harder 
Utumen  for  the  purpose  of  softeniiig  tiw  latter. 
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Oat-Back  Prodscti*  Petroleum  or  tar  reaiduum  whioh  has  been  fluxed 
with  a  distillate. 

Petnil*uni.t    Liquid  bitumen,  occurring  as  such  in  nature. 

Topped  PatroIenoLt    Petroleum  deprived  of  ita  more  volatile  constituenta. 

Blown  P«trolenm.*t  A  aemisolid  or  solid  product  produced  primarily  by 
the  action  of  air  upon  a  Hquid  native  Itttumeo  whioh  is  heated  during  the 
blowing  itiooees. 

Asphalts 

Asphah.*  t  Solid  or  semisolid  native  Utumra,  solid  or  semisolid  bitumen 
obtained  by  refining  petroleum,  or  solid  or  semisolid  bitumen  which  is  a 
combination  of  the  bitumens  mentioned  with  petroleums  or  derivatdvea 
thereof,  which  melts  upon  the  application  of  beat  and  which  eonsiate  of  a 
mixture  of  hydrocarbons  and  their  derivatives  of  complex  structure,  largely 
cyclic  and  bridge  compounds. 

ITatiTe  Asphslt.*   Asphalt  occurring  as  such  in  nature. 

Asphslt  Csmant*  A  fluxed  or  unfluxed  ssphalt  eepedaOy  prq>ared  ss 
to  quality  and  consistency  for  direct  use  in  the  manufacture  of  Utumhtous 
pavements,  and  having  a  penetration  at  36*  C  (77°  F)  of  between  5  and 
250.  under  a  load  of  100  g  applied  for  ft  see. 

Kock  Aiphalttt  Sandstone  or  limestone  naturally  impregnated  with 
asphidt. 

Tsrs 

Tar.*  t  Bitumen  which  yields  pitch  upon  fractionsi  dis^lation  and  which 
is  produced  as  a  distillate  by  the  deatructive  distillation  of  Utumm,  pyro- 
bitimten  or  other  organic  material. 

Dehydrated  Tar.*  t   Tar  from  which  all  water  has  been  removed. 

Refined  Tar.*  t  Tar  freed  from  water  hy  evaporation  or  distillation  until 
the  residue  is  of  desired  consistency;  or  a  product  produced  by  Sunng 
tar  residuum  with  tar  distillate. 

Coal  Tar.*  t  The  mixture  of  hydrocarbon  distillatee,  mostly  unsaturated 
ring  compounds,  produced  in  the  destructive  distillation  of  coal. 

Gas-House  Coal  Tar.*t  Coal  tar  produced  in  gas-houae  retorts  in  the 
manufacture  of  iUuminating  gas  from  Utuminous  coal. 

Coke-Oren  Tar.*t  Coal  tar  prodaoed  in  by-product  coke  ovens  in  the 
manufacture  of  ooke  from  bituminous  cobL 

Ofl-Oas  Tar.*  f  Tar  produced  1^  cracking  oil  vapors  at  hii^  temperaturee 
in  the  manufacture  of  oil  gas. 

Water-Gas  Tar.*  t  Tar  produced  by  cracking  oil  vKpam  at  high  tonpera- 
tures  in  the  manufacture  of  carbureted  water-gas. 

Pitch.*  t  A  soUd  residue  produced  in  the  evaporation  or  distillation  of 
bitumen,  the  term  being  usually  applied  to  residues  obtuned  from  tars. 

Stralght^tnn  Pitch.*  A  pitch  run  to  the  oonristency  desired,  in  the  initial 
prooess  of  distillation,  without  subsequent  fluxing. 

Daad  Oil.*  t  Oil  with  a  density  greater  than  wBt«r,  which  is  distilled  from 
tar. 

D^biitiona  Relating  to  Tastfl 

AsplialteaM.*  t  The  components  of  the  bitumen  in  pebtdeum,  petroleum 
product,  maltiia,  asi^ialt  cement,  and  solid  native  lutumen,  which  is  s^Ue 
in  oarfoon  disulphide  but  inooluble  in  r*^"'"  nai^tha. 
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Carb«iies.*t  The  oomponenta  of  the  bhamen  in  petroleum,  petroleum 
IModuot.  maltha,  asphalt  cement,  and  eolid  nativB  bitumen,  whidi  is  soluble 
fa  owrbon  diaulpiiide  but  insduble  in  carbon  teteaehloricU. 

Free  Carboa  in  Tu.*t  Organio  matter  which  is  insoluble  in  carbon 
diBuIphide. 

Fixed  Carbon.*  t  The  orgaiuo  matter  of  the  residual  coke  obtained  upon 
burning  hydrocarbon  producta  in  a  covered  vessel  in  the  absence  of  free 
oxygen. 

Normal  Temperature.*  t  As  applied  to  laboratory  obeervationa  of  the 
phyacal  cfaaracteristics  of  bituminoua  materials,  is  25"  C  (77°  F). 

Cooristency.*t  The  degree  of  solidity  or  fluidity  of  Utuminous  mate- 
rials. 

mscoritr.  1 1  The  measure  of  the  reaistanee  to  flow  of  a  bituminoua  mate- 
rial, usually  stated  as  the  time  of  flow  of  a  given  amount  of  the  material 
thru  a  given  orifice. 

Penetration,  t  The  consistency  of  a  bituminous  material  expressed  as 
tbe  distance  that  a  standard  needle  vertically  penetrates  a  samj^  of  the 
material  imder  known  conditions  of  loading,  time  and  temperature.  When 
tbe  conditions  of  test  are  not  specifically  mentioned,  the  load,  time  and 
temperature  are  understood  to  be  100  g,  5  sec,  25°  C  (77°  F),  and  the  units 
of  penetration  to  indicate  hundredths  of  a  eentimeter. 

Miia  DMdoos.  As  the  tenn  bituminous  is  used  not  only  in  oomiectioa 
with  materials  conmsting  of  or  containing  Utumen,  but  also  with  materials 
constituting  the  source  of  tHtumen,  two  main  divisions  of  bituminous  mate- 
rials are  thus  established.  The  two  divisions  are  distinguished  by  the 
fact  that  members  of  the  former  are  either  wholly  or  to  a  considerable 
extent  sc^uble  in  carbon  disulphide,  while  members  of  the  latter  are  not. 

Materials  Consisting  of  or  Containing  Bitumen  may,  from  the  standpoint 
of  highway  engineering,  be  divided  into  two  groups:  (1)  Petroleum  and 
ao^ialt  products;  <2)  tar  products.  They  may  also  be  classified  accord- 
ing to  the  use  (or  i^ich  they  are  best  suited,  sudi  as  dust  palliatives,  carpet 
or  mat  building  materials,  and  materials  incorporated  in  the  wearing  course 
proper  during  construction.  The  most  logical  method,  however,  b  to 
dassify  them  under  the  headings:  (1)  Native  tdtnmens  and  bituminous 
materials,  and  (2)  artificial  and  refined  bitumens  and  bituminous  materiala. 
This  method  has  been  followed  in  Arts.  6  and  7. 

Materials  Constitnting  the  Sonrce  of  Bitumens  and  Bituminous  Materiala 
vary  greatly  in  character.  The  term  bituminous  is  not  customarily  applied 
to  all  of  these  materials  but  mainly  to  that  class  of  substances  known  as 
pyrotntumens.  Thus  wood,  if  destructively  distilled,  is  tiie  source  of  cotain 
Utumens,  but  it  is  not  ordinarily  termed  a  latuminous  material.  On 
the  other  hand,  coal,  irtilch,  if  deatructivdiy  distilled,  will  produce  bitumens, 
is  termed  bituminoua  coaL  Bituminous  coal  is  a  pyrobitumen  and  from 
the  standpoint  of  highway  en^eering  is  the  only  one  of  any  great  impor- 
tance. It  is  therefore  unnecessary  to  further  classify  the  pyrobitumens 
e«»pt  to  state  that  they  are  produced  in  nature  either  by  the  direct  meta- 
morphosis of  vegetable  matter  or  else  by  the  action  of  heat  upon  the  Intu- 
mens  themselves.    In  fho  latter  ease  they  are  called  indurated  Utumens 

aaphaltie  coals. 

6.  Native  Bitumens  and  Bituminous  Materials 
riassM    The  native  bitumens  and  bituminous  materials  divide  them- 
■dra  aeoording  to  their  physiDat  atate  into  tbree  main  classes:  gases. 
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liquids,  and  BoUds.  No  ^Molutely  sharp  distinction  can  be  made  between 
the  UquidB  and  solids  because  of  an  intermediate  claee  known  as  semiaolidB, 
which  snulually  merge  from  the  extremely  visooue  liquids  to  the  huder 
solids.  It  is,  however,  customary  to  oouider  most  of  the  nmisoUds  with 
the  solids.  This  method  has  been  adopted  in  the  folIowiDg  classification. 
In  this  claarafication  certain  materials  which  are  only  indirectly  of  interest 
in  highway  en^neering  have  been  included.  Those  which  are  of  most 
importance  are  considered  in  detail  in  subsequent  articles. 
Gases.   The  two  native  hydrocarbon  gases  of  interest  are: 

1.  Marsh  gaa,  mostly  methane,  foEi»ed  by  the  decomposition  of  vegetable 
matter  under  water; 

2.  Natural  gas,  mostly  CnHta+i  hydrocarbons,  formed  under  similar 
oonditionB  to  petroleum  and  often  accompanying  it. 

Floidi.  The  fluid  native  bituminous  materials  embrace  the  petroleums 
aod  malthas.  The  iietooleums  run  from  thin  fluids  to  those  wlueh  are 
very  viscous  and  almost  semisolid.  There  are  two  well-defloed  classes  of 
petroleums,  paraffin  and  asphaltic.  There  is  also  an  intermediate  class 
commonly  termed  eemiasphaltic.  In  the  f<41owiDg  classification  the  mammm 
are  included  under  the  extremely  visoous  asphaltio  and  semiasphaltio 
petroleums: 

1.  Paraffin  petroleums,  oonnsting  jninoipaUy  of  hydrocar- 
bons, which  series  predominates  among  the  solid  hydrocarbons  held  is 
8oluti<m; 

2.  Asphaltic  petroleums,  consistinK  t>rincipaUy  cyclic  hydrocarbons  of 
the  CnHm.  QiHjn-),  CnHm-*.  etc,  series.  The  unsaturated  polycydie 
series  predominate  among  Uie  solid  hydrocarbons  held  in  solution  to  the 
practical  exclusion  of  paraffin  hydrocarbons.  When  these  petroleums 
are  very  viscous  and  are  found  impregnating  porous  rock  to  the  extent 
of  not  over  25%,  the  entire  mass  of  bituminous  rock  is  often  called  rock 
asphalt; 

3.  Semia^>haltic  petroleums  containing  a  considerable  proportion  of  fluid 
and  sooie  CnHju+t  hydrocarbons;  but  also  carrying  a  large  amount 
of  cyolio  CbHsd<  CnH^-i,  CnHjhi-4.  etc,  hydrocarbons,  the  unsaturated 

polycyclic  series  predominating  among  Uie  solid  bodies  held  in 
solution. 

Solids.  The  solid  native  bituminous  materials  divide  themselves  into 
two  main  classes,  paraffin  and  asphaltic.  The  iaitex  only  are  of  importance 
from  the  standpoint  of  highway  engineering. 

1.  Paraffin  bodice  with  distinctive  names  such  as  osoceritc  and  hatchet- 
tite,  consisting  mainly  of  C-nHjn-fi  hydrocarbons,  probably  produced  in 
nature  from  paraffin  petroleums. 

2.  Asphaltio  bodies  consisting  almost  entirely  of  cyclic  hydrocarbons  of  the 
CnHfa,  CnH2n-s<  C-nHm— i,  etc,  series.  Theao  substances  range  from  semi- 
solids to  hard  brittle  black  minerals  somewhat  resembling  r^al  in  appearance. 
The  unsaturated  polycyclic  hydrocarbons  predominate  but  vary  consider- 
ably in  their  relative  proportions.  Many  of  them  carry  high  percentages 
of  mineral  matter,  and  when  this  is  in  excess  of  the  bitumen  they  are  often 
termed  rock  asphalta.  The  solid  asphaltic  bitumens  are  soluble  in  or  may 
be  fluxed  with  tlie  liquid  bitumens.  They  have  probably  been  produced 
in  nature  from  asphaltic  petroleums  and  with  some  few  exceptions  are 
called  asphalts.  Some  of  them  have  distinctive  ndneralogicdl  names  such 
as  ^sooite  and  grahamite. 
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7.  Artificial  and  Refined  Bitumens  and  Bituminous  Materials 

GroopB.  The  artificial  and  refined  bitumens  and  Ututninous  materiaLi 
of  direct  interest  in  highway  engineerinK  can  be  moet  oonveniently  grouped 
and  classified  according  to  their  derivation  and  method  of  production. 
Of  the  following  divisions,  group  A  coDsiats  of  crude  artificial  bitummui 
whose  refined  products  are  covered  by  group  C.  Group  B  covers  refined 
products  of  the  fluid  native  bitumens,  group  D  of  the  solid  native  bitumens, 
and  group  E  covers  refined  mixtures  of  members  of  group  A  with  the  native 
products.   Group  F  covers  bituminous  emulsions. 

A.  Materials  Derived  from  flie  Destructive  DisttUadon  of  Bttomena  and 
Prrobitumeos  which  consist  of  a  mixture  of  liquid  hydrocarbons  are  oal|ed 
tars.    Those  of  most  importance  are  as  follows: 

1.  Water-gas  tars  produced  from  petroletmis  or  petroleum  products  in  the 
carburation  of  water-gas,  which  are  thiu  liquids  consisting  mainly  of  unsat- 
urated cyclic  hydrocarbons  of  the  CnHja -t,  CnH.ta-is.  CoHja-is,  and 
similar  series. 

2.  Coal  tazs  produced  ia  the  manufacture  of  gas  or  coke  from  bitumlnoiu 
coal,  usually  viscous  liquids  consisting  mainly  of  hydrocarbons  of  the 
CnHtQ-t,  CnHfa-ii,  CnHtB-is.  and  similar  series  together  with  their 
oxygen  and  nitrogen  derivatives. 

B.  Materials  Derived  Piimuily  from  the  Fractioii^  DisfiUatioa  of 
Fluid  Native  Bitumens  include  the  following  refined  products: 

1.  Fetroletmi  .distillates  which  are  thin  fluids. 

2.  Petroleum  residues  which  may  be 

Fluid  residual  oils. 
Asphalt  cements, 
R^ned  asphalts. 

C.  Materials  Derived  Primarily  from  the  Fractloaal  DMUlatlon  of 
Tars  include  the  following  products: 

1.  Tar  distUlates  which  are  thin  fluids. 

2.  Tar  residueB  which  may  be 

Fluid  refined  tars, 
Semisolid  refined  tan, 
Tar  pitches, 

D.  Materials  Derived  Prlautrilj  by  Reflnbig  and  Fludng  SoUd  Hatlve 
Bitumens  and  Utmnlnons  Materials  include  the  followifkg: 

1.  Refined  native  asphalts. 

2.  Asphalt  cements. 

B.  Miztnrei  of  Tsr  and  Petroleum  or  Asphalt  Prodncts  are  known  as 
tar-asphalt  compounds  and  usually  vary  from  fluid  to  semisolid  consistency. 

F.  Bituminous  EmnWoas  are  mixtures  of  bitumens  with  soap  solutions, 
the  resulting  products  thus  being  made  readily  misoible  with  water.  They 
include: 

1.  Petroleum  emulsions. 

2.  Asphalt  emiduons. 

3.  Tar  emuleioas. 

6.   Classiflcation  According  to  Purpose  for  Which  Used 

Uses  In  Highway  Engineering.  Bituminous  materials  ate  used  in  a 
vatie^  of  waya  in  the  treatment  and  construction  of  highwmrs,  the  more 
importont  being  as  dust  palliatives,  in  the  construction  <rf  bituminous 
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mats  or  carpets,  in  the  highway  structure  proper,  as  fillers,  aa  fluxea  and 
as  impreenating  materials.  In  the  following  clasaification  are  given  those 
materials  which  are  ordinarily  usod  for  the  purposee  above  mentioned: 

Dttst  PalliatiTM  include  crude  fluid  petroleums,  heavy  petroleum  dis- 
tillatea,  topped  or  partially  distilled  petroteums,  petndeum  emulxioos, 
crude  tars,  partially  dehydrated  tars,  fluid  refined  tars  and  tar  emiiUou. 

Mftteriala  for  Surface  Hats  or  Carpets  include  viseouB  fluid  residual 
petroleums,  fluid  cut-back  asphalts,  asphalt  emulsions,  viscous  refined  tare 
and  viscous  tar-asphalt  mixtures. 

Blaterials  for  Incorporation  During  Constmctioii  include  cut-back  asphalts, 
asphalt  cements,  asphalt  emulsions,  very  viscous  refined  tars,  soft  tar 
pitches  and  very  viscous  tar-asphalt  mixtures. 

fUlMS  include  certain  types  of  asphalt  cemmts  ^nd  tar  pitches. 

Tlnni  include  petroleum  distillatwt  (euttins-lMck  fluxes)  and  'viaoous 
fluid  rasidual  petroleums. 

Impregnating  Materials  for  Wood  Block  include  heavy  tar  distillates 
(creoBoting  oils)  and  mixtures  of  tars  wi^  tar  distillatea. 


Sedimentation.  With  few  ezoeptioiu  crude  Utuminous  materials,  both 
native  and  artificial,  oontain  impurities  of  a  non-bituminous  nature.  In  the 
crude  state  they  are  seldom  adaptaUe  for  direct  use  in  highway  engineering 

and  are  usually  subjected  to  purification  and  refining  processes.  Water 
is  the  most  common  impurity  in  both  fluid  and  solid  bituminous  materi^s. 
Mineral  matter,  vegetable  matter  and  occluded  gases  are  other  naturally 
occurring  impurities.  As  most  of  these  impurities  are  not  soluble  in  the 
bitumen  proper  and  ss  they  differ  from  the  bitumen  in  specific  gravity, 
they  may  be  removed  wholly  or  in  part  by  the  process  of  sedimentation 
or  separation  by  gravity.  In  the  more  fluid  bituminous  materials  natural 
sedimentation  occurs  during  storage.  In  the  viscous  fluids  and  solids  heat 
is  required  to  make  the  Utumen  sufficiently  liquid  to  allow  the  8eparati<m 
to  take  place.  Water  and  mineral  matter  are  the  common  impuritiea  of 
petroleums.  Upon  standing  in  large  storage  tanks  both  settle  to  the 
bottom,  leaving  the  practically  pure  bitumen  above.  The  mineral  matter 
consists  of  silt  and  sand  called  bottom  settlings  or  B.  S.  Very  viscous 
p>etroleum8  persistently  retain  a  small  amotmt  of  water  which  may  be 
removed  during  the  early  stages  of  distillation  if  it  is  to  be  distilled.  In 
many  cases  it  is  more  expeditious  to  remove  it  by  topping  the  oil,  in  what 
is  known  ss  a  topping  idant,  before  charging  it  into  the  still.  In  some 
cases  storage  tanks  are  fitted  with  steam  otnls  by  means  of  which  the  oil 
is  warmed  to  a  state  of  fluidity  which  facilitates  the  settlement  of  impuri- 
ties. Water  and  free  carbon  are  the  common  impurities  (rf  crude  tars. 
The  water  may  to  a  great  extent  be  removed  during  storage,  in  which 
caHe  it  rises  to  the  surface  owing  to  the  heavier  gravity  of  the  tar  bitumen. 
The  free  carbon  permeates  the  tar  in  a  very  finely  divided  state  and  can 
not  well  he  removed  except  by  filtration  under  pressure.  This  is  seldom 
resorted  to.  The  free  carbon  therefore  appears  in  the  refined  tar.  A  small 
amount  of  water  almost  invariaUy  remains  in  the  tar  and  this  may  be 
removed  during  distillation  or  by  a  special  dehjrdrating  treatment  previous 
to  distillation.  Solid  native  bitumens,  if  they  contain  impurities,  have 
to  be  heated  to  a  rather  hi|^  temperature  before  they  become  suffidently 
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fiuid  to  aeparate  from  theoe  impuritiee.  In  order  to  imvent  local  over- 
beatiog  tbey  are  usually  sgttAtod.  Water  and  gases  are  driven  off  during 
the  process.  Some  mineral  matter  settles  out  and  the  larger  fragments 
of  veftetablo  matter  rise  to  the  surface  and  are  skimmed  off.  The  mineral 
matter  is  sometimes  so  finely  divided  that  it  will  not  readily  settle  out  and 
agitation  further  hinders  separation.  3oth  finely  divided  mineral  matter 
and  vegetable  matter  thereftm  ocmunonly  occur  in  the  refined  asph^tialtho 
to  a  leaser  extent  than  in  the  crude. 

Dehydifttion.  Dehydrating  processes  are  derigned  primarily  far  the 
removal  of  water  in  bituminous  mateiiala  which  will  not  completely  sep- 
arate water  by  sedimentation.  It  is  desirable  to  do  this  prior  to  distiUa- 
tiim  because  of  the  fact  that  the  presence  of  water  creates  a  tmdNicy  to 
foam  when  the  mass  of  bituminous  material  is  heated  to  about  the  tem- 
perature of  boiling  water.  This  makes  it  a  troublesome  and  expensive 
procedure  to  remove  water  by  distillation.  Many  dehydrating  devices 
have  been  invented  for  use  with  petroleums  and  tars.  The  one  in  most 
common  use  for  petroleum  is  known  as  a  topping  plant.  In  this  device 
the  oil  is  inmiped  under  pressure  thru  a  length  of  pipe  oontaitung  a  great 
msn7  abrupt  bends  so  that  {he  path  of  the  <^  is  ezceedini^  derknis.  Hw 
pipe  woA  is  set  in  a  furnace  so  that  it  may  be  suitably  heated.  As  the 
oil  under  pressure  passes  thru  this  pipe  it  is  heated  to  a  temperature  above 
that  of  boiling  water.  This  pipe  discharges  in  a  spray  thru  a  loaded  valve 
into  a  large  expansion  chamber  where  the  water  and  more  volatile  constit- 
uents separate  in  the  form  of  vapor  which  is  condensed  in  a  coil  for  the 
recovery  of  the  light  hydrocarbons.  The  hot  oil  passes  thru  another  pipe 
direct  to  the  still  or  storage  tank.  One  of  the  meet  successful  methods  for 
dehydrating  viscous  tars  is  to  cause  the  tar  to  flow  in  thin  films  over  heated 
baffle-plates  placed  in  an  air-tight  chamber  to  wl^ih  vacuum  is  ^>t^ed. 
Here  the  water  and  more  volatile  constituents  volatilise  without  causing 
the  tar  to  foam  dangerously  and  the  volatile  products  are  then  carried 
thru  a  condensing  system  where  the  light  oils  condense  and  sepuate  by 
gravity  from  the  condensed  water.  The  dehydrated  tar  pasaea  out  thru 
another  opening  to  the  still  or  storage  tank. 


Fraetiona]  Distillation  is  that  form  of  distillation  in  which  the  original 
eonstitoents  of  a  mixture  are  separated  mechanically  and  witJiout  eh^nleii 
change.  When  a  large  number  of  compounds  are  present  in  a  liquid  mix- 
ture or  in  solution  and  the  boiling  pdnts  of  many  of  these  compounds  are 
qiute  close  together,  it  is  impossible  to  separate  the  individual  constituents, 
even  qualitatively,  by  a  single  distillation.  This  is  due  to  the  fact  that  a 
relatively  small  quantity  of  the  higher  boiling  constituents  is  mechanically 
carried  over  with  the  vapor  of  the  low  boiling  constituents  and  in  like 
manner  a  relatively  small  quantity  of  the  lower  boiling  constituents  is 
mechanically  entangled  and  held  back  by  the  hi^m'  boiling  constituents. 
If,  bowevM,  fracUona  of  the  distillate  are  made  within  comparatively  nar- 
row temperature  limits,  as  indicated  1^  the  temperature  nf  the  vapcv 
emeripng  from  the  still,  cuts  will  be  obtained  which  cany  a  preponderance 
oif  those  constituents  whose  true  boiling  points  come  within  the  limits  ob- 
served.  A  refractionatlon  cf  the  individual  cuts  will  then  result  in  a  fur- 
ther and  more  complete  separation  of  the  constituents.  Petroleums  and 
tars  are  usually  subjected  to  fractional  distillatioD  in  the  manufacture  of 
bitaminous  materials  of  interest  in  highway  engineering.   As  both  are 
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mixtures  or  Mtlutions  of  a  great  many  hydrocarbons,  no  attempt  is  made 
to  recover  individual  constituents  by  a  single  distillatioo.  The  distilla- 
tion is  usually  made  upon  the  crude  product  which  has  been  partially  sep- 
arated from  its  impurities  by  ncdimeiitation  or  dehydration.  All  distilla- 
tion operations  involve  apparatus  or  equipment  eonaistiDR  of  at  least  three 
basic  units:  (1)  A  still  or  reccptadec  in  whieh  the  material  is  heated;  (2)  a 
condenser  in  which  the  vapors  coming  from  the  still  arc  ecmdena^d;  (3)  a 
reoeiTOr  in  irtiich  the  condensed  products  are  caught.  In  the  dislillatum 
of  petroleums  and  tars  two  main  classes  of  products  are  obtained:  (1)  Dia> 
tillat«s  which  pass  over  into  the  receiver;  and  (2)  residues  which  remain 
in  the  still.  The  former,  with  a  few  exceptions,  are  of  comparatively  little 
interest  from  the  standpoint  of  highway  engineering.  The  residues,  how- 
ever, often  constitute  the  materials  directly  used  in  the  treatment  or  con- 
structioTt  of  highways.  These  residues  vary  iu  character  and  usefulness, 
to  a  very  great  extent  depending  upon  the  main  object  of  the  manufacturer 
in  making  the  diatillation.  If  ho  is  working  primarily  for  distillates  the 
character  and  quality  of  the  residues  for  highw^  purpcwes  are  often  greatly 
unpaired  and  sometimes  ruined  (see  Art.  10,  cbackino).  The  shape  and 
aise  of  stills  used  in  refining  petroleums  and  tars  vary  to  a  considerul^ 
extent  but  they  are  usually  cylindrical  and  are  either  partially  or  wholly 
bricked  in.  More  detailed  descriptions  will  be  found  in  Arts.  19  and  28. 
Many  of  the  heavier  hydrocarbons  suffer  chemical  change  at  temperattu<e8 
lower  than  their  Iwiling  point.  They  can  not  therefore  be  fractionally  dis- 
tilled without  breaking  down  into  new  compounds,  unless  means  are  devised 
to  remove  them  at  a  lower  temperature.  In  the  manufacture  of  bituminous 
materials  for  highway  work  it  is  often  necesswry  to  remove  certain  of 
these  compounds  from  the  residues  without  allowing  them  to  break  down 
into  other  less  desirable  hydrocarbons,  some  of  which  would  remain  in  the 
still.  There  are  two  methods  of  securing  the  desired  results:  (1)  Distilla- 
tion under  reduced  pressure,  known  as  vacuum  distillntioo ;  (2)  distillation 
with  live  steam.  In  the  former  the  normal  boiling  points  of  all  of  the 
hydrocarbons  are  lowered  under  the  reduced  pressure  to  such  an  extent 
that  many  of  those  which  would  otherwise  break  down  before  vaporising  pass 
over  readily  into  the  distillate  at  the  lower  temperature.  In  the  distilla- 
tion with  steam,  which  is  more  commonly  employed,  the  heavier  hydro- 
carbons are  mechanically  oairied  over  into  the  distillate  in  large  quanti- 
ties at  temperatures  much  lower  than  th«r  normal  boiling  points  by  the 
large  volume  of  steam  that  is  continuously  injected  into  the  liquid  mass 
during  distillation.  The  use  of  steam  of  course  results,  for  the  same  reason, 
in  cuts  or  diKtiUntc  fractions,  whose  constituents  show  a  wider  range  of 
boiling  points.  In  the  dLstilUtion  of  tars  air  is  often  used  in  place  of  steam. 
The  oxygen  of  the  air  reacts  to  some  extent  with  the  hydrocarbons  present 
so  that  the  resulting  distillation  cannot  bo  said  to  be  strictly  fractionaL 
This  action  is,  however,  extremely  slight  in  comparison  with  that  produced 
by  the  acUon  of  air  upon  petroleums  during  distillation  (see  Art.  1 1,  sLownra). 
In  the  fractional  distillation  of  petroleums  and  tats  the  cuts  in  the  distil- 
lates may  be  made  either  according  to  the  temperature  as  registered  by  a 
thermometer  placed  in  the  vapor  before  leaving  the  still  or  according  to  the 
gravity  of  the  distillate  as  it  comes  from  the  condenser.  The  latter  method 
is  that  ordinarily  used.  At  just  what  points  cuts  are  mode  depends  upon 
how  the  manufacturer  intends  to  dispose  of  his  distillates  and  what  refined 
products  he  wishes  to  make  of  them.  Many  distillates  are  further  refined 
1^  refractionating  them  and  subjecting  them  to  chemical  purificatioD  (see 
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Art.  10,  TBUTunn  or  dibtiuatbs).  Some  watw  unially  aooompanies 
the  low  boQing  and  U|^t  gravity  distillates  unleas  origiiial  material 
hw  previously  been  very  thoroly  dehydrated.  This  water  readily  sepa- 
ratee by  gravity  from  the  hydrocarbon  distillate,  which  is  conndeiably 
lighter.  In  the  case  of  steam  distillation,  water  also  accompanies  the 
hMvier  and  hii^er  boiling  hydrocarbon  distillates.  As  distillation  progresses 
the  specific  gravity  of  the  distillate  becomes  greater.  Petroleum  distillates 
are,  however,  always  lighter  ttian  water,  no  matter  bow  far  the  fractional 
dtstiUation  is  continued.  On  the  other  hand  the  heavier  tor  distillates 
weigb  conmdm^Jy  more  water.  The  residue  lemaininB  in  the  stiU, 
wtnle  always  fluid  at  the  distilling  temperature,  if  cooled  to  oonnal  tem- 
perature will  be  found  to  become  more  and  more  viscous  and  as  distillatioil 
pwqsreaaoe  to  pass  thru  the  semisolid  to  solid  state.  When  hii^way  mate- 
rials are  being  primarily  produced  samples  of  the  readue  are  withdrawn 
from  time  to  time,  cooled  and  tested  for  consistency.  The  distillation  is 
stopped  when  the  desired  consistency  has  been  obtained.  Owing  to  the 
fact  that  the  large  mass  of  material  in  the  still  retains  its  heat  for  a  long 
time,  a  certain  amount  of  distillation  continues  even  after  the  fires  have 
been  drawn.  This  makes  it  necessary  to  draw  the  fire  some  time  before 
Uie  desired  consistency  of  the  refined  product  has  been  reached.  Expeii^ 
•nee  soon  demonstrates  just  when  to  draw  the  fire  for  the  production  of 
a  desired  producfe  bom  any  given  material. 

CracldiiK.  The  term  cracking  is  used  to  demgnate  the  prooeas  of  spUttmg 
up  a  hydrocarbon  or  hydrocarbons  into  other  hydrocarbons  by  the  action 
of  heat.  The  cracking  of  any  given  hydrocarbon  usually,  results  in  the 
formation  of  at  least  one  o'ther  hydrocarbon  which  carries  a  higher  percen- 
tage of  carbon  than  did  the  original,  and  therefore  at  least  one  which  cat^ 
ries  a  lower  percentage  of  carbon  and  a  hit^hcr  percentage  of  hydrogen. 
If  cracking  occurs  during  fractional  distillation,  this  results  in  ^he  produc- 
tion (rf  a  distillate  of  lower  gravity  and  bnling  point  than  that  which  would 
have  been  produced  had  the  operation  been  purely  fraetionaL  In  addi- 
tion, it  almost  invariaUy  results  in  the  formation  of  hydrocarbons  more 
unsaturated  than  the  original  hydrocarbon  which  is  cracked.  This  has  a 
most  important  bearing  upon  the  character  of  both  distillate  and  r^due 
as  compared  wUh  those  obtained  from  the  same  material  by  purely  frac- 
tional distillation.  Many  hydrocarbons  crack  at  a  temperature  lower  than 
their  boiling  points  and  many  of  those  which  normally  boil  and  distil 
unaltered  will  crack  if  suddenly  subjected  to  a  temperature  higher  than 
their  normal  boiling  point.  Distillation  of  petroleums  and  taia  under  re- 
duced pressure  or  with  live  steam  afdtation  materially  reduces  but  does 
not  entirely  pn^vent  cracldng,  so  that  absolute  fhtctionol  distillation  is 
seldom  attained.  Distillation  of  the  heavier  hydrocarbons  at  nonnal 
pressure  and  without  agitation  promotes  cracking,  and  if  carried  on  under 
increased  pressure  rracking  is  greatly  increased.  It  may  also  be  increased 
to  a  marked  extent  by  causing  condensation  of  the  vapors  within  the  still 
itself  whereby  the  condensed  hydrocarbons  fall  back  upon  the  residual 
mass  which  is  at  a  considerably  higher  temperature  than  their  boiling 
pnintA-  This  may  be  accomplished  by  exposing  the  upper  part  of  the  still 
in  such  manner  that  it  is  considerably  cooler  than  the  lower  portion.  Bank- 
ing the  fire  under  a  still  during  distillation  also  produces  a  umilar  e£Foct. 
TTnleas  aiptation  of  some  sort  is  utilised  during  disUllation  that  portion  erf 
tiie  material  In  contact  with  the  stall  bottom  will  become  nvertieated  to 
such  an  extent  that  craiddng  and  even  ootans  will  be  induced.   This  la 
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not  only  true  of  distiUation  but  also  of  any  other  hea^g  prooeoB  when 
direct  fire  or  very  hot  gases  are  the  source  of  heat.  As  the  very  low  bcuUng, 
low  gravity  distillates  are  often  the  most  valuable  and  as  the  percentage 
obtainable  from  a  given  bituminous  material  may  often  be  materially 
increased  by  cracking,  such  process  may  be  purposely  employed  by  a 
manufacturer  who  is  working  primarily  for  distillates.  On  the  other  hand, 
if  a  desirable  residue  is  the  principal  product  to  be  manufactured,  cracking 
is  Btudiouely  avoided  (see  Art.  10,  nuxmoiUL  distillation),  and  extrw 
dinaiy  methods  are  employed  to  reduce  it  to  a  minimum.  Tbia  u  due  to 
the  fact  tiiat  oraclEed  reelduuma  are  ertmnely  unstable  and  it  is  almoat 
impoeuble  to  aoomately  oontnd  tb^  consistency  and  other  phyrieal 
propertiee. 

Destntctlve  Distillation  is  that  in  which  a  material  is  distilled  until  only 
coke  remains  as  a  residue  in  the  still.  In  the  refining  of  petroleums  and 
tars  this  prooeos  is  only  employed  when  it  is  desired  to  obtain  the 
quantity  of  distillate  and  the  production  of  a  bituminous  residuum  is  not 
required.  As  applied  to  bitominous  materials  it  is  of  interest  only  in  con- 
nection with  the  fOTmation  of  tars,  or  distillates  which  upon  being  fraction- 
ally distilled  wUl  yield  pitches.  PVom  this  standpoint  it  b  considmd  In 
detaaimdn  Art.  25. 

^eatment  of  DistUUtes.  Petroleum  and  tar  distillates  used  in  highway 
engineering  are  not  ordinarily  subjected  to  further  refining  processes  after 
th^  have  once  been  collected  except  in  the  case  of  some  petroleum  distil- 
lates which  are  chilled  and  filtered  to  extract  the  more  valuable  solid 
paraffins.  Those  which  are  not  directly  of  interest  in  highway  work  are, 
however,  often  further  refined  by  ref ractioiiation  and  treatment  with  concen- 
trated sulphuric  acid.  'The  aoU  treatment  is  used  to  remove  the  undesir- 
able unsaturated  hydrocarbons  which  usually  contain  an  unsaturated  open 
chun.  These  hydrocarbons  react  with  the  add  to  form  sulphonie  acids 
which  are  iM«etioaUy  insoluble  in  the  distillate  itself  and  which  because  ol 
their  hi^ier  gravity  separate  readily  from  the  distillate.  Sulphuric  add 
also  precipitates  certain  heavier  hydrocarbons  which  are  befieved  to  be 
held  in  colloidal  solution  and  in  addition  promotes  the  polymcriiation  of 
certain  hydrocarbons  to  compounds  somewhat  similar  to  those  left  in  the 
residuum-  from  the  original  distillation.  The  add  treatment  is  made  in  a 
cylindrical  lead-lined  agitator  with  a  oonical  bottom  into  which  the  heavier 
sulidioilio  adds  settle.  Agitation  or  diffusion  of  the  add  thruout  the  body 
of  distallate  u  usually  secured  by  means  of  an  air  Uast  injected  at  the  bot- 
tom of  the  agitator.  After  treatment  the  sludge  add  is  withdrawn  and 
diluted  with  water,  which  breaks  up  the  sulphonie  compounds  and  sets  free 
the  hydrocarbons  which  had  combined  with  the  acid.  These  hydrocarbons 
separate  by  gravity  from  tho  diluted  acid  and  are  sometimes  recovered, 
in  which  case  they  are  known  as  add  sludge.  Sometimes  this  add  sludge, 
which  still  contains  some  add,  is  semisolid.  The  acid  may  be  neutralised 
and  removed  by  the  action  (A  a  solution  of  caustic  soda  and  the  sludge 
then  distilled.  The  residual  acid  sludges  tben  resemble  in  some  reflects 
the  resbluums  obtalnaMe  from  the  material  oriipDsny  distilled.  These 
sludge  rnnidininin  from  petroleum  distjUates  are  of  interest  as  having  been 
used  In  anne  instanoes  as  a  material  of  hii^way  entfpeering. 

11.  Oxidation 

Su^nriilitc>~  If,  during  distillation  of  a  petroleum,  sulphur  is  thrown  into 
the  still,  hydrogen  sulphide  gas,  HaS,  is  copiously  evolved  and  a  mucb 
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peater  peroentage  of  residuum  of  a  eiven  oonsistoney  ia  produced  than 
could  have  been  obtained  by  straight  distillation.  This  ia  due  to  the 
removal  of  hydrogen  from  certain  hydrocarbon  molecules,  thus  producing 
radicals  which  unite  to  form  much  heavier  and  tees  volatile  hydrocarbons. 
Tbe  residuums  thus  produced  vary  in  certain  characteristics  from  reeiduums 
of  the  same  consistency  produced  by  fractional  distillation.  In  addition  to  the 
lemoval  of  hydrofgm,  which  is  knovn  as  an  ozidinnK  resotion,  the  sulphur 
may  also  react  with  some  of  the  liydrocarboiu  to  form  nilphur  derlTatives, 
or  hydrocarbon  molecules  which  contain  sulphur.  The  former  reaction  is, 
however,  the  more  important.  The  sulphurizing  process  was  at  one  time 
quite  extensivdy  used  but  has  been  laq^  abandoned  ainoe  it  has  been 
found  that  blowing  air  thru  heated  petroleom  prodTUMS  much  the  same 
tesulta. 

Blowing.  In  the  blowing  process  air  is  forced  thru  the  hot  petroleum 
so  as  to  cause  violent  agitation.  The  oxygen  of  the  air  then  removes 
hydrogen  from  certain  hydrocarlxm  molecules  and  forms  water  which  passes 
off  in  the  form  of  vapor.  like  sulphur  it  mi^  also  combine  to  a  slii^t 
extent  with  eeartain  bydrocarbona  to  form  hydrocarbon  derivatives  oon- 
tuning  oxygen.  As  a  rule  tbe  blowing  prooees  is  conducted  only  upon 
TieeouB  or  semisolid  petroleum  residuuma.  It  results  in  increasing  the 
consistency  of  tbe  residuum  without  material  loss  in  wei^t  or  change  in 
gravity.  The  reaction  proceeds  most  vigorously  at  a  temperature  of  over 
205°  C  (400°  F)  and  the  heat  of  the  reaction  is  then  of  sufficient  magnitude 
to  maintain  the  residuum  in  a  fluid  state  without  the  application  of  external 
heat,  (kinsiderable  care  is  required  to  keep  the  residuum  at  a  temperature 
kjwer  than  its  flash  point,  or  otherwise  the  injection  of  copious  quantitieB 
of  air  is  ^;it  to  cause  Bpontsnenu  combustion.  Hie  formatitm  and  di»* 
titign'f»""e  cbaraetolstks  iA  blown  peboleums  an  i^vm  in  Art.  20l 


Vltudng  with  Residaals.  Tbe  solid  native  bituminous  materials  are 
nsually  too  hard  to  be  used  directly  in  highway  engineering.  After  pre- 
liminary refining,  consisting  of  the  partial  or  complete  removal  of  impuri< 
tiee,  they  are  softened  to  the  desired  consistency  by  combining  or  flusng 
than  with  fluid  or  relatively  soft  petroleum  resMluums.  Solid  petrolomi 
reriduums  may  also  be  softened  in  the  sune  manner.  The  flwdng  process 
is  ordinarily  conducted  in  ata  open  tank  or  kettle  which  may  be  equipped 
with  steam  coils  or  heated  direct.  The  hard  residuum  is  first  melted  in 
the  kettle,  after  which  a  sufficient  amoimt  of  the  heated  petroleum  residuum 
or  flux  is  run  in  so  as  to  produce  a  finished  product  of  desired  consistency. 
Rather  prolonged  agitation  of  the  contents  of  the  kettle  ia  required  to  secure 
sn  absolutely  uniform  product.  Such  agitation  may  be  obtained  by  means 
of  a  mechanical  stirring  device,  or  by  agitation  with  steam  or  air.  Mechan^ 
ie^  s^tation  ia  iweferable  in  certain  req>eota  but  is  not  as  efficirot  as  the 
other  two  methods.  Agitation  with  steam  is  desirable  from  many  stand- 
punta  but  invariably  results  in  the  mechanical  removal  of  some  of  the 
Ugbter  constituents  present.  Air  agitation  on  the  other  hand  causes  some 
<^dation  to  take  place,  altho  the  temperatures  employ^  are  not  as  high 
as  tliat  at  which  such  oxidation  becomes  very  pronounced.  In  both  steam 
and  air  agitation,  however,  some  allowance,  in  the  proportion  of  fiiix  to  be 
used,  should  be  made  for  unavoidable  hardening.  In  general  the  propoiv 
tion  of  Aux  used  la  considerably  less  than  for  the  material  fiuxed.   In  some 
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raaes,  however,  a  large  proportion  of  soft  blown  petroleum  residuum  may 
be  hantonsd  or  reinforced  to  the  desired  conaiBtency  by  incorporating  with 
it  a  relativdy  small  amount  of  a  harder  bituminous  material. 

Fluxing  with  DlstllUtes.  Distillates  are  sometimeB  used  aa  Suxea  for  the 
harder  bituminous  materials,  which  are  then  said  to  be  cut-back.  Hie 
term  cutting-back  was  originaUy  applied  to  the  practice  of  first  distilling 
a  bituminous  material  until  the  residuum  was  hard  and  brittle  in  order 
to  obtain  certain  valuable  products  from  the  heavier  distillates,  after  whirh 
a  portion  of  the  distillate  was  run  hack  or  incorporated  with  the  hard 
residuum  to  bring  it  to  the  desired  consistency.  It  has,  however,  gradu- 
ally come  to  be  used  to  denote  the  me  of  a  distillate  as  a  flux  for  any  natural 
or  artificial  residuum. 

BmultiflcatioB.  All  bitumens  are  practically  insoluble  in  water.  By 
mechanical  agitation  some  of  them  may  be  temporarily  emulsified  -wiOi 
water,  all  but  a  small  portion  of  which  soon  separates  by  gravi^.  If,  how- 
ever, a  strong  solution  of  soap  is  used  the  soap  acts  as  a  medium  for  hold- 
ing the  bitumen  and  water  toRether  in  suspension  or  emulsion  and,  if  prop- 
erly made,  such  emulsion  may  be  further  mixed  or  diluted  with  water 
without  causing  separation.  Dilute  bituminous  emulsions  are  nevertheless 
in  a  delicate  state  of  equilibrium  and  often  ready  to  separate  upon  sU^t 
provocation.  Emulsions  of  petroleums,  asphalts  and  tars  may  be  obtained 
under  suitable  conditions.  Sometimes  instead  of  using  a  manufactured 
soap,  manufacturers  of  bituminous  emulsions  first  combine  the  bitumen 
witib  an  animal  or  vegetable  oil  or  fat  and  then  saponify  the  mixture  by 
means  of  oaustio  soda,  iwtash  or  ammonia. 


Occurrence  of  Petroleums.   Petroleums  are  fluid  native  bitumens  Widely 

distributed  over  the  earth.  They  are  known  as  mineral  oils  in  contra- 
distinction to  those  occurring  in  animal  and  Vegetable  matter.  Their  name 
is  derived  from  the  Latin  words  "  petra,"  rock,  and  "  oleum,"  oil,  and  they 
are  usually  found  within  rock  formations.  History  records  a  knowledge 
of  their  occurrence  as  early  as  450  B.C.  at  Kirab,  Persia.  Altho  they 
originally  occur  in  rock,  formations,  their  seepage  to  the  surface  of  the 
earUi  thru  natiuvl  rock  crevices  is  not  uncommon.  They  are  not  usually' 
collected  in  peying  quantities  from  such  sources  however.  They  are  com- 
monly found  in  targe  quantities  below  the  earth's  surface  at  depths  varying 
from  50  to  4000  ft  and  over.  They  are  not  Umited  to  any  particular 
geological  horizon  but  are  found  in  rocks  of  all  ages  from  the  lower  dorian 
to  the  most  recent.  They  are  frequently  accompanied  by  water  and  natural 
gas.  They  are  generally  obtained  by  boring  into  the  rock  formation  in 
which  they  occur.  The  deposits  are  almost  invariably  under  pressure, 
sometimes  as  high  as  600  lb  per  sq  in,  and  this  pressure  forces  them  to 
the  surface  for  some  time  after  the  deposit  has  been  struck.  These  deposits 
are  termed  oil  wells  but  the  petroleum  does  not  occur  as  a  well  or  subter- 
ranean lake.  It  usually  impregnates  a  porous  stratum  of  rock  such  as 
sandstone  or  conglomerate  overlaid  with  shale  or  slate  which  serves  as  a 
natural  seal  and  prevents  the  oil  from  seeping  to  the  surface  of  the  earth. 
In  exceptional  cases  it  is  found  in  immense  sandstone  lenses  embedded  in 
an  impervious  rock.  The  natural  requirements  for  its  collection  in  quan- 
tities of  commercial  importance  are  generally  believed  to  depend  upon  the 
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structural  theory  whioh  is  based  upon  its  common  occurrence  in  antidinal 
or  rook  arch  areas  (see  Art.  14,  hinino  of  pbtbolbum).  First,  there 
must  be  a  porous  reservoir  rock  such  as  saDdatone,  or  otherwise  the  petro- 
leum will  remain  more  or  lean  pemianently  scattered  thruout  cre^'icee  in  the 
rock  formation.  Second,  there  must  be  an  impervious  stratum  above  the 
porous  reservoir  rock  or  else  the  natural  pressure  or  in&ltratuiK  water  will 
cause  the  oil  to  percolate  to  the  surface.  Third,  there  must  be  water 
within  the  porous  reservoir  rock  which,  being  of  higher  gravity  than  the 
«l,  will  seek  a  lower  level  and  settle  into  structural  troughs  or  ayncUnes. 
If  water  is  not  present  the  oil  itself  will  tend  to  collect  in  synclines.  Fourth, 
there  must  be  an  anUdinal  fold  in  which  by  force  of  gravity  the  oil  in  sep- 
arating from  the  water  will  accumulate.  If  there  are  no  anticlinal  folds 
or  arches  the  oil  wiU  gradually  percolate  up  the  dip  of  inclined  strata  to 
the  point  of  ingress  of  the  water.  There  are  certain  modifications  of  the 
anticlinal  theory,  such  as  the  arrested  anticline  or  terrace,  which  have 
been  advanced  to  account  for  the  accumulation  of  petroleum  in  localities 
where  the  anticlinal  structure  proper  is  lacking.  Nearly  all  of  these  theories, 
however,  involve  an  impervious  arch  formation  of  one  sort  or  another. 

Forautioo  of  Petroletima.  Altho  petroleums  are  of  mineral  occurrence 
they  are  composed  of  mixtures  of  a  great  number  of  organic  compounds 
consisting  mainly  of  hydrocarbons.  A  number  of  theories  have  been  ad- 
vanced as  to  their  ori^n  and  it  is  doubtful  if  any  single  theory  can  be  made 
to  satisfactorily  explain  the  formation  of  all  petroleums.  The  theories  fall 
into  two  general  classes:  those  which  consider  petroleums  to  be  of  inor- 
ganic origin,  and  those  which  consider  them  to  be  of  organic  origin.  Accord- 
ing to  the  inorganic  theories  the  formation  of  hydrocarbons  is  explained 
by  (1)  the  action  of  thermal  waters  and  acids  upon  carbonate  rocks  under 
great  pressure,  and  (2)  the  action  of  water  upon  laxge  masses  of  metallic 
carbides,  which  are  believed  to  have  been  formed  in  the  interior  of  the 
earth.  The  second  theory  has  received  more  support  than  the  first.  It  is 
well-known  that  calcium  carbide  is  decomposed  by  water  with  the  libera- 
tion of  the  hydrocarbon  gas  acetylene,  accordinx  to  the  following  reaction, 
CaCj  2HiO  =  C,(OH)i  +  C»H).  In  like  manner  alutninunt  carbide  reacts 
with  water  to  form  methane,  which  is  a  constituent  of  natural  gas, 
AliCs  +  12HiO  -  4Al(OH)i  +  3CH4.  There  are  a  number  of  carbides  of 
iron  which  react  with  water  to  form  hydrocarbons  and  these  reactions 
may  be  expressed  by  the  equation,  3FemC'n  + 4niHiO  »  mFei04+ C&iH|ni. 
There  are  reasons  for  believing  that  considerable  quantities  of  the  carbides 
of  iron  have  been  formed  within  the  earth  and  that  these  carbides  have  in 
some  instances  reacted  with  water  to  produce  the  magnetic  oxide  of  iron, 
FeaOi,  and  those  hydrocarl>ons  found  in  petroleunis.  The  constant  deflec- 
tion of  the  magnetic  needle,  as  noted  in  the  locality  of  certain  petroleum 
deposits,  has  »ven  support  to  the  theory  of  the  formation  of  these  petro- 
leums from  carbides  of  iron.  The  organic  theories  account  for  the  forma- 
tion of  petroleum  from  animal  or  vegetable  matter  enclosed  in  sedimen- 
tuy  de(»osits  which  have  afterwards  been  converted  into  rock.  These 
theories  may  be  divided  into  two  closaea:  (1)  Those  which  con^der  petro- 
leums to  be  the  product  of  direct  decomposition  or  reaction  of  the 
organic  matter  within  the  formation  in  which  it  is  enclosed,  and  (2)  those 
which  consider  petroleums  as  distillates  produced  by  natural  causes  from 
the  enclosed  organic  matter.  The  latter  is  perhaps  the  most  plausible  of 
any  single  theory  and  may  be  made  to  explain  the  many  variations  of 
petroleums  obtained  from  different  localities.   The  vegetable  matter  be- 
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Uered  to  have  been  reapooBible  for  the  formstion  of  petroleums  is  known 

as  diatoms,  a  minute  form  of  plant  life.  Forminifera  are  believed  to  be 
the  minute  animal  organisms  responBtble  for  other  petroleums.  With  regard 
to  the  latter  it  is  well  known  that  a  wax-like  material,  cholesterol,  is  present 
in  all  fatty  animal  bodies  and  that,  when  this  material  is  destructively 
distilled,  certain  portions  of  the  distillate  are  optically  active  (see  Art.  4. 
ibohbribm).  From  certain  petroleums  distillates  are  obtained  which  for 
similar  ranges  of  boiling  point  exhibit  the  same  optical  activity  as  do  the 
distiliateB  from  cholesterol.  This  is  considered  as  antisfactoiy  evidence 
that  such  petroleums  have  been  produced  from  animal  matter.  Both 
animal  and  vegetable  matter,  if  subjected  to  distillation  under  hi|^  pres- 
Burc,  can  be  made  to  yield  hydrocarbon  mixtures  similar  to  those  found  in 
petroleums.  In  nature  it  is  probable  that  distillation  was  conducted  in  the 
presence  of  steam  at  the  lowest  possible  temperature  and  at  gradually 
increasing  but  comparatively  high  pressures  as  the  overlying  deposita  accu- 
mulated upon  those  formations  inclosing  the  organic  matter  being  distilled. 
The  natural  conditions  of  temperature,  pressure  and  time  cannot  be  dupli- 
cated in  the  laboratory  or  factory  by  man,  and  as  they  an  most  important 
factors  in  BO  far  as  the  characteristics  of  the  ultimate  products  are  con- 
cerned, the  dififerencea  between  natural  and  artificial  bitumens  are  readily 
explained.  As  an  example  may  be  cited  the  destructive  distillation  of 
organic  matter  tmder  atmospheric  pressure  which  produces  distillates  known 
as  tars  and  which  are  chemically  quite  distinct  from  distillates  produced 
from  the  same  materials  under  pressure,  owing  to  the  formation  of  hydro- 
carbons of  entirely  different  series.  In  nature  secondary  distillations  might 
also  take  place  which  would  result  in  a  complete  change  in  the  characteristics 
of  the  first  material  formed.  If 'the  secondary  distillation  was  fractional, 
a  solid  residue  might  remain  and  thus  an  asphalt  or  rock  asphalt  be  produced. 
The  secondary  distillate  would  then  appeu  as  a  petroleum  of  quita  different 
charaeterlBties  from  the  one  first  fcHined. 


World's  Production  of  Crude  Petroleum.  Statistical  information  rela- 
tive to  the  production  of  crude  petroleum  dates  back  to  1857,  with  Roumania 
producing  1977  bU.  In  1869  the  United  States  started  with  a  pro- 
duction of  2000  bbl,  about  one-half  as  much  as  was  produced  by  Rou- 
mania during  the  same  year.  Since  then  the  production  of  crude  petro- 
leum has  increased  with  wonderful  raiddity  until  it  has  become  the  largeet 
and  one  of  the  meat  important  natural  industries  of  the  world.  In  1860 
the  United  States  assumed  the  lead  of  the  oil  producing  countries,  which 
lead  it  has  steadily  maintained.  Since  1903  it  ha»  annually  produced 
more  than  all  of  the  other  countries  combined.  At  the  close  of  1913  ita 
total  recorded  production  was  Homewhat  over  three  billion  barrels,  while 
that  of  the  whole  worid  was  over  five  bilUon  barrels.  Is  1013  its  nearest 
oompetitor,  Russia,  produced  less  than  one-fourth  as  much.  The  world's 
production  by  countries  from  1904  to  1913,  according  to  Day  (16a),  is 
given  in  Table  I.  As  of  particular  interest  in  connection  with  the  pro- 
duction of  bituminous  materials  for  highway  engineering  should  be  noted 
the  remarkable  growth  in  the  crude  petroleum  industry  of  Mexico.  Start- 
ing with  the  production  of  some  200  000  bbl  in  1904,  it  ranked  next  to 
the  last  of  the  twelve  important  petroleum  producing  countries.  By 
1913  it  was  producing  over  25  000  000  bbl  and  nmked  third  among  the 
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impfHlant  petroleum  producing  couotriee.  Since  1912  MezicaD  petroleum 
has  been  eztenmvely  used  in  the  mtinufacture  of  bituminous  road  and  paving 
materials  in  the  United  States  and  promises  to  become  a  most  important 
source  of  supply  for  Europeao  countries.  Another  petroleum  of  interest 
from  the  stuidpdilt  of  highway  engueering  in  the  United  States  is  that 
obtaioed  from  TViiddad,  which  in  1911  produced  about  180  000  bbl;  in 
1912,  451  986  bbl;  and  in  1913.  503  616  bbL 


TaU*  I.— Worid't  Prodnctfon  of  Cndfl  PeUoleum  190*~1M8,  in  Bainto 

of  41  GaOom 


Country 

1904 

1906 

1906 

1907 

1908 

117 

080 

960 

184 

717 

680 

126 

498 

986 

166 

096 

886 

178 

627 

366 

BamiM  

78 

686 

666 

64 

960 

870 

68 

897 

811 

61 

860 

784 

62 

186 

447 

Steieo  

220 

668 

820 

879 

1 

097 

264 

1 

717 

690 

8 

481 

610 

8 

699 

026 

4 

420 

987 

6 

878 

184 

8 

118 

207 

8 

ze& 

157 

Dutch  East  InUes.. 

6 

608 

486 

7 

849 

896 

8 

180 

667 

9 

9SZ 

697 

10 

288 

867 

GaUda  

5 

»47 

888 

5 

766 

817 

6 

467 

967 

8 

465 

841 

12 

612 

296 

India 

8 

886 

468 

4 

187 

098 

4 

016 

803 

4 

844 

162 

6 

047 

088 

1 

419 

478 

1 

472 

804 

1 

710 

768 

2 

001 

888 

2 

070 

146 

jSr::::::::::::; 

84S 

884 

447 

880 

686 

294 

766 

226 

1 

Oil 

180 

687 

481 

660 

968 

678 

610 

766 

681 

1 

009 

278 

f wniTfr   

668 

676 

684 

096 

668 

768 

788 

872 

627 

987 

Italy  

26 

476 

44 

027 

68 

677 

68 

876 

60 

966 

Otiiar  Coonliki^. . . 

40 

000 

80 

000 

80 

000 

SO 

000 

80 

000 

EatlnWoiM  

»8 

899 

419 

216 

861 

S9S 

114 

010 

124 

264 

968 

008 

286 

089 

816 

Country 

1909 

1910 

1911 

1912 

1918 

18S 

170 

874 

209 

667 

248 

220 

449 

891 

222 

986 

044 

248 

446 

280 

RuMla  

66 

970 

860 

70 

886 

674 

66 

188 

691 

68 

019 

208 

60 

936 

482 

Ueiloo  

2 

448 

742 

8 

882 

807 

14 

061 

648 

16 

668 

216 

26 

696 

291 

0 

827 

278 

9 

728 

806 

11 

107 

460 

12 

976 

282 

18 

664 

768 

Dntdi  Eaat  Indiea. . 

11 

041 

862 

11 

080 

620 

12 

172 

949 

10 

846 

624 

11 

966 

867 

OaUeia  

14 

982 

799 

12 

678 

688 

10 

619 

270 

8 

686 

174 

7 

818 

180 

TinH«  

6 

67« 

617 

6 

187 

990 

6 

461 

203 

7 

116 

672 

*7 

600 

000 

1 

889 

668 

1 

980 

661 

1 

668 

903 

1 

671 

406 

1 

942 

009 

Fini  

1 

81« 

118 

1 

880 

106 

1 

368 

274 

1 

7B1 

148 

1 

867 

366 

1 

018 

887 

1 

082 

622 

1 

017 

045 

1 

081 

060 

* 

996 

764 

420 

766 

816 

896 

291 

096 

248 

886 

228 

080 

42 

888 

60 

880 

74 

709 

68 

778 

60 

884 

Other  CooBfeM*... 

30 

000 

80 

000 

200 

000 

470 

000 

617 

616 

Entire  World ..... 

298 

226 

07B 

327 

482 

746 

846 

645 

624 

362 

210 

8S1 

381 

608 

916 
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Pndaction  and  Importation  of  Petroleum  in  ttie  United  States.  Accord- 
ing to  location  and  classification  the  oil  producing  areas  of  the  United 
States  are  commonly  divided  into  seven  fields,  known  as  (1)  the  Appa^ 
lachian  Field,  (2)  the  tima-Indiana  or  Ohio-Indiana  Field,  (3)  The  Illinois 
Field,  (4)  the  Mid-Continent  Field,  (5)  the  Gulf  Field,  (6)  the  California 
Field  and  (7)  the  Colorado-Wyoming  Field.  Relatively  small  quantities 
of  petroleum  have  also  been  exploited  in  Missouri,  Michigan,  Utah,  Arkan- 
BU,  Montana,  Washington,  Oregon,  Idaho,  Nevada.  New  Mexico  and 
Alaska.   The  Appaladiian  Fidd  ezta&da  from  western  New  York  in  a 
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geoeral  aouthwesterly  direction  aloDg  the  western  side  of  the  Alleghany 
Mountains,  thru  Peniuylvaiiia,  eastmi  Ohio,  the  northwestem  part  of 
West  Virgiiiia  into  eastern  Kentucky  and  Tennessee.  The  Lima-Indiana 
Field  includes  the  northwestwn  part  of  Ohio  and  middle  Indiana;  the 
Illiaois  Field,  IlliDoia  and  northweetera  Kentucky;  the  Mid-Continent 
Field,  aouthcastem  Kansas,  eastern  Oklahoma  and  northern  Texas;  and 
the  Gulf  Field,  Louisiana  and  all  but  the  northern  portion  of  Texas.  Other 
fields  of  direct  interest  to  the  United  States  are  the  Mexican  and  Trinidad 
Fields.  The  former  covers  an  area  embraced  in  the  coastal  plain  extend- 
ing along  the  Gulf  of  Mexico  from  the  Pauuoo  River  in  Tamaulipaa  to 
below  Tuxpao.  The  latter  is  located  on  the  Island  of  Trinidad  some  miles 
from  the  gnat  lake  asphalt  depostte.  The  California,  Gulf.  lUinois,  Mid- 
Continent,  Menoan  and  Trinidad  Fields  produce  petroleums  extensively 
used  in  the  manufacture  of  bituminous  road  and  pavinx  materials.  The 
I«>duction  by  fields  and  importation  of  petroleum  by  the  United  States 
from  1004  to  1913,  according  to  Day  (16a),  is  given  in  Table  II.  It 
will  be  noted  that  the  production  of  the  Appalachian  Field  has  quite 
steadily  declined  during  the  10  years  covered  by  Table  II,  and  that  there 
has  been  a  rapid  decline  in  that  of  the  Lima-Indiana  field.  As  neither 
of  these  fields  produce  petroleums  well  adapted  to  the  manufacture  of 
Wtumlnoua  road  and  paving  materials,  their  decline  is  of  no  direct  interest 
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Fidd 

19M 

1906 

1906 

1907 

1908 

81  408  567 
24  689  184 

29  866  960 

22  294  171 
181  084 
12  636  777 
86  626  323 
33  427  478 

27  741  472 
17  564  661 
4  397  060 
22S88&KS 
20  627  620 
33  098  698 

26  842  1S7 

15  121  094 
24  281  973 
46  846  267 

16  410  299 
89  748  876 

U  946  617 
10  082  806 
88  686  288 
48  828  810 
16  272  074 
44  854  787 

Hid-CoDtlBeM  

Onll  

CsUfornis  

6  186  629 
24  681  269 
29  649  434 

Other  FleldB  

«616  877 

a88B  792 

0886  Of^ 

0845190 

0412  674 

117  080  960 

184  717  580 

126  493  986 

166  096  836 

178  627  856 

FMd 

1909 

1910 

1911 

1912 

1918 

lUlnob  

Mld-ContlBMit  

Gull  

CsUftomla  

Cokirsdo- Wromlag  

26  686  844 
8  211  443 
80  898  889 
60  888  740 
10M6  240 
66  471  601 
A886  667 

»  892  679 
7  268  861 

38  148  862 

59  217  688 
9  680  466 

n  010  660 
8868  889 

28  749  882 
6  281  1C4 
81  317  088 
66  696  477 
10  999  873 
81  184  891 
6421  616 

26  888  616 
e4  926  906 
28  601  808 
66  478  846 

8  646  OlS 
■187  272  698 

1778  868 

26  921  786 
4  778  188 

23  893  889 

84  920  226 
8  642  494 

97  788  525 
2  696  821 
•10  8U 

17  860  082 

69  614 

567  181 

1  709  982 

7  888  229 

188  240  488 

210  lU  420 

222  189  828 

880  818218 

866  816  812 

a  Indudea  CtAando  and  WvomiDg. 
b  Indudea  Mieblfan  and  Mfasmin 
e  IndudM  HlchliaB. 
d  Indudsi  AkAa. 

« IndBdes  AlsAa,  Mlddgaa.  Uismui,  and  Ns« 
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in  highway  ongineering.  These  petroleums,  however,  for  many  years  aup- 
pUed  most  of  the  demand  for  light  distillates  such  as  gasoline.  As  the  de- 
mand for  these  distillates  has  increased  out  of  proportion  to  the  produc- 
tion <tf  hi^  gasoline  bearing  i>etroloums,  many  of  those  suitable  for  the 
manufacture  of  bituminous  road  and  paving  materials  have  been  sub- 
jected to  cracking  prooesees  which  make  them  unsuitable  for  such  use  but 
has  greatly  increased  the  yield  of  U^t  distillates.  The  production  of 
California  petooleums,  most  of  which  are  eminently  suited  for  the  manu- 
facture of  bituminous  road  and  paving  materials,  has  shown  a  tremendous 
increase  tmtil  in  1910  it  exceeded  that  of  Russia,  the  second  petroleum 
producing  country  of  the  world.  This  immense  increase  together  with  the 
importation  of  large  quantities  of  Mexican  petroleum  has  much  more 
thui  offset  the  marked  decline  in  production  of  the  Gulf  Field  and  gradual 
later  decline  of  tlw  Illinois  Field.  The  Mid-Continent  Field,  which  is  of 
aome  importance  from  the  standpoint  of  highw^  engineering,  has  shown 
an  increase  second  only  to  that  of  California.  The  importation  of  petro- 
leum by  the  United  States  assumed  considerable  proportions  in  1911  when 
over  1  700  000  bbl,  almost  entirely  of  Mexican  production,  were  imported 
and  used  extensively  in  ihe  manufacture  of  road  and  paving  materials. 
By  1913  this  importation  had  increased  to  over  17  000  000  bbl  and  the 
Mexican  petroleum  refining  industry  had  become  firmly  established  in  the 
eastern  part  of  the  United  States.  During  1912  and  1913  appreciable 
quantities  of  Trinidad  petroleum  were  imported  by  the  United  States. 
At  the  oloee  of  1014  it  was  estimated  that  over  18  500  000  bbl  of  petroleum 
had  been  imported  during  that  year,  most  of  it  coming  from  the  Menoan 
Field.  The  estimated  total  production  of  petroleum  in  the  United  States 
during  1914  was  284  000  000  bU,  an  inorease  of  aome  30  000  000  bbl  over 
that  of  1913. 

The  Mining  of  Petroleom.  Petroleum  is  obtained '  from  the  porous 
reservoir  rock  in  which  it  occurs  (see  Art.  13,  formation  op  pbtrolbttms) 
by  bcning  thru  the  overiying  strata  until  the  oil  bearing  rock  is  Btruck. 

These  borings  are  made  in  much  the 
same  manner  as  the  driving  of  artesian 
wells,  in  petroleum  fields,  the  oil 
bearing  stratum  is  usually  struck  at 
depths  varying  from  50  to  2000  ft.  Ac- 
cording to  the  anticlinal  theory  of 
petroleum  formation,  the  porous  stratum 
also  contains  water  and  may  contain 
natural  gas.  As  the  gas,  oil  and  water 
will  have  accumulated  at  different  levels 
by  force  of  gravity,  it  is  neoessaiy  to 
locate  that  level  at  which  the  petroletmi 
has  collected  (see  Fig.  1).  Once  oil  is 
found  in  such  structural  formation  it  is 
evident  that  a  great  number  of  borings 
into  the  same  oil  bearing  strata  will 
follow  certain  general  lines.  The  occur- 
rence of  petroleum  along  these  general 
lines  was  noted  long  before  the  anti- 
clinal theory  was  evolved  and  operations  were  extended  at  both  extremes  of 
direction  indicated  by  the  general  lines  connecting  those  borings  or  wells 
which  bad  proved  most  prolifie.    At  the  present  time  the  services  of  trained 
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geologuts  ate  employed  in  locating  new  aouroes  of  supply  as  their  knowW 
edge  of  geoloBieal  fonnatioiu  and  the  probable  tread  and  extent  iif  oil 
bearing  sbata  when  Ance  struck  reduces  to  a  science  the  fonner  hit-and-min 
methods  of  petroleum  prospectutg.  Fig.  1  further  illustratee  the  posmble 
simultaneous  production  of  gas  and  petroleum  or  petroleum  and  wat«r 
from  a  single  well.  As  tho  petroleum  may  occur  under  preemire,  it  may 
be  driven  to  the  surface  with  great  force  after  the  oil  rock  hae  been 
struck.  Such  wells  are  called  gushers.  In  many  cases  they  flow  for  only 
a  few  days,  after  which  pumping  becomes  oeoeesary.  Cotain  guabm, 
however,  flow  for  a  long  time  and  pioduoe  entxmous  quantitiee  ot  cSL 
A  poflsible  production  of  as  high  as  200  000  bbl  per  day  has  been  rciMnted 
from  some  phenomenal  gushers.  The  annual  capacity  of  a  sin^  MexioaD 
w^  has  been  estimated  at  30  000  000  bbl.  As  the  large  guahen  produoe 
oil  more  rapidly  than  it  can  be  handled,  reoourse  is  had  to  a  prooeas  known 
as  capping  by  means  of  which,  after  oil  has  been  struck,  the  boring  may 
bo  closed  and  the  outflow  of  oil  regulated  by  a  valve.  Before  eapping 
devices  were  perfected  immense  quantities  of  petroleum  were  not  only  loat 
but  caused  ruination  to  the  vegetation  of  the  tocalitiee  in  which  the  lance 
gushers  were  etniek.  Sometimea  the  oil  caught  fire  at  the  mouth  of  the 
well.  In  such  a  case  it  could  not  be  extinguished  until  large  quantitiea  had 
been  consumed  in  flame  and  the  flow  had  greatly  subsided.  In  many  casea, 
after  a  well  stops  flowing  and  pumping  proves  no  longer  economical,  an 
increased  yield  may  be  obtained  by  what  is  known  as  shooting  the  welL 
The  shooting  proceq^  is  conducted  by  exploding  a  shell  or  torpedo,  contain- 
ing nitroglycerin,  which  has  been  lowered  to  the  bottom  of  the  ireU.  The 
well  is  then  said  to  have  been  torpedoed.  This  results  in  fracturing  the 
oil  bearing  stratum  and  facilitating  the  flow  trf  (h1  to  the  bottom  ot  the 
boring.  Frequently  the  flow  <rf  oil  from  the  wdl  Is  again  started  by  thin 
means  and  may  continue  toe  some  time,  alter  which  pumping  beeooMa 
necessary.  The  well  may  be  torpedoed  a  number  of  times  with  good  results 
before  it  is  finally  abandoned.  Sometimes  a  well  driven  into  a  more  faTW- 
bly  located  portion  of  the  oil  bearing  stratum  will  drain  oil  from  another 
well  and  cause  it  to  stop  producing. 

Transportation  and  Storage  of  Crude  Petroletun.  Crude  petroleum  ia 
usually  transported  by  pipe  lines  and  tank  atean>en.  The  pipe  lines  vary 
from  4  to  8  in  in  diameter  and  some  of  them  are  exceedingly  lonjt  They  an 
placed  well  underground.  PuiMng  stations  are  located  at  varying  Intai^ 
valfl  and  the  oil  is  pumped  from  station  to  station.  When  the  crude  cQ 
is  very  viscous  recourae  is  sometimeB  had  to  a  pipe  rifled  in  much  the  same 
manner  as  a  gun  banel.  In  suoh  oases  a  small  quantity  of  water  is  pumped 
with  the  oil  and,  owing  to  the  centrifugal  motion  imparted  by  the  rifling; 
finds  its  way  to  the  inner  surface  of  the  pipe  and  serves  as  a  lubricant 
between  it  and  the  oil.  In  the  United  States  many  different  grades  and 
types  of  petroIetmiB  are  piped  to  the  large  refineries  thru  the  same  line, 
and  the  grades  therefore  often  become  mixed.  The  longest  known  line 
extends  for  a  distance  of  1600  miles  from  the  Oklahoma  firid  northward 
thru  Chicago  and  from  thence  to  the  Atlantlo  Coast.  A  refinery  located 
at  Bayonne,  N.  J.,  m^  therefore  refine  petroleom  from  a  number  of  Adds. 
When  cheap  watOT  transportation  can  be  had  the  crude  petroleum  is  often 
piped  directly  to  tank  barges  or  tank  steamers.  In  some  eases  where  har- 
borage is  unsatisfactory  the  pipes  are  laid  under  water  to  the  point  at 
whieh  ships  may  be  anchored.  At  the  Tuxpaa  station,  Meilco.  sh^ 
are  loaded  in  the  open  roadstead,  the  cH  being  pumped  thru  aobtnarine 
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!ripe  lines.  These  are  connected  with  the  ships  by  flexible  tubing.  The 
advantage  of  this  method  is  that  ships  of  any  drauiiiht  may  be  loaded  to 
fill  capacity.  Tank  steamers  vary  somewhat  in  siie  and  design  but  are 
ieaerally  divided  into  tanks  or  compartmenta  in  order  that  the  ship  may 
mi  become  unbalanced  when  listing  in  a  rough  sea.  The  principal  dimen- 
abns  of  a  modem  tank  steamer  designed  to  carry  2  260  000  gal  of  oil  in 
bulk  are  as  follows:  Length  over  all  435  ft,  beam  54  ft,  depth  31  ft,  6  in. 
Sucb  a  steamer  is  subdivided  into  16  tanks  for  oil.  Petroletun  refineries  are 
OBually  so  located  that  they  may  either  be  directly  connected  by  pipe  lines 
with  ^le  source  of  supply  or  else  delivery  from  tank  steamers  may  be  made 
direct.  At  the  refinery  the  crude  oil  is  run  into  large  vertical  cylindrical 
storage  tanks  constructed  of  sheet  metal  and  usually  holding  from  30  000 
to  7fi  000  bU.  They  are  set  rather  far  apart  and  are  surrounded  by  an 
earth  i»t  or  ditcfa  of  sufficient  capacity  to  hold  the  entire  contents  of  the 
tank  hi  casis  of  leakage  or  fire.  The  greatest  danger  from  fire  is  encoun- 
tsrad  from  li^tnitig  during  electrical  storms.  The  pit  is  derigned  to  prevent 
the  wpnud  of  fire  in  such  cases  to  other  parts  of  the  refinery  by  streams 
of  burning  oil.  In  the  storage  tanks  sedimentation  takes  place  (see  Art.  0) 
and  most  of  the  water  and  mineral  matter,  if  present,  separates  and  settles 
to  the  bottom  of  the  tank.  The  petroleum  is  piped  directly  from  the  stor- 
age tank  to  the  topping  plant  or  still  for  refining.  When  the  contour  of 
the  site  of  the  |dant  makes  it  practicable,  the  storage  tanks  may  be  set  at 
a  hi^ber  elevation  than  the  rest  of  the  refinery  so  that  the  oil  may  be  run 
br  gravity  directly  from  the  tanks  to  the  BtUls. 


0«n«ral  Characteristics.  Petroleums  are  mixtures  or  solutions  of  a  great 
number  of  hydrocarbons  and  often  contain  sulphur,  nitrogen  and  oxygen 
derivatives  of  the  hydrocarbons.  In  general  the  composition  of  all  petro- 
leums is  similar  but  the  relative  proportions  of  the  individual  constituents 
vary  to  such  an  extent  that  wide  variations  occur  in  both  the  physical 
and  chemical  propertieB  of  petroleums  from  different  sources.  Upon  ultimate 
snalyiiB,  Iho  elemental  ocautitumts  are  found  to  ooeur  within  eompara- 
dvely  narrow  limits  for  all  types  and  grades  so  that  the  elemental  compo- 
m&m  does  not  serve  as  a  practical  metliod  of  olaseifioation.  In  geoMal, 
carbon  is  found  to  lie  between  80  and  87%;  hydrogen  10-14%,  sulphur 
0-5%,  nitrogen  0-2%,  and  oxygen  0-4%.  The  specific  gravity  of  petro- 
leum varies  from  0.73  to  1.00  and  slightly  higher.  The  viscosity  generally 
increases  with  the  specific  gravity.  Petroleums  vary  in  color  from  green- 
ish brown  to  nearly  black  and  often  exhibit  a  reddish  brown  or  orange  color 
\}y  trannnitted  light.  They  are  sometimes  slightly  fluorescent.  Those  of 
lighter  gravity  an  usually  flidd,  oily  liquids,  wlule  the  hea\'ier  petroleums 
are  thick,  visoous  and  often  sticjcy.  As  a  nUe  they  have  a  rath^  unpleas- 
ant odor,  jNUtioularly  those  which  carry  a  high  percentage  of  sulphur. 
They  cany  varying  quantities  of  light  volatile  hydrocarbons  which  vapor- 
ise upon  exposure  and  leave  the  oil  more  viscous,  and  with  a  somewhat 
bi^ier  gravity  if  it  is  subject  to  prolonged  storage  in  the  open.  Their 
flumh  point  may  also  be  raised  by  this  means.  Many  of  them  flash  at 
ordinary  temperature,  particularly  those  of  lighter  gravity.  When  freed 
from  the  natural  impurities  such  as  water  and  sediment,  petroleums  are 
eMnpletdy  soluble  in  carbon  disulphide  and  carbon  tetrachloride,  and  to 
a  la^B  extent  soluhle  in  lif^t  gravity  paraffin  naphtha.   As  their  gravily 
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increases,  however,  they  become  lesa  soluble  in  the  latter  solvent.  They 
are  practically  insoluble  in  dimethyl  sulphate.  When  passed  thru  a  ooi- 
umn  of  fuller's  Mfth,  a  fraedonation  of  the  constituents  oocurs  and  the 
coloring  matter  is  removed  to  a  great  extent.  This  is  due  to  what  is  known 
08  selective  absorption  of  the  mineral  colloidal  matter,  which  ezhibita  a 
decided  prefwence  for  the  heavier  black  asphaltic  hydrocarbons  present. 
The  first  liquid  percolating  thru  the  fuller's  earth  is  nearly  water  white 
and  of  very  much  lighter  gravity  than  the  original.  Natural  filtration 
thru  clays  and  other  colloidal  matter  is  believed  to  be  responmble  for  the 
(oTination  of  naphtha  springs,  a  few  of  which  are  known  to  exist.  The 
principle  of  selective  colloidal  absorption  is  made  use  of  in  certain  refining 
operations  to  which  aome  petroleum  produots  are  aubjeeted.  Petndeuma 
are  themselves  often  powerful  solventa  or  fluxes  for  the  asphalts  and  other 
solid  native  bitumens.  Their  solvent  action  in  this  connection  increases 
with  their  gravity  and  uauslly  with  a  decrease  in  their  percentage  of  light 
volatile  hydrocarbons.  Their  coefficient  of  expansion  generally  varies 
inveiBely  with  their  specific  gravity  and  lies  between  0.0006  and  0.0009 
per  °C.  Their  specific  heat  also  variee  inversely  with  their  specific  gravity 
and  lies  between  0.4  and  0.5.  -  There  ate  a  number  of  methods  of  classifying 
petroleums,  the  most  widely  used  being  according  to  locality  or  fields,  as 
most  of  the  oils  from  a  ipven  locality  resemble  each  other  in  Tpbymeal  and 
chemical  properties  more  oloedy  than  do  those  from  ditFerent  fi^ds.  Local- 
ity classification  has  to  some  extent  been  used  to  indicate  grades,  and  thus 
the  term  Pennsylvania  Grade  has  been  [used  to  cover  all  petroleums 
which  exhibit  properties  very  similar  to  those  found  in  Pennsylvania,  altho 
they  may  not  occur  in  that  state.  Petroleums  are  also  semetimee  classi- 
fied and  sold  according  to  specific  gravity,  particularly  when  oils  of  differ- 
ent gravity  occur  in  the  same  field.  The  Baumfi  scale  is  made  use  of  by 
petroleum  producers  and  refiners  in  preference  to  direct  specific  gmvity 
eqtresaionB  (sec  Art.  33).  It  is  therefore  custcsnary  to  hewr  a  petroleuni 
spoken  of  as  a  38**  B  <ul  or  14"  B  oil,  etc.  The  petn^ma  of  North  America 
in  i>articular  ore  often  elaasifled  according  to  the  character  and  quantity 
of  semisolid  residue  which  may  be  obtained  by  subjecting  them  to  frac- 
tional distillation,  the  terms  used  to  designate  such  residues  or  bases  being 
paraffin,  asphaltic  and  semiasphaltic. 

Paraffin  Petroleums  are  those  in  which  the  paraffin  or  CnHte+s  hydro- 
carbons predominate  in  both  the  fluid  and  solid  compounds  present.  They 
are  usually  of  low  gravity  and  low  flash  point  and  upon  fractional  distilla- 
titm  3rield  large  quantities  of  valuable  light  dlstiUates,  lubricating,  dla- 
titlates  and  scale  paraffin.  The  semisolid  residues  are  soft,  greasy  botUea 
which  contain  a  relatively  small  amount  of  the  cjrclic  CnHai  CaHta— 1> 
C^aHia-i,  etc,  hydrocarbons  so  prevalent  in  asphalts.  They  are  cfaem- 
ically  stable  because  of  the  high  percentage  of  paraffins  present.  Tbey 
are  commercially  the  most  valuable  of  any  of  the  types  of  petroleums  but 
are  unsuited  for  the  manufacture  of  bituminous  road  and  paving  materials 
except  dust  palliativet)  and  fluxes,  as  they  have  practically  no  oementitious 
riualities.  In  the  early  days  of  the  sheet  asphalt  paving  industry,  they 
were  extensively  employed  in  the  manufacture  of  fluxes  for  refined  a^^ialts 
but  since  the  production  of  asphaltic  and  semiasphaltic  petroleums  has 
increased  so  enormously  their  use  in  this  connsetion  has  fallen  off.  Pstio- 
leums  from  the  Appslaehian,  Lima-Indiana  Fields  and  some  ftcsBx  the 
Mid-Continent  Field  are  classed  as  paraffin  petroleums.  Thoae  tram  the 
Appalachian  represmt  the  tmrest  paraffin  ^pe  and  a»  the  moat  TidiuUda, 
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idUns  in  oevtein  iivhuiou  aa  high  as  92.50  per  bU  at  the  during 
1914.  A  diagram  the  relative  pr(^)orUon  of  constituents  in  a  crude 
paxaflSn  petroleum  is  shown  tn  Fig.  2. 
This  diagrmn  represents  a  typical  par- 
affin petroleum  fractionally  distilled 
down  to  semisolid  consistency,  the 
residue  amounting  to  8%  being  repre- 
sented by  the  area  below  the  Uae  a  a. 
The  white  area  A  represents  the  paraf- 
fins and  n^Athenes;  area  B,  the  more 
stable  unsaturated  oyolio  oompounds; 
area  C,  the  unstable  hydrocarbons 
usually  having  an  unsaturated  side 
diain;  and  area  D,  the  solid  asphaltic 
hydrocarbons.  The  entire  area  above 
a  a  is  considered  as  representing 
the  total  mixed  fractions  which  have 
been  distilled  off.  The  relative  per- 
centage of  the  TaiiouB  classes  of  nc.S.  &itds  FsraAn  Fetroleiiia 
hydrocarbons  in  the  total  distillate  as 

well  as  in  the  semisolid  residue  is  indicated  by  the  shaded  areas.  If 
this  were  done  for  individual  fractions  it  would  be  found  that  all  but  about 
2%  of  the  first  10%  fraction  consists  of  paraffin  and  naphtbenes,  the  re- 
mainder being  unsaturated  but  stable  cyclic  hydrocarbons.  The  absence 
ol  asphaltic  hydrocarbons  D  would  be  shown  by  practically  nothing  being 
removed  when  treated  with  fuller's  earth.  Ffiilure  of  ordinary  concen- 
trated Buiphuric  acid  to  act  upon  the  distillate  would  prove  the  absence 
of  olefinea  and  similar  unsaturated  hydrocarbons  C.  The  amount  removed 
by  the  action  of  fuming  sulphuric  acid  would  be  indicated  by  B,  and  A 
would  be  those  hydrocarbons  unattacked  by  the  fuming  sulphuric  acid. 
It  will  be  noted  that  about  48%  of  the  semisolid  residue  consists  of  paraf- 
fins and  naphthenes  and  only  about  2%  of  asphaltic  hydrocarbons. 

Asphaltic  Petroleums  are  those  in  which  the  cyclic  l^drocarbons  of  the 
CtiHta.  CaHtai-.s,  CiiH3n-4  and  similar  series  predominate  in  both  the 
fluid  and  solid  compounds  present.  They  are  usually  of  high  gravity  and 
upon  volatilisation  or  fractional  distillation  produce  Urge  percentages  of 
seniisoUd  and  solid  residufls  cloeely  resembling  the  native  asphalts  in  phy»- 
ieal  and  chemical  properties.  These  residues  are  more  unstabU  than  those, 
obtwned  from  paraffin  petroleums  but  are  highly  cementitious,  while  Hba 
latter  are  not.  The  solid  hydrocarbons  of  the  CnHsa+i  series  are  either 
wholly  lacking  in  these  residues  or  are  present  in  very  small  amounts. 
The  asphaltic  petroleums  yield  but  little  light  volatile  distillates  and  the 
heavier  distillates  are  often  inferior  for  conimerical  purposes  unless  most 
carefully  produced  by  vacwun  or  steam  distillation.  They  are  the  least 
valuable  commercially  of  any  type  of  petroleum  and  during  1914  sold  for 
IS  low  as  S0.38  per  bbl  at  the  well.  They  are,  however,  eminently  suited 
to  the  manufacture  of  bituminous  road  and  paving  materials  and  are  exten- 
umAy  used  for  this  purpose.  Most  petroleimis  from  the  CaUfomia,  Mexican 
and  Trinidad  fields  may  be  classed  as  asphaltic,  altho  Mexican  petroleums 
are  sometimes  clnnoed  as aemiasphaitic.  Most  of  the  truly  asphaltic  petroleums 
occur  in  the  United  States  or  immediate  vicinity  and  the  use  of  such  oils  in  the 
manufacture  of  Utumittoue  road  and  paving  materials  has  naturally  devel- 
optA  in  the  United  States  to  a  greater  extent  than  in  any  other  oountiy.  For 
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many  yean  their  use  in  highiray  engineering  wan  confined  to  the  Painfic 
Co&at  where  those  manufactured  from  California  petroleums  were  readily 
available.  Later  discovery  of  other  petroleums  which  were  suitable  for 
this  purpoee  rapidly  developed  the  industry  to  one  of  the  most  important 
in  connection  with  the  utilisation  of  petroleum.    The  relative  proportion 

of  constituents  in  a  heavy  crude 
asphaltic  petroleum  jjs  shown  in  Fig.  3. 
The  lettered  areas  in  this  diagram 
represent  the  same  seriee  of  hydro- 
carbon constituents  as  described  for 
paraffin  petroleums  under  Fig.  2.  It 
will  be  noted  that  the  asphaltic  petro- 
leum shows  a  very  much  higher  per- 
centage of  semisolid  residue  obtainable 
by  fractional  distillation  than  does  the 
paraffin  type.  Moreover,  the  area  D  in 
this  residuum  has  increased  to  about 
33%  against  2%  for  the  paraffin  petro- 
leum. The  paraffin  and  naphthene  hy- 
drocarbons A  have  completely  disap- 
peared in  the  residue,  and  areas  B  and 
C  show  a  notable  increase.  This  residue 
is  highly  cementitious  and  is  in  fact  an  asphalt  very  ■imil'ir  in  physical 
and  chemical  properties  to  the  bitumen  of  the  native  asphalts.  In  the 
distillates  paraffin  and  naphthene  hydrocarbons  are  present  to  a  less  ex- 
tent than  in  the  distillates  from  the  paraffin  petroleum.  In  this  connection, 
however,  it  should  be  noted  that  while  area  A  in  Fig.  2  is  composed  mainly  of 
paraffin  hydrocarbons,  area  A  is  Fig.  3  is  composed  mainly  of  naphthene  hy- 
drocarbons. Area  C  has  increased  considerably,  indicating  a  lower  degree 
of  chemical  stability,  but  it  is  not  proportionately  as  great  as  that  shown 
in  Fig.  5,  which  illustrates  the  effect  of  a  cracking  distillation  upon  both 
distillates  and  residue  of  a  semisapholtic  petroleum. 

Semiaiphaltlc  Petroleoms  are  those  which  hold  an  intermediate  position 
between  the  paraffin  and  asphaltic  petroleums.  The  distillates  obtained 
by  fractional  distillation  more  nearly  resemble  those  from  paraffin  petro- 
leums but  the  cyclic  hydrocarbons  predominate  and  the  naphthenes  or 
C'nHto  series  largely  replace  the  CnHjn  +  j  series.  Between  given  boiling 
points  therefore  the  distillates  from  semiasphalUc  petroleums  have  a  higher 
specific  gravity  than  do  those  from  paraffin  petroleums.  A  greater  percent- 
age of  semisolid  residue  may  be  obtained  from  them  but  not  usually  as 
much  as  from  asphaltic  petroleums.  These  residues  are  very  much  like 
those  obtained  from  asphaltic  petroleums  but  a  small  quantity  of  the  solid 
CnHjn+jor  paraffin  hydrocarbons  are  present.  They  are  chemically  lees 
stable  than  those  from  paraffin  petroleums  but  somewhat  more  stable  than  the 
purely  asphaltic  residues.  Many  semiasphaltic  petroleums  are  well  suited 
to  the  manufacture  of  bituminous  road  and  paving  materials,  but,  as  they 
yield  valuable  distillates,  they  are  not  always  primarily  refined  for  the 
residues  which  they  will  yield.  By  means  of  cracking  processes  the  yield 
of  distillates  may  be  increased,  and  this  is  sometimes  accomplished  at  the 
expense  of  the  quality  of  residue  produced  owing  to  the  formation  of  ole- 
fines  or  other  series  of  hydrocarbons  containinfc  an  unsaturated  open  chain 
or  side  chain.  When  refined  primarily  for  residues  the  oxidation  or  blowing 
process  is  often  resorted  to  after  a  certain  amount  of  preliminary  distilla- 
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tion,  BB  hy  this  means  tbe  percentage  of  residue  may  be  greatly  increased. 
If  the  initial  distillation  is  not  carried  far  enough,  however,  Bemisolid  residues 
are  produced  which  are  decidedly  lacking  in  cementitiousness  and  are 
tiiei«fore  uosatisfaotory  aa  road  or  paving  materials.  Petroleums  from 
the  Gulf,  Illinois  and  many  from  the  Mid-Continent  and  Colorado-Wyoming 
Fields  are  classed  as  semiasphaltic.  Mexican  petroleums  are  sometimes 
placed  in  this  class  because  of  the  fact  that  solid  porafliD  hydrocarbons  are 
found  in  their  residues.  They  are  peculiar,  however,  in  the  fact  that  they 
yield  as  high  a  percentage  of  semisolid  residues  and  in  many  cases  higher 
than  do  the  asphaltic  petroleums.  The  relative  proportion  of  constituents 
in  a  typical  semiasphaltic  petroleum  is  shown  in  Pig.  4,  while  changes 
produced  by  cracking  such  petroleum  during  distillation  are  shown  in  Pig.  5. 


As  compared  with  Fig.  3,  it  will  be  noted  that  the  area  below  a  a  in  Fig.  4 
shows  approximately  the  same  proportion  of  heavy  asphaltic  hydrocarbons 
D  altbo  the  area  itself  is  considerably  smaller.  The  proportion  of  other 
highly  unsaturated  hydrocarbons  C  is  less,  indicating  greater  chemical 
stability.  In  Fig.  5  the  total  area  below  a  a  has  materially  decreased 
owing  to  the  increase  in  distillates  caused  by  the  cracking  process.  As> 
compared  with  Fig.  4,  the  relative  proportion  of  area  C  has  been  increased 
in  both  distillates  and  residue  while  the  proportions  of  all  of  the  other 
areas  in  the  residue  have  decreased  owing  to  the  fact  that  these  hydro- 
carbons have  been  broken  up  into  distillates  and  the  unsaturated  hydro- 
carbons included  in  area  C.  This  is  particularly  noticeable  in  regard  to 
area  B.  It  should  be  noted,  however,  that  many  of  the  hydrocarbons 
still  remaining  in  area  D  have  been  altered  chemically  and  are  much  more 
unstable  than  those  in  area  D  of  Fig.  4.  In  this  article  no  attempt  has 
been  made  to  cover  the  refining  of  petroleums,  as  both  the  methods  of 
refining  and  the  refined  products  are  given  under  Arts.  19  to  22  inc. 


NATIVE  ASPHALTS 

16.   Origin  of  Native  Asphalts 

Oecnrrence  of  Native  Asphalts.  Native  asphalts  are  semisolid  or  solid 
native  bitumens  which  for  all  practical  purposes  may  be  considered  as  the 
natural  residuums  of  semiasphaltic  or  asphaltic  petroleums.    They  are 
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widdy  distributed  over  the  eartb,  and  history  recorda  a  knowledaB  of  their 
occurrence  and  use  prior  to  petroleum.   They  are  known  to  have  been 

lued  in  2000  b.c.  as  a  ceinenting  material  in  constmction  of  brick  work 
iu  the  city  of  Babyiuu.  Tbey  were  used  for  a  ainiilar  purpose  by  the  Inraa 
uf  South  America  long  before  the  discovery  of  the  Americas  by  the  white 
race.  Evideace  has  also  l>een  pretictited  i<i  their  use  in  highway  conBtruc- 
tion  by  thcae  people.  They  are  mainly  found  at  or  near  the  surface  of 
the  earth,  altho  in  certain  instanees  tbey  are  obtained  in  an  almost  pure 
state  from  veins  or  seams  in  rock  formations  where  they  occur  in  much 
the  same  Dumnar  aa  coal.  Thoae  at  or  near  the  surface  of  the  earth  usually 
coDtain  appredable  quantities  of  non-bituminous  impurities  mt^k  as  water, 
vegetable  matter  and  mineral  matter.  It  is  almost  imposaible  to  remove 
all  of  these  impurities  by  refining  processes  so  that,  unlets  originally  occurring 
in  a  pure  state,  the  refined  native  asphalts  do  not  contain  as  high  a  percent- 
age of  bitumen  as  do  refined  petroleums.  Where  the  asphalt  occurs  im- 
pregnating a  porous  reservoir  rock  the  entire  deposit  ia  called  rock  aspbslt. 
In  such  cases  the  percentage  of  mineral  matter  is  greatly  in  excess  of  the 
pure  asphalt  (see  Arts.  23  and  24).  When  they  occur  at  the  surface  of 
the  ew^  as  a  seepage  into  a  natural  basm  they  are  commonly  known  as 
lake  asphalts.  The  lake  asphalts  are  more  widely  known  and  are  obtained 
in  greater  iiuantities  than  any  other  form  of  native  asphalt.  Their  use  in 
highway  engineering  in  the  United  States  preceded  by  many  years  the  use 
of  manufactured  residues  from  semiasphaltic  and  asphaltic  petroleums. 
Being  themselves  natural  petroleum  reddues,  their  <nigin  is  identical  with 
that  of  petroleum  (see  Art.  1.3). 

Formation  of  ITative  Asphalts.  Native  asphalts  are  largely  composed  of 
a  mixture  of  those  hydrocarbons  which  originally  occurred  in  the  heavier 
and  less  volatile  portions  of  the  particular  petroleums  which  were  imme- 
diately responsible  for  their  formation.  The  relative  proportion  and  cHar^ 
acter  of  the  original  petroleum  hydrocarbons  may,  however,  have  been 
considerably  modified  by  peculiar  conditions  attending  the  natural  proc- 
esses to  which  they  were  subjected  during  the  actual  production  of  asphalt. 
These  conditions  were  not  neccBsarily  the  same  as  those  employed  in  the 
manufacture  of  semisolid  and  solid  residues  from  petroleums,  and  the 
native  asphalts  therefore  often  differ  in  certain  characteristics  from  the 
manufactured  petroleum  asphalts.  Where  native  asphalts  are  direct  prod- 
ucts of  secondary  distillation,  they  most  commonly  occur  impregnating 
the  original  porous  reservoir  rock  or  as  rock  asphalts.  Owing  to  the  ab- 
sence of  water  in  the  rock  formation  or  to  natural  fissures  in  the  otherwise 
impervious  overlying  strata,  they  may  have  been  forced  under  natural 
pressure  and  at  temperatures  sutficieiitly  high  to  have  made  them  more 
or  less  mobile  into  large  rock  crevices  where  they  solidified  into  hard  mineral 
vein  deposits.  Depending  upon  the  characteristica  of  the  original  petro- 
leum and  the  temperatures  and  pressures  to  which  they  were  subjecte<f, 
tl^  consistency  of  the  asphalt  may  vary  from  a  soft  and  viscous  semisolid 
to  a  hard,  brittle  black  body.  A  distillation  under  pressure  might  not 
bring  them  to  semisolid  consistency  when  cold  but  by  seepage  to  the  earth's 
surface  and  later  evaporation  of  the  more  volatile  I^drocarbons  they 
might  in  time  become  solid.  If  subjected  to  high  natural  temperatures 
during  formation,  they  might  become  hard  and  brittle.  If  the  tempera- 
ture was  excessive,  the  hydrocarlx)n8  might  be  so  altered  that  the  material 
would  bo  converted  into  one  that  would  not  melt  upon  the  application  of 
heat,  in  which  case  it  would  not  be  true  aaphalt.    Such  solid  form  of  bitu- 
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mea  is  most  commooly  known  under  the  name  of  orabauitb.  If  at  high 
temperatures  tbe  material  underwent  further  alteration  and  became  insoluble 
in  carbon  disulphide,  it  would  bo  known  as  an  anphaltic  coal  or  pyrobitumen. 
Should  a  semisolid  or  solid  native  residue  be  produced  from  a  paraffin 
petroleum  without  material  alteration  of  the  paraffin  hydrocarbons  to 
cyclic  or  oridse  compounds,  these  residuea  would  more  nearly  resemble  in 
chemical  and  phyBical  characteristics  the  manufactiued  aolid  paraffin  and 
would  not  be  termed  asphalts.  Such  mineral  substances  as  raocsBmB 
and  BATCH  Brm  belong  to  this  class  and  are  of  no  direct  interest  id  higb' 
way  engineering. 

17.   Production  of  Native  Asphalts 

Main  Sources  of  Supply  of  HatiTe  Asphalts.  Statistics  relative  to  the 
worid's  production  of  native  asphalts  are  not  so  complete  as  those  for 
petroleum.  Most  statisticians  include  under  the  general  heading  asphalts 
all  types  of  aeuaaa^  and  solid  native  latumens  as  well  as  rock  aQ>halta 
and  certain  pyrotstumens.  The  rock  asphalts  in  particular  represent  a 
very  considerate  tonnage,  the  importance  of  which  from  the  standpoint 
of  highway  emiineering  is  apt  to  be  misjudged  if  the  fact  is  lost  sight  of  - 
that  most  of  this  tonnage  is  represented  by  the  rock  itself  and  not  by  the 
asphalt  which  impregnates  it.  Trinidad  and  Venezuela  are  by  far  tbe 
largest  producers  of  asphalt  proper,  altfao  the  latter  country  shows  a  lower 


Table  m.— Production  of  Crude  Native  Asphalts  and  Other  SemiK^d  and 
Solid  Native  Bituminous  Materials,  190t-UlS,  in  Tons 


Country 

1M4 

1M6 

1906 

1907 

1908 

Trinidad 

b  (British  West  Indiea) 

Spain  

Auatris-Hungary  

RuMia  

152  39$ 
14  910 
64  167 
123  347 
260  222 
101  121 
4  146 
4  029 
d  95 

114  846 

33  803 
62  898 
117  929 
211  043 
113  513 

7  135 

8  2B7 
23  659 

160  873 
22  128 
73  062 
144  802 
216  406 
129  388 
8  687 
10  633 
12  517  • 

171  271 
37  637 
86  918 
178  127 
196  136 
189  667 
9  067 
11  835 
14  116 

148  662 
31  639 
78  666 
148  438 
188  616 
98  088 
18  636 
12  289 
24  961 

Country 

1909 

191ft 

1911 

1911 

191S 

Trinidad 
(British  W«st  Indies) 

Unitsd  Stataa  

Italy  

169  416 
37  292 
99  061 
123  S61 
186  298 
85  446 
6  822 
11  179 

l67  120 
81  890 
98  893 
179  261 
187  085 
89  491 
7  072 
9  070 

al79  718 
60  163 
87  074 
207  926 

al89  496 
66  876 
96  166 
181  946 

a230  081 
88  826 
92  604 

90  266 
9  700 

SpBiB  

Rnaia  

a  Exports. 

b  Indudes  smoU  quantity  of  manjak  produced  In  Barbados. 

e  ADOot  7%  roprcsnnts  asphalt;  remiinder  is  bituminous  saBdstonc  and  limsrtonsb 

4  Oioearite  only;  quantity  of  amhalt  not  available. 

«  Not  avaiUUs. 
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tonnage  than  do  the  United  Stat«s,  Germany,  Franoe  aud  Italy,  whoae 
production  conaiata  veiy  largely  of  rock  asphalt.  The  production  of  these 
materiale  by  the  largest  producing  countriee  f>{  the  worid  from  1904  to 
1913.  according  to  Day  (16b),  ie  giveo  in  Table  III.  In  this  connection  it 
ia  of  interest  to  note  that  altbo  asphalts  have  their  direct  origin  in  petro- 
leum, the  larKcst  petroleum  producing  countries  are  not  the  largest  pro- 
ducers of  native  asphalts.  This  is  due  to  the  fact  that  in  general  those 
formations  best  adapted  to  the  collection  of  petroleum  in  pa>'ing  quajiti- 
ties  do  not  encourage  the  resultant  change  to  asphalt  or  other  aemiaolid 
or  solid  forma  of  bitumen. 

Prodvction  ami  Importatloa  of  Aiphalta  in  the  ITnltad  States.  Semisolid 
and  solid  naUve  bituminous  materiidB  occur  in  various  parts  of  the  United 
States.  The  prindpal  producing  States  are  Utah,  CaHfornia,  OkliJioma, 
Kentucky,  Texas  and  West  Virginia.  Utah  produces  most  of  the  pure 
solid  bitumens  known  as  gilsonite,  impaonite  and  grahamite,  also  the  pyro- 
bitumen  wurtKilite.  Some  gilsonite  occurs  in  C'-olorado,  and  grahamite  ia 
also  obtained  from  Oklahoma  and  West  Virginia.  In  1913  California  pro- 
duced only  bituminous  sandstone.  The  same  is  true  for  Kentucky.  Okla- 
homa and  Texas  produce  both  bituminous  sandstone  and  bituminous  lime- 
stone. The  production  by  States,  according  to  Day,  (16b),  from  1909  to 
1913,  ia  iiiven  in  Table  IV.  In  addition  it  should  be  noted  that  in  1914 
a  conaideralde  deposit  of  solid  native  Intumen  was  discovered  in  the  Phil- 
ippinea  on  the  Island  of  Leyte. 

Tabl*  IV.— Prodnetioii  of  &nda  Hatlve  Semiiolid  and  Solid  Blttuninoiii 
Uateriala  by  Statea,  1909-1913,  In  Torn 


State 

IMS 

1910 

1911 

1912 

191S 

Utah  

28  919 

86  697 

80  846 

32  614 

80  810 

43  828 

41  S9» 

36  481 

36  741 

27  870 

15  898 

9  988 

MO  146 

617  465 

elO  419 

11  959 

dl9  747 

16  766 

16  469 

Total  I 

99  061 

98  898 

87  074 

95166 

92  604 

a  Included  in  OklahoouL 
b  Indudw  Texas. 

e  Indadea  West  Vlr^nla  and  Texas. 
d  IfidndM  Btetueky. 

Table  V. — Moat  Important  Prodnctioa  and  Importation  of  SeniaoUd  and 
Solid  Bltondnoiii  Uatariala  by  the  United  States,  1909-191S,  in  Tona 


Material 

1909 

1910 

1911 

1912 

1918 

Gilsonite  and  mbamite  in  U.  S. . 

Maltha  In  U.  S  

Bituminous  rock  in  U.  S  

Total  imported  bituminous  roek  d 

42  783 
662 
55  376 
111  416 
34  191 
6  409 
129  594 

33  087 
1  262 
64  554 
118  472 
37  623 
8  696 
161  187 

86  286 
8  574 
42  654 
111  630 
88  196 
8  180 
277  192 

039  930 
474 
64  762 
103  711 
60  893 
8  976 
854  844 

e35  056 
b 

e67  649 
125  273 
87  609 
6  896 
486  688 

a  Indudea  wurtzflite. 

ft  Induded  ia  bituminous  rock. 

c  Indudea  maltba. 

d  BituminouB  UmestoB^ 
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The  production  and  importation  from  1909  to  1913  by  the  United  States 
of  native  semisolid  and  solid  bituminouB  materials  of  particular  interest  in 
highway  engineering  are  ^ven  in  Table  V.  For  the  sake  of  comparison  the 
production  of  oil  asphalts  in  the  United  States  during  that  period  is  also  given. 
From  Table  V  it  will  be  noted  that  in  general  the  total  annual  production 
of  native  semisolid  and  solid  bituminous  materials  has  remained  quite  con- 
stant, the  largest  tonnage  of  actual  bitumen  being  represented  by  Ute  prod- 
ucts known  as  qiuonite  and  ORAHAurrB.  The  importation  of  rock  asphalt 
has  remained  so  low  as  to  be  of  very  minor  importance.  This  is  not  due 
to  lack  of  desirable  qualities  in  the  foreign  bituminous  rock  but  to  the 
impracticability  of  its  competition  with  native  rock  asphalts  and  the  purw 
form  of  bitumen  upon  which  transportation  charges  are  much  lower.  A  very 
large  tonnage  of  asphalt  has  annually  been  imported  from  Trinidad  and 
Bermudes,  most  of  which  has  found  its  use  in  highway  engtoeering.  In 
1909  this  importation  exceeded  the  production  of  asphalt  from  petroleum. 
The  manufacture  of  asphalt  from  petroleum,  however,  has  increased  so 
r^dly  that  in  1913  it  more  than  doubled  the  total  importation  for  that 
jrear.  In  this  connection  it  is  of  interest  to  note  that  in  1913  the  im por- 
ta tic  a  of  petroleum  suitable  for  manufacturing  asphalt  was  sufficient  to 
have  produced  over  three  times  the  amount  of  oil  asphalt  manufactured 
during  that  year  had  it  all  been  refined  for  that  puipoee.  This  importation 
was  almost  entirely  from  Mexico. 

The  Mining  of  Atpltalts.  Asphalts  are  mined  in  a  number  of  wajn, 
aeoording  to  the  method  of  occurrence  and  degree  of  hardness  of  the  crude 
material.  Rock  asphalts  are  quarried  in  much  the  same  manner  as  any 
rock  depont.  The  purw  forms  of  solid  bitumen  occurring  in  veins  of 
fissures  below  the  surface  of  the  earth  are  obtained  as  is  coal  by  unking 
a  shaft  to  the  vein  formation  and  then  removing  the  asphalt  in  lumps  by 
means  of  picks.  The  lumps  upon  being  elevated  to  the  surface  are  some- 
times sorted  into  a  number  of  grades,  depending  upon  the  presence  or  ab- 
sence of  included  mineral  matter.  Giuoiotb  and  orahauite  are  thus 
mined  and  may  often  be  obtained  in  a  practically  pure  state,  bdng  free 
bom  water  uad  mineral  matter.  The  crude  lake  asphalts,  such  as 
Trinidad  and  BEiturnEZ,  which  are  less  hard,  still  possess  sufficient  soIidiQr 
to  make  posaible  their  removal  by  means  of  hand-pick  or  mattox. 
They  are  flaked  up  by  this  means  and  the  fragments  are  loaded  by 
band  upon  carts  oc  small  cars  which  transport  them  to  the  refinery  or 
vessels  which  are  to  cany  them  to  the  refinery.  The  excavations  thus 
made  gradually  fill  up  owing  to  an  almost  imperceptible  flow  of  the 
mass  which  seeks  a  constant  level.  Where  conditions  are  suitable,  a 
erane  with  a  bucket  of  the  clam-shell  type  may  be  used  for  the  purpose 
of  excavation  and  loading,  the  weight  of  the  bucket  being  sufficoent  to 
cause  it  to  sink  into  the  mass  of  asphalt.  Bermudez  asphalt  has  beeo 
mined  in  this  manner. 

Tnuisportation  and  Storage  of  Crude  Asphalts.  The  harder  varieties  of 
crude  solid  bituminous  materials,  such  as  oti^tnTE  and  orahauitb,  are 
transported  from  the  mines  by  rail  and  usually  in  open  cars.  The  lumps 
retain  their  shape  under  normal  conditions  and  may,  therefore,  be  trans- 
ported and  bandied  like  so  much  coal.  They  are  often  of  sufficient  purity 
to  require  no  refining  ottier  than  that  which  wOl  modify  their  consistency 
to  that  sidtable  to  the  use  for  whidt  they  are  to  serve.  Lake  asphalts  on 
the  other  hand  require  refining  in  order  to  remove  impurities.  The  lake 
asf^lta  iised  in  the  United  States  are  transported  jo  the  crude  condition  to 
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that  country,  where  they  are  refined.  They  are  carried  iu  vessels  so  con- 
structed that  practically  the  entire  hold  may  be  filled  with  the  lumps  of 
crude  matenai,  which  gradually  malesce  to  a  solid  mass  during  transporta- 
tion.  Thfa  makes  it  Decenary  to  again  mine  the  material  from  the  vessel 
upon  its  arrival  at  the  refinery.  Here  it  ia  again  picked  out  or  removed 
by  a  clam-shell  bucket,  and  if  it  canoot  be  immediately  refined  and  bar- 
reled, it  is  unloaded  into  an  artificial  pit  or  lake  for  storage,  where  it  again 
coalesces.  A  third  mining  operation  is  then  reqmred  before  it  eventually 
reaches  the  refining  tank.  Owing  to  its  extreme  viscosity  and  tendency 
to  froth  at  elevated  temperatures,  it  cannot  be  transported  by  pipes  when 
heated  to  a  molten  state.  At  ordinary  air  temperatures  it  exhibits  a  strong 
tendency  to  adhere  to  the  sides  of  transporting  containers  and  for  this 
reason  tba  inadea  of  such  containers  are  usually  cl^ed  in  order  to  facilitate 
remowl.  The  cost  of  handling  crude  lake  oqihalt  is  considerably  higher 
than  tor  any  other  type  of  crude  bituminous  material,  and  this  materially 
influences  the  market  value  of  the  refined  product  as  compared  with  asphalts 
manufactured  from  petroleum. 


Clastlflcation  of  Asphalt*.  While  the  semiaoUd  and  solid  native  iMtuou- 
Qous  materiab  ma^  be  dassified  in  much  the  same  manner  as  petroleums 
under  the  headings  paraffin  and  asphaltic,  the  asphalts  themselves  are 
usually  classified  by  certain  characteristics  peculiar  to  a  given  source  of 
suppb^.  This  is  not  invariably  true,  Iiowever,.a8  such  products  as  gilsonito 
and  grahamite  are  obtained  from  a  number  of  different  localities.  The 
individual  crude  asphalts  of  particular  interest  in  highway  engineering  are 
treated  in  the  following  paragraphs  under  namee-by  which  they  are  com- 
monly known  to  the  trade.  Kock  ospbalte  or  bituminous  rock  are  not 
here  included  as  they  are  treated  under  a  separate  subdivision.  Refined 
asphalts  are  dealt  with  in  another  subdivision  (see  Arte.  19  to  22  inc). 

Trinidad  Asphalt  is  the  beet  known  and  most  eztcn^vely  used  of  any 
of  the  native  asphalts.  It  occurs  in  enormous  quantities  on  the  Island 
of  Trinidad,  which  lies  off  the  north  coast  of  South  America,  being  separated 
from  the  mainland  of  Venesuela  by  a  narrow  channel  on  the  south  and 
the  Guif  of  Paria  on  the  west.  It  occurs  in  two  forms,  known  as  lake 
pitch  and  land  pitch,  which  differ  somewhat  in  properties  but  origiQate 
from  the  same  source.  The  lake  pitch  or  main  deposit  occupies  what  is 
thought  to  be  the  crater  of  an  extinct  mud  volcano,  while  the  land  pitch 
occurs  in  layers  which  were  produced  by  overflows  from  the  lake.  The 
pitch  lake  has  an  area  of  about  127  acres  and  is  of  unknown  depth.  Borings 
have  been  made  to  a  depth  of  135  ft  at  the  center,  with  no  indication  of 
having  reached  tbo  bottom  of  the  deposit.  The  esthnated  minimum  avail- 
able tonnage  of  asphalt  in  this  lake  is  over  9  000  000  toos. 

Crudb  Lake  Asphalt  is  a  uniform,  cheesy  mixture  of  gas,  water,  fine  sand, 
clay  and  bitumen,  carrying  about  39%  of  the  latter  constituent.  It  is 
sufficiently  solid  to  bear  the  woisht  of  men  and  veliicles  but  flows  slowly 
and  excavations  made  in  the  lake  gradually  fill  up.  After  refining  the 
bitumen  carries  a  high  percentage  of  sulphur  containing  hydrocarbons, 
some  nitrogen  but  little  or  no  oxygen.  In  common  with  other  native 
asphalts,  no  solid  paraffins  are  present  but  saturated  cyclic  hydrocarbons 
of  ^e  CdHbi-s  series  have  been  found.  Those  saturated  hydrocarbons 
amount  to  about  25%  of  the  total  bitumen.   Polycyclic  polymethylenes 
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oimilar  to  those  contained  in  asphaltic  petroleums  are  present  in  that  por- 
tion of  the  bitumen  which  is  soluble  in  paratBn  naphtha,  and  extremely 
complex  unsaturated  hydrocarbons  make  up  the  hulk  of  the  naphtha  insol- 
uble material.  The  crude  lake  asphalt  is  refined  in  order  to  remove  the 
water  and  gas.  Most  of  the  mineral  matter,  however,  is  in  such  a  finely 
di\-ided  state  that  it  persistently  remains  in  suspension  and  but  little  of  it 
separates  by  sedimentation  under  the  agitation  to  which  it  is  necessary 
to  subject  the  molten  asphalt  during  refining  in  order  to  prevent  injury 
by  local  overheating.  The  relative  protwrtion  of  constituents  in  both  the 
crude  and  refined  lake  asphalt  is  quite  constant.  They  are  shown  in  the 
following  diagrams.  It  will  be  noticed  that  the  refined  asphalt  contains 
about  7%  of  what  is  classed  as  organic  matter  not  soluble  in  carbon  disul- 
phide.  While  it  is  commonly  reported  thus,  Richardson  has  shown  that  in 
reality  it^nsiats  mainly  of  water  of  hydration  of  the  clay  which  is  present, 
inorganic  material  which  is  volatile  at  the  high  temperature  necessary  to 
produce  ash.  together  with  about  0.3%  of  bitumen  which  is  persistently 
retained  by  the  fine  mineral  matter  and  cannot  be  removed  with  the  solvent 
carbon  diaulphide  which  is  used  to  determine  the  percentage  of  bitumen. 
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Fic.  6.    Crude  Trinidad  lake  Am>Iialt     Fig.  7.    Refined  Trinidad  L^ke  Aapbalt 


The  refined  asphalt  may,  therefore,  be  considered  as  roughly  containing 
57%  bitumen  and  4.3%  mineral  matter.  Upon  ignition  it  yields  a  charac- 
teristic flesh  pink  ash.  The  high  percentage  of  mineral  matter  largely  limits 
its  use  to  certain  of  the  more  expensive  types  of  pavement  because  of  the 
fact  that  in  the  cheaper  types  it  cannot  successfully  compete  in  price  with 
the  purer  asphalts  which  contain  practically  IUO%  bitumen.  It  has  been 
claimed  that  the  mineral  matter  in  Trinidad  asphalt  is  so  uniformly  distrib- 
uted thmout  the  bitumen  and  exists  in  such  a  finely  divided  state  that  it 
makes  a  better  filler  for  sheet-asphalt  aggregates  than  wilt  other  types  of  pure 
mineral  matter  which  have  to  be  added  for  that  purpose  (see  Sect.  17). 

Cbudb  Land  Asphalt  occurs  in  a  variety  of  forms,  depending  upon  its 
age  since  overflowing  from  the  lake  and  also  upon  the  natural  conditions  to 
which  it  has  been  subjected  since  such  overflow.  Different  varieties  are 
known  as  cheese  pitch,  iron  pitch,  cokey  pitch,  etc.  As  some  of  it  has 
been  coked  by  forest  fires,  and  therefore  injured  for  industrial  purposes,  it 
has  to  be  selected  with  some  care.    It  is  invariably  harder  both  in  the 
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crude  and  lefined  state  than  the  lake  asphalt,  and  in  geooral  requires  about 
half  again  as  much  flux  to  bring  it  to  a  given  conasteDoy  or  penetration. 
Its  spedfio  gravity  is  somewhat  hi^wr  than  the  lake  asphalt  as  it  nm- 
tains  about  2%  more  mineral  matter  and  a  oorrespoDdiogly  lower  pmoent- 

age  of  bitumen.  Nearly  all  of  tbe  land  asphalt  exported  from  Trinidad 
goes  to  the  United  States  but  it  constitutes  only  a  small  proportion  of 
the  total.  The  total  exportation  of  both  types  from  1909  to  1913,  as  gcivea 
by  Day  (16b),  is  shown  in  Table  VI.  From  this  table  it  will  be  seen  that 
the  United  States  consumes  considerably  more  than  half  of  the  total  ex- 
portation. 

Trinidad  asphalt  was  first  used  in  pavement  oonstnictioo  in  the  United 


Table  VL— Exportation  of  Asphalt  from  Trinidad,  1M9-191S,  in  Ton* 
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States  at  Newark,  N.  J.,  in  1870.  Its  use  on  local  roads  in  Trinidad 
antedates  1836. 

Bermndez  Asphalt,  second  only  to  Trinidad  asphalt  in  the  extent  of 
its  production  imd  use,  occurs  as  a  shallow  lalu  depodt  in  the  State  of 
Sucre  in  Venesuela,  about  30  miles  from  tbe  coast  and  almost  due  west 
of  the  Island  of  Trinidad.  The  pitch  lake  covers  about  1000  acree  of  swampy 
countiy  and  is  not  readily  accessible.  It  has  been  formed  by  the  ov^- 
flow  of  soft  pitch  or  heavy  maltha  from  a  number  of  springs.  Upon  expo- 
sure the  mftH-hft  liberates  gas  and  gradually  hardens.  The  lake  varies  in 
depth  from  about  2  to  9  ft.  It  is  covered  in  many  places  by  a  rank  vege- 
table growth  which  by  catching  fire  from  time  to  time  has  hastened  thc- 
hardening  of  the  asphalt.  When  mined  it  is  quite  solid  for  a  depth  of 
about  3  ft.  but  is  softer  than  Trinidad  asphalt.  The  fresh  maltha  as  it 
exudes  ftiom  the  springs  is  practically  pure  bitumen,  but  the  asphdt  as 
mined  carries  appreciable  quantities  of  «ctnmeous  matter.  It  is  not  of 
uniform  composititm  in  the  crude  state  as  it  contains  varying  quantities 
of  water,  vegetable  matter  and  mineral  matter.  In  general  the  water 
varies  from  10  to  50%,  and  over;  vegetable  matter  from  1  to  6%;  mineral 
matter  from  I  to  3%;  and  bitumen  from  45  to  88%.  The  refined  Beraiu- 
des  asphalt  is  much  softer  than  refined  Trinidad  asphalt  but  carries  a 
higher  percentage  of  bitumen,  usually  94  to  95%.  The  bitumen  varies, 
howwvar,  horn  92  to  97%.  The  vegetable  matter  or  organic  material  insoU 
uble  in  carbon  disulphide  tisually  lies  between  1.5  and  5%,  and  the  mineral 
matter  or  ash  runs  from  1.5  to  2,5%.  When  heated,  refined  Bermudei 
asphalt  has  a  dumuiteristic  odor  quite  differmt  from  the  Trinidad  product. 
Upon  ignition  it  yields  a  tonmish  pink  ash.  The  vegetable  matter  con- 
sists irf        small  fragments  of  twigs,  veins  of  leaves,  eto,  wUch  are  not 
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readily  Zttnumd  by  refining.  Nearly  aU  of  the  BenaucMs  sq>halt  exported 
from  Veneiuela  fiiuls  its  way  to  tho  United  States,  where  it  it  t^ned,  fluxed 
and  used  quite  ezteomvely  in  highway  engineering  in  the  coDstniction  of 
sheet  asphalt  and  other  types  of  bituminous  pavements.  The  pure  bitumen 
of  Bermudes  asphalt  is  siniiiar  in  character  to  tliat  of  Trinidad  asphalt 
and  carries  about  the  same  percentage  of  sulphur  hydrocarbona.  It  has, 
however,  a  greater  percentage  of  volatile  hydrocarbons. 

Maraeaibo  Asphalt  is  another  Venezuelan  product  found  in  the  State 
of  Zulia,  almost  due  west  of  the  Bermudei  lake.  It  is  produced  as  an 
exudation  from  a  maltha  spring  and  reeemblee  the  Bermudez  asphalt  in 
many  respeets,  alUio  it  has  a  eharacterifltie  odor  which  readily  distinguishes 
it  from  Uie  Bermudes  product.  It  has  been  used  to  a  limited  extent  in 
the  oonstruction  of  sheet-asphalt  pavements  in  the  United  States  but  is 
not  an  important  source  of  supply  from  the  standpoint  of  highway  engineer- 
ing in  general. 

Cuban  Asphalts.  A  number  of  deposits  of  asphalt  are  located  on  the 
Island  of  Cuba  and  some  have  been  worked  to  a  limited  extent.  Those 
products  which  have  been  utilized  in  highway  engtneeiing  to  any  extwt 
■re,  in  the  crude  state,  hard,  brittle  asphalts.  They  carry  about  76% 
iBtoitaen,  over  20%  miiMral  matter,  and  3  or  4%  organic  matter  insoluUe 
in  carbon  disulphide.  In  general  appearance  these  Cuban  asphalts  resemble 
refined  Trbildad  asphalt  but  require  a  greater  amoimt  of  flux  to  produce 
an  asphalt  cement  of  given  consiBtency.  Upon  ignition  they  yield  a  brown- 
ish ash  which  is  diff^ent  from  the  Trinidad  ash. 

Gflsonite  is  a  hard,  brittle,  lustrous  material  which  occurs  in  various 
localitiee.  The  most  important  commercial  deposits  are,  however,  foimd 
in  the  State  of  Utah.  It  is  found  in  rock  orevioee  or  veins  from  which  it 
is  picked  out  or  mined  like  coal.  It  is  ordinarily  quite  free  from  impuri- 
tiea  and  usually  eonststs  of  over  90.6%  bitumen.  It  therefore  yields  but 
little  ash  upon  ignitioiu  Its  apeeifio  gravity  generally  lies  betwem  1.04 
and  1.00,  ahho  acMne  grades  wUch  contain  more  than  the  average  amount 
of  mineral  matter  may  show  a  shghtly  hi^er  gravity.  Its  fracture  is  lus- 
trous and  eonchoidaL  It  consists  of  about  06%  of  unsaturated  hydro- 
carbons, most  of  them  probably  being  poIycycUc  and  bridge  compounds 
of  complex  structure.  It  melts  at  from  149°  to  163°  C  (300°  to  325"  F)  and 
at  205°  to  218°  C  (400°  to  426°  F)  may  be  fluxed  with  petroleum  residuums 
to  form  asphalt  cements.  Itbas  been  quite  extensively  used  in  combination 
with  Mown  petroleum  residuums  to  produce  rubbery,  non-ductile  asphalt 
eementa  aometimea  known  as  minwal  rubber.  It  ia  one  of  the  most  expen- 
rive  of  the  orude  native  bituminous  materials  and  its  oommermal  competi- 
tion witii  others  used  in  highway  engineering  is  usually  limited  to  fluxed 
compounds  of  which  it  eonatitutee  a  comparatively  small  percentage.  It 
is  sold  in  two  grades,  firsts  and  seconds;  the  former  consisting  of  large 
himps  free  from  powder,  and  the  latter  of  smaller  and  more  powdery  frag- 
ments. As  it  is  almost  pure  bitumen  it  does  not  have  to  be  refined  prior 
to  its  use  in  the  manufacture  of  materials  of  direct  interest  to  the  trade. 
It  is  employed  to  a  considerable  extent  in  the  manufacture  of  japans, 
paints,  vamislMa,  eleotrio  insulations  and  aeid-proofing  materials. 

Oiahsmlte  is  more  wide^  distributed  in  nature  tiian  gilsonite,  which  it 
resembles  in  hardness  and  brittleness.  It  usually  occurs  as  vein  or  crevice 
deposits  and  it  is  mined  in  much  the  same  manner  as  gilsonite.  Oklahoma 
is  the  principal  producing  state.  Like  idlsonite,  native  grahamite  is  almost 
pure  Utomeu  "and  doea  not  have  to  be  refined  prior  to  its  uas  in  the  manu^ 
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faetute  of  fiiuUlied  produeta.  It  may,  however,  contein  as  lu'i^  as  5  or  6% 
of  mineral  matter.  Ita  spedfie  gravis  is  Bomewhat  higher  dun  gibtniite 
and  usually  lies  between  1.10  and  1.20.  Its  fracture  is  irregular  or  hackly. 
It  hae  l>een  used  to  some  eiteot  in  the  manufacture  of  asphalt  cem«it« 

for  uae  in  highway  engineering.  Owing  to  its  hardness  a  large  amount 
of  flux  is  usually  required  to  soften  it  to  a  desirable  consistency.  Upon 
being  heated  it  does  not  realty  melt  but  swells  up  and  intumescee.  In  this 
respect  it  resembles  the  pyrobitumeoa.  It  has  probably  been  produced 
in  nature  at  comparatively  high  temperatures.  It  connate  almost  entirely 
oT  complex,  unsaturated  hydrocarbons  which  an  practioaUy  inaoluUa 
in  light  paraflBn  naphthas.  Its  uses  are  similar  to  thoae  described  for 
gilsonite. 

Othb  Asphalts  of  iam  importwiae  Irani  the  standpoint  of  highway  Gngineering  than 
those  above  described  oocur  in  vuioua  parts  of  the  world.  Among  those  whidi  have 
been  used  to  a  limited  extent  may  be  mentioned  dnwdta  occuiring  In  Califomis  and 
Mfoico.  known  respectively  aa  California  and  Mencan  aqihalta.  Uoat  of  the  Cali- 
fomla  asphalts  are  v^  deports  of  varying  degrees  of  purity,  the  working  of  which 
has  been  largely  abandoned  because  of  their  inability  to  commercially  compete  with 
the  asphalts  manufactured  from  California  petroJeuras.  The  Mexican  aqdialta  ate 
prindpally  hardened  maltha  efliuions  which  occur  in  the  vidnity  of  Tampico,  Tuxpan 
and  Chapapote.  These  deposlta  have  not  been  worked  to  any  pest  extent  and  otdy 
very  limited  quantities  have  found  ±heir  way  Into  the  United  States  for  uae  in  the 
paving  Industry.  Two  other  asphalts  whid  may  be  mentioned  are  OLancs  nxcH 
and  HAKJAK.  The  former  is  widely  distributed  over  the  world  but  oeeura  princi- 
pally  in  East  Syria  and  Egypt.  The  latter  is  found  on  the  island  of  Barbados.  Both 
of  these  products  are  almost  pure  bitumens  which  sre  hard  and  brittle.  Thsy  resemble 
gilsonite  and  grahamite  in  noany  respects.  They  are  not  used  In  highway  tgtii  iimlm 
and  their  chemical  and  pbyrioil  properties  are  therefore  not  givea  tn  tbt  iwowliic 
subsection  on  reflnod  petroleum  and  asphalt  products. 


Petroleam  Stills.  Stills  for  refining  petroleums  vary  greaUy  in  siie  attd 
somewhat  in  construction.  The  refining  stills  moat  commonly  ueed  in  the 
United  States  are  cylindrical  in  form  and  are  set  horizontally  in  a  brick 
frameworlc  Another  type  which  has  in  the  past  been  used  to  some  extent 
is  known  as  the  cheese-box  still.  It  has  very  much  the  shape  of  a  large 
,  round  cheese  and  is  set  directly  over  the  furnace,  all  but  the  bottom  b^ng 
exposed  to  the  outside  air.  The  .bottom  is  douUe-curved  to  admit  of 
expansion  and  offers  a  large  heating  surface.  The  modem  type  of  petroleum 
still  used  in  the  manufacture  of  road  and  paving  materials  consists  of  a 
cylindrical  ateel  shell  set  horizontally  in  brickwork  so  that  the  lower  half 
is  entirely  concealed  except  at  the  ends.  The  upper  half  is  exposed  to  the 
air  except  for  a  thin  sheet  metal  covering.  Three  or  four  Btills  are  uaually 
set  side  by  side  to  form  a  battery  and  are  separated  merely  by  brick  par- 
titions. They  are  placed  in  the  open  without  covering  of  any  sort.  The 
large  stills  have  a  charging  capacity  of  1000  or  1200  bbl.  They  are  apprcoi- 
mately  40  ft  in  length  and  15  ft  in  diameter,  and  are  fitted  with  a  metal 
dome  at  the  top  which  connects  with  the  vapor  line  leading  to  con- 
densers. The  condenser  coils  consist  of  a  number  of  paralld  lines  of  pipes 
connecting  headers  wiiich  are  set  at  successively  lower  elevations  in  a 
large  cooling  tank  filled  with  running  water.  By  this  means  more  efficient 
cooling  surface  is  obtained  than  by  a  single  coil.  The  condenser  discharges 
thru  a  running  line  which  is  provided  with  a  trap  for  separating  any  un con- 
densed gasee  which  may  accompany  the  distillate.    The  running  Une  oon- 


BEVVXED  PETROLEUM  AND  ASPHALT  PRODUCTS 


19.   Distillation  of  Petroleums 


Art.  19 


Distillation  of  PatroleumB 


63D 


beets  with  a  look-box  provided  with  a  gtaas  door  so  that  the  sbeam  of 
distillste  may  be  watched  and  sampled  from  time  to  time.  The  ouUet 
from  the  look-box  leads  to  a  manifold  which  connects  with  a  number  of 
storage  tanks.  .The  distillate  may  be  run  into  any  one  of  these  storage 
tanks  by  cloaiag  all  of  the  valves  leading  from  the  manifold  but  the  one 
which  will  admit  the  distillate  into  the  Une  leading  to  that  particular  tank. 
The  look- box  and  maiiifoid  are  located  under  cover  io  what  is  known  aa 
the  tail-houBe.  Hg.  8  shows  a  diagram  of  a  plant  such  as  has  hem  deacribed. 
The  atill  is  fitted  with  higs  which  rest  on  roller  bearings  set  in  the  briok 
fnunework  in  order  that  the  expansion  at  high  temperaturea  may  be  cared 
for  without  injaiy  to  the  setting.  It  has  three  manholes,  one  at  the  top 
and  one  at  each  end  near  the  bottom  in  order  to  facilitate  <*l^>«^niiig  and 
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repain.  The  petroleum  is  charged  into  the  still  thru  a  filling  pipe  from  the 
top.  One  or  more  steam  pipes  are  placed  lengthwise  in  the  sUll  near  the 
bottom.  The  steam  pipe  is  fitted  with  spider  jets  deflected  downward 
BO  that  the  oU  in  contact  with  the  hottest  portion  of  the  still  may  be  thoroly 
agitated  during  distillation,  if  desired,  by  the  injection  of  dry  steam.  Metal 
sockets  are  so  placed  that  thermometers  or  pyrometerB  may  be  inserted  in 
the  oil  in  the  still  and  the  vapor  in  the  dome.  A  discharge  pipe  leads  from 
near  the  bottom  of  one  end  of  the  still  and  connects  with  storage  tanks 
or  barrelling  kettles  by  a  number  of  branch  pipes  which  are  steam-jacketed. 
These  tanks  or  kettl^  are  usually  equipped  with  steam  coils  so  ttiat  their 
contents  may  always  be  kept  sufficiently  fluid  to  handle  properly.  When 
they  are  to  be  filled  with  very  hi^ily  heated  material  from  the  still,  they 
are  sometimes  first  charged  with  live  steam  in  order  to  prevent  the  hot 
rssidual  from  catching  fire  by  spontaneous  combustion  and  causing  an 
explfwion.  They  may  also  be  equipped  with  trap  doors  to  relieve  the 
jvessure  should  an  explosion  occur.  The  storage  tanks  or  barrelling  kettles 
are  usually  large  enough  to  hold  the  residual  contents  of  at  least  four  or 
five  stills.  At  any  time  during  distillation  samples  of  the  residual  petro- 
Icom  may  be  drawn  oET  thru  a  small  pipe  located  near  the  bottom  of  the 
BtQl  and  often  tapped  into  the  discharge  pipe  dose  to  the  still  and  between 
it  and  the  main  dischat^  valve.  At  the  end  of  the  distillation  the  discharge 
valve  is  opened  and  the  residual  material  either  pumped  or  blown  by  live 
steam  into  the  proper  storage  tank  or  barrelling  kettle.  Sometimes  a 
number,  of  stills  in  a  battery  are  set  at  different  levels  so  that  the  residue 
from  the  first  may  be  run  by  gravity  into  the  second  and  so  on  Ihruout  the 
batteiy.  Such  an  arrangement  is  used  in  what  is  known  aa  the  continuous 
metiiod  of  diatiUation.   In  tiiis  system,  iriiieh  is  used  to  a  omnderable 
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extant  in  Rusaia,  a  constant  flow  of  oil  ia  run  thru  the  battery  of  atilla  and 
the  reedue  is  continuously  discharged  from  the  last.  The  single  still  or 
batch  method,  as  moet  commonly  employed  in  the  United  States  when 
primarily  used  in  the  manufacture  of  road  and  paving  materials,  is  in 
genraal  ooudueted  as  follows: 

Petroleum  Refining.  After  most  of  the  impurities  have  been  swarated 
by  sedimentation  in  the  storage  tank,  the  crude  petroleum  may  either  be 
chained  directly  into  the  refining  still  or  it  may  first  be  run  ttu-u  a  toppins 
plant  ia  which  all  of  the  remaining  water  and  some  of  the  very  light  oils 
are  removed  (see  Art.  9).  The  latter  is  to  be  preferred  because  of  the 
extreme  oare  with  which  preliminary  distUlation  must  be  conducted,  even 
when  a  small  quantitgr  of  water  is  present  in  the  more  viscous  petroleums, 

,  in  order  to  prevent 
Biansaink  foaming.    Such  foam- 

ing, if  not  earriully 
controlled,  may  nsult 
in  passing  most  of  tbe  ' 
charge  thru  the  var- 
por  line  and  condens- 
ers.  After  charging, 
the  contents  of  the  still 
are  dowly  heated  until 
the  distillate  emerges 
from  the  condraser. 
Tbe  gravity  of  Uie  run- 
ning distillate  is  taken 
from  time  to  time  by 
a  man  stationed  in  the 
tail-house.  Depending 
upon  just  what  distil- 
late products  are  to  be 
manufactured,  cuts  are 
made  at  the  prcq>er 
gravity  hy  deflectiDg 
the  flow  to  another  storage  tank.  Owing  to  the  tendency  <rf  aq>haltic 
petroleums  to  crack  during  distillation  (see  Art.  10)  as  soon  as  the  vapor 
temperature  is  sufficiently  high  to  prevent  condensation  within  the 
still,  live  steam  is  forced  thru  the  steam  pipe.  The  distillate  then  becomes 
a  mixture  of  oil  and  water  which,  however,  readily  separates  by  gravity. 
Samples  of  the  residual  material  remaining  in  the  still  are  also  taken 
from  time  to  time  and  tested  for  consistency  and  other  properties  which 
are  to  be  secured.  When  the  proper  consistency  has  been  obtained,  the 
distillation  is  stopped  and  the  residual  discharged  into  the  oooler,  storase 
tank  or  bairdling  tank.  After  acquiring  experience  with  any  particular 
type  of  oil,  the  manufacturer  is  able  to  gage  with  considerable  accuracy 
what  characteristics  are  possessed  by  the  residual,  from  tbe  quantity  and 
gravity  of  the  distillate  that  has  been  removed.  Very  frequent  sampling 
of  the  residual  is  not  therefore  always  necessary.  As  some  of  the 
tests  for  consistency  require  an  hour  or  more  to  make,  it  is  evident 
that  if  distillation  is  continued  while  tbe  test  is  being  made,  the  residual 
will  have  changed  appreciably  during  that  period.  Exact  control 
is  therefore  largely  a  matter  of  experience  and  knowledge  of  what  the 
results  of  0  given  test  indicate  as  regards  the  rewdii^  in  tb«  still  at  tbe 
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expiration  of  the  test.  Sometimes  distillation  is  inadvertently  carried  be- 
yond the  proper  point  for  the  production  of  a  given  product.  In  such 
case  the  residual  may  sometimes  be  utilized  by  running  it  into  the  cooler 
mnd  there  mixing  with  it  the  residue  from  another  distillation  which  has 
Dot  been  rarried  quite  far  enough.  Various  modifications  in  a  ^ven  method 
of  dtfltUlation  are  necessary  to  produce  the  various  products  which  may 
be  required.  Fig.  9.  however,  serves  to  illustrate  in  general,  the  practice 
followed  in  the  manufacture  of  straight  r^duals  for  use  in  highway  engi- 
neering, and  their  accompanying  distillates,  from  a  crude  asphaltic  petroleum. 
As  the  quantity  of  distillate  removed  from  a  given  charge  of  petroleum 
increases,  the  residual  remaining  in  the  still  becomes  more  and  more  vis- 
cous until  finally  it  will  solidify  upon  cooling.  In  most  cases  the  residual 
is  a  finished  product  after  it  has  been  discharged  from  the  still,  and  requires 
DO  further  treatment.  Diatillates,  however,  are  usually  fiirther  refined  by 
redistillation  is  a  smaller  still  and  subsequent  agitation  with  concentrated 
sulphuric  acid,  followed  by  washing  with  a  solution  of  caustic  soda  and 
finally  with  water.  The  sulphuric  acid  combines  with  and  polymerizes 
the  luisaturated  compounds  which  are  present  forms  a  sludge  acid 
which  separates  by  gravity  from  the  purified  distillate.  The  sludge  acid 
may  then  be  treated  for  the  recovery  of  the  sulphuric  acid,  leaving  behind 
the  hydrocarbons  which  have  been  removed  from  the  distillate.  When 
the  distillates  are  of  inferior  quality  for  the  manufacture  of  refined  products 
or  when  market  conditions  do  not  warrant  their  further  refining,  they  are 
sometimes  run  into  a  common  tank  after  the  lightest  fraction  has  been 
separated,  and  are  sold  as  fuel  oil  distillate.  Refined  distillates  are  sold 
under  the  names  of  gasoline,  kerosene,  burning  oils,  turpentine  substitutes, 
spihdle  oils,  cylinder  oils,  duet  layers,  etc.  The  residues  of  various  con- 
sistency are  sold  as  dust  layers,  carpeting  mediums,  fluxes,  asphalt  cements 
and  refined  asphalts.  For  further  details  and  principles  governing  dis- 
tillation in  general,  see  Art.  10. 

DiatOlata  Dost  laywu  are  usually  heavy  non-volatile  distillates  which 
may  have  been  treated  with  sufficient  sulphurid  acid  to  remove  all  objec- 
tionable odor,  due  to  the  presence  of  hydrocarbon  derivatives  containing 
sulphur.  They  are  usually  transparent  or  semitransparent  and  vary  in 
color  from  pale  yellow  to  dark  brownish  red.  They  resemUe  and  are,  in 
effect,  inferior  lubricating  oils  which  flow  readily  at  ordinary  temperature 
and  do  not  possess  or  develop  after  application  any  true  cementitiousness. 
Their  function  is  to  lay  dust  in  much  the  some  manner  as  water  but,  being 
non-volatile,  their  effect  is  more  permanent  than  water.  They  should  be 
used  sparingly  or  otiierwise  tiiere  is  danger  of  disintegration  of  the  road 
surface  thru  the  medium  of  tbmr  lubricating  action.  As  a  rule  they  are 
Buffidently  fluid  to  apply  to  a  road  surface  by  means  of  an  ordinary  street 
sprinkler,  but  a  prenure  distributor  is  to  be  preferred  for  this  purpose  in 
order  to  secure  a  very  light,  uniform  distribution.  Their  consistency  is 
determined  by  means  of  a  viscosimeter,  the  test  being  ordinarily  made  at 
25°  C  (77°  F).  The  physical  and  chemical  characteristics  of  a  typical  dis- 
tillate dust  layer  are  as  follows: 


Distillate  Dust  Layer 


naab  point  (doeed  cup)  

Burning  point  (dowd  cup)  

Loss  at  168°  C  (326°  F),  &  hr,  60  g. 


106'  C  (221°  F) 
168«  C  (316°  F) 


0.892 
S.4 
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Soluble  Id  euboD  dinilpblde  (total  bitumen)   100.00% 

Oriuiie  muter  ineolutue   0.00% 

IwBiaate  matter  iiHolable  (Mh)   0.00% 

100.00% 

Bitumen  ineoluble  in  86"  B  nephthe   0.00% 

Bitumen  inecduble  in  cerbon  tetrachloride   0 . 00<^ 

Fixed  cwbon   0.40% 

All  distillate  dust  layers  are  completely  soluble  in  carbon  disulphide.  86°  B 
naphtha  and  carbon  tetrachloride.  They  seldom,  if  ever,  exceed  0.920 
specific  gravity  or  12.0  specific  viscosity.  Their  flash  point,  burning  point 
and  loss  by  volatilisation  vary  conmderaUy,  the  first  two  properties  in- 
cieasins  and  the  last  decreasinfi  with  the  specific  Rravity.  The  residue 
from  the  volatiltiation  test  ia  invariably  fluid  and  meafly.  They  yidd  a 
low  percentage  of  fixed  csTbon.  seldom  over  1.0%,  and  upon  ignition  should 
be  free  from  ash.  Their  physical  and  chemical  properties  change  bi't  little 
after  application,  and  their  value  as  dust  layers  lasts  only  so  long  as  they 
are  not  supersaturated  with  dust  particles.  If  used  in  excessive  quantities 
they  produce  an  oily,  muddy  eniulsioa  in  wet  weather,  as  they  do  not  serve 
as  waterproofing  agenta. 

Crude  and  Raiidual  Dnit  Layen.  In  some  cases  eraiio  petroleums  are 
sold  and  used  dhmtly  as  dust  layers.  As  a  rule,  however,  the  manufac- 
turer or  producer  prefers  to  remove  some  of  the  lighter  and  more  valuable 
distillates.  This  may  be  done  either  by  running  the  oil  thru  a  topping 
plant  or  aulijectinK  it  to  fractional  distillation.  The  former  practice  is 
common  with  the  Wacous  aHphaltic  crude  oils  while  the  more  fluid  aemi- 
asphaltic  oils  ore  subjected  to  distillation.  For  cold  application  the  char- 
acter of  a  topped  oil  ia  not  materially  different  from  the  original  crude 
altho  its  specific  gravity,  specific  viscosity,  flash  point  and  burning  point 
are  slightly  increased  and  its  loss  by  volatiliaation  decreased.  Some  crude 
oils  are  too  viscous  to  be  used  directly  as  dust  layers,  in  which  case  either 
the  original  crude  or  the  topped  crude  may  be  thinned  down  to  suitable 
viscosity  by  adding  the  proi)er  quantity  of  some  cheap  petroleum  distil- 
late, such  as  a  distillate  dust  layer  or  burning  oil  fraction.  These  materials 
vary  greatly  in  character  according  to  the  crude  oil  from  which  they  are 
produced  and  their  method  of  manufacture  which  is  difficult  to  determine 
exactly  by  ordinary  routine  tests.  Their  function  is  similar  tq  that  of  the 
distillate  dust  layers  altho  they  prove  effective  for  a  longer  period,  owing 
to  the  fact  that  they  form  a  thin  superficial  coat  upon  the  suriaec  treated. 
They  should  be  sufficiently  fluid  to  apply  cold  by  means  of  a  pressure  dis' 
tributor  at  a  rate  of  not  over  }i  gal  per  sq  yd.  Altho  they  often  contain 
appreciable  amounts  of  the  heavier  asphaltic  hydrocarbons  and  upon  pro- 
longed exposure  in  thin  films  may  develop  some  adhesiveness,  they  do  not 
harden  after  application  with  sufficient  rapidity  to  be  used  in  the  construc- 
tion of  bituminous  carpets.  If  used  in  excessive  quantities  they  either 
act  as  lubricants  or  product  a  greasy  black  mud  in  wet  weather.  They 
are  brownish  black  in  color  and  most  of  them  resemble  crude  petroleum  in 
general  aiqwaronce.  The  following  analyses  are  typical  of  crude  and 
residual  petroleums  which  have  been  marketed  for  cold  surface  application. 

Crude  Heavy  Asphaltic  Petroleaol 

Spedflc  gravity  250/25°  C  m'/n^F)   0.SB2 

^eciflc  viaeonty  (Engler)  50  cu  em,  26°  C  (77"  F)   189.6 

Flash  point  (dosed  cup)   46''C(U3'F) 

Bumins  point  (doaed  cup)   67°  C  (168°  Fj 

Loss  at  163°  C  (S26°  P),  6  hr,  60  g   24. 8^^ 

Charaeter  of  residue   Viaroua  flidd 
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Soluble  in  eftrboo  dimilphlde  (toUl  bttmnen)   99 . 80% 

Orpitic  matter  inaoluble   0 . 16% 

iBorguie  uttar  uaoluble  (a^   0 .05% 

100.00% 

Bltamcn  insoluble  in  86"  B  naphtha   10.62% 

Bitumen  inaoluble  in  carbon  t«trmcbloride   0.00% 

Fixed  arlKm   fi.10% 

Topped  Haditun  AsphalHc  PatrolatUB 

Spadfie  nsvlto  25°^S<>  C  nT/TT  F)   0.988 

sSSSe  vlaoMlty  (Gm^)  60  cu  cm,  2B^  C  (TT  F)   66 .2 

na^ptrint  (dowd  eup)  180<-C  (266°  F) 

Burning  p<^t  (doaed  eup)  US"  C  ^«F) 

Lwmt  in^C  (826»F),  6hr,  60  k   26,8% 

CbuaefcBr  of  residue   ^naoooa  fluid 

8«duble  In  carbon  dimilphide  (total  Utumen)   99.91% 

Onaie  matter  inaoluUe   0.05% 

iBoriuiie  matter  inaolublo  tiwh)   0.04% 

100.00% 

Bitumen  inaoluble  in  86°  B  na|dtth«   12.00% 

Bitamen  laaohtUe  in  caibwi  tetrachloride   0.00% 

Fixed  earbon   6.40% 

Most  of  the  crude  and  residual  petroleuniB  sold  as  dust  layers  have  a  specific 
gnvity  of  between  0.930  and  0.980.  Their  specific  viacomties  at  26°  C 
(77"  F)  in  general  vary  from  about  25  to  140.  Many  of  them  are  too 
viscous  for  successful  cold  application.  Upon  being  subjected  to  the 
volatilisation  test  at  163°  C  (325°  F)  for  5  hr  they  usually  lose  from  S  to 
30%  and  the  reeiduee  thus  produced  are  usually  fluid.  They  seldom  yield 
over  7%  fixed  carbon  but  may  show  as  high  as  15  or  18%  of  Intumen  in- 
soluble in  86°  B  naphtha.  Those  produced  from  light  aemiasphaltic  pe- 
troleums may  shQw  3%  or  lees  of  naphtha  insoluble  bitumen.  They  are 
almost  entirely  soluble  in  carbon  disulphide  and  also  in  carbon  tetrachloride. 

Reaidaal  Fluxes  are  fluid  petroleum  residuums  preferably  carrying  a 
minimum  amount  of  volatile  material.  They  are  used  primarily  for  the 
purpose  of  softening  re&ned  asphalts,  especially  the  native  aaphalts  which 
are  too  hard  to  be  directly  available  for  uae  in  highway  engineering.  Those 
produced  from  parafiio  petroleums  usually  have  a  specific  gravity  of  from 
0.920  to  0.940.  The  gravities  of  the  semiasphaltic  fluxes  lie  between  0.MO 
and  0.976,  idiile  the  asphaltio  fluxes  run  from  0.975  to  1.01  and  over.  In 
general  their  flash  point  should  be  well  above  163"  C  (325"  F)  as  this  is 
tbio  temperature  to  which  they  are  likely  to  be  heated  when  being  comlnned 
with  the  solid  asphalts.  They  ohould  not  lose  over  5%  by  weight  when 
subjected  to  the  volatilization  test  for  5  hr  at  163°  C  (325°  F).  The  residues 
from  this  test  may  or  may  not  harden  appreciably  but  the  degree  of  harden- 
ing should  never  cause  the  asphalt  cement  in  which  they  are  incorporated 
to  show  a  loBB  of  over  50%  in  penetration  when  subjected  to  the  volatU- 
iution  test  at  163°  C  (325°  F).  In  this  respect  they  differ  from  the  most 
desirable  type  of  residual  carpeting  medium.  The  diaracteristirs  of  certain 
Epical  reridual  fluxes  available  ia  1914,  as  ^ven  hy  Forrest  (20c),  are  shown 
in  Table  VII.     In  general,  an  fluxes  increase  in  speciflo  gravis,  they  muft 
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Seat  12 


Spedfle  Ermvity  15. IT  C  <60°  F) 
B«um£  gnvity  


{ 


0.93L 
20.4" 
206°  C 


16. r 

268' C 


1.01 
beavy 

186"  C 


Fluh  point 


LoM  mt  168"  C  (325"  F)  5  hr,  60  g. . 
Residue,  Boat  test  at  66"  C  (149"  F) 


Sotubte  in  wbon  diaulpUde  (total  Utunwn) 

Pumffln  Bcata  

Sulphur  


99.80' 
0.86< 
S.SS' 


be  used  in  Breater  quantity  with  a  ^ven  refined  asphalt  to  produce  an 
asphalt  cement  of  civen  pmietration.  The  asphaltic  B-wdbb  usually  show  a 
luRher  loss  hy  the  volatiUsation  test  than  do  tibie  paraffin  and  semiasphaltir 

fluxes.  This  is  due  to  the  fact  that  in  their  manufacture  diatiUstion  cannot 
be  carried  to  aa  high  a  temperature  because  the  asphaltic  residual  would 
become  too  hard  for  use  as  a  Sux  if  distilled  to  the  same  temperature  as 
the  paraffin  and  semiasphaltic  petroleums.  This  Ib  also  shown  \iy  the 
relatively  low  flash  point  of  most  asphaltic  Suxes. 

Residual  Carpeting  Mediums  are  products  not  unlike  certain  of  the 
very  heavy  residua)  fluxes.  They  are  too  viscous  to  apply  cold  but  when 
heated  should  be  sufficiently  fluid  to  be  capable  of  uniform  distribution 
over  a  road  surface  at  the  rate  of  not  over  ^  gal  per  sq  yd  if  applied  by 
means  of  a  pressiu^  distributor.  They  should  either  possess  considerable 
cementitiouanesa  or  develop  after  application  sufficient  ceroentitiousness  to 
properly  perform  their  function,  which  is  that  of  adhering  to  the  road 
surface  and  holding  in  place  the  covering  of  fine  aggregate  with  which  they 
combine  to  form  a  bituminous  carpet.  Those  which  harden  appreciably 
when  subjected  to  the  volatilization  test  are  to  be  preferred.  Many  of  the 
residual  petroleums  used  as  carpeting  mediums  are  entirely  unsuited  for 
the  purptMS  because  they  are  too  fluid  to  the  requisite  degree  of 

cementitiousness,  and  during  manufacture  have  been  distiUed  at  such  hif^ 
temperature  that  all  chance  of  loss  by  volatilization,  to  a  sufficient  extent 
to  cause  appreciable  hardening  after  application,  has  been  elimidated.  Oa 
the  other  hand,  if  they  originally  possess  sufficient  consistency  or  stability 
to  serve  adequately  as  bituminous  cements  for  the  mineral  aggregate  of  the 
cirpot,  it  is  often  difficult,  if  not  impos.<<iblB,  to  distribute  them  uniformly, 
and  at  the  proper  rate,  over  the  road  surface.  Soft  asphalt  cements  fluxed 
to  proper  consistency  with  a  volatile  distillate  possess  certain  advantages 
over  the  straight  residual  carpeting  mediums,  especially  for  use  on  broken 
stone  and  gravel  roadways.  The  characteristics  of  residual  petroleums 
which  have  been  used  as  carpeting  mediums  are  shown  in  Table  VIII. 
For  the  reasons  above  mentioned,  No.  1  ia  unsuitable  for  use  tn  this  con- 
nection, while  No.  2,  altho  showing  reasonably  satisfactory  physical  and 
chemical  characteristics,  is  more  difficult  to  apply  property. 

Asphalt  Cements  from  Petroleum  produced  by  straight  distillation  var^' 
in  characteristics  accordinn  to  the  type  of  petroleum  distilled  and  the  pur- 
pose for  which  the  asphalt  cement  is  prepared.  Those  intended  for  use 
in  bituminous  macadam  construction  are  usually  softer  than  for  use  in 
bituminous  concrete  or  sheet  asphalt  pavements.  In  general  ^e  finer  the 
mineral  aggregate  which  is  to  he  cemented,  the  lower  should  be  the  pene- 
tration of  the  asphalt  cement.   This  is  due  to  the  fart  that  fine  aggregates 
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Spadfle  cmvitr  W/MBf  CJ77"/77»  P)  

fW  tMt  at  SO"  C  (122°  F)  

FM  pdnt  (doMd  fliv)  / 

IM  168"  C.  CSSfi*  F)  6  hr.  60  e  

Bariduo.fltNtlMtBtM'C  an"!?-  

Salable  in  e«fbm  dlNtoUd*  (total  bttmnm) ... . 

Oifsnie  mattar  inaotuUe  

faoriude  matt*  iznotuUe  OiA)  

Mmiwn  Inaoluble  In  86"  B  naphtha  

ntmnoi  hiaohlbla  in  carbon  tatimdilorida  

fixed  carbon. , .  '.  


(1) 


1.010 
viseoua  ftidd 
19«"  C 
(386»P) 
2.80 
Tooaoft 

99.91% 
0.06% 
0.06% 


100.00% 

19.72% 
0.00% 
11.60% 


(2) 


1. 001 
60aee 
178"  C 
(848«F) 
8.76 
96  ne 

99.86% 
0.07% 
0.07% 

180.00% 

18.66% 
0.00% 
7.00% 


have  leas  inherent  mechanical  stability  in  a  pavement  than  coane  Bggn- 
gates  and  therefore  require  a  more  solid  and  harder  cement  to  hold  the 
mineral  particles  in  place.  The  most  desirable  penetration  for  asphalt 
cements  for  a  given  type  of  pavement  varies  with  the  type  of  oil  from 
which  they  are  produced.  The  penetration  test  is  the  principal  control 
test  used  in  their  manufacture  and  aa  the  penetration  or  consistency  varies, 
so  also  will  the  other  physical  and  chemical  properties.  These  variaUons 
differ  stnnewhat,  however,  for  asphalts  produced  from  different  types  of 
petroleum  and  are  often  greatly  modified  by  variations  in  the  method  of 
distillation.  Table  IX  illustrates  the  general  scope  and  character  of  these 
variations,  as  applied  to  asphalt  cements  of  different  penetrations  produced 
by  straight  distillation  of  the  same  crude  petroleum.  The  actual  test  values 
are  not  typical  of  all  asphalt  cements  of  the  same  penetration  produced 
from  different  petroleums  and  should  not  be  so  interpreted.  Considering 
the  first  three  analyses  it  will  be  noticed  that  as  the  penetration  at 
25^  C  (77°  F)  deeteases,  the  si>ecific  gravity,  flash  point,  melting  point, 
naphthft  insoluble  bitumen,  and  fixed  carbcm  gradually  increase.  The 
diwtili^,  loss  iiy  volatilisation  and  penetration  of  reaklue,  on  the  other  hand, 
decrease.  The  solubility  in  carbon  disulphide  and  carbon  tetrachloride, 
however,  remain  about  the  same.  The  fourth  analysis  represents  an  asphalt 
cement  which  has  been  badly  injured  by  cracking  during  the  distillation 
process.  While  its  penetration  at  25°  C  (77°  F)  is  the  same  as  that  shown 
by  Ko.  3,  its  penetration  at  4°  C  (39°  F)  is  very  much  lower,  showing  extreme 
susceptibility  to  temperature  changes.  Its  melting  jwint  has  decreased 
somewhat  md  also  its  ductility.  It  shows  a  notable  increase  in  loss  by 
vcrfatiliution  at  163^  C  (326**  F)  and  under  this  test  produces  a  very  hard 
residue,  as  shown  by  the  low  penetration.  Cracking  is  directly  shown  hy 
the  presence  of  neariy  2%  of  organic  material  insoluble  in  carbon  disulphide 
and  also  by  the  high  percentage  of  its  bitumen  which  is  iuKtluble  in  carbon 
tetrachloride.  If  examined  under  the  microscope  the  oi^auic  material  in- 
soluble in  earbon  disulphide  would  be  found  to  resemble  soot  and  to  be,  in 
fact,  amorphous  carbon  produced  by  decomposition  of  some  oi  the  heavy 
hydrocarbons  of  the  original  petroleum.  The  percentage  of  bitumen  in- 
soluble in  86°  B  naphtha  has  notably  increased  as  has  also  the  percentage 
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Table  IX.— Aiphalt  Cammta  Prodac«d  bj  Stnlfht  Dittillatioa 


(1) 


(Z) 


Spedfte  fravltjr  

Flaih  point  

PMWtntion  26"  C  (  77»  F). 

PoNtntioii  *V  C  llW  F). 
Hddcic  point  


1.080 
220"  C 
C428"F) 
126 


Ductility  26'  C  (77"  F)  «n  

horn  183"  C  (826"  P)  6  hx,  60 jr.  

Poietration  roidue  25"  C  (77"  F) . . 


Soluble  In  eSt  (total  bitumm) . 

Organic  matter  ineoluble  

huKguAe  nwttar  Inwdubl*. . . . 


Bitumen  ineol.  B6"  B  naphtha. 

Bitumen  Inaol.  CCU  

Find  wbon  


40"  C 
(104"  F) 
100+ 

2,0  % 
M 

99.90% 
0.06% 
0.06% 

100.00% 

28.0  % 
0.0  % 
IS.O  % 


1.040 
240"  C 
(464"  F) 

90 

46 

■  60"  C  ■  ■ 
(122"  F) 
100+ 

•J'" 

99.88% 
0.06% 
0.06% 

100.00% 

26.0  % 
0.0  % 
15.0  % 


100.00% 

28.0  % 
0.0  % 
16.0  ^ 


1.050 
200"  C 
(892"  F) 
56 
6 

(122"  F) 
20 
6.0  % 
o 

98.00% 
0.08% 


100.00% 

32.0  % 
8.6  % 
K»  0  % 


of  fixed  carbon.  All  asphalt  cements  which  have  been  injured  by  cracking 
do  not  exhibit  such  marked  changes  aa  shown  above.  The  exact  chaoKee 
are  largely  dependent  upcn  the  extent  of  cracking  and  original  character 
of  the  petroleum  distilled.  The  preliminary  stages  of  cracking  are  eometiiQee 
indicated  by  only  one  or  two  tests  in  the  int^pretatioii  of  whieh  care  muat 
be  taken  to  first  identify  the  original  petroleum.  As  a  means  of  gien«al 
comparison  the  relative  characteristics  of  typical  asphalt  oementa  of 
approximately  the.  same  penetration  produced  by  distillation  of  Texas, 
Cijifomia,  and  Mexican  petroleums  are  shown  in  Table  X. 


Table  X. — Asphalt  Cements  from  Various  Petroleums 


Pet.  oleum  

Speeifle  gravity  25"/26»  C  {TV/tT  F)  

Flsdiptrfnt  I 

Penetratfam  at  26"  C  (77"  F)  

FwMtntlon  at  4"  C  (89°  F)  

Ueltinc  point  | 

Ductility  25"  C  (77"  F)  cm  

Lose  168"  C  (826"  F)  6  hr,  60  g  

PenetraUon  of  raiidue  at  25*^ C  (77"  F). . 

Soluble  in  CSt  (total  Utuman)  

On^iie  matter  ineolubie  

Inorgmnk  matter  insoluble  (nA)  

Bitumen  inaoluble  86"  B  naphthm  

Bitumen  insoluble  In  CCI4  

Fixed  carbon  

ParatHn  eeale  

Sulphur  


Texae 

1.020 
206"  C  + 
(401- F+) 
96 
43 

56'C 
(183"  F) 
40 
0.4  % 
70 

99.86% 
0.08% 
0.07% 

100.00% 

24.80% 
0.07% 


100.00% 


100.00% 
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Refined  Asphalts  from  Petroleom  arc  similar  in  chararter  to  asphalt 
eementa  produced  by  distillation  of  the  same  petroleum.  The  term  refined 
■flpholt,  or  B.A.,  usuaUy  impliee  that  the  matwial  is  too  hard  to  be  used  in 
highw^r  constmction  without  first  fluxing  it  with  a  residual  Buz  to  softer 
consistency  or  higher  penetration.  Refined  asphalts  nuqr,  therefore,  be 
considered  as  very  hard  asphalt  cements.  If  carefully  prepared  they  <^er 
only  from  the  softer  asphalt  cements  in  those  properties  which  have  been 
shown  to  change  by  a  gradual  increase  or  decrease  as  the  result  of  continued 
distillation.  Their  penetration  at  25°  C  (77°  F)  is  usually  40  or  less.  They 
may  be  softened  to  any  desired  penetration  by  combining  with  them  the 
^oper  proportion  of  suitatde  flux.  They  are  mainly  used  in  connection 
with  t^  construction  of  sheet  asphalt  pavements  where  it  is  desired  to 
control  and  to  modify,  at  the  paving  pluit,  the  consistency  of  the  asphalt 
cement  which  is  used.  This  practice  has  been  luuded  down  from  the 
days  when  only  refined  native  asphalts  were  used  to  any  extent  in  sheet 
asphalt  construction.  Since  then,  however,  many  municipalities  have 
teamed  what  penetration  of  various  asphalt  cements  is  most  desirable  to 
meet  their  local  conditions  of  climate,  tra£5c,  aggregate,  etc,  and  as  the 
manufacturers  can  meet  penetration  requirements  within  very  close  limits, 
there  is  a  general  tendency  to  purchase  ready  prepared' asphalt  cements 
mther  than  to  purchase  separately  and  afterward  combiiie  the  refined 
asphalt  and  fiux.  There  is  much  to  be  said  lor  tbe  old  practfee  when 
careful  control  at  the  paving  plant  is  assured,  but  the  ready  [oepared  asphalt 
eements  have  found  favor  in  tbe  smaller  types  of  plants,  partieidazly  in 
oonnection  with  bituminous  concrete  constniction,  where  a  coarse  aflpregate 
is  used.  Ready  prepared  asphalt  cements  are,  moreover,  almost  invariably 
used  in  bituminous  macadam  construction. 

Sludge  Asphalts  are  sometimes  produced  as  l^-products  in  the  purifica- 
tion of  petroleum  distillates.  These  distillates  are  agitated  with  concen- 
trated sulphuric  add  In  lead-lined  agitators.  The  sulphuric  acid  combines 
wiUi  and  produces  certain  hydrocarbons  of  an  asphalt-like  nature  which 
are  removed  as  dudffs  acid.  Upon  subsequent  dilution  with  water,  the 
sludge  acid  breaks  down,  and  upon  stiuding,  the  hydrocarbons,  which  have 
been  removed  or  formed  from  the  original  distillate,  rise  to  the  surface  of 
tbe  solution  and  may  be  separated  from  the  dilute  acid  which  is  afterward 
concentrated  and  recovered  for  the  further  purification  of  distillates.  The 
separated  oil  is  usually  viscous  and  shows  a  strong  add  reaction.  It  is 
called  add  sludge  and  is  sometimes  fractionally  distilled  until  a  semisolid 
leridue,  known  as  sludge  asphalt,  is  obtained.  Sludge  asphalts  are  acted 
npcm  hy  water  and  are  not  generally  considered  suitable  for  use  in  the 
treatment  or  construction  oi  hi^waya.  In  the  early  days  of  petroleum 
refining  they  were  considered  as  waste  products  and,  as  they  could  not 
be  convmienUy  disposed  of,  they  were  sometimes  run  into  large  iHts  dug 
in  the  ground.  A  large  deposit  of  this  nature  accumulated  at  an  old  refinery 
near  Baltimore,  Md.,  and  there  remained  for  many  years.  The  sludge 
asphalt  probably  underwent  considerable  change  in  chemical  and  physical 
properties  during  this  period  and  some  time  later  this  product,  which  had 
become  saturated  with  water,  was  mined  from  the  pit,  bested  in  open 
kettles  until  fluid,  the  acid  neutralised  with  caustic  soda,  and  the  resulting 
sbH  solution  separated  ^  gravity.  The  asphalt  was  then  fluxed  to  desired 
consistanQy  and  used  to  .some  extent  in  the  treatoient  and  construction 
of  highwaya.  It  was  found  to  be  hli^ily  reiristant  to  water  action.  Such 
deposita,~however,  are  of  mintv  importance  owing  to  the  fact  that  tbey 
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an  of  rare  occurrence.  The  manufacture  of  aaphalt  from  tbis  aoutee  ia 
also  attended  with  considerable  difficulty  and  such  asphalt  has  not  been 
used  to  any  great  extent. 

30.  The  Blowing  of  Petroleums 
Blowing  Stills  or  Kettles  used  in  the  oxidation  of  petroleums  for  the' 
purpose  of  producing  asphalts  are  much  alike  in  principle  but  may  be 
divided  into  two  types;  (1)  Those  in  which  the  air  is  pulled  or  sucked  thru 
the  charge  of  petroleum,  and  <2)  those  in  which  it  is  forced  thru  under 
pressure.  In  1804  Francis  X.  Byerley  patented  in  the  United  States  a 
procees  for  the  manufacture  of  asphalt  from  petroleum  by  means  of  the 
actiot)  of  air  upon  the  heated  material.  Byerley's  apparatus  conssted  of 
a  cylindrical  vertical  still  thru  the  head  of  which  were  inserted  a  number 
of  vertical  pipes  extending  almost  to  the  bottom  of  the  still  and  dipping 
well  into  the  charge  of  petroleum  or  petroleum  residuum.  The  upper  ends 
of  these  pipes  were  open.  A  pipe  or  gooseneck  coimected  the  upper  part 
of  the  still,  or  vapor  space,  with  a  coil  condenser  which  discharged  into  a 
receiving  tank.  The  receiving  tank  was  hermetically  dosed  with  the 
exception  of  the  inlet  pipe  and  one  other  which  led  from  the  top  to  tlie 
suction  port  of  an  air  pump.  The  Byerley  apparatus  was  operated  means 
of  the  pump  which  created  a  partial  vacuum  in  the  still,  thus  causing  the 
atmospheric  pressure  to  force  air  thru  the  vertical  pipes  extending  into  the 
charge  of  petroleum  and  to  thus  thoroly  agitate  it  with  air.  In  1899  the 
United  States  Patent  Ofifice  granted  a  patent  to  Culmer  and  Culmw  for 
a  process  of  making  asphaltic  fluxes  by  means  of  the  action  of  air  upon 
heated  petroleum  residuums.  The  Culmer  apparatus  consisted  of  an  open 
kettle  set  in  brickwork  over  a  furnace,  the  bottom  being  protected  from 
direct  fire  by  means  of  a  brick  arch.  The  kettle  was  provided  with  a 
draw-off,  operated  by  a  valve,  and  located  at  one  end  near  the  bottom. 
The  petroleum  was  run  into  the  kettle  from  a  pipe  which  did  not  fonn 
a  part  of  the  apparatus  proper.  A  vertical  pipe  connected  with  a  pressure 
pump  reached  almost  to  the  bottom  of  the  kettle.  This  pipe  connected 
with  a  longitudinal  pipe  which  extended  along  the  bottom  of  the  kettle, 
and  which  was  either  perforated  along  its  entire  length  or  carried  a  number 
of  perforated  side  branch  pipes  capped  at  the  ends.   By  this  means  air 
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could  be  forced  by  the  pump  thru  the  piping  system  into  the  charge  of 
petroleum  residuum.  The  air  supply  was  controlled  by  means  of  a  valve 
located  outside  of  the  kettle  in  the  main  supply  line.  This  apparatus  was 
designed  to  handle  non-volatile  petroleum  residuums  and  no  provision  was 
made  for  distillation.   The  Culmer  type  of  blowing  kettle  is  shown  in  Fig.  lOw 
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In  connectioii  with  this  kettle  a  later  devfcc  waa  used  for  removing  any 
volatile  products  formed  during  the  blowing  proceee.  Thia  device  con- 
sin  led  of  a  oonical  hood  fitting  closely  over  the  top  of  the  kettle  and  con- 
necting at  its  apex  with  a  large  exhaust  pipe  thru  which  the  volatile  prod- 
ucts were  pulled  by  meaiu  of  an  exhaust  piimp  or  fan.  The  modem  Uowiac 
apparatus  holds  a  charge  of  from  2O00  to  6000  gal,  and  makes  use  of  the 
{Kinc^de  of  injecting  air,  into  and  thru  the  heated  petroleum,  under  greater 
than  atmospherio  preeaure  rather  than  to  pull  it  thru  by  means  of  an 
exhaust  or  partial  vacuum  imposed  upon  the  charge  itself.  The  charge  ia 
often  heated  by  means  of  a  coll  thru  which  is  passed  superheated  steam 
instead  of  hy  direct  £lre.  In  some  instances  the  blowing  process  is  con- 
ducted in  an  hoiisontal  cylindrical  still,  the  dome  being  open  and  hooded. 
Sometinwfl  it  is  conducted  in  an  ordinaiy  type  of  still  fitted  with  piping 
stnular  to  that  for  the  injection  of  steam  during  steam  distillation.  In 
genwal,  however,  the  blowing  stills  are  not  dengned  for  the  maaufaoture 
of  distOlates. 

Tlie  Bbrwing  PrecMUk  There  are  a  number  of  variations  in  the  blowing 
process  as  practioed  in  modem  refineries,  depending  upon  the  character  of 
material  which  is  to  be  produced.  In  the  preparation  of  bituminous  mate- 
rials for  use  in  highway  engineering,  both  eemiasphaltic  and  asphaltic  fluid 
petroleum  reeiduums  and  soft  asphalt  cements  are  often  subjected  to  the 
blowing  process.  The  action  of  the  air  becomes  very  pronounced  when 
the  material  is  heated  to  about  220°  C  (425°  F)  and  the  air  is  injected  so 
as  to  produce  copious  agitation.  An  exothermic  reaction  is  then  induced 
which  often  produces  enough  heat  to  make  other  means  of  heating  unnec- 
essary thruout  the  prooess.  It  is  neoessary  to  exercise  considraable  care 
in  the  manipulation  of  the  air  supidy  or  the  temperature  of  the  charge 
may  otherwise  be  raised  oonsideraUy  above  its  flash  point  and  a  serious 
explosion  result  from  spontaneous  combustion.  The  exact  reactions  in-, 
volved  are  complex  and  varied  in  character.  A  small  amount  of  oxygen 
from  the  air  may  combine  with  some  of  the  hydrocarbons,  but  the  general 
type  of  reaction  seems  to  be  one  of  nucleus  condensation  in  which  an  atom 
of  o^gen  combines  with  two  atoms  of  hydrogen  or  two  hydrocarbon  radi- 
cals iriiioh  it  agililM  off  from  two  different  molecules.  It  is  then  diminated 
as  water  or  volatile  o^^en  derivatives  of  the  hydrocarbons.  Mean'^iile 
the  radicals  produced  in  the  residuum  join  together  to  form  a  sin^e  heavier 
and  more  complex  hydrocarbon.  One  of  the  simplest  forma  of  this  type 
of  reaction  may  be  considered  as  taking  place  between  two  monocyclic 
polymethylene  molecules  and  one  oxygen  atom,  with  the  production  of  a 
single  dicydic  polymethylene  and  one  molecule  of  water.  Such  a  reaction 
may  be  graphically  illustrated  as  follows,  altho  this  particular  reaction 
does  not  actually  take  place  because  the  original  hexamethylene  molecules 
are  not  preeent  in  petroleum  residuums  but  only  in  crude  petroleums. 


CHi  CH»  CHi 

\  /  \  /  \ 

CH)  HiC      CH  —  HC      CH  J 

a.      I     I    +0-    I     I  [     I  +HK) 

HiC      CHt  HiC      CHt  HiC  CHi 

\  /  \  /  \  / 

CH)  CHi  CHi 


Owing  to  the  formation  of  various  radicals  in  the  charge,  exceedingly  rom- 
idex  nucleus  condensation  products  are  probably  formed  which  contain 


Google 


r 


6S0 


Ktuminous  Materials 


SocL  13 


a  number  of  cycles  in  the  molecule.  In  any  event,  even  when  the  original 
materiiU  oontaina  no  hydrocarbons  volatile  at  the  temperature  at  which 
it  is  blown,  it  undergoee  a  marked  change  in  many  of  its  physical  and 
chemical  propwtieA.  If  originally  fluid  it  gradually  begins  to  thicken  and 
become  more  viscous  until  finally  it  attains  semisolid  coosisteacy  upon 
cooling.  If  blowing  is  continued,  it  becomes  more  and  more  solid.  Its 
melting  point  increases  markedly,  altho  its  apecifio  gravity  changes  but 
alightty.  The  action  of  the  air  also  iocreases  the  percentage  of  bitumen 
which  is  insoluble  in  86°  B  naphtha  and  at  the  same  time  raises  its  percentage 
of  fixed  carbon  but  to  a  less  noticeable  extent. 

Blown  Petroteoms  from  Fluid  Residues.  If  fluid  petroleum  residuums 
are  Uown  to  the  consistency  of  asphalt  cements,  such  cements  are  invaiiaUy 
shcnt  and  non-ductile.  If  the  original  residuum  was  very  fluid  they  an 
greasy  or  chea^  and  lack  oementitiousness.  They  may  than  have  a  very 
high  melting  point  and  at  the  same  time  show  an  exceedingly  hi^  pene- 
tration, or,  in  other  words,  be  very  soft.  Blown  fluid  residues  of  the  same 
consistency,  or  showing  the  same  float  teat  as  the  better  types  of  straight 
distilled  carpeting  mediums,  are  wholly  unsuited  for  use  in  this  connection. 
If  the  original  petroleum  is  semiasphaltic  or  asphaltic  in  character  and  first 
distilled  to  a  very  viscous  residuo,  it  may  be  converted  to  an  asphalt  cement 
possessing  some  cementitiousneas,  but  not  always  as  desirable  as  tho  the 
original  distillation  had  been  carried  to  the  production  of  a  voiy  soft  asphalt 
eement  and  afterward  Uown  to  the  denied  penetration.  The  latter  ptaetioe 
is  fmiunately  In  more  common  use. 

Blown  Oil-Oilaonite  Asphalt  Cements.  One  of  the  most  satisfactory 
types  of  asphalt  cement,  produced  primarily  by  blowing  fluid  residuums,  is 
that  which  has  been  reinforced  by  combining  it  with  gilaonite  which  im- 
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Uaterisl  ^  

Spadfle  pavity  iP/iV  C  {77°/Tr>  P> . . . 

Fladi  point  

PenetnrfJon  at  25°  C  {77°  F)  

Penetrstion  at  4"  C  (89°   

Penetration  at  46°  C  (115°  F)  

Uelting  ptrint  

Ductaito  Zb"  C  (J'T  F)  eta  

Lo«  1^  G         F).  5  tar,  60  g  

PsMtrMloa  of  rssMusatSPC  (77*  P). 


S<duble  In  CSt  (total  bttumeo) . . 

Orsmnic  matter  Insoluble  

Inorganic  matter  insi^Ue  (ash) . 


Bitunim  ItwoIuUs  In  86*  B  naiAtha. 

Bitumen  Insolubla  In  CCU  

Fixed  auboB  

Paraffin  scale  

Sulphur  


100.00% 


M,78% 
0.00% 

ia.70% 

0.( 
1.70 


100.00% 


parts  a  considerable  degree  of  adhedvenesa  and  produces  a  peculiarly 
rubbery  product.  Unfortunately,  it  is  difficult  to  pontively  identify  such 
products  by  the  ordinary  analytical  methods  as  products  showing  very 
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rimflar  duuacteristicB  nu^  be  produced  by  Uowiae  certain  soft  acvludt 
cementa  to  harder  consstency.  They  consist  of  a  relatively  Bmall  amonnt 
of  Kihonite  which  ia  added  to  the  contents  of  the  blowing  kettle  or  still 
after  the  fluid  residuum  haa  been  blown  to  the  desired  melting  point.  It 
may  then  be  cheesy  or  greasy  and  should  properly  be  considered  in  the 
light  of  a  very  heavy  flux.  After  the  gilsonite  has  been  added  the  blowing 
prooees  is  coatinued  for  some  time  before  the  flnished  product  is  drawn 
from  the  still.  The  analysis  of  a  typical  asphalt  cement  of  this  nature 
is  shown  in  Table  XI.    The  analysis  of  a  specimen  of  gilsonite  is  also  given. 

Partiallj  Blown  Oil  Aspbalta.  Fiujibs.  If  distillation  of  a  semiaqthaltio 
or  asphaitic  petroleum  ia  earned  to  the  production  of  a  very  soft  asi^udt 
cement,  say  of  300  penetration,  cementitkiiuness  is  assured,  and  such  prod- 
uct may  then  be  blown  to  any  desired  lower  penetration.  The  blowinic 
process  then  imparts  certain  desirable  properties  which  cannot  be  secured 
in  any  other  w^.  The  melting  point  of  the  axphalt  cement  ia  materially 
raised  and  its  susceptibility  to  temperature  changes  is  greatly  lessened. 
It  becomes  more  or  lees  rubbery  in  character  and  is  admirably  suited  for 
uee  as  a  seal  coating  material  on  certain  types  of  bituminous  concrete 
pavenwnta  containing  a  coarse  aggregate.  Such  imiduots,  when  pr^Mred 
for  use  as  a  filler  for  brick  or  Uock  pavements,  are  sometimes  cast  or  molded 
into  strips  which  may  be  i^aced  in  the  pavement  without  preheating  or 
pouring  and  thus  serve  as  expansion  joints.  The  striiM  may  also  consist 
of  a  mastio  produced  by  combining  with  the  asphalt  cement  fine  mineral 
matter,  such  as  limestone  dust  or  silica.  They  are  made  of  varying  width 
and  thickness  to  suit  the  different  types  of  pavement.  When  not  manu- 
factured as  ready  prepared  strips  or  expansion  joints,  the  fillers  have  to 
be  heated  to  a  rather  high  temperature  before  pouring  them  into  the  joints 
of  the  pavement.  Pu*tially  blown  asphalt  cements  may  usually  be  dift- 
tinguished  from  asphalt  cements  produced  blowing  fluid  residuums.  by 
their  higher  specific  gravity  and  lower  penetration  for  approximately  the 
same  melting  point.  They  may  be  more  or  less  ductile,  according  to  the 
character  of  the  asphalt  cement  before  Uowing  and  the  length  of  time 
that  they  are  blown.  The  characteristics  of  a  partly  blown  aqihalt  cement 
are  shown  in  the  following  analysis. 


I^urtiy  Blown  Asphalt  Cement 


0.999 
20B»  C  +  (401"  F  +) 
45 
28 


Penetntimi  at  4"  C  (89°  F)  

PaMtimtbm  at  48°  C  (11S»  P)  

Udtins  point  

Doetfllty  26"  C  {IT  F)  an  

Low  at  168"  C  (826°  F),  6  hr,  60  g 


82°  C  (180°  P) 


0.3  % 
85 


4 


Penetration  o(  residue  at  26^  C  (77°  F) 


Botnble  In  CSt  (total  tAutMn) 


99.88% 
0.10% 
0.02% 


100.00% 
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Bitumen  insohible  In  CCli  

fixed  carbon  
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SI.  The  BmiiliUlcatioii  of  Petroleum  Products 

Tb«  Emnlilfyiiig  Process.  Petroleum  products  an  insoluUe  in  water. 
Unlike  the  vegetable  and  animal  oib  and  fata,  they  are  not  diroctly  saponi- 
fiable  and  will  not  combine  with  the  alkalies,  such  as  caustio  soda,  to  produce 
soluble  soaps.  In  order  to  produce  tbin,  dilute  emubions  of  petroleum 
products  and  water  it  is  necessary  to  first  thoroly  mix  them  with  a  aoap 
or  soap  soIutioD.  Sometimes  the  ingredients  of  the  soap  are  added  sep- 
arately, after  which  the  material  may  be  mixed  with  water  to  almost  any 
extent.  Such  products  an  manufactured  and  mild  as  emulsifying  <h18. 
Sometimes,  particulariy  in  the  ease  of  asphalt  emulsions,  a  e«tain  amount 
of  water  is  added  during  the  manufacturing  process  so  as  to  produce  a  thick 
viscous  emulsion  which  may  be  diluted  with  water  prior  to  its  use  in  hi^li- 
way  treatment  or  construction.  The  emulsifying  agents  commonly  em- 
ployed are  commercial  oleic  acid,  known  as  elaine,  or  cottonseed  oil,  in 
combination  with  caustic  soda,  potash  or  ammonia.  Carbolic  add,  pine 
oil  and  various  other  materials  are  sometimes  used  in  the  preparation  of 
these  emulsions  for  the  purpose  of  assisting  the  process  of  emubafication. 
The  satisfactory  emulsification  of  asphalt  cements  is  oftem  a  difficult  matter 
because  of  the  rather  delicate  and  unstable  equilibrium  of  the  ^upended 
Utuminoua  material  which  tends  to  separate  from  the  water  upon  ^i^t 
provocation.  Crude  petroleums  and  fluid  petroleum  residuums  are.  how- 
ever, not  so  diflicult  to  emulsify  and  the  apparatus  is  not  complicated. 
For  the  preparation  of  such  emulsions  in  dilute  form  ready  for  application, 
a  hot  soap  solution  is  first  prepared  in  a  tank,  the  bottom  of  which  is  con- 
nected with  a  circulating  pump  which  produces  agitation  by  dischargLog 
baok  into  the  tank.  The  desired  amount  of  fluid  petroleum  residuum  is 
then  run  into  the  tank,  the  contents  ot  which  an  circulated  thru  the  pump 
until  the  emulsification  is  completed.  The  emulsion  may  then  be  further 
diluted  if  required. 

EmulsifTing  Oils.  Fluid  residual  petroleums  which  have  been  emulsi- 
fied or  prepared  for  emulsification  can  be  considered  only  as  dust  layers 
and  not  as  carpeting  mediums  whether  prepared  from  semiasphaltic  or 
asphaltic  petroleums.  They  possess  the  advantage  of  easy  application  at 
almost  any  desired  rate  and  have  been  used  to  a  considerable  extent  as 
dust  layers  for  park  bighwayB.  In  general,  the  manufactured  emulsifying 
oils  resemble  the  oidinaiy  flidd  petroleum  residuums  in  appearance.  Owing 
to  the  fact  that  the  emulsifyinB  agents  are  to  a  large  extent  sohiUe  In  carbon 
disulphide,  they  are  apt  to  escape  notice  in  ordinary  routine  examination. 
The  products  produce  a  brown,  milky,  uniform  emulsion  with  water  and, 
upon  standinK,  the  bitumen  usually  remains  in  suspension  for  a  considerable 
period  of  time  before  separation  commences.  Upon  application  of  a  dilute 
emulsion  to  a  road  surface  the  water  gradually  evaporates  and  leaves  behind 
a  film  of  the  original  residuum,  which  is  usually  rather  greasy  in  character. 
The  characteristics  of  a  manufactured  emulsifying  oil  are  shown  in  the 
following  analysis: 

Emulsifying  Oil 

SMdae  gravity  26'/26"'  C  (ITm"  P)  

FiMh  point  

Specific  viMHMity  (Bnrin-)  60  cu  cm.  60°  C  (122°  F) 
LoM  at  leS"  C  (826°  F).  S  far,  20  k  

CbaracMT  ^  reslilw  , , , , 


0.796 
178"  C  (848"  D 
28.6 
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Soluble  tat  CSi   M.SO% 

Orpmie  mattar  izMotuble   0.02% 

bnrguiie  nratter  liuoluUe   0.00% 

100.00% 

Total  inaotaible  in  SO"  B  nsiAtlia   1>0% 

Vbnd  ear  ban   S.90% 

Aah  raeoverad  u  alkiUiie  cwboDato   8.S0% 

Asphalt  Cement  Emoliioiu.  Manufactured  emulsioos  of  asphalt  cement 
usually  contain  a  considerable  amount  of  water  and  for  this  reason  they  are 
often  dried  at  100°  C  (212°  F),  prior  to  making  certain  physical  and  chemical 
tests,  niey  hold  an  intermediate  position  between  the  petroleum  dust 
layofl  or  dust  palliatives  and  the  carpeting  mediums.  Th^  an  usually 
an^ied  in  dilute  soluUon,  but  after  the  water  evaporates  a  film  of  asphalt 
cement  is  left  over  the  road  surface  which  eventually  becomes  qtdte  water- 
proof and  refuses  to  again  emulsify.  Successive  and  frequent  ^plications 
of  such  emulsions  tend  to  produce  a  very  thin  bituminous  carpet  which 
seldom  requires  a  covering.  Emulsions  of  asphalt  cement  have  also  been 
used  in  the  construction  of  cold  mixed  bituminous  concrete  pavements. 
When  BO  used  a  considerable  period  of  time  is  required  for  the  water  to 
evaporate  sufficiently  to  develop  the  necessary  consistency  of  bituminous 
cement  which  such  highways  demand.  As  a  result,  tiie  new^  constructed 
highway  must  be  closed  to  traffic  for  some  time  and  tius  fact  has  greatly 
limited  their  use  in  this  direction.  The  characteristacs  of  an  asphalt  cement 
emulsion  are  shown  in  the  following  analyas: 

Asphalt  Cement  Emnlilui 
^ledfle  navitjr  aS^/SB"  C  (T7«/77*  F)   0.978 

Lmb  in  air  »  hr   6.14% 

Additional  looi  at  108"  C  (221"  F),  6lir   18,62% 

Dried  emuUIyinK  aapbalt  cement   7&.24% 

100.00% 

Examination  of  dried  mstorial 

Peoetntdon  at  2&*  C   221 

StdobleinCSt   98. M% 

Orcaiiie  matter  btseluUe   190% 

Inocgaiilc  matter  Inaoluble   1-20% 

100.00% 

bMloMe  tat  SO"  B  naphtha   » -94% 

FbMdorbon   10.20% 

The  characteristics  of  a  fluxed  native  asphalt  emulsion,  showing  the 
emulsifying  agents,  are  given  in  the  following  analysis: 

Fluxed  native  Asphalt  Emulsion  (4Sb) 

Spedfle  araviw  25° /25''  C  (Tf/T1'  P)   1  038% 

Lo«atl06''C(221''F),  6hr.20g..    62. M 

Penetration  ol  nsidue  at  35°  C  (77°  ^   19^ 

AdditionBlloMatlSS'C(8S6*F).Bhr   J  "  ^» 

FWMtntfpfpfiMMMllfS*  0(77*77   ^ 
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Approziinkt«  compooitioii 

WMter  

AnuDonium  (NHi)  

Fitty  snd  retdn  BcidB  

Bitiunsn  

Orgmnic  matter  iiuoluble  in  CSt 
Jnorganie  mKtta-  


100.00% 


32.   The  Fltudng  of  Asphalts 


Fluxing  Tanks  or  Kettles  may  I>o  heated  cither  by  &re  or  ateam,  the 
latter  method  beintc  preferable  because  the  heat  may  be  more  easily  rcf^- 
lated  and  mure  evenly  applied.    It  also  involves  less  danger  of  overheating 


and  have  flat  bottoms.  In  such  tanka  heat  is  apphed  by  means  of  gangs  of 
narrow  horizontal  coils  carrying  st^am  under  pressure.  The  coiU  are  placed 
in  the  bottom  of  the  tank  and  extend  up  for  about  half  its  height.  A  num- 
ber of  perforated  pipes,  capped  at  one  end  and  extending  along  the  bottom 
of  the  tank,  are  used  as  a  means  of  injecting  live  steam  or  air  into  the  mass 
of  heated  material  and  thus  securing  thoro  agitation,  which  is  essential  for 
uniform  fluxing.  In  the  firo  heated  kettles  steam  and  air  aro  also  used  as 
a  means  of  agitation,  altho  in  the  older  types  mechanical  agitators  of  the 
paddle-wheel  type  were  sometimes  used.  Fig.  11  shows  the  general  con- 
struction of  a  steam  heated  tank.  The  top  is  left  open  and  admits  of  easy 
Ailing,  while  a  pipe  operated  by  a  valve  and  located  at  one  end  near  the 
bottom  of  the  tank  serves  as  a  draw  off. 

The  Fluxing  Proceas  usually  consists  in  combining  a  refined  asphalt  with 
n  petroleum  residuum  or  flux  in  such  proportions  as  to  produce  an  asphalt 
cement  of  any  desired  consistency.  The  refined  asphalt,  which  is  hard 
enough  to  handle  in  fragments,  is  first  placed  in  the  fluxing  tank  whore  it  in 
melted  and  brought  to  a  temperature  of  about  163°  C  (325°  F)  by  means  of 
the  steam  coils.  If  the  tank  and  heating  system  have  lx»en  properly  designed, 
this  temperature  should  )w  secured  by  a  steam  pressure  of  25  or  30  lb. 
After  the  refined  atiphalt  is  melted,  flux  which  has  previously  been  heated 
to  about  00**  C  (194°  F)  in  another  kettle  is  run  into  the  tank,  the  contents 
of  which  are  then  thoroly  agitated  until  of  absolutely  uniform  consistency. 
From  3  to  10  hr,  depending  upon  the  efliiciency  of  the  agitation,  ore  required 
to  thoroly  flux  the  asphalt.  If  air  agitation  is  employed  reactions,  such  as 
attend  the  blowing  proc^Wt  aro  jndqccd  to  some  extent  with  a  resultant 


"Fif  11-    Fluxinf  Tank 


and  thereby  injuring  the  as- 
phalt cement.  The  fire  heated 
tanks  have  a  rounded  bottom 
and  are  set  in  a  furnace  so  that 
the  bottom  is  protected  from 
direct  flame  by  a  firebrick  arch. 
They  may  be  either  cylindrical 
or  rectangular  in  shape.  They 
are  most  commonly  used  in 
small  portable  paving  plants. 
The  steam  heated  kettles  aro 
used  in  the  larger  paving  plants 
and  at  refine  riee,  and  are  gen- 
erally constructed  of  sheet 
metal.  They  vary  in  sixe  but 
are  usually  rectangular  in  shape 
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ehange  in  the  charactoristics  of  the  afiphalt  cement.  For  this  reason  steam 
agitaUoD  is  often  used.  With  steam,  however,  considerable  care  iniut 
be  exwdsed  to  use  only  dry  steam  and  to  prevent  the  injection  of  any' 
condensate,  within  the  pipe,  which  may  have  resulted  from  previous  uses. 
Steam  agitation  should  not,  of  course,  be  started  until  the  tempwature 
oi  the  charge  is  sufficiently  high  to  prevent  condensation,  or  othenHse 
serious  foaming  will  result.  In  any  event,  at  the  end  of  the  fluxing  process 
it  is  advisable  to  fioish  the  agitation  with  air  injected  thru  the  pipes  which 
have  been  used  for  steam  in  order  to  prevent  condensation  within  the  pipes 
upon  cooling  and  a  resulting  inflow  of  asphalt  which  will  clog  the  perfora- 
tions. It  is  seldom  necessary  or  advisable  to  conduct  the  fluxing  process 
at  a  temperature  of  over  183°  C  (325*>  F>,  but  in  no  case  should  205o  C  (400<> 
F)  be  exceeded.  The  flux  should  contun  but  little  material  which  is  vola- 
tile at  the  fluxing  temperature  as  it  is  difficult  to  control  the  consleteucy 
of  an  asphalt  cement  which  is  constantly  losing  appreciable  quantities  of  its 
lifter  hydrocarbons  by  volatilization.  As  in  petroleum  refining,  the  con- 
sistency of  the  asphalt  cement  is  gaged  and  controlled  by  means  of  the 
penetration  test.  The  approximate  proportions  of  the  refined  asphalt  and 
flux  necessary  to  produce  an  asphalt  cement  of  desired  penetration  are  first 
experimentally  determined  by  laboratory  teats.  In  the  large  scale  fluxing 
operation  somewhat  less  than  the  calculated  amount  of  flux  is  first  used  end 
tiie  pmetration  of  the  resulting  asphalt  oement  is  then  taken.  From  this 
penetration  the  additional  flux  required  may,  as  a  rule,  be  closely  estimated. 
It  has  been  found  that,  under  average  conditions,  when  making  such  cor- 
rections, 1  lb  of  flux  per  100  lb  of  refined  asphalt  will  soften  a  product  of 
40  or  50  penetration  from  two  to  four-tenths  of  a  millimeter  penetration. 
Prolonged  agitation  and  heating  tend  to  harden  an  asphalt  cement  or  lower 
its  penetration.  At  a  paving  plant  where  large  batches  are  being  slowly 
drawn  from,  it  is  therefore  necessary  to  keep  close  watch  on  such  change 
in  eonaistency  and  to  add  more  flux  from  time  to  time  as  needed.  The 
physical  and  chemical  characteristics  of  an  asphalt  cement,  produced  by 
fluxing  will  partake  of  the  nature  of  both  refined  asphalt  and  flux  to  some 
extent  altho  it  resembles  most  closely  the  constituent  which  predominates. 
Some,  but  not  all  of  the  properties,  are  additive  and  may  be  foretold  from 
analyses  of  the  constituents  and  a  knowledge  of  the  proportions  in  which 
they  are  to  be  used.  Fluxes  which  are  suitable  for  one  asphalt  will  not 
always  produce  satisfactory  asphalt  cements  from  another  asphalt.  In 
general,  the  beavi«-  the  flux  the  more  is  required  to  produce  an  asphalt 
cement  of  given  penetration  from  a  given  refined  asphalt.  Light  fluxes 
prepared  from  a  given  petr<Jeum,  as  a  rule,  produce  asphtdt  cements  lees 
susceptible  to  temperatare  changes  than  do  the  heavier  fluxes  produced 
from  the  same  petroleum,  but  they  aire  apt  to  be  more  volatile  at  elevated 
temperatures. 

Plozed  Native  Asphalts.  The  refined  native  asphalts  almost  invariably 
have  to  be  fluxed  before  they  are  suitable  for  use  in  highway  engineering 
In  sheet  asphalt  construotion,  the  preparation  of  asphalt  cements  from 
refined  native  asphalts  is  usually  undertaken  at  the  paving  plant.  Some 
of  the  asphalts  are,  however,  fluxed  by  the  producer  and  sold  as  asphalt 
eemeots  ready  for  use  in  other  types  of  ooustruction.  Fpr  the  sake  of 
comparison  the  characteristics  of  refined  Trinidad  Lake  asphalt  and  a 
Trinidad  asphalt  cement  prqwred  with  a  heavy  asphaltic  flux  are  shown 
in  TaUe  XII.  As  compared  with  the  refined  asphalt  it  will  be  noted  that 
the  asphalt  cMnent  coataioa  the  higher  percentage  of  tatumen  and  lower 
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Tabla  ZII.— KaAned  and  Fland  Trinidad  Laka  Asphalt 


RA.  (8) 
1.400 

A.C. 

1  210 
205''  C  + 
{401'  F+) 
60 

d"^ 

72.61% 

7 

1.0  % 

Pa»tmi(n  of  residue     26"  C  (7T>  F)  

Soluble  in  CSi  (total  Utanwi)  

56.63% 
6.97% 

HA  KftCf 
ov  .  ov  /if 

4.32% 

100.00% 

86.9  % 

0.0  %t 
10.8  % 
6.2  % 

100.00% 

28.4  % 
■0.0  % 
11.2  % 
6.1  % 
0-8  % 

Bitomen  Insoluble  in  CClt  

t  About  1 .3%  more  Miluble  in  CCU  thu  Id  CSi. 

percentage  of  mineral  matter.  This  is  due  to  the  fact  that  the  flux  is  almost 
pure  bitumen.  Where  the  composition  of  a  refined  native  Mphalt  is  as  uni- 
form as  Trinidad  asphalt,  it  is  possible  to  determine  with  reasonaUe  accuracy 

from  the  cfaaracteriaticB  of  the  asphalt  cement  not  only  the  characteristics 
of  the  flux  which  has  been  used  but  also  the  percentage  of  fiux.  This  is 
done  from  those  properties  which  are  usually  additive,  such  as  specific 
gravity,  solubility  in  carbon  disulphide  and  solubUity  in  naphtha.  Accord- 
ing to  Forrest  (20c),  from  21  to  60  parte  of  commercial  flux  available  in 
1914  to  100  parts  of  refined  Trinidad  Lake  asphalt  are  required  to  produce 
an  asphalt  cement  of  50  penetration  at  25°  C  (77°  F).  From  the  analysis 
given  above  it  is  evident  that  about  60  parts  of  a  heavy  residual  flux  to  100 


Tabla  Zm. — Reflnad  and  Flnzed  Barmadez  Laka  A^halt 


Material  

Specific  gravity  25''/26°  C  (IT  HI*}  

Flath  point  

Penetration  at  25"  C  (77*  F)  

Melting  point  

LoMaties^C  (azS'F)  

FeoetrattoD  of  reddue  at  26°  C  (77"  F) 

Sohibls  in  CSi  (total  Utumen)  

Organic  matter  InioluUe  

InWfude  matter  inaolable  (aih)  

Bitnmen  inscduble  in  8S°  B  naphUia  

Bitumen  InjMhible  In  CC)4  

Fixed  carbon  

Sulphur  

Paralbiaeale  
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parts  of  refined  asphalt  have  been  used  in  the  preparation  of  the  asphalt 
cement.  The  analyses  of  a  refined  Bermtidez  Lake  asphalt  and  a  Bencudes 
Lake  asphalt  cement  are  shown  in  Table  XIII,  while  in  Table  XIV  a  Cuban 
asphalt  and  a  Cuban  asphalt  cement  are  given.  As  neither  refined  Bemiudes 
or  Cuban  asphalts  are  of  as  uniform  composition  bs  refined  Trinidad  asphalt, 
it  ie  not  always  an  easy  matter  to  determine  from  an  cxaminatioo  of  these 
asphalt  cements  the  characteristics  of  the  flux  and  the  amount  which  has 
been  used.  According  to  Forrest  (20c),  from  9  to  28  parts  of  the  fluxes 
commercially  availaUe  in  1914  to  100  parts  of  refined  Bennudez  asphalt 
were  required  to  produce  an  asphalt  cement  of  50  penetration  at  25"  C 
(77°  F). 

Tsble  XIT. — Refined  tad  Fluxed  Cuban  Asphalt 


Material  

Spedflc  gravity  25'/25'  C  C7r/7r  P) . . 

Flash  poiat  

Pmetntion  at  25"  C  (77"  F)  

Mriting  point  

Lm  at  168'  C  (326"  F)  

PeDetntioD  a  residue  at  25"  C  (77*  F) 

SoluUe  in  C3t  (total  bitumen}  

Organic  matter  inaolubte  

Inorgank  matter  inao)abl«  (ash)  

Bitumen  inaotuble  in  86°  B  naphtha  

Bitumen  insolable  In  CCU  

Fixed  earlMMI  

Sulphur  


A.C. 

1.106 
205"  C  + 
(401°  P+) 
69 

68*  C 
(12r  F> 


75.1% 

86.28% 

8.6% 

2.07% 

21.4% 

12.96% 

100.0% 

100.00% 

66.7% 

26.70% 

o.o%t 

0.12% 

2S.0% 

18.70% 

8.8% 

t  About  1.6%  mora  atrinUe  ia  CCU  than  in  CSi. 


Tliund  on  Ai^ialti.  Befined  asphalts  produced  by  the  straight  di»- 
tillatioD  of  petroleum,  are,  if  too  hard  for  a  given  use,  fluxed  to  asphalt 
cements  of  any  desired  penetration  by  use  of  a  petroleum  teaiduum  flux 
as  in  the  case  of  refined  asphalts.  If  the  flux  has  been  prepared  from 
the  same  type  of  petroleum  and  shows  but  little  loss  by  the  volatilization 
test  at  163°  C  (325°  F),  it  will  produce  an  asphalt  cement  from  the  refined 
asphalt  which  is  almoat  identical  with  that  which  would  have  been  obtained 
by  straight  distillation  of  the  petroleum  to  the  same  oonsiatency.  The  use 
of  ditferrat  types  of  fluxes  will  of  course  produce  from  the  aame  refined 
aaphalt,  asphalt  cements  of  somewhat  differont  characteristics. 

Cut-Back  Asphalt  Cements  are  those  which  have  been  fluxed  with  a 
distillate.  The  distillate  may  be  a  hght  volatile  fraction  or  a  heavy  non- 
volatile fraction.  The  former  is  more  generally  used,  as  the  common  reason 
tor  emi^oying  a  distillate  flux  is  to  temporarily  soften  or  liquefy  an  asphalt 
cement  which  has  the  proper  penetration  or  consistency  for  a  given  purpose 
but  which  for  one  reason  or  another  cannot  readily  be  used  in  its  original 
state  in  the  type  of  treatment  or  construction  selected.  Such  out-back 
aqihalt  cements  should,  after  use,  rapidly  lose  the  distillate  flux  by  vola- 
tilization and  acquire  uid  nuuntain  their  original  oonsistency.  Flidd  cut- 
back aepbalt  cements  possess  certain  very  desirable  characteristics  Ibr 
■uiface  treatment  as  compared  with  fluid  petroleum  residuums.  They 


L.ooQle 


6S8 


Bituminous  Matoiab 


Seet.  12 


are  sometimes  manufactared  for  use  vith  oold  stone  in  the  prepantioo  of 
bitiuninous  concrete  consiflting  of  a  coarse  aggregate.  In  under-mirfaoe 
work,  however,  the  distillate  flux  does  not  usually  volatilise  ad  rapidly 
as  desirable.  Cut-back  asphalt  cementa  may  usually  be  identified  by 
their  relatively  low  flash  point,  high  percentage  loss  by  volatilisation  at 
163«  C  (325*'  F)  and  lower  temperatures,  and  marked  hardening  of  the 
material.  Because  of  thar  low  flash  point  they  should  be  carefully  heated 
before  use.  The  fluid  cut-bsck  asphalt  cements  prqiared  witJi  a  heavy 
non-volatile  distillate  are  not  essentially  different  from  the  fluid  non-votatile 
petroleum  residuums.  They  usually  possess  or  develop  but  tittle  cementi- 
tiousness.  The  characteristics  of  two  cut-back  asphalt  cements  jmpand 
with  volatile  distillate  fluxes,  the  one  fluid  and  the  othw  veiy  visoous, 
are  given  in  Table  XV. 


Table  ZV.— Cat-Back  Aa^ialt  Cements 


(42b} 
0.949 

sr  C 

(99»F) 
88-C 
(1M"F) 
118 

18.7  % 
82  see 
87.1  % 
100  sse 

(42a) 

0.981 
149"  C 

{SOO"  F) 
194"  C 

(881"  F) 

Spedfle  viaeodCy  (EnKl«r)  50  cu  em,  26"  C  (77°  F)  

Spedflc  viMMMity  (Engler)  60  eu  on,  100°  C  (212°  F)  

Loss  ftt  105"  C  (221"  F).  6  hr  

29.6 

9.1  % 

186 

99.687o 
0.16% 

99.88% 
0.08% 
0.04% 

100.00% 

9 . 10% 
0.00% 
4.»0^i 

100.00% 

17.00% 
0,00% 

7.io<; 

Cut-hack  asphalt  cements  of  any  degree  of  fluidity  may  be  prepared  by 
adding  the  proper  amount  of  suitaUe  distillate.  When  gasoline  is  used 
as  a  cutting-back  medium  in  considmBble  amount,  it  should  prefembly , 
be  a  heavy  gravity  gasoline  produced  from  an  asphalUe  petn^eum  and  * 
oonsisting  mainly  of  polymett^lene  hydrocarbons  wluch  are  much  better 
solvents  for  the  asphalt  cement  than  are  paraffin  gasolines.  The  paraffin 
gasolines  are  only  partial  solvents  and  their  use  may  result  in  the  preapi- 
tation  of  the  solid  asphaltic  hydrocarbons,  thus  producing  a  material  which 
lacka  in  uniformity  and  in  which  the  ultimate  cementing  value  may  be 
poOT,  altbo  the  original  asphalt  cement  was  of  good  ofaaraeter. 


ROCK  ASraALTS 

28.   Production  of  Rock  Asphalts 

The  Occnrrence  of  Rock  Asphalts  has  been  covered  to  some  extent  under 
native  asphalts,  and  atatistios  of  their  production  and  importation  by  the 
Cnitml  States  for  1910  to  1913  inclusive  arc  given  in  tables  in  Art.  17. 
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The  production  for  various  European  countries  is  included  in  the  figures 
for  all  semisolid  and  solid  native  bituminous  materials.  As  the  true  native 
asphalts  occur  to  only  a  limited  extent  in  Europe,  these  figures  mainly 
represent  bituminous  rock  or  rock  asphalt.  Italy  and  France  are  the 
two  hu^est  producing  couabioB  and  Gomwoy  lanks  third.  Owbig  to  the 
eomparativeb^  small  amount  of  bitumen  wl^ch  they  contain  and  to  the 
high  cost  of  transportation  but  little  European  rock  asphalt  finds  its  way 
into  the  United  States,  altho  some  has  been  imported  for  use  in  the  paving 
industry,  and  was  employed  in  this  connection  as  early  as  1876  at  Wash- 
ington, D.  C.  ConBiderably  earlier  in  the  191  h  century  rock  asphalts  were 
used  in  the  construction  of  sidewalks  and  pavements  in  the  Eutopean 
countries  but  its  success  in  this  connection  was  not  pronounced  until  1854. 
The  term  asphalte  is  commonly  applied  to  these  products  in  Europe 
but  not  in  the  United  States.  Rock  asphalt  usually  ccmaists  of  limestone 
or  sandstone  impregantcd  with  maltha  or  asphalt.  Ha  origin  and  formation 
being  similar  to  these  materials  except  that  as  mined  the  bitumen  consti- 
tutes only  a  relatively  small  percentage  of  the  product  obtained.  Those 
in  common  use  contain  from  6  to  14%  bitumen.  One  of  the  earliest  dis- 
covered  and  operated  deposits  is  located  at  Val  de  Travers,  Ncufchatel, 
Switseriand.  This  deposit  of  bituminous  limestone  was  worked  as  early 
as  1712.  In  France,  hu-Re  deposits  of  bituminous  limestone  occur  at  Seyssel, 
Autun,  Aumanee,  Ain,  Gard,  Puy-du-DOme,  Levagny,  Mons  and  Haute- 
Savoie,  of  which  the  S^wet  deposit  was  opened  about  1797.  In  Italy, 
iHtuminouB  limestone  occurs  in  paying  quantities,  uid  on  the  Island  of 
Sicily  at  Ragusa,  Syracuse,  C'atania  and  Maizarelli.  Both  bituminous 
limestone  and  bituminous  sandstone  occur  in  Germany,  the  principal  de- 
posits being  at  Lobeann  in  Alsace  and  at  Limmer  and  Vor  Wohle.  Other 
European  deposits  are  located  in  Spain  at  Maester;  in  Russia  at  Syzran, 
Samara  and  on  the  island  of  Tchelekin;  in  Greece  near  Marathonopolis, 
and  at  a  number  of  localities  in  Turkey.  Deposits  are  foimd  widely  dis- 
tributed over  the  United  States  and  Canada,  the  more  important  lieing 
located  in  the  States  of  Texas,  Oklahoma  and  Kentucky! 

Mining  Rock  Asphalts.  The  general  methods  of  mining  or  quarrying 
rock  asphalt  are  not  unlike  those  for  ordinary  rock  quarrying.  As  some 
rock  asphalts  become  adhesive  and  gummy  in  warm  weather,  making  it 
difficult  to  drill  holes  for  the  blasting  charge,  the  quarrying  may  be  cai^ 
ried  on  in  underground  tunnels  except  in  cold  weather,  when  it  may  bo 
blasted.  The  exact  method  of  mining  varies  somewhat  with  the  character 
of  the  rock  asphalt  as  some,  particularly  the  bituminous  sandstones,  are 
loose-grained  and  friable  and  almost  wholly  dependent  upon  the  bitumen 
to  hold  the  individual  mineral  particles  together,  while  others  are  hard 
and  dense,  the  rock  being  merely  saturated  with  bitumen. 

Preparation  of  Rock  Asphalt.  After  coming  from  the  quarry  the  rock 
asphalt  is  crushed  or  broken  into  small  lumps  which  may  either  be  shipped 
as  such  or  else  further  reduced.  It  is  usually  crushed  between  toothed  or 
grooved  steel  cylinders  known  as  toll  crushers  but  sometimes  by  centrifu- 
gally  operated  flail  or  hammer  crushers.  In  order  to  obtain  a  product 
suitable  for  direct  use  in  highway  work  it  is  sometimes  necessary  to  com- 
bine two  or  more  grades  of  rock  asphalt  containing  different  percentages 
of  Intumen.  By  this  means  the  proper  percentage  of  Intumeo  for  the 
particular  character  of  aggregate  may  be  secured.  The  blending  or  mixing 
is  often  carried  on  in  a  large  revolving  mixing  cylinder  or  kettle  in  which 
the  rock  is  heated  to  a  tempuabire  of  about  100**  or  ISS"  C  (212*'  or 


660  Bituminous  Materials  Beet  12 

257*  F.)  Sometfauee  a  rock  asphalt  ia  enriched  hy  the  addition  of  atphalt 
and,  if  the  natural  bitumen  ia  harder  than  desirable,  a  petroleum  residuum 
or  flux  is  used  to  soften  it  to  suitable  consistency. 

Transportation  of  Rock  Asphalt.  The  harder  grades  of  rock  asphalt  may 
be  most  conveniently  shipped  in  the  lump  form,  in  which  case,  however, 
they  usually  have  to  be  cruahed  or  prepared  for  use  upon  airival  at  their 
destination.  They  are  commonly  transported  by  rail  or  as  ballast  in 
vessels.  It  is  seldom  economy,  however,  to  ship  them  long  distajooes. 
If  shipped  in  pulverised  or  tnepared  form  ^e  mass  of  originally  loose  par- 
ticles ia  apt  to  congeal  and  compress  under  its  own'weight  so  that  in  unload- 
ing it  has  to  be  handled  with  pick  and  mattox  and  afterwards  warmed 
before  it  may  bo  separated  to  its  original  prepared  condition.  Upon  long 
storage  it  almost  invariably  congeals  to  a  solid  mass.  The  crushed  bitu- 
minous Bandstooee  are  usually  easier  to  handle  than  the  limeetonee,  owing 
to  tbnr  coarser  texture. 

Si.  ChuacteristieB  of  Rock  A^halti 
Bituminous  Limestones  are  more  or  less  pure  limestones  or  calcium  car- 
bonate impregnated  with  bitumen.   They  may  be  of  a  semicrystalline, 
conglomerate  or  chalky  nature,  and  contain  vatying  perceotages  of  sand 

and  other  mineral  eubetances.  The  purer  carbonate  rooks  crush  down  to 
B  fine  powder,  each  particle  of  which  appears  to  be  impregnated  with  bitu- 
men. This  powder  is  often  of  a  brownish  color  and  appears  dry,  altho 
it  may  contain  as  high  as  15  or  16%  bitumen.  Under  compression,  and 
specially  at  an  elevated  temperature,  the  better  grades  congeal  to  form 
a  dense  tou^  mastic  composed  of  very  fine  mineral  particles  cemented 
together  with  the  bituminous  cement.  The  bitumen  may  vary  in  con- 
sistency from  a  soft  maltha  to  a  hard  brittle  asphalt.  It  is,  however,  a 
difficult  matter  to  recover  the  bitumen  so  as  to  positively  identify  its  original 
conastency.  This  is  due  to  an  almost  imavoidable  hardening  which  it 
undergoes  during  the  laboratory  extraction  and  recovety  process.  The 
percentage  of  bitunjen  varies  widely  but  in  the  better  grades  of  commercial 
products  is  seldom  less  than  7  or  8%.  Analyses  showing  the  percentage  of 
various  constituents  present  in  typical  European  bituminous  limestones  as 
given  hy  Howard  (22)  are  shown  in  Table  XVI.  It  should  be  remembered, 
however,  that  the  percentage  of  bitumen  present  in  rock  from  difFemkt 
parts  of  the  same  deposit  often  varies  considerably. 


Table  XVI. — Analyses  of  European  Bituminous  Limestone* 


Constituents 

Frukb 

Italy 

SlOLT 

SeyaMl 

UODi 

St. 
VolonUno 

Cni 

Bagusa 

Ctdcium  carbonate  

Magneoium  carbonate. . . . 
Sand  or  Inaol.  In  HCl  

8.15 
91.80 
0.10 
0.10 
0.16 

ID  .20 
84.63 

8.8S 
80.00 

7.16 
7S.76 

uM 

8.92 
88.21 
0.96 
0.60 
0.91 

a. 02 

1.78 

Unaetermlned  

Total  psrasBt  

0,20 

5.17 

11:17 

0.40 

100.00 

100. M 

100,00 

100.00 

100.00 
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CdBilitBHItB 

SwnzBB- 

LAND 

RnflBU 

Lotwuio 

VorWoUfl 

Valds 
Tnnn 

SyETsn 

HacDMtBtii  arboiHite> . . . 
ShmTot  InaoL  In  HCl  

14.80 
67.00 
17.52 

12.82 
71.48 
0.81 
8. IS 
6.91 
6.18 
1.70 

8.60 
80.01 
0.6S 
4.77 

10.16 
88.40 
0.30 
0.46 
0.26 

80.60 
66.28 
8.27 

4.08 
2.11 

Uadatannlned  

1.18 

0.46 

100.00 

100.00 

100.00 

100.00 

100.00 

An  uialysis,  as  made  the  U.  S.  O.  P.  R.,  of  a  typical  specimen  of  ap 
important  American  bituminoiu  limestone  deposit  occuiring  in  Uvi^de 
County,  Texas,  is  given  below.  This  product  is  a  shell  limestone  or  con- 
glomerate impregnated  with  a  bard  asphalt  as  shown  by  the  characteristios 
of  the  recovered  bitumen.  In  this  material,  which  after  preparation  has 
been  used  quite  extensively  in  highway  construction,  accumulations  of  almost 
pure  bitumen  are  frequently  found  in  the  small  shell  pockets  of  the  oonglo- 
merate. 

Analyaii  of  Texas  Bitominotia  XJmestone 

^ledfie  cravlty   2.178 

Salable  In  CS*  (total  Utuman)   13.10% 

iMoliiUa  nattar   86.90% 

100.00% 

Ezamtnation  of  raeowed  Utimi«B: 

Spedflfl  anvity  26" {Zh"  C  (77" Z??"  F)   1 .091 

FVM^don  at  26=  C  (77°  P>   10 

U<UinK  point   86°  C  (18r'  F) 

BitunMn  insoluUe  in  86°  B  naphtha   49 .25% 

Fixed  carbon   16.51% 

Aab   0.48% 

BituiDinonB  Sandstonea  are  usually  of  much  coarser  texture  than  bitu- 
minous limestones  and.  while  the  bitumen  permeates  the  natural  rock,  it 
appeals  rather  to  ooat  the  mineral  particles  than  to  impregnate  tttem. 
In  tlieir  preparation  for  use  the  sand  gnuns  are  not  necessarily  crushed 
to  produce  a  mastio  with  the  bitumen,  but  may  be  merely  broken  down 
or  partly  separated.  A  prepared  bituminous  sandstone  may  therefore  have 
the  general  appearance  of  a  sheet  asphalt  paving  mixture  altho  the  mineral 
particles  seldom  show  the  grading  considered  most  desirable  for  sheet 
asphalt  work.  The  percentage  of  various  constituents  of  a  Spanish  rock 
aqihalt  as  siven  1^  Howard  (22)  is  shown  in  the  following  aniUyms: 

Analydt  of  MMSter  Bituminoiu  Sandstone 

filtuawn   8.80% 

Sand   68.76% 

CakioBi  earbonat*   0-16% 

Hamedum  carbonate   8.10% 

Alnndaa  and  iron   4.36% 

VadalcnniiMd   0.86% 

Total   100,00% 

D>qiti;M  by  Google 
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The  analysis  of  a  typical  American  bituminous  sandstone  prepared  from 
material  obtained  from  an  extensive  deposit  in  Kentucky  is  given  below. 
The  bitumen  reoovend  from  this  product  was  found  to  be  a  viaoous  sticky 
maltha  which  hardened  to  sniuMdid  consistency  under  the  volatUisation 
t«8t.  The  characteristics  of  the  recovered  bitumen  as  well  as  the  mechan- 
ical analysis  of  the  mineral  matter  is  given.  The  percentage  of  bitumen 
in  different  parts  of  the  same  deposit  varies  consideraUy,  and  this  is  generally 
true  of  all  large  deposits. 

Analysis  of  Kentucky  BitUBfamu  Sandatmw 

Solubto  in  CSt  (toul  bitunMo)   6.73% 

Mlnml  mattor  tnsoluble   93.27% 

100.00% 

Eununation  of  recovered  bitumen: 

Speeiflc  fravity  26*" /26''  C  (77" /TT"    1 .027 

LoM»t  rsS"  C  <826°  F),  6tir,  20k   S.41% 

Bitunnn  itMOlnble  In  86"  B  nuhtfia   17.00<'/^ 

fixed  cvboa   10.80% 

Arfi   1.76% 

Examination  of  recovered  aggregate: 

PaariDE  200-meah  neve   8.6% 

PaMins  100-mesh  rieve   4.6% 

Paarinc  SO-meeh  lieve   4.5% 

Paanns  SO-mesh  sieve   Sfi.0% 

PuunK  80-m««h  sieve..   48.0% 

Passiiis  20-mesh  sieve   6.5% 

Pusinf  10-mesh  aiev*   8.0% 

Retained  on  10-mesh  lieve   1.0% 

100.0% 

CRUDE  TARS 

36.  Fonnation  of  Tats 

Sonrcei  ol  Tar.   The  term  tar  has  been  applied  to  many  black  visooua 

materials  consiating  mainly  of  hydrocarbons  and  their  derivatives,  whether 
produced  by  destructive  distillation  or  not.  Thus  viscous  residues  pro- 
duced by  the  preliminary  fractional  distillation  of  petroleums,  which  resi- 
dues are  later  distilled  to  coke  in  a  separate  still,  are  sometimes  known 
as  tar  to  the  petroleum  refiner.  As  generally  accepted,  however,  the  term 
is  confined  to  bituminous  distillates  produced  by  the  destructive  distilla- 
tion of  almost  any  organic  material  providing  that,  upon  being  themselves 
subjected  to  fractional  distitlation,  these  diatUlates  will  yidd  semisolid 
or  solid  residues  known  as  pitches.  Tars  thus  diffbr  materially  from  faitu- 
minous  distillates  produced  by  fractional  distillation,  as  the  latter  cannot 
again  be  fractionally  distilled  so  as  to  produce  semisolid  or  solid  residues. 
The  sources  of  tar  which  are  of  particular  interest  in  highway  engineering 
are  bttuminoua  coal  and  petroleums.  Both  arc  largely  used  in  the  manu- 
facture of  illuminating  gas  and  the  former  is  also  consumed  in  immense  quan- 
tities in  the  manufacture  of  coke.  Both  gas  and  coke  are  produced  by  the 
destructive  distillation  of  these  substances  and  the  tar  ia  obtained  as  a 
Iqr-product.  Other  substances  of  a  non-bituminous  nature  usually  accom- 
pany the  formation  of  tar  and  often  occur  as  impurities  in  the  crude  tar. 
As  in  the  case  of  other  crude  bituminous  materials  the  impurities  are  more 
or  less  completely  removed  by  refining  processes. 

Vormatlon  of  Tar  Hydroearboni  from  CoaL  The  high  tempmturea  in- 
volved in  destructive  distillation  are  mrtieulariy  favorable  to  the  fonna- 
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tion  of  liquid  aod  solid  bydrocarbonfl  belonsing  to  the  unsaturated  cyclic 
and  polycyclic  series.  The  proportion  and,  to  a  considerable  extent,  the 
character  of  such  hydrocarbons  produced  from  coal  vary  with  the  character 
of  the  ooal  distilled  and  the  particular  conditions  of  time,  temperature  and 
presBure  which  attend  the  process.  In  general,  however,  hydrocarbons  of 
the  benzene,  CoH - «,  nat^thalene,  CnHm -ti,  and  anthracene.  CnHbi-is 
series  predominate,  attho  members  of  many  of  the  other  unsaturated  opeo 
chain  and  oyoUc  series  are  also  found  in  varyinc  proportions.  Coals  them- 
selves are  complex  mixtures  of  hydrocarbons,  Uie  molecular  composition 
of  which  is  littie  understood.  It  is,  however,  definitely  known  that  coal 
tar  is  not  a  simple  mixture  of  the  volatile  constituents  of  the  coal,  but 
that  it  is  the  product  of  complex  chemical  reactions  that  take  place  during 
the  process  of  carbonisation  or  destructive  distillation.  The  probable 
character  of  the  reactions  involved  are  more  or  less  speculative,  but  it  is 
reasonable  to  suppose  that,  at  the  very  high  temperatures  employed  the 
volatile  hydrocarbuns  of  the  coal  dissociate  into  radicals  nioh  as  CH| — , 
CHt  ~  and  CH  If  nascent  or  atomic  carbon,  C  ~,  and  hydrogen  H — , 
are  also  split  off,  as  seems  probable,  the  formation  of  almost  any  of  the 
hydrocarbons  actually  present  in  tars  may  be  readily  explained.  The 
primary  hydrocarbons  formed  contain  one  or  two  carbon  atoms  to  the 
molecule  and  therefore  consist  of  methane,  CH4,  ethylene,  C1H4,  and 
acetylene,  CtHi,  first  members  of  their  respective  series.  Under  suitable 
conditions  these  hydrocarbons  react,  break  down  or  polymerize  during  the 
distillation  process  to  form  members  of  other,  and  often  more  complicated 
series  of  hydrocarbons.  The  general  nature  of  the  initial  reactions,  many 
of  which  are  levoraible,  may  be  shown  as  follows: 

2CH4  -  CtH(  +  Hi 
or       2CH4  -  C2H1  +  3Hf 

CjHf  =  CjH«  +  Hi 
or      2CjHe     CiHi  +  2CH4  +  2Hi 

CJI^  -  CHi  +  Hi 
or       2C.H*  =•  CtHi  +  CtHa 

It  will  be  seen  that  there  is  a  general  tendMic^  to  form  acetylene  which 
readily  polynwriies  to  tana  the  vtdatile  liqnid  braiene,  which  may  be 
graphically  shown  as  follows: 

CH  CH 

///  \ 

HC    CH  HC  CH 

senior             III  -         I  I! 

HC    CH  HC  CH 

\\\  \  / 

CH  CH 

The  formation  of  naphthalene  and  anthracene  thru  the  reaction  of  hu!:.:e::o 
and  acetylene  are  given  in  the  following  equations: 

CiHa  +  2CtHi  -  CivHs  (naphthalene)  +  Hi 
2CWH|  +  CiHi  B  CiiHis  (anthracene)  +  2Ht 

These  reactions  explain  why  tars  produced  by  the  destnictiTO  distillation 
of  entire^  different  original  substances,  such  as  coal  and  petroleum,  may 
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be  and  trften  are  dmilu  in  chemical  and  physical  properties.  Wfaatorer 
the  exact  nature  of  these  reactions  may  be,  it  is  certain  that  at  very  high 
temperstures  an  ultimate  decomposition  of  the  vaporized  hydrocarboDs 
takes  place  with  the  formation  of  free  carbon  and  free  hydrogen.  While 
the  resulting  hydrogen  is  found  in  the  permsnent  gases,  a  large  proportion 
of  the  carbon  is  deposited  in  the  tar  as  an  inert  impurity.   At  lower  tom- 


peratures  ultimate  decomposition  of  the  vaporiMd  hydrooarbona  beoomaa 
less,  so  that  tars  produced  at  relatively  low  temperatures  contain  lees  free 
carbon  than  those  produced  at  the  higher  temperatures.  If  the  substance 
originally  subjected  to  destructive  distillation  contains  oxygen,  sulphur  or 
nitrogen,  these  elements  are  usually  found  in  the  tar  as  ozj'gen,  sulphur 
or  nitrogen  derivatives  of  some  of  the  tar  hydrocarbtHis.  I^wstically  all 
bituminous  coal  contains  oxygen  and  some  of  this  oxygen  during  destruc- 
tive distiUatioD  oombinfls  to  form  phenols  and  cresols  which  appear  in  the  tar. 

Huuitectiire  of  Coal  Tar.  The  general  principles  of  coal  tar  manufao- 
tnre  are  the  same  whether  conducted  in  a  gas-house  with  b<nisoDtal.  tndined 
or  vertical  retort,  or  in  a  by-product  coke-oven.  While  the  details  of 
plant  apparatus  and  operation  vary  somewhat,  and  therefore  the  character 
of  the  resulting  tar,  the  general  plan  of  operation  may  be  illustrated  by  the 
gas-house  process  with  horisontal  retort.  A  diagram  of  the  prindpal  parts 
of  such  a  gas-house  plant  is  shown  in  Fig.  12.  In  the  manufacture  of 
illuminating  gas,  bituminous  coal  is  first  placed  in  horizontally  set  semi- 
oval  fire-clay  retorts  about  8  ft  long,  15  in  high,  and  18  is  wide  at  the 
bottom.  A  battery  of  six  or  d^t  of  these  retorts  set  tOfBthsr  in  a  brick 
furnace  constitutes  a  bench,  and  a  number  of  benches  built  tofatber  is 
called  a  stack.  The  retorte  are  charged  from  one  end  and  siter  charging 
all  openings  ore  closed  with  the  exception  of  a  vertical  stand-pipe  extend- 
ing upwards  from  the  front  and  connecting  by  a  bridge  with  a  vertical 
dip  pipe.  The  dip  pipes  from  all  of  the  retorts  in  a  stack  connect 
with  a  long  covered  trough  running  the  entire  length  of  the  stack  and 
known  as  the  hydraulic  main.  The  hydraulic  main  is  partly  filled  with 
water  which  serves  as  a  seal  for  the  outlet  of  each  dip  pipe.  Ui>on  heating 
the  retorts,  which  have  been  partly  filled  with  coal,  volatile  liydroearlx»s 
are  produced  and  these  hydrocarbons  in  the  gaseoui  state  react  within  tlw 
retort  to  form  the  types  of  products  treated  of  in  the  preceding  paragr^;ib. 
As  the  gases  are  evolved  they  pass  thru  ths  standpipe,  bridge  and  dip 
pipe  into  the  hydraulic  main  where  a  considerable  proportion  of  the  lique- 
fiable  hydrocarbons  condense  under  water.  As  the  tar  oellects  it  is  drawn 
off  by  various  ingenious  devices  upon  reaching  a  certain  hei^t  in  the 
hydraulic  main.  The  gas  from  the  hydraulic  main  passes  thru  a  pipe  to 
the  condenser  which  usually  consists  of  a  series  of  vertical  east-iron  pipes 
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connected  at  the  top  and  opening  at  the  bottom  into  an  iron  box,  which 
18  divided  by  transverse  partitions  extending  nearly  to  the  bottom  and 
dipping  into  water  or  former  condensates,  so  that  the  gas  is  forced  to  pass 
thru  all  of  the  pipes.  The  condenser  is  cooled  either  by  air  or  water  so  that 
the  gas  is  slowly  brought  to  a  temperatmn  of  50°  C  (122°  F).  More  of  the 
liquefiable  hydrocarbons  condense  here.  The  gas  is  drawn  thru  the  con- 
denser and  forced  thru  the  remainder  of  the  purifying  apparatus  by  means 
of  a  mechanical  device  called  the  exhauster,  which  serves  to  prevent  back 
pressure  upon  the  retort.  From  the  exhauster,  the  gas  passes  thru  a  tar 
extractor  or  scrubber,  consisting  of  a  tower  fitted  with  numerous  perfor- 
ated horisontal  platee  or  other  device,  where  the  last  traces  of  tar  vapor  are 
condensed  and  removed  by  friction.  From  this  point  on  the  process  of 
gas  manufacture  ceases  to  be  of  interest  bo  far  as  the  production  of  tar 
is  concerned.  The  finished  gas  oonsists  of  a  mixture  of  hydrogen  and  in- 
condens^de  hydrocarbons  such  as  methane,  while  coke  or  relatively  pure 
oarbcm  and  any  mineral  matter  present  in  Uie  original  coal  remains  in  the 
retort.  ApfironrntAely  60%  of  all  the  tar  produced  condenses  in  the 
hydraatie  main,  15%  in  the  condenser,  and  25%  in  the  scrubber.  As  would 
naturally  be  expected,  the  heavier  imd  more  viscous  liquid  hydrocarbons  con- 
dense first  in  the  hydraulic  main,  and  the  lighter  and  more  fluid  products 
in  the  scrubby.  As  the  tar  is  drawn  off  from  the  various  parts  of  the 
plant,  however,  it  is  usually  run  into  a  common  well  or  storage  tank  where 
it  is  allowed  to  settle  for  some  time  in  order  to  separate  it  as  completely 
as  possible  from  water  and  other  impurities.  The  character  of  the  tar 
itself  is  laqpsly  influenced  by  the  tonperature  employed  in  the  destructive 
distaiation  of  the  ooal,  which  lies  between  850*>  and  15*0'  C  (1562°  and 
2804°  F).  Up  to  070°  C  (177S°  F)  is  commonly  oonsidered  low  temper- 
ature, from  970°  to  1100°  C  (1778°  to  2012°  F)  medium  temperature,  and 
above  1100°  C  (2012°  F)  hi^  temperature.  The  yield  of  tar  per  ton  of 
coal  varies  greatly,  but  in  American  practice  averages  from  7}^  to  lOH  gal. 
In  general,  the  higher  the  temperature  of  destructive  distillation  the  greater 
the  yield.  As  the  temperature  of  distillation  increases,  the  percentage  of 
free  carbon  in  the  tar  increases  and  also  the  percentage  of  hydrogen  in  the 
gas.  This  is  due  to  the  more  complete  decomposition  of  the  hydrocar- 
bons at  high  temperature.  The  viscosity  of  the  tar  also  increases  with  the 
temperature  of  distillation.  The  effect  of  temperature  and  other  conditmns 
is  further  considered  under  the  various  classes  of  tar  in  Art.  27. 

Fomtation  of  Tar  Hydrocarbons  from  Petroleum.  From  the  preceding 
paragraph  it  is  evident  that  the  formation  of  the  hydrocarbons  occurs  under 
entirely  different  conditions  of  temperature,  pressure  and  time  than  the 
formation  of  petroleum  hydrocarbons.  Thus  tars  are  produced  rapidly  at 
high  temperatures  and  low  pressures,  while,  as  shown  in  Art.  13,  petro* 
leums  are  formed  very  slowly  at  low  temperatures  and  high  pressures. 
If,  howevw,  petroleums  or  petroleum  products  are  themselves  subjected 
to  high  temperatures  and  low  pressures,  the  hydrocarbons  crack  or  disso- 
ciate in  much  the  same  way  as  the  coal  hydrocarbons,  with  the  formation 
of  ultimate  products  quite  similar  and  in  many  respects  identical  with  the 
products  of  the  destructive  distillation  of  coal. 

Manofaeture  of  Water-Gas  Tar.  Water-gas  tar  is  a  by-product  inci- 
dentally manufactured  during  the  process  of  carburetting  water-gas  by 
means  of  destructively  distilling  or  cracking  at  high  temperatures  certain 
classes  of  petroleum  or  petroleum  products  known  as  gas  oils.  The  straischt 
VAter-gas  is  produced  by  the  reaction  between  steam  and  incandescent  car- 
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bonticeoua  material,  such  as  coke  or  anthraette  ooal,  without  the  iwoduetint 
of  hydroearboDs.  Thia  reaction  is  commonly  mitten  C  +  H«0  —  CO  +  Bt- 
Aa  no  hydrocarboDB  are  formed  in  this  process  there  can  be  bo  formation  of 
tar.  The  strai^t  water-gaa,  which  conaistfl  of  a  mixture  of  carbon  monoxide 
and  hydrogen,  bums  with  a  non-luminous  flame  and,  in  order  to  make  it  a 

true  illuminating  gas,  it  is  necessary  to 
enrich  it  by  the  introduction  of  gsawma 
hydiDcarbona.  This  is  usuimy  accom- 
plished, with  one  of  the  diatillates  of 
petroleum  known  aa  gas  oil  which  ia 
cracked  in  contact  with  the  water-ffaa 
hy  what  is  known  aa  the  carburettinc 
process.  The  gaa  oil  is  thus  converted 
into  permanent  gaseous  hydrocarbons 
and  liquefiable  hydrocarbons  which  ul- 
timately condense  to  produce  tar.  The 
origio  of  water-gas  tar  is  therefore  pe- 
troleum. A  diagram  of  the  principal 
parts  of  a  carburetted  water-gu  phat 
is  shown  ia  Fig.  13.  In  the  process 
of  water-gas  manufacture  the  ooke 
or  anthracite  coal  is  first  heated  to 
redness  in  a  large  cylindrical  metal 
chamber  called  the  generator.  Air 
is  then  admitted  to  the  generator  thru 
a  blast  pipe  and  passes  thru  the  incandescent  fuel  with  which  it 
reacts  to  form  producer  gas.  The  hot  producer  gas  passes  out  of  the 
generator  Into  ibe  top  of  a  second  cylindrical  chamber  cidled  the  car- 
burettor where  it  meets  a  blast  of  air  from  another  pipe  connected  with 
the  source  of  air  supply.  Here  it  Is  partly  oxidised  and  the  resulting 
heat  of  combustion  raises  the  temperature  of  the  checkerwork  of  brick 
which  611b  the  carburettor.  The  uneonsumed  gas  and  products  of  com- 
bustion then  pass  from  the  bottom  of  the  carburettor  into  the  bottom 
of  a  third  and  taller  cylindrical  chamber  called  the  superheater  which 
ia  also  filled  with  a  checkerwork  of  brick.  Here  the  uneonsumed  gases 
are  entirely  oxidised  by  air  admitted  thru  another  blast  pipe.  The  prod- 
ucts of  combustion  th«i  escape  thru  a  staek  valve  at  the  top  of  Uie  snpo- 
heater.  This  process  is  only  preliminary  to  the  actual  manuiaetura  ol 
water-gas  and  is  continued  just  long  enough  to  Imng  the  fuel  in  the  gen- 
erator to  a  bright  red  heat  and  the  brick  checkerwork  in  the  carfaorettOT 
and  superheater  to  proper  temperature  to  cause  cracking  of  the  petro- 
leum hydrocarbons  later  introduced,  l^lien  this  is  accomplished,  steam 
is  admitted  to  the  generator  thru  a  small  pipe,  all  of  the  air  toasts  are 
shut  off  and  the  stack  valve  on  the  superheater  closed.  I^ain  water- 
gas  is  formed  in  the  generator  by  the  action  of  the  steam  upon  the  in  can- 
descent fuel  and  passes  into  the  carburettor,  where  it  meets  a  vpny  of  gsi 
oil  introduced  thru  a  pipe  at  the  top.  The  oil  is  here  gadSed  and  eairied 
by  the  water-gas  into  the  superheater,  where  it  is  cracked  or  broken  up 
into  permanent  hydrocarbon  gases  by  the  high  temperature  of  the  bride- 
work  and  also  into  heavier  hydrocarbons  which  later  condense  as  tarry 
products  during  the  process  of  gas  purification.  The  carburetted  wato^ 
gas  passes  thru  a  pipe  near  the  top  of  the  superiieater  to  condrasers  and 
soruUierB  dmilar  to  those  described  under  the  mahupactuu  or  ooab  tab. 
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Here  the  tar  is  deposited  and  is  afterwards  nm  into  storage  tanks.  The 
character  of  the  tar  is  considerably  influeooed  by  the  character  of  oil  which 
is  used,  and  as  in  the  caoG  of  coal  tar,  by  the  temperature  at  which  it  is 
produced.  The  yield  of  tar  varies  from  2  to  18%  by  volume  of  the  oil 
used  for  carburetting.  For  tlie  ordinary  petroleum  distillate  gaa  oils  it 
will  average  about  10%.  While  the  average  temperature  of  cracking  or 
distillation  of  carburettod  water-gas  manufacture  is  higher  than  for  coal- 
gas  manufacture,  the  maximum  temperature  is  lower  and  for  this  reason, 
as  well  as  the  fact  that  cracking  is  produced  in  an  atmosphere  rich  in  hydro- 
Ban,'  the  water-gas  contains  a  lower  percentage  of  free  carbon  than  coal 
tar.  A  greater  proportion  of  light  condensable  hydrocarbons  is  also  pro- 
duced so  that  the  crude  water-gas  tar  is  much  more  fluid  than  crude  coal  tar. 

26.  Production  of  Tars 

I  Production  of  Tar  in  the  United  States.  Statistics  relative  to  the  pro- 
dnotim  of  tar  in  the  United  States  are  n«ther  as  oomplete  nor  avwilaUe 

I  as  those  for  the  productioB  of  petroleum.  The  luroduction  is  so  widely 
distributed  and  there  are  so  many  small  plants  which  do  not  keep  an  accu- 

I  rate  record  of  their  tar  manufacture  that  reliable  information  is  difficult  to 
secure.  In  the  early  days  of  gas  manufacture,  tar  was  considered  as  a 
waste  product  and  proved  to  be  a  aonroe  of  nuisance  not  only  to  the  manu- 

I      faoturer  but  to  the  public,  as  it  was  often  run  into  rivers  and  streams, 

I  causing  pollution  of  the  water.  Later  it  was  discovered  that  many  valu- 
able products  could  be  obtained  by  its  fractional  distillation  and  chemical 
treatment.  From  a  waste  product  it  therefore  gradually  became  a  valu- 
able l^-im>duct  and  is  now  accumulated  and  sold  by  most  gas  manufac- 
turers who  do  not  use  it  as  fuel  in  their  manufacturing  processes.  Statistics 
of  the  production  of  tar  were  first  compiled  t^  the  United  States  Govern- 
ment in  1898,  and  since  then  reporte  on  the  subject  have  been  issued  a/ 
irregular  intervals.  In  these  reports  coal  tars  are  divided  into  two  groupt 
those  produced  at  gas  works  and  those  produced  at  by-product  ooke-ovet^ 
plants.  The  tars  produced  and  sold  at  water-gas  and  oil-gas  works  are 
considered  collectively.  The  production  of  these  tars  from  1904  to  1913 
for  (he  yeaie  recorded  is  given  in  TaUe  XVII. 


Table  ZVn.— Production  and  Sale  of  Tar  in  the  United  Statea,  lt04-1918, 

in  GaUons 


Tsar 

Coal  Tab 

Wmtar- 
Gs>  and 
OU-Oas 
Tat 

Total 

Ga»JBoaM 

Coka-Oran 

Total 

1904  

41TSe»70 

48  642  189 

49  681966 
68B41  220 
40  489  866 

27  771  115 
88  879  864 
68  99S  796 
^720  609 
94  806  688 
116  146  026 

69  499  086 
80  022  04S 
108  677  760 
101  261  829 
184  796  488 

IMT  

9  168  884 
88  980  273 

110  480  663 
168  726  711 

A  comparison  of  the  production  for  1908  and  1912  is  particularly  instruc- 
tive aa  diowing  the  general  trend  of  development.  From  these  figures  it 
will  be  noted  that  in  1008  gas  plants  were  the  most  important  source  of 
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Bupply  of  co&l  tar,  while  in  1912  the  production  from  tUs  source  had  Dot&bly 
decreased.    This  was  in  large  measure  due  to  the  increasiuc  use  of  car- 
buretted  water-gas  and  the  introduction  of  carburetted  water-gas  manu- 
facture at  many  plants  where  coal-gas  was  still  produced.    A  very  great 
increase  in  the  production  of  water-gas  tar  for  this  period  is  shown,  as 
water-gas  tar  constituted  by  far  the  largest  proportion  of  tar  produced  from 
petroleum  or  oil.   It  is  seen  that  the  production  of  water-gas  tar  for  1912 
closely  approached  that  of  gas-house  coal  tar,  while  in  1908  it  was  of  rathn 
minor  importance.    The  most  remarkable  development  is  however  shown 
by  by-product  coke-oven  tar,  the  production  of  which  was  increased  by 
over  50  000  000  gal.    A  continued  marked  increase  is  shown  for  1913. 
Coke-oven  tars  are  in  general  admirably  adapted  to  the  manufacture  of 
road  and  paving  materials.    Their  production  in  the  United  States  dates 
only  from  1893,  when  twelve  by-product  coke-ovens  were  constructed  at 
Syracuse,  N.  Y.    By  the  end  of  1912  over  5000  by-product  coke-ovens 
were  in  operation,  and  the  future  production  of  tu*  from  this  source  prom- 
isea  to  become  of  even  greater  r^tive  importance.   Immense  quantities 
of  coke  have  been  and  are  being  coked  in  the  old  beehive  type  ovm, 
in  which  no  attempt  is  made  to  recover  any  portion  of  the  coaX  which  is 
volatilized  duHng  destructive  distillation.    In  beehive  coke-oven  practice, 
all  tar  hydrocarbons  which  are  formed  are  wastefully  burned  at  the  outlet 
of  the  oven.    Some  idea  of  the  tremendous  loss  in  tar  production  by  this 
process  may  be  obtained  by  the  relative  amount  of  coal  coked  and  tar 
produced  therefrom  in  the  by-product  coke-ovens.   In  1913  the  by^uxxiuet 
ovens  produced  116  146  02fi  gal  of  tar  fn»n  17  089  700  tons  of  oooL  During 
the  same  year  62  160  400  tons  of  coal  were  coked  in  beehive  ovens  wiUiout 
recovery  of  tar.    Upon  the  same  basis  of  yidd  as  for  the  by-product  coke 
ovens,  this  represents  a  toss  of  nearly  360  000  000  gal  of  tar  or  over  twice 
the  total  production  of  all  classes  of  tar  for  the  preceding  year.    The  enoour- 
aging  advance  of  by-product  coke-oven  practice  over  tliat  of  the  beehive 
oven  is  shown  by  the  fact  that  in  1908  of  the  total  coke  produced  that 
from  by-product  ovens  amounted  to  about  16%,  while  in  1912  it  exceeded 
27%.    A  corresponding  decrease  in  percentage  of  total  ooke  production 
from  beehive  ovens  occurred  during  that  year.    In  regard  to  the  actual 
total  production  of  all  types  of  tar  in  the  United  States,  it  is  of  interest 
to  note  that  the  gallonage  for  1912  amounted  to  less  than  2%  of  the  total 
production  of  petroleum  in  the  United  States  for  that  year. 

Production  of  Tars  in -European  Countries.  The  tar  industry  did  not 
ussume  any  considerable  proportions  until  a  number  of  years  after  the 
erection  of  the  first  coal-gas  works  in  England  in  1798.  The  first  public 
gaa  works  made  their  appearance  in  London  in  1813,  in  Paris  in  1815,  and  in 
Berlin  in  1826.  It  was  not  until  1838,  however,  that  the  utilization  of  tar 
and  tar  products  began.  By  1883  it  is  estimated  that  EngUnd  was  pro- 
ducing between  70  000  000  and  90  000  000  gal  of  coal  tar,  Germany  about 
17  000  000,  and  France  about  15  000  000  gal.  Belgium  and  Holland  were 
then  producing  considerably  smaller  amounts.  Meanwhile,  various  types 
of  by-product  coke-ovens  began  to  come  into  quite  general  use.  By  1900  it 
is  estimated  that  the  entire  world  was  producing  about  450  000  000  gal  of 
coal  tar  and  oil  tars.  England  has  always  maintained  the  lead  in  produc- 
tion for  the  European  countries,  altho  Germany  has  been  moat  active  in 
developing  the  utilization  of  tar  products  in  general.  The  approximate 
production  of  all  gas-house  tars  and  coke-oven  tars  for  the  United  Kin^ 
dom  from  1900  to  1907  is  ^veo  in  Table  XVIII.    A  oomparison  of  these 
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T«bl0  XVUL—Apfto^maH  Productioii  of  Tar  in  fh*  Unltod  Kincdom, 
1900-1907,  In  OalloiU 


At 

Gaa  Works 

At  Coke- 
Oven  Works 

Total 

1900  

138  000  000 
UO  000  000 

141  000  000 

142  000  000 
142  000  000 
lis  000  000 
160  000  000 

10  000  000 

11  000  000 
14  000  000 
16  000  000 
18  000  000 
27  000  000 
S9  000  000 
48  000  000 

148  000  000 
l&l  000  000 
165  000  000 
168  000  000 
160  000  000 
172  000  000 
189  000  000 

1906  

figures  with  diose  of  Tabla  XVII  shows  that  as  far  back  as  1906  the  United 
Kingdom  was  producing  over  twice  as  much  as  the  United  Statea  and 
more  aban  the  United  States  produced  in  1912.  It  is  estimated  that  in 
1907  Germany  produced  some  180  000  000  gal  of  tar.  .  From  the  figures 
given  it  will  be  seen  that  the  four  leading  tar  producing  countries  of  the 
world  are  England,  Germany,  the  United  States  and  France,  in  the 
order  named. 

Tnoapumlion  and  Stoimg*  of  Cmds  Tar.  At  gas  works  crude  tarsare 
sometimes  collected  and  stored  in  underground  tanks  or  weUs  and  some- 
times in  the  bottom  of  large  gas  holders.  Here  much  of  the  water  and 
water-soluble  impurities  separate  by  gravity  bo  that  the  crude  tar  sold  to 
the  tar  refiner  has  been  partially  dehydrated  by  sedimentation.  The  crude 
tar  is  transported  to  the  refineries  by  various  means.  When  the  refinery 
is  located  close  to  the  gas  or  coke-oven  works  the  tar  may  sometimes  be 
run  thru  pipe  lines,  but  this  method  of  transportation  is  not  satisfac- 
tory for  long  distances  as  in  the  case  of  petroleum  truisportation  because 
many  tars  beoome  atremely  viscous  at  low  temperatures.  Ftx>m  the 
smaller  gas  plants  tar  is  often  transported  in  railroad  tank  cars  of  approxi- 
mately 10  000  gal  capacity.  Whenever  possible,  however,  water  transpor- 
tation is  employed  and  the  tar  is  shipped  in  tank  barges  of  from  25  000  to 
3O0  000  gal  capacity.  Upon  reaching  the  refinery  the  tar  is  run  by  gravity 
or  pumped  into  storage  tanks  similar  to  those  used  for  the  storage  of  petro- 
leum. Tank  cars,  tank  barges  and  the  storage  tanks  are  often  equipped 
with  st«Bm  coils  for  the  purpose  of  warming  the  tar  if  necessary  to  facili- 
tate its  rapid  handling.  At  a  modem  refinery  the  storage  tanks  range 
from  260  000  to  2  000  000  gal  capacity.  Where  large  quantities  of  tar  fnm 
a  single  source  of  supply  are  hamUed,  the  larger  tanks  are  employed.  Where 
tars  of  varying  oharacteristics  are  obtained  from  many  sources,  the  smaller 
tanks  are  used  to  keep  the  different  types  and  grades  separate.  The  stor- 
age tanks  are  cylindrical  in  shape  and  set  on  end,  usually  upon  a  concrete 
base.  They  are  constructed  of  steel  with  the  exception  of  the  roof,  which 
is  generally  of  wood,  as  the  vapors  from  the  tar  are  particularly  corrosive 
to  steel  but  non-injurious  to  wood.  The  wooden  roofs  are  waterproofed 
to  keep  out  rain  water.  Outlet  cocks  are  placed  on  the  sides  of  the  tanks 
at  varying  heights  in  order  to  drain  off  water  which  may  rne  to  the  surface 
of  the  onide  tar  during  storage.  The  crude  tar  is  piped  directly  to  the  dehy- 
drating plant  or  stall  for  refining. 
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General  diaracterUtica.  There  are  many  classes  of  imxa  which  vary 
greatly  in  character,  among  which  may  be  mentioned  those  produced  1^ 
the  destructive  disti^tion  of  wood,  peat,  lignite,  txtuminoua  coal,  faitiuiii- 
nous  ahale,  petroleum,  soimal  fate,  vegetable  fate,  rofdn,  bone,  moiasaea  and 

alcoholic  residues.  As  previously  stated,  those  of  particular  interest  in 
highway  engineering  are  coal  tars  and  petroleum  tars,  of  which  latter  group 
the  carburetted  water-gas  tars  are  of  most  importance.  The  three  groups 
which  should  receive  special  coosidGration  are  gas-house  coal  tars,  coke- 
oven  tars  and  carburetted  water-gas  tars.  All  of  these  tara  are  similar 
in  composition  but  variations  in  the  relative  pKoportions  of  the  individual 
constituents  cause  wide  variations  in  their  physic^  and  chemical  properties. 
The  ultimate  analysis  of  thess  tors  is  not  greatly  differmt  from  crude  petro- 
leums, oltho  in  the  case  of  coal  tars  oxygen  and  nitrogen  are  always  present 
in  greater  amount.  Their  specific  gravity  usually  varies  from  1.05  to  1.30 
and  slightly  higher  and  their  viscosity  generally  yicreases  with  their  specific 
gravity.  The  Ughter  varieties  arc  thin,  oily,  brown  fluids,  while  the  heaviw 
tars  are  very  viscous,  black,  sticky  substances.  They  all  have  a  rather 
unpleasant  acrid  odor  quite  distinct  from  the  odor  of  crude  petroleum. 
The  odor  of  coal  tar  can  usually  be  distinguished  from  that  of  water-gas 
tar  by  the  presence  of  phenolic  or  carbolic  vapors.  Moreover,  crude  coal 
tar  always  conbuns  as  an  impurity  water  carrying  ammonisical  sslts  in 
solution,  known  as  ammonlacal  liquor,  while  water-gas  tar  does  not,  owing 
to  the  absence  of  appreciable  quantities  of  nitrogen  in  the  oil  from  which 
it  is  produced.  All  crude  tars  carry  variable  quantities  of  light  volatile 
hydrocarbons  which  evaporate  upon  exposure.  When  freed  from  water 
and  water-soluble  impurities,  many  of  them  still  hold  appreciable  quanti- 
ties of  free  carbon  suspended  in  a  very  finely  di^dded  state.  This  material 
ia  insoluble  in  carbon  disulphide  and  runs  from  a  few  tenths  of  one  per  cent 
in  water-gas  tars  to  30%  and  over  in  ooal  tars  produced  at  high  tempera- 
ture. As  they  have  bean  produced  primarily  as  distillates  they  yield  little 
or  no  ash  upon  ignition.  Crude  tars  as  delivered  at  the  refinery  seldom 
contain  over  10%  of  water  unless  they  carry  a  very  high  percentage  of 
free  carbon,  in  which  cose  water  to  the  extent  of  20%  or  more  may  be  ret-ained 
by  the  tor.  The  very  fluid  low  carbon  tars  tend  to  separate  from  water 
much  more  readily  and  may  contain  1%  or  leee.  They  are  powerful  sol- 
vents for  nearly  all  bituminous  materials,  including  petroleums  and  asphalts 
but  in  general  and  unlike  petroleums  their  solvent  action  decreases  some- 
what as  their  specific  gravity  increases.  As  a  rule,  their  coefficient  of 
expansion  varies  inversely  with  their  specific  gravity,  but  according  to 
Weiss  (44)  lies  between  0.000305  and  0.000375  per  degree  C.  Their  specifie 
heat  usually  lies  between  0.3  and  0.4.  Further  characteristics  of  the  more 
important  classed  and  groups  of  tars  are  given  in  succeeding  paragraphs. 

Gas-House  Coal  Tsrs  are  tara  produced  by  the  destructive  distillation 
of  bituminous  coat  primarily  for  the  manufacture  of  gas.  The  object  of 
the  gas  manufacturer  ia  to  obtain  as  much  Ras  as  possible  from  a  given 
quantity  of  coal  and  for  this  reason  the  temperature  of  distillation  is  carried 
very  high.  As  practiced  in  the  United  States  this  tends  to  produce  high 
carbon  tara.  As  the  quality  of  gas  produced  at  high  temperatures  is  defi- 
cient in  illuminating  value,  it  is  often  enriched  with  carburetted  watcv^^as. 
The  manufacturer,  therefore,  frequently  produces  both  eoal  tar  and  water- 
gas  tar  whieh  he  runs  into  a  common  storage  tank.    When  such  practice 
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ifl  followed,  the  resultiog  tar  ia  not  a  eafl-house  coal  tar  but  a  mixture  of 
tars.  There  are  three  general  types  of  retort  ueed  in  gaa  manufacture, 
known  as  horizontal,  inclined,  and  vertical.  The  horizontal  retort  is  al- 
most exclusively  used  in  the  United  8tat«s,  altho  some  few  plants  operate 
the  other  types.  In  European  countries  the  use  of  vertical  retorts  is 
rapidly  increasing,  especially  in  Eng- 
land and  Germany.  Gas-house  tars 
produced  in  the  differeot  types  of 
retorts  vary  greatly  in  character  owing 
to  variations  in  the  resulting  condi- 
tions of  distillation.  In  general,  in- 
clined retorts  produce  tars  containing 
a  lower  percentage  of  free  carbon 
than  do  the  horizontal  retorts,  and 
the  vertical  retorts  produce  quite  low 
carbon  tars,  which  in  this  respect  re- 
semble most  of  the  coke-oven  tars. 
Figs.  14,  15,  and  16  are  diagrams  show- 
ing the  relative  proportions  of  certain 
coDstitueuta  in  tj-pical  crude  gas-house 
coal  tars  free  from  water,  which  have 
been  produced  from  horizontal,  in- 
clined and  vertical  retorts.  In  these  diagrams  the  area  below  the  line  a  a 
represents  soft  refined  tar  residue  of  about  60"  C  (140**  F)  melting  point 
produced  by  distilling  off  a  sufficient  amount  of  the  more  volatile  con- 
stituents. The  whit«  area  A  represents  the  saturated  hydrocarbons  present 
in  the  distillate  which  are  unattacked  by  concentrated  sulphuric  acid. 
Area  B  represents  the  unsaturated  hydrocarbons  in  the  distillate,  and 
area  C  the  oxygenated  hydrocarbons  or  phenols  and  cresols  removed  with  a 
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Fi£.  14.    Horizontal  Rstort  Tar 


I  D 


VIk-  IB.    Inclined  Retort  Tv 


Fit.  16.    Vertical  Retort  Tu 


solution  of  caustic  soda.  Area  D  shows  the  amount  of  heavy  pitch  bitumen 
composed  almost  entirely  of  unsaturated  hydrocarbons,  and  area  E  repre- 
sents the  amount  of  free  carbon.  It  will  be  noted  that  all  of  the  free  carbon 
is  shown  in  the  pitch  residue  and  that  it  therefore  constitutes  a  larger  per- 
centage of  the  residue  than  of  the  crude  tar.  The  effect  of  free  carbon  in 
refined  tars  is  treated  in  Art.  28.  It  will  be  noted  that  the  horizontal  and 
inclined  retort  tars  show  a  much  higher  percentage  of  free  carbon  than  does 
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the  vertical  retort  tar.  In  all  cases  the  percentage  of  saturated  hydro- 
carbona  is  very  small.  The  percentage  of  tar  acids  is  largely  dependent 
upon  the  amount  of  oxygen  present  in  the  coal  from  which  the  tar  was 
produced  but  is  also  a  function  of  the  temperature  of  distillation  and  in  all 
casee  constitutes  an  appreciable  proportion  of  the  distillate.  While  these 
diagrams  give  a  general  idea  ot  the  relative  obancteriatice  of  the  three 
principal  types  of  gas-bouse  coal  tats,  the  fact  should  not  be  lost  Bight  of 
that  the  exact  temperature  and  other  conditiona  of  distillation  exert  a 
marked  infiuenee  upon  tar  produced  from  exactly  the  same  coal.  Thus  two 
tars  produced  from  the  same  coal  and  in  the  same  type  of  retort  but  at 
different  temperatures  may  vary  greatly.  From  the  horixoatal  gas-houae 
retort  as  commonly  fired,  tars  containing  lees  than  20%  free  carbon  are  the 
exception  rather  than  the  rule.  In  the  early  days  of  the  coal-sas  industry, 
however,  when  high  illuminating  value  of  the  coal  gas  itself  was  a  prime 
requisite  and  enriching  methods  were  not  in  vogue,  the  vw-house  coal 
tan  usually  contained  a  very  much  lower  praventage  of  fne  fsarboo  and 
were  of  considerably  lower  gravity. 

Coke-Oven  Tan  are  those  inoduoed  by  the  destructive  distillation  of 
Utuminoua  ooal  in  ovens  or  retorts  designed  primarily  for  the  manufacture 
of  large  quantities  of  coke.  Such  ovens,  which  are  constructed  for  the 
recovery  of  tar  and  other  volatile  constituents  of  the  coal,  are  called  by- 
product coke-ovens.  There  are  many  designs  of  coke^vens,  a  number  of 
which  are  in  oonunon  use.  At  the  close  of  1913,  6688  by-product  coke- 
ovens  had  been  constructed  and  504  were  under  construction.  Of  these 
ovens  by  far  the  largest  number  are  tiie  United  Otto,  Semet^Solvay.  and 
Koppera  types.  Other  types  are  known  as  the  Otto-Hoffmann  and  the 
Didiw  ovens.  By-product  ooke-ovens  are  very  much  larger  than  gas- 
house  retorts.  The  original  Semet-Solvay  ovens  were  30  ft  long,  about 
16  in  wide,  and  S  ft  S  in  high,  with  a  charging  opacity  of  over  4  tons  of 
coal.  The  original  Otto-HofFmann  ovens  were  somewhat  larger  and  had 
a  charging  capacity  of  about  tons.  Many  of  the  modem  ovens  are 
over  36  ft  long,  26  in  wide,  and  nearly  12  ft  high,  and  have  a  charging 
capacity  of  from  12  to  16  tons  of  coal.  These  ovens  are  built  of  fire-clay 
bnck  and  a  number  set  together  in  a  brick  frunework  over  a  furnace. 
Because  of  the  large  charges  of  coal  which  they  hold,  the  distillation  proc- 
ess is  slower  than  in  gas  manufacture,  and  as  the  main  object  is  the  pro- 
duction of  coke,  the  temperature  of  distillation  is  usually  kept  lower  than 
ttx  gas  manufacture.  This  results  in  the  production  of  tars  containing 
medium  or  low  percentages  of  free  carbon.  The  percratage  of  free  carbon 
in  the  various  types  of  ooke-oven  tars  produced  in  the  United  States  in 


Tabls  XIX  —Free  Carbon  In  Coka-Oren  Tars  of  t3is  United  States 


PsRCBHT  or  Fua  Cabboh 


Type  ot  Om 


BjlialmQU 


Maxfaaura 


AvwagB 


Koppera  

Semet-Solvsy  

United  Otta  

Otto-Hoffmann  

OtU>-Hoffm*nn  snd  United  Otto  (mixed) 
United  Otto  and  Rothberg  (mixed)  


2.81 
4.04 
6.26 
S.62 
11.51 
17.17 


3.96 
9.00 
12.56 
14.69 
13.52 
17.17 


S.38 
6.74 
9.00 
12,16 
12.61 
17.17 


Art.  27 


GlaasificatioD  of  Tars 


673 


1911  are  given  in  Table  XIX.  These  figures  are  for  the  crude  tars  free 
from  water. 

The  typical  characteriatics  of  an  average  coke-oven  tar  are  shown  in 
diagram  in  Fig.  17.  The  lettered  areas  in  this  diagram  represent  the  same 
coQStituent«  as  described  for  gas-house  coal  tars  under  Figs.  14,  15,  and  16. 
In  different  coke-oven  tars  the  relative  proportions  of  constituentfi,  of 
course,  vary  within  certain  limits  as  indicated  by  the  percentage  of  free 
carbon  in  Table  XIX.  As  compared  with  Fig.  14  it  will  be  seen  that 
in  general  coke-oven  tars  contain  a  somewhat  lower  percentage  of  pitch 
residue  than  do  the  horizontal  gas-house  retort  tars.  Owing  to  the  very 
much  lower  percentage  of  free  carbon  (area  E),  however,  the  coke-oven  tar 
really  contains  a  higher  percentage  of  hea\'y  pitch  bitumen  as  shown  by 
area  D.  As  the  pitch  bitumen  constitutes  the  true  cementing  medium  it 
is  evident  that  a  given  quantity  of  refined  coke-oven  tar  residue  vill  go 
farther  as  a  cementing  medium  than  will  the  same  quantity  of  refined 
horizontal  gas-house  retort  tar.  The  inclined  and  vertical  retort  tan  shown 
in  Figs.  15  and  10  are  similar  to  the  coke-oven  tars  in  this  respect.  It  is 
Been  that  coke-oven  tara  Uke  the  gas-house  tars  contain  but  a  small  per- 
centage of  saturated  hydrocarbons  (area  A)  but  are  mainly  composed  of 
unsaturated  hydrocarbons,  the  proportion  of  which  in  the  distillate  is 
shown  by  area  B.  Like  the  gas-house  tars,  they  contain  an  appreciable 
quantity  of  tar  acids  (area  C) . 

Water-Gas  Tars  are  those  produced  by  the  cracking  or  destructive  dis- 
tillation of  petroleum  or  petroleum  products  in  the  carburetion  of  water 
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Fig.  17.    C3liE-Oven  Tar 


Ti^.  18.   Water-Gas  Tar 


gas.  They  are  thin,  oily  liquids  usually  having  a  specific  gravity  of  between 
1.000  and  l.IOO.  They  are  produced  in  an  atmosphere  rich  in  hydrogen 
and  carboQ-monozide  and  it  is  probable  that  the  excess  of  hydrogen  is 
partially  responsible  for  some  of  the  differences  between  water-gas  tars 
and  coal  tare.  One  of  these  differences  is  a  greater  proportion  of  methyl 
derivatives  of  the  unsaturated  cyclic  compounds  which  predominate  in 
all  tars.  As  the  original  oils  contain  little  or  no  nitrogen  and  oxygen, 
nitrogen  and  oxygen  derivatives  of  the  hydrocarbons  are  almost  entirely 
lacking  in  water-gas  tars.  For  the  same  reason,  crude  water-gas  tars  do 
not  contain  ammoniacal  liquor  as  an  impurity.  The  sulphur  derivativcH 
may,  however,  occur  as  in  the  case  of  coal  tars.  The  relative  proportions 
of  various  constituents  in  a  typical  water-gas  tar  are  shown  diagramatically 
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in  Fig.  18,  which  ia  directly  comparable  with  Figi.  14  to  17  inc.  showing 
four  types  of  coal  tars.  As  compared  with  the  diagrams  of  the  coal  tan  it 
will  be  m>tioed  ^t  tho  peroentsge  of  soft  rdEioed  tar  reeidue  aa  indfoated 
the  area  below  the  line  a  a  ia  coniriderably  lower,  amounting  to  about  57% 
against  the  87%  for  the  horiiontal  retort  tar  and  70%  for  the  ooke-oven 
tar.  Thia  is  due  to  the  higher  percentage  of  volatile  oila  and  very  much 
lower  percentage  of  free  carbon.  The  free  carbon,  as  shown  by  area  E, 
constitutes  about  1%  of  the  refined  tar  residue  and  less  than  1%  of  the  entire 
tar.  It  is  rare  for  crude  water-gas  tar  to  contain  over  2%  of  free  carbon, 
and  sometimes  lees  than  0.1%  is  preeent.  This  of  course  means  a  high 
percentage  of  heavy  pitch  bitumen  aa  shown  tor  area  D,  altho  the  total 
percentage  of  refined  tar  or  jHtch  residue  is  oomparattvely  low.  The 
amount  of  saturated  hydrocarbons,  altho  small  aa  ihown  by  area  A,  is  found 
to  be  rii^tly  greater  than  for  the  coal  tars.  Thta  is  not  always  true,  lunr- 
ever.  In  general,  with  a  given  type  of  gaa  ol,  the  more  effioieatly  the 
earburetting  process  is  run  in  the  manufactuie  of  water-gas  the  lower  the 
yield  of  saturated  hydrocarbons  in  the  tar  produced.  This  is  ezidained 
by  the  fact  that  fractional  distillation  of  the  gas  oil  wUl  yield  comparatively 
high  percentages  of  condensable  saturated  hydrocarbons',  mild  cracking 
less,  and  ultimate  cracking  or  destructive  distillation  but  little  if  any.  It 
Vill  be  notioedj  ihat  area  C,  the  oxygenated  hydrocarbons,  is  entirely 
tacking  in  the  above  diagram.  This  is  one  of  the  iWatingitiAing  diarao- 
teristics  of  water-gas  tar  because  of  the  absenoa  of  phenols  and  ereaob  or 
tar  acids.  The  water-gas  tar  distillates  are  therefore  ahnoet  entirely 
composed  of  unsaturated  cyclic  hydrocarbons. 

Other  Tars.  Among  the  tars  of  minor  importance  may  be  mentiraied 
BLAST-FURMACE  TABS  and  oiL-QAB  TABS.  The  foHner  are  sometimes  recov- 
ered from  blast  furnaces  in  which  coal  is  used  as  a  fuel  in  the  reduction 
of  the  ore.  The  production  of  blast-furnace  tara  is  almost  negligible  as 
compared  with  the  other  typos  of  tars  which  have  been  described.  They 
are,  however,  members  of  the  coal-tar  family  altho  oft«i  quite  different 
in  character  as  they  contain  a  much  higher  percentage  of  saturated  hydro- 
carbons, and  tbor  specific  gravity  is  much  lower  owing  to  the  compara- 
tively low  temperature  at  which  they  are  produced.  Unlike  the  othmr 
tars,  they  may  yield  upon  ignition  as- high  as  5  to  7%  ash  due  to  the  pree- 
ence  of  fine  mineral  matter  which  is  blown  over  into  the  condensers  from 
the  blast  furnace.  Oil-gas  tars  as  distinguished  from  water-gas  tars  are 
produced  in  the  manufacture  of  straight  oil  gas.  There  are  a  number  of 
processes  for  producing  illuminating  gas  directly  from  petroleum  or  petro- 
leum products,  all  of  which  are  dependent  upon  cracking  the  oil  vapors  in 
eapedally  constructed  retorts  so  as  to  form  permanent  gases  of  high  illu- 
minating value.  Tar  condensates  are  inddentally  produced  and  in  some 
of  the  processes  the  tar  itself  is  again  cracked  for  the  production  of  mora 
gas  so  that  in  the  end  little  but  hydrocarbon  gases  and  free  carbon  or  coke 
are  produced.  It  is  unlikely  that  nther  oiWgas  tars  or  blast-furnace  tara 
will  ever  be  used  to  an  appreeiaUe  extent  tot  the  manufacture  of  bituminous 
road  and  paving  materials. 

REPINBD  TARS 

38.  DistilUtioii  of  Tan 
Tar  StUU.   Stills  for  refining  tara  vary  in  aise  and  shape  fuUy  aa  much 
as  petroleum  stills.   They  are  constructed  of  sted  and  set  in  a  brick  frame- 
work, being  iwoteeted  from  direct  fin  by  means  of  a  Gra  aroh.   The  most 
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commoiily  used  tar  stills  in  Europe  are  vertical  cylinders  with  a  dome- 
shaped  top  and  concave  bottom  as  shown  in  Fig.  19.  Their  capacity  is 
usually  2000  or  3000  gal.  The  top  is  provided  with  a  manhole  and 
an  inlet  pipe  for  charging.  A  large  curved  vapor  pipe  at  the  top  of 
the  dome  leads  the  volatile  products  to  a  eoil  eondeneer.  A  draw- 
off  pipe  is  located  near  the  bottom  and  leads  directly  to  a  cooling 
tank  or  smothering  chamber.  The  bottom  of  the  tank  is  made  concave 
to  facilitate  the  distribution  of  beat  thruout  the  charge.  The  still  It  pro- 
vided with  a  thermometer  pocket  or  opening  near  the  top  for  tiiermometer 
or  pyrometer.  It  is  equipped  with  interior  pipes  branched  and  suitably 
perforated  so  that  steam  or  air  may  be  injected  into  the  charge  of  tar  during 
distillation  and  thus  facilitate  the  removal  of  the  heavier  oils  without  re- 
couree  to  unduly  high  temperatures.  The  condensing  coil  is  placed  in  a 
large  tank  of  water  which  may  be  kept  cool  for  the  condensation  of  the  light 
volatile  dutillatea  and  be  n^rmed,  if  necessary,  to  prevent  clogging  with 
solid  naphthalene  if  the  tar  disUlled  runs  high  in  that  constituent.  The 
vertical  typo  of  atill  is  used  to  a  limited  extent  in  the  United  States  and 
is  sometimes  constructed  with  a  convex  instead  of 
concave  bottom.  It  may  be  either  wholly  or  partly 
incased  in  brickwork.  The  general  tendency  in 
American  practice,  however,  is  to  make  use  of  long 
cylindrical  horizontally  set  stills  similar  in  general  de- 
sign to  the  commonly  used  petroleum  still.  The 
modem  horisontat  tar  still  averages  about  10  000 
gal  capacity  but  sometimes  runs  as  high  as  20  000 
g^.  The  details  of  construction  are  so  similar  to 
petroleum  stills  which  have  been  described  in  Art.  19, 
that  Fig.  8 'may  serve  as  a  general  illustration  for 
both.  The  tar  stills  are  fitted  with  devices  for  steam- 
er air-agitation  and  a  by-pass  is  sometimes  placed 
in  the  vapor  liae  to  deflect  the  flow  of  tar  from  the 
condenser  should  frothing  occur,  as  the  tar  refiner  is 
even  more  seriously  bothered  by  the  jHwence  of  water  in  the  product  distilled 
than  is  tiw  pettoleani  refiner.  This  hy^pam  leads  to  a  spue  tank  which  is 
capable  of  holding  the  entire  contents  of  a  still  if  necessary.  The  stills 
are  placed  in  the  open  and  a  number  are  often  set  in  a  sin^e  tuiok  frame- 
work to  form  a  battery.  The  modem  condeosers  are  of  similar  design  to  those 
used  in  connection  with  petroleum  stills  but  often  discharge  into  deep  narrow 
rectangular  tanks  or  pans  which  are  allowed  to  fill  until  the  total  distillate 
which  they  contain  shows  the  gravity  at  which  a  cut  is  to  be  made.  The  pan 
is  then  discharged  into  the  proper  storage  tank.  The  stiUa  are  fitted  with 
small  draw^oSF  pipes  thru  which  samples  of  the  residuum  may  be  taken  and 
tsated  daring  the  distillation  process.  A  luge  flraw-off  leads  to  Uie  coolw  or 
smothering  duunbo-  so  that  at  the  end  of  a  distillation  the  charge  of  rend- 
uum  may  be  run  off  by  gravity  or,  if  the  stUI  is  at  a  lower  elevation  than 
the  cooler,  it  may  be  forced  over  by  steam  or  air  pressure.  The  coolers 
are  large  iron  tanks  exposed  on  all  sides  so  as  to  obtain  as  quick  cooling  as 
possible.  The  cooling,  however,  often  requires  a  long  time  before  it  is 
safe  to  run  the  residual  into  open  barrels.  In  some  cases  the  coolers  are 
provided  with  steam  coils  so  as  to  keep  the  residual  at  any  desired  tern- 
perature  for  further  handling.  The  coolers  are  provided  with  a  weighed 
cover  or  automatia  relief  to  take  care  of  any  esplonon  which  may  result 
from  the  imsMioe  df  air  in  the  ouder  at  the  time  the  hot  residue  is  run  la. 
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For  the  softer  reddues  which  may  be  Bhipped  in  tank  ears,  recouiw  ia  ofted 
had  to  air  or  ate&m  pressure  as  a  means  of  transporting  them  thru  pipe 
liiiee,  which  are  sometimes  steam  jacketed  in  order  to  prevent  poeaible 
rloRging  by  too  rapid  oooUog  of  the  tar.  By  means  of  these  Ihies  the 
refined  tar  may,  if  desired,  be  blown  directly  from  the  atiU  to  the  tank 
car  or  tank  wagon. 

Tar  Refining.  As  it  is  practically  impoesible  to  remove  all  water  from 
crude  tars  by  sedimentation,  they  are  aometimes  run  thru  special  dehydrat- 
ing devices  before  charging  them  into  the  still  (see  Art.  9,  dbhtdhahon. 
The  water  may  be  removed  by  distillation  but  it  is  a  slow  and  expensive 
process,  aa  great  care  has  to  be  exercised  to  prevent  foaming  and  a  long 
time  ia  required  to  coax  the  water  off  without  bringing  with  it  the  entire 
contents  of  the  still.  This  is  particularly  true  of  high  carbon  tan  in  which 
the  free  carbon  appears  to  tenaciously  retain  the  water.  Moreover,  the 
specific  heat  of  the  tar  ia  only  about  0.3  or  OA  so  that  much  extra  heat 
is  required  to  remove  the  water  by  distillation.  Dehydrating  deviees, 
however,  usually  leave  a  small  amount  of  water  in  the  tar  and  consider- 
able  trouble  is  experienced  from  even  tlus  small  quantity  which  may  amount 
to  only  a  few  tenths  of  one  per  cent.  After  chargmg,  the  contents  of  the 
still  are  carcfulb'  heated  until  the  vapor  tamperaturo[is  about  106°  or  1 10°  C, 
(221°  or  230°  F)  when  all  the  water  has  passed  off  with  the  light  distillate. 
This  point  ia  usually  indicated  by  the  cessation  of  a  peculiar  noise  within 
the  still,  known  as  the  rattles,  which  occurs  as  the  last  of  the  ^ater  is  being 
removed  and  ia  produced  by  condensation  of  the  water  at  the  top  of  the  still, 
from  which  it  falls  back  into  the  mora  highly  heated  residuuni,  thus  causing 
a  series  of  small  explosions  aa  it  is  suddenly  converted  into  steam  again. 
After  all  water  has  been  removed  distillation  proceeds  quietly  and  without 
trouble  provided  steam  or  air  agitation  is  used.  This  is  particularly  neces- 
sary in  the  case  of  tars  containing  a  high^percentage  of  free  carbon,  owing  to 
the  tendency  of  the  carbon  to  deposit  on  the  bottom  of  the  still  and  produce 
a  heavy  coating  of  coke.  '  Agitation  with  air  does  not  produca«s  pronounced 
an  effect  with  tars  as  with  petroleums,  there  being  but  little  chemical  nae- 
tion  induced  between  the  oxygen  of  the  air  and  the  tar  hydroearhcma  at 
the  temperature  of  distillation.  The  exact  method  and  extent  of  distilla- 
tion depend  upon  just  what  products  the  tar  refiner  is  primarily  working 
for.  In  most  cases  the  tar  producer  does  not  distill  his  own  tar  but  sells 
it  to  the  refiner,  who  may  purchase  from  a  groat  many  sources  of  supply. 
When  this  is  the  case  the  tar  refiner  often  has  a  variety  of  tars  of  different 
rharaoteristics  upon  which  to  work  and  the  selection  or  blending  of  two 
or  more  tars  before  distillation  is  fully  as  important  as  the  method  and 
pxtent  of  distillation  when  it  is  desired  to  produce  refined  products  having 
given  characteristics.  In  the  preparation  of  refined  chemicals  such  as 
drum  and  dyoa,  of  which  there  are  an  immense  number,  from  tar  distil- 
lates, the  European  oountries  are  far  in  advance  of  the  United  States. 
This  is  particularly  true  of  Germany,  Vhich  country  disposes  of  large 
quantities  of  tar  products  to  the  United  States.  As  a  result  the  Eurcqtean 
tar  refiner  often  works  primarily  for  quantity  and  quality  of  valuable  dis- 
tillate and  in  so  doing  distills  his  tar  to  a  hard  brittle  pitch  residue.  In 
incidentally  producing  residues  of  any  desired  coosistency,  be  then  fluxes 
or  cuts  back  the  brittle  residue  with  the  least  valuable  distillate  or  distillate 
product  which  he  has 'available.  In  other  words,  his  residues  are  of  sec- 
ondary importance  and  their  quality  for  use  in  highway  eogincerinii  may 
miftee  therein.   The  American  refiner,  on  the  nthw  htuid.  »a  a  ml*  works 
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primarily  for  residues  or  refined  tara  acd  prepares  comparatively  few  re- 
fined products  from  his  distillatefl.  This  is  shown  by  the  fact  that  altho 
the  production  of  crude  tar  in  the  United  States  is  vastly  more  than  suffi- 
cient to  produce  all  of  the  refined  chemical  products  which  it  consumes, 
it  nevOTthelesB  annually  imports  millions  o(  dollars'  worth  of  such  products 
but  little  or  no  residuals.  This  is  shown  by  the  following  importation 
fltatiistiefl  for  1913  aa  givea  1^  Parker  (32). 


TaUe  XX^Coal-Tar  Product!  Invortcd  into  the  United  StrtM,  1911 


HatarisI 

ValiM 

1        2  969 

1  493  840 
323  420 

7  2S3  7S8 
702  721 

1  186  090 

1  613 
Free 
4  034 
2  176  I3S 
131  268 
11  678 

ItO  982  828 

$S  823  729 

The  methods  of  American  refiners  in  the  manufacture  of  tar  resldu- 
ums  are  of  particular  interest  fnun  the  standpoint  (rf  highway  engineering 
and  Fig.  20  serves  to 
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illustrate  the  genwal 
practice  followed  in  the 
manufactureofatraiKht 
residuals  and  certain 
crude  distillates.  As 
distillation  proceeds 
the  residue  in  the  still 
becomes  more  and 
more  viscous.  Samples 
an  withdrawn  and 
tested  from  time  to 
time  until  the  desired 
oonnetency  has  been 
secured.  In  the  case 
of  quite  fluid  residuals 
viscosity  tests  are 
miule.  For  the  semi- 
solid and  solid  resi- 
dues, the  float  and 
melting  point  tests  are 
largely  used.  As  in 
the  case  of  petroleums, 

the  residual,  after  being  discharged  from  the  still,  is  usually  a  finished  pro- 
duct and  requires  no  further  treatment.  For  some  puipoaee,  however,  cut- 
back products  are  mantifactured,  but  in  such  cases  the  original  distillation 
is  seldom  carried  to  the  production  of  a  hard  brittle  pitch  residue.  Residues 
of  iwious  consistency  are  generally  sold  as  dust  liiyers,  carpeting  mediums, 
cements  for  use  in  bitiuninous  macadam  construction  and  coarse  aggregate 
Utunrinous  concrete,  and  also  as  fillers.    Distillatee  are  only  of  interest 


1 

1 

i 

1 

1 

o 

1 

Fig.  20.    DirtilUtion  of  Tar 
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from  the  standpoint  of  highway  engineering  when  used  aa  creosoting  oils 
for  wood  block  Bud  structural  timber  or  when  used  for  cutting  back  the 
tar  residues.  The  lighter  distillates  are  usually  further  rc6ncd  by  redis- 
tillatioa  and  acid  purifiRation  fur  the  productioo  of  various  (trades  of  betuol. 
toluol,  solvent  naphtha,  etc.  TJie  next  heavier  disUllates  are  oftoa  worked 
for  the  recovery  of  naphthalene,  and  in  the  case  of  ooal  tars  for  pbencd 
or  carholio  acid  and  cresols.  Distillates  for  ereoeotanc  purpoaeB  an  con- 
sidered in  the  following  subeection.  None  of  the  distillates  are  ordinarily 
used  as  dust  layers  as  in  the  case  of  petroleums.  In  some  cases  either 
during  or  after  distillation  a  relatively  small  amount  of  either  fluid  petro- 
leum residuum  or  asphalt  is  combined  with  the  tar  residuum  with  whirh 
it  readily  fluxes.  Such  materials  are  then  known  as  tar-asphalt  pmducts 
and  if  properly  prepared  may  show  certain  desirable  charactoristica  which 
would  not  be  posBMsed  by  the  Btratght  distilled  tar  residue.  For  further 
details  and  principles  governing  distillation,  see  Art  10. 

Free  Carbon  in  Tars  exists  in  the  form  of  finely  divided  amorphous  Uack 
particles  resembling  soot  or  lampblack.  These  particles  are  held  in  bus* 
pension  in  the  tar  and  will  not  readily  settle  out  even  if  the  tar  is  very 
fluid.  They  are  insoluble  in  carbon  disulphide  and  are  therefore  not  bitu- 
men. If  Altered  from  the  bitumen  with  the  aid  of  this  solvent  the  free 
carbon  is  found  to  bo  a  dry  black  powder  entirely  lacking  in  cementitious- 
ness.  Ultimate  analysis  indicates  that  it  is  not,  however,  pure  carbon  but 
probaldy  a  mixture  of  bydrocarbcnu  very  rich  in  oarbon,  which  have  been 
produced  by  a  very  advanced  stage  of  cracking  of  the  vaporised  hydrocar- 
bons within  the  retort  or  superheater  during  the  original  formation  of  the 
tar.  For  all  practical  purposes,  however,  it  may  be  considered  as  carbon 
and  as  an  inert  impurity  in  the  tar  bitumen.  It  is  non-volatile  at  ordlnar>- 
distilling  temperatures  and  for  this  reason  always  remains  in  the  residue 
of  a  tar  distillation.  It  thus  necessarily  constitutes  a  larger  proportion  al 
any  tar  residue  than  of  the  original  tar  from  which  the  residue  was  pro- 
duced. As  a  very  high  percentage  of  free  carbon  is  not  considered  desir- 
able in  refined  tara  commonly  used  in  highway  engineering,  those  crude 
tars  which  originally  carry  a  high  percentage  of  free  carbon  cannot  well  be 
utilised  in  the  miuiufacture  of  such  products  unless  mixed  in  suitable  pnn 
portions  with  a  low  carbon  crude  tar  prior  to  distillation.  If  both  low  and 
high  carbon  tars  are  available  to  the  tar  refiner,  he  is  able  by  judicious 
mixing  to  obtain  a  combination  which  upon  subsequent  distillation  will 
yield  a  refined  tar  containing  less  than  the  maximum  limit  of  free  mrbon 
which  has  been  set.  Knowing  the  percent  of  distillate  which  will  have 
to  be  removed  in  order  to  produce  a  residue  of  desired  omuistonry,  the 
percentage  of  free  carbon  in  the  refined  tar  may  be  closely,  K^noxiinatcd  flora 
the  percentage  present  in  the  material  distilled.  If,  however,  the  tar  is 
badly  cracked  or  locally  overheated  during  distillation,  additional  tno 
carbon  will  be  formed.  As  all  tars  originally  coutain  some  free  rarhnn. 
however,  it  is  impossible  from  its  determination  in  the  fiiaished  product 
to  determine  whether  or  not  cracking  has  taken  place  during  distillation 
as  in  the  case  of  petroleum  products.  While  chemically  inert,  free  cartxin 
has  a  decided  effect  upon  certain  physical  characteristics  of  the  tar  in  which 
it  occurs.  It  increases  the  gravity  of  a  tar  and  also  its  viscosity  or  iu>par- 
ent  consistency  to  a  marked  extent.  It  is  quite  possible  to  remove  free 
carbon  from  a  tar  by  passing  it  in  a  heated  and  fluid  state  thru  a  filter 
press.  This  process  is  not  as  a  rule  commercially  possible  in  the  manu- 
facture of  refined  tars  for  use  In  highway  engineering,  but  if  carried  oul 
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the  filtered  tar  is  fouDd  to  have  a  lower  gravity  and  to  be  much  more  fluid 
than  before  filtration.  This  latter  fact  has  a  most  important  bearing  on 
the  proper  selection  and  specification  of  refined  tara  containiog  a  consid- 
erable amount  of  free  carbon  as  the  consistency  of  the  actuid  tar  bitumen 
is  a  most  important  consideratioD.  In  a  general  comparison  of  low  and 
high  carbon  tan  the  followisg  facts  ate  of  interest  to  the  hishway  engtneer. 
For  refined  tats  of  the  same  degree  of  hardness  those  of  low  free  carbon  oon- 
tents  have  greater  inherent  binding  stxength  than  those  of  high  carbon 
contents.  In  refined  tars  whose  bitumen  is  of  the  same  degree  of  hardness, 
those  high  in  free  carbon  have  a  greater  inherent  binding  strength  than 
those  low  in  free  carbon,  but  the  binding  capacity  of  the  former  is  lower 
because  of  the  lower  percentage  of  bitumen  present.  The  waterproofing 
value  of  high  carbon  tars  is  io  general  leas  than  that  of  low  carbon  tars. 
A  high  percentage  of  free  carbon  tends  to  retard  absorption  of  the  tar 
bitumen  porous  surfaces.  When  a  tar  is  exposed  in  comparatively 
thin  films  free  carbon  has  little  or  no  effect  in  retarding  volatiUxation  ot 
the  lighter  Intuminous  constituents.  In  osrtain  classes  of  tar  agf^gates 
free  carbon  may  serve  as  a  filler  and  add  to  tiie  mechanical  strength  of 
the  aggregate,  but  finely  divided  mineral  matter,  which  may  be  incorpor^ 
ated  in  aoy  desired  amount,  is  more  satisfactory  in  this  connection.  In 
general  it  is  considered  desirable  that  a  tar  dust  layer  should  not  contain 
over  8%  free  carbon,  that  a  tor  carpeting  medium  should  not  contain 
ov^  15%  free  carbon,  and  that  for  bituminous  macadam  and  bituminous 
concrete  construction  a  refined  tar  should  not  contain  over  20%  free  carboD. 
There  is,  however,  some  difference  of  opinion  in  this  connection. 

Ha^itlialsn*  in  Tsrs.  Naphthalene,  CtoHs,  frequent^  occurs  in  tar  in 
larger  quautity  than  any  other  one  hydrocarbon,  and  for  this  reason  it 
exerts  an  appreciable  influence  upon  the  physical  and  chemical  properties 
of  the  tar.  In  the  pure  state  it  exists  in  white  fiakey  crystals  or  scales 
melting  at  79"  C  (174"  F)  and  having  a  boiling  point  of  218°  C  (424*"  F). 
It  has  a  characteristic  odor  commonly'  familiar  in  moth  balls  and  is  extremely 
volatile.  It  volatilizes  far  below  its  boiling  point  and  from  crude  tars  distills 
to  a  considerable  extent  with  the  aqueous  vapors  and  also  with  the  light  tar 
oils.  Even  at  ordinary  temperatures  it  volatilizes  slowly  from  both  crude 
tars  and  refined  tan  in  which  it  is  preseat.  No  satisfactory  method  has 
as  yet  been  devised  for  its  quantitative  determination  in  tars,  but  its 
presence  in  appreciable  quantities  is  readily  detected  by  its  crystallisation 
from  certain  fractions  obtained  by  distilling  the  tar.  In  some  tars  it  occurs 
to  such  a  large  extent  that  almost  the  entire  distillate  solidifies  or  crystal- 
lizes upon  cooling.  In  the  manufacture  of  straight  residual  refined  tare 
for  use  in  highway  engineering  some  of  the  naphthalene  is  removed  during 
distillation.  A  considerable  proportion,  however,  usually  remains  behind 
in  the  residue.  The  presence  of  this  naphthalene  exerts  a  marked  influence 
upc»  the  consistency  of  the  tar,  and  as  it  is  a  volatile  constituent  its  effect 
iu  this  connection  is  of  considerable  interest.  From  its  nature  it  cannot 
be  considered  as  a  binding  constituent,  but,  oltho  it  is  solid,  it  may  com- 
Une  with  and  serve  as  a  flux  for  those  hydrocarbons  which  are  directly 
responsible  for  the  cementitiousness  of  tars.  Thus  by  heating  together  a 
quantity  of  naphthalene  and  a  hard  tar  pitch,  it  is  possible  to  produce 
a  soft  and  almost  fluid  product.  In  this  connection  it  has  been  found  that 
the  fluxing  value  of  naphthalene  for  hard  tar  pitches  is  somewhat  greater, 
oltho  quite  mmilar  to  the  heavier  tar  distillates  free  from  naphthalene  or 
other  crystaUisable  solids.   This  is  true  until  the  mixture  becomes  so  sat- 
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uratod  as  to  cause  the  naphthalene  to  precijutate.  For  the  harder  tar 
pitches  the  additioo  of  very  sioaU  percentages  of  naphthalene  producea  a 
more  marked  increase  in  fluidity  than  for  originally  softer  i»tofaes.  On 
tiie  other  hand,  where  naidithalene  ia  present  beyond  its  point  of  satura- 
tion, it  decreases  the  fluidity  of  the  product  at  temperatures  below  its 
melting  point  but  at  lu^er  temperatures  it  continues  to  increase  the  fluidity 
of  the  product.  The  concluniona  to  be  drawn  from  the  above  facts  an 
that  refined  tars  containing  a  high  percentage  of  naphthalene,  altho  the 
hgfater  tar  oils  may  be  absent,  may  be  expected  to  harden  rapidly  upon 
exposure  thru  loss  of  the  naphthalene  by  volatilisation.  This  is  particu- 
larly true  when  the  refined  tar  is  used  for  surface  treatment.  Naphtha- 
lene may  be  entirely  elindnated  ftom  a  tar  by  distillation  to  a  hard  ixtch 
residue  and  cutting-back  such  residue  to  desired  oonsistenoy  with  a  heavy 
non-volatile  naphthalene  free  tar  distillate,  tnit  this  practice  is  seldom 
followed  in  American  refineries.  Where  rapid  hardenins  after  use  is  not 
desired,  as  in  the  case  of  refined  tars  for  Mtuminous  concrete  oonstniction, 
a  low  naphthalene  tar  is  preferable  to  one  containing  a  high  peroeatage 
of  naphthalene. 

39.  Refined  Tar  Products 
Crude  and  Residual  Tar  Dust  Layers.  Crude  tars  are  sometimes  used  as 
dust  layers.  The  majority  of  crude  coal  tars  are,  however,  too  viscous 
for  successful  cold  application  and  have  to  be  combined  with  distillates  or 
very  fluid  tars  in  order  to  make  them  applicable  for  such  use.  Water-gas 
tars  and  some  coke-oven  tars  may  be  applied  cold  in  their  crude  or  par- 
tially dehydrated  state.  It  is  customary,  however,  to  subject  tus  to  some 
procees  of  refinement  before  marketing  them.  Hirfi  carbon  tars  are  totally 
UDsuited  for  use  as  duat  layers.  The  majority  of  tar  dust  layers  are  there- 
fore manufactured  from  low  carbon  crudes.  In  order  to  so  use  tars  ooil- 
taining  as  high  as  5%  free  carbon,  it  is  not  unusual  to  have  them  combined 
with  a  small  amount  of  water,  which  increases  their  fluidity.  Partly  dehy- 
drated coke-oven  tars  combined  with  water-gas  tars  may  be  made  to  serve 
this  purpose.  As  crude  water-gas  tars  are  very  fluid  and  contain  a  low 
percentage  of  free  carbon,  they  may  be  distilled  to  remove  their  more  volar- 
tile  oils  without  increasing  their  viscosity  to  such  an  extent  that  cold  appli- 
cation is  impossible.  Semisolid  residual  tars  may  also  be  fluxed  or  cut- 
bark  with  a  large  amount  of  tar  distillate  to  produce  dust  layers.  Refined 
tura  are  also  emuUi&cd  in  some  cases  in  much  the  same  way  as  petroleums 
(aoe  Art,  21)  for  use  in  dust  laying.  Tar  emulsions  have  not,  however. 
l>oen  used  in  the  United  States  to  any  extent.  The  tar  refiner  usually  has 
so  many  different  types  and  grades  of  tars  which  he  can  blend  to  produce 
the  product  he  wishes  to  manufacture  that  it  is  often  a  difficult  matter 
to  identify  the  origin  of  a  manufactured  product.  The  primary  function 
of  tar  dust  layers  is  identical  with  that  of  petroleum  dust  layers.  Owing 
to  the  fact  that  they  tend  to  volatilise  and  harden  more  rapidly,  however, 
their  excessive  use  is  not  as  serious  a  matter  as  is  the  case  with  the  petro- 
leum duat  layers.  They  should  be  suflliciently  fluid  to  apply  cold  by  means 
of  a  pressure  distributor  at  a  rate  of  not  over  K  gal  per  sq  yd.  Their 
repeated  use  may  result  in  the  formation  of  a  thin,  comparatively  hard 
superficial  coat  or  bituminous  carpet.  They  are  often  used  to  advantage 
in  the  surface  treatment  of  an  old  bituminous  macadam,  as  they  tend  to 
enrich  the  seal  coat  and  prolong  its  life.  They  are  black  in  color  and 
usually  have  a  strong  odor  of  light  oils  and  naphthalene.  The  analyses 
on  opposite  page  are  typical  of  tar  dust  layers.    The  first  analysis  is  that 
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oii  a  dust  l^r  produced  from  a  water«as  tar  by  distiUation  of  the 
more  volatile  oonstituenta.  The  seocKKl  i»  of  one  produced  from  a  low 
carbon  coal  tar  and  ahowa  the  presence  of  both  water  and  light  oOb.  The 
water  is  largelj-  responsible  for  Uie  low  specific  viecoeity  of  this  material  as 
compared  with  the  first  sample,  altho  its  preocntage  of  pitch  teaidiie  or 
heavy  tar  hydrocarbons  is  higher.  Its  apeoifio  gravity  and  pwoaatage  of 
free  carbon  indicate  a  coke-oven  tar. 


Table  XXI  —Tar  Dust  Layers 


U) 

0) 

SpMUe  gravity  26726°  C  ITT'/rr  P)  

1.120 
14.0 

99.06% 
0.90% 
0.06% 

1.U9 
10.9 

96.06% 
4.8B% 
0.06% 

Spodflc  vfKority  <Engkr)  60  eu  em,      C  (104"  ¥)  

DistQlatioD  pereent  by  vohime: 
Water  

100.00% 

0.0% 
0.0% 

0.7% 
23.7% 
13.1% 
62.6% 

100.00% 

1-7% 
0.9% 
2.6% 

18.4% 
4.6% 

71.9% 

DirtUUte  270°  to  800"  C  

Pitch  iMidue  ^Mve  800°  C  

100.0% 

100.0% 

Refined  Tir  Carpeting  Mediums  are  usually  straight  distilled  residual 

tan  too  viscous  to  apply  cold.  When  heated,  however,  they  should  become 
suffidently  fluid  to  apply  uniformly  over  a  road  surface  by  means  of  a 
pressure  distributor  at  the  rate  of  not  over  H  gal  pcr  sq  yd.  They  ordi- 
narily possess  considerable  cementitiousness  and  harden  rather  rapidly 
after  application  as  compared  with  the  residual  carpeting  mediums  pre- 
pared from  petroleum.  Like  other  carpeting  mediimis,  their  function  is 
first  of  all  to  adhere  to  the  road  surface  and  then  bold  in  place  the  cover- 
ing of  fine  aggregate  with  which  they  should  combine  to  form  a  latuminous 
carpet.  If  used  in  excess  they  are  apt  to  produce  a  mechanically  unstable 
earpeit  owing  to  thdr  original  soft  consistency.  Applied  at  the  propei 
rate  they  harden  sufficeintly  after  application  to  produce  a  stable  carpet.- 
The  initial  hardening  which  is  desiraUe  is  apt  to  continue,  however,  untQ 
the  carpet  becomes  so  hard  as  to  wear  away  rather  rapidly  under  traffic. 
This  is  particularly  true  of  those  products  which  contain  a  high  percentage 
of  the  tighter  oils  or  an  excess  of  naphthalene  or  free  carbon.  For  carpet 
work,  this  general  tendency  to  harden  even  too  much  is  preferable  to  not 
hardening  sufficiently.  The  very  qualities  which  make  residual  tars  suit^ 
able  as  carpeting  mediums  make  them  less  desirable  for  seal  coat  work  on 
bttuminous  macadam  or  Ixtuminous  concrete  pavements.  For  such  pur- 
pose B  harder  bttuminaus  material  is  preferaUe  as  it  will  adhere  to  the 
newly  laid  bituminous  concrete  and  can  be  used  of  originally  desirable 
consistency.  Seal  coats  should  tlierefore  harden  as  little  as  possible  after 
use.  In  some  cases  petroleum  or  asphalt  products  are  combined  in  rela- 
tively Hraalt  proportion,  usually  not  over  15%,  with  tar  carpetinK  mediums 
in  order  to  reduce  the  tendency  to  harden  too  much.    The  characteristics 
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of  two  typical  tar  carpetitttt  mediums  are  shown  in  Table  XXII.  The  first 
material  is  a  tar-aspfaalt  preparation  as  evidenced  by  the  dimethyl  sulphate 
test,  and  has  been  prepared  from  a  water-gas  tar.  The  second  material 
is  a  coal-tar  product  a»  shown  by  the  relatively  high  percentage  of  free 
carbon  which,  however,  is  not  excessive.  It  contains  no  petroleum  ot 
a4>balt  product  as  shown  by  the  dimethyl  sulphate  test. 

Table  ZXn. — Tar  Cwrpetinc  Medionu 


(1) 

86  m 

1.210 
45  Me 

98.60% 
0.06% 

86.06% 

o.ia% 

100.00% 

100.00% 

0.0  % 
0.0  % 
0.8*% 
6.8"% 
17.9*% 
76.0  % 

0.0  % 
0.0  % 
0.0  % 
14.6+% 

8-oi% 

U.6  % 

100.  OS 

100.0% 

66' C 
(149"  P) 
purt 

uuolubltt 

74"  C 
(1C6''  V) 
mil 

aoluble 

Spedflc  Bravity  25" /25"  C  {77"/7r  F) . 
riMX  tert  St  60"  C  (1-2°  F)  


Soluble  In  CSi  (total  bitumen)  

Orgaaie  natter  Insoluble  (free  earfooa) . 
iDonsak  natter  (sah)  


Distillation  pOTcmt  by  v<duine: 

Water  

DtaUllate  to  110"  C  

DiatUlate  ILO"  U>  170°  C  

DlriJllate  170"  to  270°  C  

Distillate  270O  to  SOO"  C  

Pitch  residue  above  800"  C. . 


Udtiiif  point  of  pitA  reddua  

DfaneUiTl  Bolpbate  test  on  fraction  above  800"  C , 


■  Diatillste  tree  trom  predpiUted  napbthaiuie. 

J Distillate  eontained  about  three-fourths  Ito  volume  predpltatad  Baphthslene. 
DistUate  praetieally  aoUd. 


From  the  above  results  it  will  be  seen  that  altho  the  second  material  is 
ori^ally  softer  or  shows  a  lower  float  test  than  the  first,  its  tendency 
ia  to  harden  much  more  rapidly  owing  to  the  hi^er  percentage  of  distil- 
late to  170*  C  (338°  F)  and  the  presence  of  a  large  amount  of  naphthalene. 

KtvnUnotW  Cementa  from  Tars.  Because  of  their  tendency  to  harden 
aft«T  use  and  their  susceptibility  to  temperature  changes,  the  residual  tars 
used  in  bituminous  macadam  and  bituminous  concrete  pavements  are  usu- 
ally much  softer  than  either  the  residual  petroleums  or  fluxed  native  asphalts 
used  in  the  same  types  of  construction.  This  is  admissible  when  the  ag- 
gregate is  coarse  because  of  the  high  cementitiousness  of  the  soft  semisolid 
tar  residues.  For  fine  aggregates  where  mechanical  stability  is  dependent 
upon  the  hardness  of  the  Intuminous  cement,  tan  are  not  generally  used 
except  perhaps  for  sidewalk  construction.  For  the  eoaraer  aggregate  pave- 
ments the  same  grade  of  tar  used  in  the  construction  of  the  wearing  course 
proper  is  also  commonly  used  as  a  seal  coat.  Altho  such  a  seal  coat  is 
apt  to  harden  more  rapidly  than  desirable  in  the  case  of  the  bituminous 
macadam,  the  underls^ng  thick  films  of  tar  tend  to  enrich  and  prolong  the 
Ufe  of  the  seal  coat.  In  bituminous  concrete  construction,  however,  there 
is  not  the  same  excess  of  bitumen  in  the  underlying  course  and  for  thia 
reaam  an  asphalt  seal  coat  is  sometimes  employed  when  a  refined  tar  ia 
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UMd  Id  the  concrete  proper.  The  choracteristicB  of  Utuminous  oementi 
prepared  from  a  water-gaa  tar,  a  coke-oven  tar  and  a  cas-bouae  cool  tar 
are  shown  in  Table  XXIII.  Altho  theae  tan  are  of  similar  coiudatency, 
as  shown  by  the  fioat  test,  it  will  be  noted  that,  aa  in  the  case  of  crude  tara, 
the  residual  water-gas  tar  shows  the  lowest  percentage  of  free  carbon  and 
the  residual  gas-house  coal  tar  the  highest.  The  specific  gravity  of  these 
tars  increases  with  the  percentage  of  free  carbon.    All  of  the  materials  show 


Table  ZZIU. — 'BitnauiMtis  Cements  from  Varioue  Tars 


Tar 


Water- 
Gas 

Coke- 
Ovea 

Gaa- 

HOUBB 

1.172 
158  see 

1.216 
140  SN 

1.2B8 
170  Me 

99.12% 
0.83% 
0,05% 

86.60% 
13.88% 
0.02% 

70.37% 
29.60% 
0.08% 

100.00% 

100.00% 

100.00% 

0.0  % 
0.0  % 
0.7  % 
6.2  % 

16.0  % 

77.1  % 

0.0  % 

o.o  % 

0.8  % 
6.4  % 
12.9  % 
81.4  % 

0.0  % 
0,0  % 
0.0  % 

9.4  % 

6.5  % 
M.l  % 

100.0  % 

100.0  % 

100.0  % 

66"  C 
{149"  F) 

71' C 
(160»  F> 

860C 
[185"  F) 

Spedfle  gravltr  2S"/26'>  C  CIT/TT'  F)  

FlMttest at 50" C  {12r  F)  

Soluble  in  C3i  (total  bitumen)  

Organic  matter  innciluble  (free  carbon)  

Inorganic  matter  insoluble  (aah)  

Distillation  percent  by  volume: 

Water  

Distillate  to  UO' C  

Distillate  110"  to  170"  C  

Diitillate  170"  to  270"  C  

DirtiUate  270"  to  800"  C  

Fiteb  residue  above  800"  C  

Heltiiv  point  of  pitefa  rssidua.  | 


a  very  low  percentage  of  ash,  and  the  percontafce  of  total  bitumen  is  there- 
fore almost  entirely  dependent  upon  the  amount  of  free  carbon  present. 
All  of  the  residuals  have  been  prepared  at  eufiiciently  high  temperatures  to 
remove  the  more  volatile  oils  as  shown  by  the  results  of  distillation.  The 
rdation  of  total  distillate  to  pitch  residue  is  found  to  vary  somewhat  but  the 
ratio  of  total  distillate  to  actual  bitumen  in  the  pitc^h  residue  wiLI,  upon  calcu- 
lation, be  found  to  be  nearly  the  same.  Pitch  fillers  for  stone  and  block 
pavements  are  manufactured  from  tars  by  diBtUllng  and  blowing  the  residue 
to  the  desired  melting. point.  They  are  often  quite  hard  and  brittle  and 
contain  a  high  percentage  of  free  carbon,  show  a  high  specific  gravity  and 
a  melting  point  of  45"  C  (113°  F)  or  higher.  They  are  much  more  suscep- 
tible to  temperature  changes  than  arc  the  blown  petroleum  or  asphalt 
products  prepared  for  the  same  purpose. 


CREOSOTING  OILS 
*      80.   Manufacture  of  Creosoting  Oils 

Clanifleatlon  of  Craoioting  Oils.  The  term  creosote  was  originally  ai^ 
plied  to  certain  constituents  of  wood  tar.  Later  it  was  extended  to  cover 
the  oxygenated  hydrocarbons  or  creeols  found  in  the  distillates  of  coal  tar. 
Tboee  distillatefl,  partieulariy  the  heavy  diatiUates  rich  in  oxygenated  hydro- 
carbons, were  then  known  as  creosote  oils.    Creosote  oils  from  ooal  tar 
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have  ioi  many  yesn  been  extensively  uaed  to  impregnate  wood  for  atruc- 
tiual  uses,  the  process  of  impregnating  being  known  as  creosoting.  The 
term  creosoting  oil  is  now  commonly  applied  not  only  to  the  creosote  dis- 
tillate oil  but  to  a  variety  of  other  bituminous  materials  which  are  used 
to  impregnate  wood.  Creosoting  oils  are  of  particular  interest  in  high- 
way en^oeering  with  regard  to  the  impregnation  of  wood  paving  block. 
Their  use  in  this  connection  dates  back  to  a  pavement  laid  at  Galveston, 
Texas,  in  1873.  Creosoting  rals  which  are  used  in  the  preservation  of 
wood  blocks  may  be  dasaified  as  (1)  heavy  distillates  of  coal  tars  and  water- 
gas  tars;  and  (2)  residual  tan  and  oils  oontaining  tar  reridues.  Petrcdeuin 
oils  have  also  been  used  to  a  limited  extent  in  the  impt^nation  of  wood 
for  structural  purposes. 

Preparation  of  Creosoting  Oils.  Distillate  creosoting  oils  are  obtained 
mainly  from  coal  tars  but  also  from  water-gas  tars  by  the  process  of  frac- 
tional distillation  such  as  described  in  Art.  28.  They  vary  considerably 
according  to  the  cuts  made  during  distillation  and  the  character  of  tar 
distilled.  During  distillation  of  the  crude  tar  a  cut  is  usually  made  after  the 
removal  of  practically  all  oUs  boiling  as  high  as  170°  C  (338°  F).  The  heavier 
oils  then  begin  to  distill  and  the  creosoting  oil  may  consist  of  the  entire 
distillate  obtained  during  the  remainder  of  the  distillation  process.  It  is 
evident  that  the  extent  to  which  distillation  is  carried  will  materially  affect 
the  characteristic  of  the  creosoting  oil  produced  by  this  means  from  a  given 
tar.  Sometimes  the  heavy  distillates  from  a  number  of  distillations  of  dif- 
ferent tars  will  be  mixed  together  to  produce  the  creosoting  oil.  Two  types 
of  tar  may  also  be  mixed  prior  to  distillation  and  thos  produce  a  creosoting 
oil  of  somewhat  different  character  than  would  have  been  produced  by  the 
distillation  of  eitiier  alone.  Sometimes  intermediate  cuts  or  fractions  may 
be  made  during  diatillatioQ  and  certain  of  these  fractiona  worked  for  the 
recovery  of  desirable  constituents  such  as  naphthalene,  anthracene,  etc, 
after  which  the  remaining  oils  are  run  back  with  the  rest  of  the  creosoting 
oil  distillate.  The  second  class  of  creosoting  oils  mentioned  in  the  preced- 
ing paragraph  may  be  prepared  in  a  variety  of  ways.  Where  very  fluid 
crude  tars  are  available,  such  as  water-gas  tare  and  certain  coke-oven  tars, 
they  may  be  distilled  for  the  removal  of  water  and  some  of  the  lighter  oils 
and  the  residues  still  be  sufficiently  fluid  to  use  as  creosoting  oil.  If  too 
viscous  they  may  be  thinned  to  the  desired  degree  of  fluidity  with  a  small 
amount  of  heavy  oO  obtained  from  another  distillation.  In  the  case  of 
low  carbon  tars  distillation  may  be  carried  to  the  formation  of  a  pitch 
residue  and  the  pitch  then  fluxed  with  a  lai^  amount  of  heavy  tar  dis- 
tillate to  produce  a  creosoting  oil.  Creosoting  oils  containing  residiial 
products  may  therefore  be  either  straight  fluid  residues  or  mixtures  of  oils 
and  residues. 


Function  and  General  Characteristics.  In  the  manufacture  of  creosoted 
wood  block,  creosoting  oils  are  ordinarily  used  in  connection  with  the  im- 
pregnation of  southern  yellow  pine,  Norway  pine,  Douglas  fir,  or  tama- 
rack. The  oils  should  be  sufficiently  fluid  to  manipulate  properly  and  at 
the  temperature  of  impregnation,  somewhat  under  121°C  (240°  F),  should 
suffer  no  chemical  change  or  decomposition.  They  should  adequately 
waterproof  the  block  when  present  to  the  extent  of  from  14  to  20  lb  per 
cu  ft.  They  should  preforaUy  be  as  slightly  volatile  as  possible  under  the 
conditions  to  which  the  block  is  subjected,  and  when  used  to  the  extent 
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neceflsary  for  watwpioofins  should  not  oo»  out  of  the  wood  or  bleed  in 
mnn  weather.  They  ahould  in  addition  poseen  sufficient  antiseptic  prop- 
erties to  prevent  decay  of  the  wood  from  the  section  of  funeua  or  other 
growth.  Their  permanent  waterproofing  value  is  perhaps  the  most  im- 
ixxtant  consideration  in  so  far  as  the  life  of  the  pavement  is  cononned  and 
this  is  of  course  dependent  to  some  extent  upon  fheir  tendency  to  rraniun 
in  the  wood  and  not  volatilize. 

Tar  Distillate  Oils  have  been  more  extensively  used  in  the  treatment 
of  wood  block  than  have  the  oils  containing  tar  residues.  A  large  propor- 
tion of  the  distillate  oils  used  in  the  United  States  is  imported  from  Europe. 
They  differ  in  certain  respects  from  the  average  American  oil.  Considerably 
over  80  000  000  gal  of  cre<woting  oils  are  annually  consumed  by  the  United 
States.  The  importation  of  creosoting  oil  to  the  United  Slates,  as  shown 
by  BtatisUcs  of  the  Census  Bureau,  was  as  follows  for  the  fiscal  years  1910 
to  1914  inclusive,  ending  June  30.: 

1910     36  719  782  gal 

»11   4S  499  838  sal 

1912   60  819  736  gal 

mS   63  997  602gml 

1914    69  271  677  gal 

The  oharacteristios  of  typical  domestic  and  foreign  distilled  oils  available 
in  laroe  quantiUea,  as  given  by  Forrest  (20b),  are  shown  in  Table  XXIV. 


Table  XZIV^DIstilled  CreoMting  Oils 


p^fie  i5'>  C  (60^  F) 

Free  carbon  

Tarry  mattsr  

Tar  adds  

SoUd  naphthaleDe  

DtetOladon: 

DtotilUta  to  170"  C  

DiidUate  170°  to  20&<>  C  

DtatilUt«  206"  to  286"  C  

DteUnate  286"  to  270°  C  

DfatlUate  270"  to  SIS"  C  

Baridus  above  81B°  C  

Character  of  reaidue  

InaoLuble  In  dimethyl  sulpbsta . 
ParafBa  scale  


Domestic 
1.03 
0.0  % 
1.8  % 
7.0  % 

Foreign 
1.04 

0.0  % 
0.7  % 
18.6  % 
18.0  % 

0.70% 
1.60% 
36.20% 
82.60% 
20.00% 
10.00% 

Coke-Oven 
1.09 
0.0  % 
10.0  % 
trace 

0.42% 
4.60% 
61,95«^ 
22.01% 
10.99% 
10.13% 

1.60% 
2.40% 
19.80% 
16.20% 
11.60% 
49.40% 

100.00% 

100.00% 

100.00% 

soft 

0.0  % 
0.0  % 

soft 

0.0  % 
0.0  % 

•oft 

0.0  % 

0.0  % 

It  will  be  seea  that  all  of  the  distilled  oDs  have  a  gravity  somewhat  (treater 
than  one.  They  may  or  may  not  carry  a  high  percentage  of  naphtha- 
lene. Both  naphthalene  and  the  tar  acids  are  quite  volatile  constituents, 
and  from  this  standpoint  are  undesirable  if  present  in  excessive  amounts. 
None  of  the  oils  contains  free  carbon  as  they  are  fractional  distillates.  The 
absence  of  petroleum  products  is  shown  by  the  absence  of  paraffin  scale 
and  material  Insoluble  in  dimethyl  sulphate.  All  three  oils  yield  but  little 
distillate  below  205"  C  (401°  F).  The  percent  of  residue  above  315°  C 
(599**  F)  is  shown  to  be  much  higher  for  the  coke-oven  tar  oil  than  for  the 
other  two.  This  varies  markedly,  however,  in  different  oils  produced  from 
the  same  tar,  according  to  the  extent  of  the  original  tar  distillation.  For  an 
ml  distilled  from  a  given  tar  the  percent  of  residue  above  31S°  C  ('lOO"  F) 


Googlt 


r 


686 


Bitummous  Materiak 


Sect.  12 


usually  increases  with  the  specific  gravity  but  this  is  Dot  neceBsarily  so  for 
oils  produced  from  different  tars,  as  shown  by  the  following  analyses  of  a 
coal  tar  distillate  creoaote  and  a  water-gas  tar  distiUate  creosote  as  given  by 
Forrert  (20b). 

Table  ZZV.— Coal  Tar  and  Wtter-Gaa  Tar  Creosote  Oila 


Type  

Spedflc  gnvity  16. C  (60°  F) 

I»MllUte  to  ZS&°  C  

DutiUaU!  2S5°to3I6°C  

Rerfdue  above  Slfi°  C  


100.0% 


Creoaotliig  Olla  Containing  Tar  Roildnet  are  almost  invarialaiy  beavier 
than  the  pure  distillate  oils  and  may  usually  be  distinguished  from  the 
former  by  the  presence  of  free  carbon  and  the  production  of  s  hard  pitch 
residue  when  distilled  to  315°  C  (599°  F).  As  an  excessive  amount  of  free 
carbon  tends  to  prevent  proper  impregnation  of  the  wood,  only  low  carbon 
tar  residues  can  be  present  to  any  considerable  extent  in  this  class  of  creosot- 
ing  oils.  The  characteriBtics  of  typical  creosoting  oils  containing  tar  residues 
which  are  available  in  large  qusatities,  as  given  by  Forrest  (20a),  are  shown 
in  Table  XXVI. 

Table  XXVL— Ctoooottng  OUi  Containing  Tar  Redduet 


Type  

Spedfle  mvity  16.6°  C  (60°  F) 

Fn»  carbon  

Tarry  tnsttar  

Tbt  adds  

DistflUtion: 

DiMilUte  to  170°  C  

DistnUte  170°  to  206°  C  

DirtlUate  206°  to  286°  C .  .  . . 

Dataiato  2S6°  to  270°  C .  .  . . 

DistOlate  270°  to  816°  C  

Residua  above  816°  C  

Character  o(  residue  

Insoluble  In  dimethyl  iulphat« . 
Paraffin  scale  


From  Watcr- 
GasTsr 

1.18 
0,6  % 
61.0  % 
0.0  % 

0.60% 
0.60% 
1.70% 
O.M% 
16.00% 
72.40% 


As  compared  with  the  distillate  creoeoting  oils  it  will  be  noted  that  those 
oontaining  tar  residues  are  much  leas  volatile.  Owing  to  the  presence 
(tf  tar  residue  they  are  better  waterproofing  asenta  but  mon  lUnly  to 
bleed  and  produce  a  sticky  surtaoe  in  warm  weather.  AU  of  the  creoeot- 
ing oils  produced  from  tars  have  been  found  to  be  sufficiently  antiseptic 
to  prevent  decay.  There  has  been  considerable  prejudice  on  the  part 
of  engineers  in  favor  of  distillate  oils  which  produce  a  cleaner  and  more 
attractive  bloclc  than  do  those  containing  tar  residues.  As  the  latter  are 
oonsiderably  cheaper,  however,  and  offer  oMtain  advaatages  fmu  ths 
■taadpoint  ol  dursJifii^  and  protectiMi  of  the  blook  from  ejoMntion  eaossd 
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hi  undue  water  abeorption,  their  rapidly  increasing  vae  is  apparently 
asured. 

TESTING  BrrUMmOUS  MATERIALS 
82.  ConditUms  Gmmdog  Testing 

Standard  Methods.  The  testing  of  bituminous  materials  for  use  in  high- 
way engineeiing  dates  back  to  the  eariy  days  of  the  sheet-asphalt  paving 
indostiy.  The  origiiial  tests  applied  were  a  few  crude  phswcal  teats  whioh, 
n^iiie  reasonably  aatisfactoiy  for  those  experienced  in  the  use  of  the  then 
Umited  number  of  available  matuiala,  were  not  based  upon  sound  scientific 
piineiples.  The  gradual  increase  in  the  number  of  materials  available  for 
hisbway  engtoeering,  the  widely  varying  c^iaractuiBtics  of  different  types 
and  grades  of  these  materials,  and  the  many  methods  of  treatment  and 
oonstructiou  in  common  use  have  necessitated  an  improvement  and  expan- 
non  of  the  older  teats.  A  number  of  physical  and  chemical  tests  are  now 
in  use  and  much  work  has  been  done  by  chemists  and  engineers  towards 
the  Btand&rdiiatioQ  of  the  methods  involved.  More  complete  standardi- 
sation is  needed,  however,  in  order  to  o(»relate  and  properly  interpret  the 
results  of  tests  obtained  hy  different  laboratories  and  investigators.  Tlie 
methods  described  in  this  chafiter  are  mainly  Uniited  to  those  in  general 
use.  Methods  of  chemical  analysis  which  are  not  ordinarily  used  in  routine 
testing  have  not  been  included.  Most  of  the  tests  given  are  physical 
rather  than  purely  chemical  and  are  commonly  indicated  in  specifications 
for  tatuininouB  materials. 

Representative  Samples.  In  order  that  tests  shall  truly  show  the  char- 
acteristics of  a  large  bulk  of  material  it  is,  of  course,  necessary  that  each 
test  shall  be  made  upon  a  representative  sample.  Methods  of  obtaining 
such  samples  under  different  oonditions  are  treated  under  Art  53.  It  may 
sometimes  happen,  however,  that  a  sample  received  at  the  laboratory  lacks 
uniformity  due  to  segregation  of  the  constituents  during  shipment  or  stor- 
age of  the  sample.  This  is  particularly  true  of  the  more  fluid  bituminous 
materials  which  contain  a  considerable  amount  of  impurities.  In  any 
event,  thoro  mixing  of  the  sample  is  advisable -before  taking  a  portion  for 
examination.  Mixing  frequently  involves  heating  the  material,  la  which 
case  special  care  should  be  exercised  to  prevent  loss  of  the  lighter  constit- 
uents by  volatilisation  and  consequent  changes  in  certain  oliaracteristics. 
The  same  care  should  be  exercised  when  the  sample  contains  water  and 
it  becomes  necessary  to  remove  the  water  or  dry  the  sample  before  making 
a  test.  The  proper  method  of  drying  jvill  depend  to  a  great  extent  upon 
the  nature  of  the  material  under  examination.  Evaporation  of  the  water 
by  placing  the  sample  in  an  oven,  distillation,  application  of  a  partial 
vacuum,  desiccation  over  sulphuric  acid,  or  other  hygroscopic  medium, 
natural  gravimetric  separation,  and  centrifuging  are  the  methods  most 
commonly  employed  for  drying  samples.  After  receiving  a  representative 
sample,  care  must  be  taken  that  it  does  not  suffer  change  during  the  nec- 
essary manipulation  iwior  to  wiAlfme  an  actual  test. 

Rormal  Ten^ratnre.  As  Intuminous  materials  are  oftm  appreciably 
affected  by  very  slight  variations  in  temperature,  the  exact  temperature 
at  which  a  test  is  to  be  made  is  often  specified.  Normal  temperature  as 
applied  to  laboratory  tests  is  taken  at  26°  C  (77°  F),  which  is  considered 
as  about  average  room  temperature.  Certain  physical  tests  are  almost 
invaiiab^  made  at  exactly  26"  C  (77*  F)  and,  whenever  the  exact  tem- 
perature <rf  a  test  is  not  apedfled,  it  is  understood  that  the  temperature  at 
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which  it  ia  to  be  made  should  preferalijy  be  at  or  near  normal  temperature, 
altbo  absolute  regulation  may  not  be  necessary.  The  results  of  ahemical 
tests  are  not  so  markedly  affected  by  alight  temperature  changes  as  are  tbe 
physical  tests. 

83.   Specific  Gravis 

Basis  of  Detenninatioa.  The  specific  gravity  of  most  bituminous  mate- 
rials used  in  highway  engineoring  ia  based  upon  the  relative  weights  of 
equal  volumes  of  the  bituminous  material  and  water  at  normal  tempera^ 
ture  and  ia  usually  [expressed  as  Specific  Gravity  25*'/25''  C  (T?"/??"  F). 
As  the  woiglit  of  a  given  volume  of  almost  every  material  varies  at  different 
temperatures,  the  temperature  basia  of  comparison  should  always  be  indi- 
cated for  very  accurate  work. '  A  few  bituminouB  materials,  such  as  certain 
tar  distillates,  separate  solid  material,  mostly  naphthalene  at  25*  C  (77°  F), 
and  as  this  makes  it  difficult  to  determine  the  specific  gravity  at  that  tem- 
perature, the  determination  is  made  at  a  temperature  sufficiently  high  to 
insure  complete  fluidity.  When  th^  is  done  water  at  the  same  temperature 
or  at  26°  C  (77°  F)  may  be  taken  as  unity.  In  either  case  the  basis  of 
rompariaon  should  be  indicated.  Thus,  if  the  weight  of  a  given  volume  of 
the  material  is  obtained  at  X"  CI  and  compared  with  water  at  26"  C  (77°  F), 
the  I>a8is  of  comparison  should  be  expressed  as  follows;  Spedfio  Gravity 
X"  C  /  26'  C.  An  older  temperature  basis  of  comparison,  wiiioh  is 
still  wed  to  a  considerable  extent  by  manufacturers  and  also  by  tiu  United 
States  Government  in  the  calibration  of  the  volume  of  tank  can  and  other 
containers,  is  15.5°  C  (60°  F).  If  the  coefficient  of  expansion  of  the  material 
is  known  and  the  specific  gravity  basis  of  comparison  is  given,  it  is  very 
easy  to  translate  any  given  determination  to  terms  of  another  basis  of 
comparison  (see  Art.  34).  Such  a  method  is  commonly  employed  by 
manufacturers  who,  for  the  sake  of  simplicity  and  rapidity,  prefer  to  make 
use  of  a  hydrometer  in  the  case  of  many  materials  which  have  to  be  fixst 
rendered  more  fluid  by  tha  application  of  heat.  In  reporting  the  specific 
gravity  of  fluid  bituminous  materials  it  is  not  uncommcm  to  express  resiilte 
to  four  places  to  the  right  of  the  decimal  point.  Three  decimal  places  are 
usually  reported  in  the  case  of  semisolid  and  solid  materials,  owing  to  the 
fact  that  the  limit  of  accuracy  is  exceeded  beyond  this  point. 

Hydrometer  Method.  Where  a  sufficient  quantity  of  material  is  avail- 
able the  specific  gravity  of  thin  fluid  bituminous  materials  may  be  con- 
veniently determined  by  means  of  a  hydrometer.  The  Baumfi  scale  for 
liquids  lighter  than  water  is  commonly  used  by  petroleum  refiners  and 
many  oil  products  are  sold  upon  a  BaumS  degree  basis.  A  double  scale 
hydrometer  graduated  for  both  direct  specific  gravity  and  degrees  BatimS 
is  therefore  most  convenient.  Such  hydrometers  may  be  obtained  in  seta, 
each  individual  instrument  being  scaled  for  direct  gravitj^  between  the 
limits  of  one  or  two  units  in  the  first  place  to  the  right  of  the  decimal.  When 
double  scale  hydrometers  are  not  available,  the  results  obtained  by  one 
scale  may  be  transposed  to  the  other  by  one  of  the  following  formulas: 

UQUms  UOBTBR  THAN  WATER:     BP.  OB.       rr-  r—  OT  °B  ™  130 

130+^  ap.  OB. 

146         „  145 

UQUmS  HZAVIBB  THAN  WATER:     BP.  GB.  —  —  OT  "B  =  145  — 


145  —  °B  SP.  OR. 

It  will  be  seen  from  these  formulas  that  the  same  degree  Baumd  for  the 
two  scales  does  not  indicate  the  same  speeifio  gravity.   Thus  in  tho  scale 
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ioT  Liquids  lighter  than  water.  10''  B  equal  1.000  specific  gravity,  while  in 
tae  ecale  for  liquids  heavier  than  water  0"  B  equais  1.000  specific  gravity 
aad  10°  B  equal  1.0741  specific  Rravity.  Most  hydrometan  ore  based  upoo 
the  specific  gravity  at  I5.5°/1.5.5o  C.  If  the  material  tested  Ifl  at  25"  C 
it  is  evident  that,  without  taking  into  ac-count  the  coefficient  of  exponsign 
of  the  hydrometer  itself,  the  actual  basis  of  comparison  is  then  25°/t6.5°  C. 
For  all  practical  purposes  this  may  be  converted  to  the  25'*/25°  C  basis  by 
multiplying  the  reading  obtained  by  the  factor  1.002  which  corrects  for  the 
decrease  in  weight  of  a  unit  volume  of  water  raised  from  15.5*  to  25"  C. 
Thus:  Sp.  Gr.  25<'/25°  C  =  Sp.  Gr.  25*'/15.5''  C  X  1.002.  If  the  specific 
gravity  is  obtained  at  a  coosiderably  elevated  temperature  the  coefficient 
of  expansion  of  the  hydrometer  itself  should  be  properly  taken  into  account 
as  well  as  that  of  water  and  the  material  examined.  As  the  average 
hydrometer  measures  from  10  to  14  in  in  length,  a  eyliodrical  glass  vessel  or 
hydrometer  jar  about  14  in  high  and  2  in  diameter  makes  a  convenient 
receptacle  for  the  material  examined.  When  making  the  determination  the 
material  should  first  be  brought  to  the  desired  temperature  and  the  proper 
hydrometer  then  inserted.  In  case  the  hydrometer  sinks  slowly,  owing  to 
the  viscosity  of  the  material,  it  should  be  Riven  sufficient  time  to  come  to 
a  definite  resting  point,  and  this  point  should  be  checked  by  raising  the 
hydrometer  and  allowing  it  to  sink  a  second  time.  The  hydrometer  should 
never  be  pushed  below  the  point  at  which  it  naturally  comes  to  rest  until 
the  last  reading  has  been  made  where  the  miniacus  of  the  liquid  cuts  the 
scale.  It  may  tiiea  be  pushed  below  the  reading  for  a  distance  of  three 
or  four  of  the  small  divisions  of  the  scale,  whereupon  it  should  immediately 
begin  to  rise.  If  it  fails  to  do  so,  the  material  is  too  viscous  for  the 
hydrometer  method,  and  another  method  should  be  employed.  TaUcs 
XXVII  and  XXVIII  give  the  specific  gravity  equivalents  of  Baum£  degrees 
for  liquids  lighter  than  water  and  liquids  heavier  than  water. 

Tabl*  XXVn.  — .Specific  GravitJes  ■*  ^  ^  ll666»  ^  /  Co""*®"***"*  *•> 

Degrees  Baume  for  liquids  Lighter  than  Water 


Tnmm  or  Dbgrbbs  BauhA 


Beumi 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

1.0000 

0.9993 

0.9986 

0.9979 

0.9972 

0.9964 

0.9957 

0.9950 

0.9943 

0.9938 

11  

.9929 

.9022 

.9915 

.9908 

.9901 

.9894 

.9887 

.9880 

.9873 

.9366 

12  

.9359 

.9852 

.9845 

.9838 

.9831 

.9825 

.9818 

.9811 

.9804 

.9797 

18  

.9790 

.97S3 

.9777 

.9770 

.9768 

.9756 

.9749 

.9742 

.9736 

.9729 

14  

.9722 

.9715 

.9709 

.9702 

.9696 

.9689 

.9682 

.9676 

.9669 

.9662 

15  

.9S55 

.9649 

.9642 

.9635 

.9629 

.9622 

.9616 

.9609 

.9602 

.9596 

16  

.9689 

.9582 

.9676 

.9669 

.9603 

.9666 

.9660 

.9643 

.9637 

.9530 

17  

.9524 

.9518 

.9611 

.9604 

.9498 

.9492 

.9486 

.9479 

.9472 

.9468 

18  

.9469 

.9458 

.9447 

.9440 

.9434 

.9428 

.9421 

.9416 

.9409 

.94091 

19  

.9896 

.9390 

.9383 

.9377 

.9371 

.9365 

.9868 

.9352 

.9346 

.9340 

20  

.9333 

.9327 

.9321 

.9315 

,9308 

.9302 

.9296 

.9290 

.9284 

.9278 

21  

.9272 

.9265 

.9259 

.9253 

.9247 

.9241 

.9236 

.9229 

.9223 

.9217 

22  

.9211 

.9204 

.9198 

.1)192 

.9188 

.9180 

.9174 

.9168 

.9162 

.9166 

23  

.9150 

.9144 

.9138 

.1)132 

.9126 

.9121 

.9115 

.9109 

.9103 

.9097 

24  

.9091 

.9085 

.9079 

.9073 

.9067 

.9061 

.9056 

.9050 

.9044 

.9088 

26  

.9032 

.9026 

.9021 

.9015 

.9009 

.9003 

.8997 

.8992 

.8986 

.8980 

26  

.8974 

.8969 

.8963 

.8957 

.8951 

.8946 

.8940 

.8934 

.8929 

.8923 

27  

.8917 

.8912 

.8906 

.8900 

.8895 

.8889 

.8883 

.8878 

.8872 

.3866 

.8860 

,8844 

.8888 

.8838 

.8827 

.8822 

.8816 

.8811 

m 

.m* 

.8788 

.8788 

.8778 

,8772 

.8786 

.»« 

.8T» 

■qiti^MbvGoogle 
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Table  XXVn.  —  Specific  GraTitiei      ~  F  I  j^"^  C I  Con-eipondinc  to 

DecrecB  Baume  for  LiquidB  laghter  than  Water — Continutd 


Tenths  or  Db(;iie:g5  BAuug 


Baume 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

30  

0.8750 

0.8745 

0.8739 

0,8734 

0.8728 

0.8723 

0.8717 

0.8712 

0.8707 

'      '  — 
0 , 8701 

31  

.8696 

.8690 

,8685 

.8680 

,8674 

.8669 

.8663 

.8658 

,8653 

.8617 

32  

.8642 

.8637 

.8631 

.8626 

,8621 

.8616 

.8610 

.8605 

,8600 

,8594 

33  

.8589 

.8584 

.8579 

.8573 

,8568 

.8563 

.8558 

.8652 

,8517 

.854S 

34  

.8537 

.8531 

,8526 

.8521 

,8516 

,8511 

.8506 

.8500 

.8495 

,8490 

35  

.8485 

.8480 

,8475 

.846!' 

-8461 

.8459 

.8454 

.8449 

.8444 

.8439 

36  

.8434 

.8429 

,8424 

.8419 

-8413 

.8408 

.8403 

.8398 

.8396 

.8388 

37  

.8383 

.8378 

.8373 

.8368 

.8363 

,8358 

.8363 

.8348 

.8343 

.8338 

38  

.8333 

.8328 

.8323 

.8318 

,8314 

,8309 

.8304 

.8299 

.8291 

.8289 

39  

.8284 

.8279 

.8274 

.8269 

.8261 

.8260 

.8255 

.8250 

.8215 

.8240 

40  

.8235 

.8230 

.8226 

.8221 

.8216 

.8211 

,8206 

,8202 

.8197 

,8192 

*1  

.8187 

.8182 

.8178 

.8173 

.8168 

.8163 

.8159 

.8154 

.8119 

,8144 

42  

.8140 

.8135 

.8130 

.8125 

.8121 

.8116 

.8111 

.8107 

.8102 

.8097 

43  

.8092 

.8088 

.8083 

.8079 

.8074 

.8069 

.8065 

.8060 

.8055 

.8051 

44  

.8046 

.8041 

.8037 

.8032 

.8028 

.8023 

.8018 

.8014 

.8009 

.8005 

45  

.8000 

.7995 

-7991 

.7986 

,7982 

.7977 

.7973 

.7968 

.7964 

.7969 

46  

,7955 

.7950 

-7946 

.7941 

.7937 

,7932 

.7928 

.7923 

.7919 

.7914 

47 

,7910 

.7905 

.7901 

.7896 

.7892 

,7887 

.7883 

.7878 

.7874 

.7870 

48  

.7865 

.7861 

-7856 

.7852 

.7848 

.7843 

.7839 

.7834 

.7830 

.7826 

49  

,7821 

.7817 

.7812 

.7808 

,7804 

.7799 

.7795 

.7791 

.7786 

.7782 

50  

.7778 

.7773 

.7769 

.7765 

.7761 

.7756 

.7752 

.7748 

.7743 

,7739 

51  

.7735 

.7731 

.7726 

.7722 

.7718 

.7714 

.7709 

.7706 

,7701 

,7697 

52 

.7692 

.7688 

.7684 

.7680 

,7675 

.7671 

,7667 

.7663 

,7659 

.7664 

53  

.7650 

.7646 

.7642 

.7638 

.7634 

-7630 

.7625 

.7621 

.7617 

,7613 

54 

.7609 

.7605 

.7600 

,7596 

.7592 

-7588 

.7584 

.7580 

.7576 

.7572 

55  

,7568 

.7564 

.7559 

.7555 

.7551 

,7547 

.7643 

.7539 

.7535 

,7531 

56  

.7527 

.7523 

.7519 

.7515 

.7511 

,7507 

.7503 

.7199 

.7495 

.7491 

57  

.7487 

.7483 

.7479 

.7175 

.7471 

.7467 

.7463 

.7459 

.7455 

,7451 

58  

.7447 

.7443 

.7,139 

,7435 

,7431 

,7427 

.7423 

.7419 

.7415 

.7411 

59  

.7407 

.7403 

.7400 

.7396 

,7392 

.7388 

.7384 

.7380 

.7376 

.7372 

«0  

-7368 

.7365 

.7361 

.7357 

.7363 

.7349 

.7345 

.7341 

.7338 

.7334 

.7330 

.7326 

.7322 

.7318 

.7315 

.7311 

.7307 

.7303 

.7299 

,7296 

62  

7292 

.7288 

.7284 

.7280 

.7277 

,7273 

.7269 

.7265 

.7261 

,7258 

63 

^7254 

.7250 

.7246 

,7243 

.7239 

.7235 

.7231 

.7228 

.7224 

,7220 

64 

,7216 

.7213 

.7209 

.7205 

.7202 

.7198 

.7194 

.7191 

.7187 

.7183 

66  

,7179 

.7176 

.7172 

.7168 

,7165 

.7161 

.7157 

.7154 

.7150 

,7147 

66 

,7113 

.7139 

.7136 

.7132 

.7126 

-7125 

.7121 

,7117 

.7111 

,7110 

67.  .  , 

,7107 

.7103 

.7099 

.7096 

.7092 

.7089 

.7085 

.7081 

.7078 

,7074 

68  

.7071 

.7067 

.7064 

,7060 

.7056 

,7053 

.7049 

.7046 

.7042 

,7039 

69 

.  7035 

.7032 

.7028 

.7026 

.7021 

,7018 

.7014 

.7011 

.7007 

.7001 

70 

.7000 

.6997 

.6993 

.6990 

.6986 

.6983 

.6979 

.6976 

.6972 

.G969 

71  

.6965 

.6962 

.6958 

,6955 

.6951 

,6948 

,6944 

.6941 

.6938 

.6934 

72  

.6931 

.6927 

.6924 

.6920 

.6917 

6911 

.6910 

.6907 

.6903 

.6900 

'.3  

.68E7 

.6893 

.6890 

.6886 

,6883 

,6880 

.6876 

.6873 

.6869 

.6366 

74  

.68C3 

,6859 

,6856 

,6853 

,68.19 

,6846 

.6843 

.6839 

.6836 

.6833 

.6329 

.6826 

,6823 

,6819 

.6816 

,6813 

,6809 

,6806 

.6803 

.6799 

76  

.6796 

.6703 

,6790 

,6786 

.6783 

.6780 

.6776 

.6773 

.6770 

.6767 

77  

,6763 

.6760 

,6757 

.6753 

.67.50 

,6747 

.6741 

,6741 

.6737 

-6734 

78  

.6731 

.6728 

,6724 

,6721 

.6718 

.6715 

.6711 

.6708 

.6705 

-6702 

79  

.6699 

.6695 

,6692 

,6689 

.6686 

.6683 

,6679 

.6676 

.6673 

.6670 

80  

.6667 

.6663 

,6660 

.6657 

.6654 

.6651 

.6618 

.6645 

.6641 

,6638 

81  

.6635 

,6632 

.6629 

,6626 

.6623 

.6619 

.6616 

.6613 

.6610 

.6607 

82  

.6604 

,6601 

,6598 

,6594 

.6591 

.6588 

.6585 

.6582 

.6579 

.6578 

83  

.6573 

,6570 

,6567 

,  65G1 

.6560 

,6557 

.6554 

.6651 

,6518 

.6545 

84  

6542 

.6539 

-6536 

-6533 

,6530 

.6527 

,6524 

.6521 

,6518 

.6516 

85  

.6512 

.6509 

-6506 

6503 

.6500 

,6497 

,6494 

.6490 

,6487 

.6484 

86  

.6482 

,6479 

.6476 

.  6173 

.6470 

,6467 

,6464 

.6161 

,6458 

.6456 

87  

.6452 

.6449 

.6446 

6443 

,6440 

,6437 

,6434 

,6431 

,6128 

.6125 

88  

.6422 

.6419 

,6416 

6413 

,6110 

,6407 

6404 

,6101 

6399 

.6396 

89 .  , 

.6393 

,6390 

63R7 

6384 

6381 

.6.378 

6375 

S3  72 

6369 

6367 
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Table  XXVn.—Conlinued 


Tenths  or  Dbgrees  BAUHfi 


BftQin* 

n 

9 

a 

« 

e 
u 

A 
o 

4 

D 
0 

Cl 

if 

0.6864 

0.6361 

0.6S5£ 

0.6365 

0.6352 

0.6849 

0.6346 

0.6848 

0.6841 

0.6338 

S8SG 

63S2 

6329 

6826 

6323 

6321 

6318 

631 G 

'.me 

16303 

!6301 

16298 

16296 

16292 

!6289 

!828« 

.6284 

.6281 

.6278 

.6275 

.6272 

.6270 

.6267 

.6264 

.6261 

.6258 

.6256 

.6263 

94  

.6260 

.6247 

.6244 

.6242 

.6239 

.6236 

.6233 

.6231 

.6228 

.6225 

95  

8222 

.4219 

.6217 

.6214 

.6211 

.6208 

.6206 

.6203 

.6200 

.6197 

.6196 

.6192 

.6189 

.6186 

.6184 

.6181 

.6178 

.6176 

.6173 

.6170 

97  

.6167 

.6165 

.6162 

.6169 

.6167 

.6164 

.6161 

.6148 

.6146 

.6143 

98  

.6140 

.6138 

.6136 

.6182 

.6130 

.6127 

.6124 

.6122 

.6119 

.6U6 

99  

.6114 

.6111 

.6108 

.6106 

.6103 

.6100 

.6098 

.6096 

.6092 

.6090 

100  

.6087 
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Tabl«  ZXVIII. — Specific  Gravities  at  —  F  I  ^^~^o  ^  I  CorrMponding  to 

Degree*  Baome  for  Liquids  Heavier  than  Water 


Tbnthb  op  Dboress  BauhA 


Baumt 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

0 

1 

0000 

1 

0007 

1 

0014 

1 

0021 

1 

002t 

1 

0036 

1 

0042 

1 

0049 

1 

0066 

1 

0062 

1 

1 

0069 

1 

0076 

1 

0083 

1 

0090 

J 

0097 

1 

0105 

1 

0112 

1 

0119 

1 

0126 

1 

0138 

2  . 

1 

OUO 

L 

0147 

1 

0154 

1 

0161 

1 

0168 

1 

0175 

1 

0183 

1 

0190 

1 

0197 

1 

0204 

8  . 

1 

0211 

L 

0218 

1 

0226 

1 

0238 

1 

0240 

1 

0247 

1 

0266 

1 

0262 

1 

0269 

1 

0276 

1 

0284 

1 

0291 

1 

0298 

1 

0306 

1 

0313 

1 

0320 

I 

0328 

I 

0335 

1 

0342 

1 

0360 

6 

1 

0357 

1 

0366 

1 

0372 

1 

0379 

1 

0387 

1 

0394 

1 

0402 

1 

0409 

1 

0417 

1 

0424 

6  . 

1 

0432 

1 

0439 

1 

0447 

1 

0464 

1 

0462 

1 

0469 

1 

0477 

1 

0484 

1 

0492 

1 

0503 

1 

0607 

1 

0615 

1 

0522 

1 

0530 

1 

0588 

1 

0545 

1 

0553 

1 

0561 

1 

0569 

1 

0576 

8  . 

1 

0584 

1 

0592 

1 

0599 

1 

0607 

1 

0616 

1 

0623 

1 

0630 

1 

0638 

1 

0646 

1 

0654 

9  . 

1 

0662 

1 

0670 

1 

0678 

1 

0685 

1 

0693 

1 

0701 

I 

0709 

1 

0717 

1 

0726 

1 

0733 

I 

0741 

1 

0749 

1 

0757 

1 

0766 

1 

0773 

1 

0781 

1 

0789 

1 

0797 

1 

0805 

1 

0813 

11 

1 

0821 

1 

0829 

1 

0837 

1 

0846 

1 

0853 

1 

0861 

1 

0870 

1 

0878 

1 

0886 

1 

0SS4 

12 

1 

09O2 

1 

0910 

1 

0919 

1 

0927 

1 

0936 

I 

0944 

1 

0962 

1 

09ec 

1 

0968 

1 

0977 

18.  . 

1 

098G 

1 

0998 

1 

1002 

1 

1010 

1 

1018 

I 

1027 

1 

1035 

1 

104S 

1 

1062 

1 

1060 

M 

1 

1069 

1 

1077 

1 

1086 

1 

1094 

1 

1108 

1 

1111 

1 

1120 

1 

1128 

I 

1137 

1 

114S 

16. 

I 

1164 

1 

1162 

1 

1171 

1 

1180 

1 

1188 

1 

1197 

I 

1206 

1 

1214 

1 

1228 

1 

1232 

16.  . 

1 

1240 

1 

1249 

1 

1268 

1 

1267 

1 

1275 

1 

1284 

1 

1293 

1 

1802 

1 

1310 

1 

1319 

17 

I 

1328 

1 

1887 

1 

1346 

1 

1366 

1 

1364 

1 

1873 

1 

1381 

1 

1390 

1 

1399 

1 

1408 

18  . 

l 

1417 

1 

1426 

1 

1486 

1 

1444 

1 

1468 

1 

1462 

1 

1472 

t 

1481 

1 

1490 

1 

1499 

19.  . 

1 

1608 

1 

1617 

1 

1626 

1 

1636 

1 

1646 

1 

1664 

1 

1563 

I 

1572 

1 

1581 

1 

1691 

I 

1600 

I 

1609 

1 

1619 

1 

1628 

1 

1637 

I 

1647 

1 

1666 

1 

1665 

1 

1676 

1 

1684 

21 

l 

1694 

1 

1703 

1 

1712 

1 

1722 

1 

1731 

1 

1741 

1 

1760 

1 

1760 

1 

1769 

1 

1779 

C2. . 

1 

1789 

1 

1798 

t 

1808 

1 

1817 

1 

1827 

1 

1887 

1 

1846 

1 

186C 

1 

1£66 

1 

1876 

1 

1885 

1 

1896 

1 

1906 

I 

1916 

I 

1924 

1 

1934 

1 

1944 

1 

1964 

1 

1964 

1 

1974 

t 

1983 

1 

1998 

I 

2003 

1 

2013 

1 

2023 

1 

2033 

1 

2043 

1 

2053 

1 

2063 

1 

2073 

2B.. 

1 

2083 

1 

2093 

1 

2104 

1 

2114 

1 

2124 

I 

2134 

1 

2144 

1 

2154 

1 

2164 

1 

2175 

26  . 

1 

2186 

1 

2196 

1 

2206 

1 

2216 

1 

2226 

1 

2236 

1 

2247 

I 

2257 

1 

2EG7 

1 

2278 

v.. 

I 

2288 

1 

2299 

I 

2809 

1 

2819 

1 

2330 

1 

2340 

I 

2351 

1 

2361 

1 

2372 

1 

2383 

28.. 

1 

2893 

1 

2404 

1 

2414 

1 

2425 

1 

2436 

1 

2447 

I 

2457 

1 

2468 

1 

2478 

1 

2489 

1.2600 

1 

2611 

1 

2622 

1 

2532 

1 

2543 

I 

2564 

1 

2566 

1 

2676 

1 

2587 

1 

2598 

80  . 

1.2609 

1 

2620 

1 

2631 

1 

2642 

1 

2663 

1 

2664 

1 

2676 

1 

2686 

1 

2697 

1 

2708 

81.. 

1 ,2719 

1 

2780 

1 

2742 

1 

2763 

1 

2764 

1 

2775 

1 

2787 

1 

2798 

1 

2S09 

1 

2821 

82. . 

1 

2882 

1 

2848 

I 

2865 

I 

2666 

1 

2877 

1 

2889 

1 

2900 

1 

2912 

1 

2923 

1 

2935 

88 

1.2946 

1 

2958 

I 

2970 

1 

2981 

1 

2993 

1 

3004 

1 

3016 

1 

8028 

1 

304U 

1 

3061 

84.. 

1.8068 

1 

8076 

1 

3087 

1 

8098 

1 

8110 

1 

8122 

1 

3134 

1 

3146 

1 

3168 

1 

3170 

86.. 

1 

8182 

1 

8194 

1 

S206 

1 

8218 

1 

8230 

1 

3242 

1 

3264 

1 

8266 

1 

8278 

1 

8291 

1.8808 

1 

S816 

1 

8827 

1 

8389 

1 

8862 

1 

8364 

1 

8376 

1 

3889 

1 

8401 

1 

3414 

ST 

1.8420 

1 

8488 

1 

84S1 

1 

8468 

1 

8476 

1 

8488 

1 

8601 

1 

8614 

1 

8626 

1 

868S 

D>qiti;M  by 


r 

602 


BitumiDous  Materials 
Table  XXVm. — Cemtinued 


Sect.  12 


Trntms  or  Dbcbbes  BauhB 


0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

1 

3551 

1 

3564 

1 

3577 

1 

3590 

1 

3602 

1 

3615 

1 

3628 

1 

3641 

1 

3653 

1 

3666 

1 

3679 

1 

3692 

1 

370E 

1 

3718 

1 

3731 

1 

3744 

I 

3757 

t 

3770 

1 

3783 

1 

3796 

An 

1 

3810 

1 

3823 

I 

383 € 

1 

38-19 

1 

3862 

I 

3876 

1 

388S 

1 

3902 

1 

3916 

I 

3929 

1 

3942 

1 

3956 

1 

39fiS 

1 

3983 

1 

3996 

1 

40 10 

1 

4023 

1 

4037 

I 

4O50 

1 

4064 

40 

1 

4078 

1 

4091 

I 

4 105 

1 

41 19 

1 

4133 

1 

4146 

1 

4160 

1 

4174 

1 

418S 

1 

4202 

I 

4216 

1 

4230 

1 

4244 

1 

4258 

1 

4272 

t 

4286 

1 

4300 
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A  Weitphal  Balance  (sec  Fig.  21)  is  conveoient  for  Quickly  determining 
the  specific  gravity  of  comparatively  small  quantities  of  fluid  bituminous 
materials,  particularly  fluid  distillates.    By  using 
f    a  vertical  cylindrical  container  about  J-^  in  diam- 

eter, it  may  be  possible  to  use  this  instrument 
with  aa  little  as  15  cu  cm  of  material.  The 
determination  is  made  by  balancing  a  plum- 
met in  the  liquid,  the  scale  of  the  balance  and 
the  weights  used  being  so  designed  •  aa  to  give 
direct  specific  gravity  readings.  The  Weotphal 
balance  is  usually  calibrated  for  15.5°/1.5,5"  C  de- 
terminations and  the  results  obtained  are  subject 
to  the   same   corrections  aa   noted  under  the 

HYDROMETER  HETHOD. 

Sprengle  Tube.  For  determining  the  specific 
gravity  of  very  snioll  quantities  of  fluid  materials  the  Sprengle  or  Nicholls 
tube,  which  is  really  a  very  small  specially  shaped  pycnomcter,  is  well 


Fig.  21.  Weatphol  Balance 
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adapted.  These  instruments  may  be  made  with  a  capacity  as  low  aa  O.S 
cu  cm.   Tbe  tube  may  be  shaped  as  shown  in  Fig.  22,  and  may  be  oon- 

veoientiy  suspended  by  a  wire  above  the  pan  of  an  analytical  balance. 
One  arm  of  the  tube  is  drawn  out  to  a  fine  capillary  opening. 
The  other  arm  is  somewhat  larger  but  open  and  carries  a 
mark  to  which  the  inetnmient  is  filled  by  sucking  in  the  ma- 
terial thru  the  smaller  arm.    Any  excess  beyond  the  mark 
may  be  removed  by  means  of  a  small  piece  of  blottiog  paper. 
The  inatniment  ia  first  weighed  empty,  then  filled  to  the 
mark  with  water  at  25°  C  (77"  F)  and  again  weighed.   .It  ie  pi^,  22.  ^pe- 
then  emptied,  thoroly  dried  and  filled  to  the  mark  with  the  Gravity 
material  under  examination.    Tbe  weight  of  material  divided  Tube 
by  the  weight  of  water  gives  the  epedfie  gravity. 

Pycnometer  Methods.    A  pycQometer  may  be  satisfactorily  used  for 
determining  the  specific  gravity  of  -both  fiuid  and  semisolid  bituminous 
materials.    One  of  special  design  such  as  shown  in  Fig.  23  is  most  con- 
venient for  general  use  as  the  ordinary  narrow  neck  pycnometer  is  not 
well  adapted  for  the  viscous  fluid  and  semisolid  products.    This  instru- 
ment and  its  method  of  use,  substantially  as  described  by  Hubbard  and 
Reeve  (25b)  and  recommended  by  the  Spec.  Com.         Road  Cons.,  Am. 
Soc.  C.  E.  (13),  is  as  follows:    The  pycnometer  consists  of  a  fairly  heavy 
straight-walled  glass  tube,  70  mm  long  and  22  mm  in  diameter, 
ground  to  receive  a  solid  glass  stopper  with  a  hole  1.6'mm  bore  in 
place  of  the  usual  capillary  opening.    The  lower  part  of  this 
stopper  is  made  concave  in  order  to  allow  all  air  bubbles  to  escape 
thru  the  bore.    The  depth  of  the  cup-shaped  depression  is  4.8  mm 
at  the  center.    The  stoppered  tube  has  a  capacity  of  about  24  cu 
cm  and  when  empty  weighs  about  28  g.   Its  principal  advantages 
are  (1)  that  any  desired  amount  of  bituminous  materials  may  be 
I '     poured  in  without  touching  the  sides  above  the  level  desired;  (2)  it 
H  III     is  eanly  cleaned;  (3)  on  account  of  the  1.6-mm  bore,  the  stopper 
23.         be  more  eaidly  inserted  when  the  tube  is  filled  with  a  very  vis- 
Hubberd  coua  oil  than  if  it  contained  a  capillary  opening.    When  work- 
pyoQ.   ing  with  semisoUd  bituminous  materials  which  are  too  soft  to 
Q^t^    be  broken  and  handled  in  fragments,  the  following  method  of 
determining  their  specific  gravity  has  been  employed  wiUi  good 
results.   The  dean,  dry  pycnometer  is  firet  weighed  onpfcy  and  this  weight  ia 
called  a.  It  is  then  filled  in  the  usual  manner  with  freriily  distilled  -water  at 
25°  C  (77°  F),  and  the  weight  is  again  taken  and  called  6.    A  small  amount  of 
the  bituminous  material  should  be  placed  in  a  spoon  and  brought  to  a  fluid 
condition      the  gentle  application  of  heat,  with  care  that  no  loss  by  evapora- 
tion occurs.    When  sufficiently  fiuid,  enough  is  poured  into  the  dry  pycnom- 
eter, which  may  also  be  warmed,  to  fill  it  about  half  full,  without  allowing 
the  material  to  touch  the  sides  of  the  tube  above  the  desired  level.  When 
testing  semisolid  or  solid  materials,  care  should  be  taken  in  filling  the  pyo- 
nomeler  to  avoid  entrapping  air.    The  tube  and  oontents  are  then  allowed 
to  cool  to  room  temperature,  after  which  the  tube  is  carefully  weighed 
with  the  stopper.   This  wedg^t  is  called  e.   Distilled  water  at  26"  C  (.71"  F) 
is  titen  poured  in  untO  tbe  pycnometer  is  fall.   After  this  the  stopper  is 
inserted,  and  the  whole  cooled  to  25°  C  (77°  F)  by  a  30-min  immersion  in 
a  beaker  of  distilled  water  maintained  at  this  temperature.    All  surplus 
moisture  is  then  removed  with  a  soft  cloth,  and  the  pycnometer  and  con- 
tents are  weii^ied.    This  weight  is  cidled  d.    From  the  wdghts  obtained 
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the  upccitic  gravity  of  the  bituminous  material  may  be  readily  calcuUtcd 
by  the  following  formula: 

SPECIFIC  OEAvmr,  26'»/26»  C  (T?"/??'  F) 


(6  -  o)  -  (d  -  c) 

Both  a  and  b  are  constants  and  need  be  determined  bi^t  once.  It  is,  there- 
fore, necessary  to  make  only  two  weighings  for  all  determinations  after  the 
first.  Results  obtained  according  to  the  method  given  above  are  accurate 
to  within  2  units  in  the  third  decimal  place,  while  the  open-tube  method 
commonly  employed  is  accurate  to  the  second  decimal  place  oily.  The 
aped&c  gravity  of  fluid  bituminous  material  may  Iw  determined  in  the 
ordinary  manner  with  this  pycnometor  by  completely  filling  it  with  the 
materifj  and  dividing  the  weight  of  the  bituminous  material  thus  obtained 
by  that  of  the  same  volume  of  water. 

Displacement  Method.  The  specific  gravity -of  bituminous  materials 
which  are  sufficiently  solid  to  handle  in  fragments  at  2.5"  C  (77°  F)  may 
be  determined  by  weighing  a  representative  fragment  in  air  and  then  in 
water  at  25"  C  (77"  F),  If  the  determination  is  made  upon  an  analytical 
balance,  it  is  convenient  to  suspend  a  small  fragment  by  mAns  of  a  waxed 
silk  thread  from  the  hook  on  one  of  the  pan  supports,  about  1^  in  above 
the  pan.  Its  weight  is  taken  and  called  a.  It  is  then  weighed  immersed 
in  a  beaker  of  water  as  shown  in  Fig.  24  and  this  weight  called  b.  The 
speoifie  gravity  may  then  ba  calculated  by  means  of  the  following  formula: 

a 

SPKCIFIC  OBAVITT  =   r 


A. 


This  method  is  satisfactory  for  the  determination  of  the  specific  gravity  of 
compressed  bituminous  aggregates  such  as  asphalt  block  and  sections  of 

sheet-asphalt  or  bituminous  concrete  pave- 
ment. In  the  case  of  coarse  aggregates 
a  much  larger  balance  than  the  ordinary 
analytical  balance  may  be  required  to 
weiiUi  a  representative  sample. 

Value  of  Specific  Gravity  Determinationt. 
The  specific  gravity  determination  is  com- 
monly made  upon  all  types  and  grades  of 
bituminous  materials  with  the  exception  of 
loose  or  uncompressed  bituminous  aggre- 
gates. It  is  one  of  the  most  valuable  means 
of  identifying  a  bituminous  material  and 
when  considered  in  connection  with  other 
tests  is  often  of  service  in  determining  the 
suitability  of  the  material  for  a  given  use.  In  specifications  it  is  used 
for  both  purposes  and  also  for  the  sake  of  rontrolling  uniformity  of  supply 
from  a  given  source.  In  the  examination  of  bituminous  aggregates  or 
sections  of  bituminous  pavement  it  is  of  very  material  use  in  determining 
the  degree  of  compression  or  percentage  of  voids  which  are  present  (see 
Art.  35),  also  the  volume  relations  of  bitumen  and  aggregates  (see  Art.  44). 
In  general,  bituminous  materials  tend  to  classify  themselves  accordinB 
to  specific  gravity  as  shown  by  the  following  diagram  which  gtvva  the 
approximate  or  average  specific  gravity  limits  of  the  more  important 
types  and  grades.    The  pure  bitumen  of  petroleum  and  as^^i^t  products 


Fig.  24.    Displacement  Method 
for  Spedfie  Gravity 
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in  common  uae  in  highway  engiaeeriQg  setdom  exceeds  1.055  and  of  tan 
1.18.  A  higher  specific  gravity  therefore  usually  iodicatea  the  presence 
of  mineral  matter  or  heavy  inorganic  impurities.  As  many  bituminous 
materials  are  purchased  and  used  upon  both  a  weight  and  a  voltune  basis, 
the  specific  gravity  determination  is  of  uae  as  a  means  of  comparison. 
In  this  connection  Fig.  26  shows  the  number  of  pounds  per  gallon  and 
gallons  per  ton  of  materials  having  a  specific  gravity  lying  between  0.8  and 
1.3.  The  further  sigtuficance  of  the  specific  gravity  determination  will  be 
eonwdered  in  connection  with  other  tests  described  in  the  ft^owing  pages. 
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84.   Coefficient  of  Bqiansion 

Baris  of  Determination.  The  coefficient  of  volume  or  cubical  expansion 
of  any  substance  is  the  ratio  between  the  increase  in  volume  which  it  under- 
goes when  its  temperature  is  raised  one  degree  and  its  original  volume. 
The  original  or  unit  volume  is  set  at  some  standard  temperature.  In  the 
case  of  bitutninouB  materials  normal  temperature,  25"  C  (77°  F),  is  con- 
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Venient  to  use,  altho  for  the  same  reason  that  the  specific  gravity  determi- 
nation may  be  required  at  15.5°  C  (60*'  F)  this  temperature  is  also  sometimes 
taken  as  standard.  The  coefficient  of  expansion  may  be  expressed  either  . 
in  terms  of  the  Centigrade  or  Fahrenheit  scale.  If  K  represents  the  co- 
efficient of  expansion,  then  /C"  C  -  Q/C"  F/5  and  JC"  F  =  hK"  C/9.  The 
coefficient  of  expsoBioa  of  most  materials  vatiee  slightly  at  different  tem- 
peratures and  for  this  reason  the  volume  change  which  is  undergone  be- 
tween comparatively  wide  ranges  of  tempenture  ie  divided  by  the  numbm 
Of  degrees  of  temperature  and  the  average  coefficient  of  ezpansina  cal- 
culated. It  is  the  average  coefficient  of  expansion  of  bituminous  materials 
which  is  of  most  ioterost  from  a  practical  standpoint.    Ab  a  material  ez- 
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pande  under  the  action  of  heat  its  specific  gravity  becomes  lew.  It  is  thus 
possible  to  calculate  K  from  volume  measurements  at  different  temperatures 
or  from  specific  gravity  determinations  at  different  temperatures. 

Volume  Method.  In  the  volume  method  of  determining  the  coefficient 
of  expansion,  the  bituminous  material,  in  a  fluid  state,  is  poured  into  a 
glass  receptacle  known  as  a  dilatometer,  which  consists  of  a  large  bulb 
with  a  long  graduated  narrow  neck.  This  instrument  is  calibrated  at 
normal  temperature  so  that  when  filled  to  any  mark  on  the  graduated  neck 
its  contents  are  known.  The  determination  is  made  by  first  bringing  the 
dilatometer  and  contents  to  normal  temperature  -and  reading  the  position 
of  the  miniscuB  on  the  graduated  neck.   The  instrument  is  then  placed  in 

D>qiti;M  by  Google 


Art.  84  Coefficient  of  ExpaDOon  697 

a  carefully  regulated  oven  and  heated  to  any  desired  temperature.  When 
its  temperature  is  uniform  the  position  of  the  minisctia  is  again  read.  The 
apparent  volume  at  the  elevated  temperature  ia  not  the  aotual  volume 
owing  to  the  cxpannon  which  the  iiutniment  itself  has  undergone  in  ao- 
qniiing  the  observed  temperature.  A  correction  has  therefore  to  be  made 
for<the  expansion  of  the  glass,  the  cubical  coefficient  of  expansion  of  which 
has  been  previously  ascertained.  The  coefficient  of  expansion  of  the 
material  is  then  determined  by  means  of  the  following  formula,  where 
V  repreeenta  the  volume  at  normal  temperature,  V  the  actual  volume  at 
the  observed  temperature,  t  normal  temperature,  and  ^  the  observed  tem- 
V*  -  V 

perstuie:  K  —  ^     _  ^.    The  vtdume  method,  while  satisfactory  for 

fluids,  ia  not  well  adapted  for  use  in  connection  with  semisolid  and  solid 
batuminous  materials  and  the  specific  gravity  method  is  therefore  to  be 
preferred. 

Spedfle  Gravity  MeAod.  In  the  case  of  very  viscous  liquids,  eemisolida 
and  solids,  the  pycnometer  method  as  described  in  Art.  33  is  flVst  used 
to  determine  the  specific  gravity  of  the  material  at  normal  temperature. 
The  weight  of  the  water  contents  of  the  pycnometer  at  any  desired  ele- 
vated temperature  ia  then  obtained  and  another  specific  gravity  determina- 
tion made  of  the  material  at  this  elevated  temperature  as  compared  with 
water  at  the  same  temperature.  From  the  known  K  water,  which  is 
about  0.0002  per  *  C.  tbo  specific  gravity  of  the  material  at  the  elevated 
temperature  is  then  determined  as  compared  with  water  at  normal  tem- 
perature. The  coefficient  of  expansion  of  the  material  is  then  determined 
hy  means  of  the  following  formula  when  0  represents  the  specific  gravity 
at  normal  temperature  and  O"  represents  the  specific  gravis  on  the  same 

G  — 

baaia  at  the  observed  temperature:  K  ■ 

Value  of  Coeffldent  of  Bzpandon  Determination.  The  imctical  value 
of  tibe  coefficient  of  expanmon  determination  lies  in  its  appUcation  to  vol- 
ume changee  which  take  place  upon  heating  bituminous  materials,  espe- 
cially when  the  material  is  purchased  or  used  upon  a  volume  basis,  which 
is  often  the  case.  In  the  vicinity  of  refineries,  bitiuninous  materials  for 
hot  surface  application  qt  bituminotis  macadam  construction  are  not  un- 
conmionly  deUvered  at  the  site  of  the  work  in  tank  wagons  or  tank  cars 
'at  a  t«mporaturG  ready  to  apply.  As  the  purchase  price  and  rate  of  appH- 
cation  are  ordinarily  based  upon  volumes  at  15.5°  C  (60°  F),  it  is  necessary 
to  know  the  ooeffident  of  expansion  of  the  material  in  order  to  compute 
the  volume  at  such  temperature.  In  some  cases  an  arbitrary  figutv  is 
mutually  agreed  upon.  Thus  for  residual  petroleums  the  coefficient  of  ex- 
pansion is  often  assumed  as  0.00072  per  "*  C  (0.0004  per  "  F),  and  in  meas- 
uring hot  oils  a  deduction  of  0.72%  ia  made  for  every  10°  C  above  15.5° 
C  (0.4%  for  every  10°  F  above  60°  F)  which  is  commonly  taken  as  stand- 
ard temperature.  The  general  formulas  for  finding  volumes  when  K  ia 
known  on  as  follows: 

Based  upon  the  arbitrary  standard  for  oils  above  mentioned,  Fig.  30  illus- 
trates a  convenient  graphic  method  of  showing  (1)  the  number  of  gallons 
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at  elevated  temperatureo  repreeented  by  100  gal  at  15.5"  C  (60"  F) ;  and  (2, 


the  number  of  galloDH  at  15-5°  C  (60' 
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F)  represented  by  100  ^  at  variou 
elevated  temperatures  when  the  co 
efficient  of  expansion  is  0.00072  pe 
"C  (0.0004  per  "  F).  Compa™ 
tively  little  data  is  to  be  had  r^Ia 
tive  to  the  coefficient  of  expansioi 
of  the  various  bituminous  roac 
and  paving  materials.  In  general 
however,  for  a  given  type  of  ma 
terial  the  coefficient  of  expansiot 
decreases  as  the  specific  gravity  at 
creases.  Thus  the  K  ol  a.  crudt 
petroleum  or  tar  is  greater  than  that 
of  its  residues  and  less  than  that  ol 
ita  distillates.  From  the  data  that  h 
available  it  appears  that  the  valuct 
of  K,  in  Table  XXIX,  are  reasonable 
averages  for  the  types  of  matcrinh 
listed.  These  figures  are,  however, 
only  approximate  and  in  certaiD 
cases  are  subject  to  considerable 
variation. 
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Fic.  21.    Volume  and  Temperature  Re- 
UtioM.  K  -  0.0004  per  'F 


36.   The  Density  and  Voids  in 
Bittiminous  Aggregates 

Theoretical  Hazinium  Densit; 
of  Compresied  Bituminous  Aggre- 
gate!. Without  reference  to  grad- 
ing or  practical  possible  compression, 
the  theoretical  maximum  density 
of  a  compressed  bituminous  aggregate  may  bo  calculated  from  the 
specific  gravity  and  relative  proportions  of  the  individual  constituents 
present.  When  the  individual  constituents  are  at  first  hand  this 
is  a  comparatively  simple  matter,  but  when  a  mixed  aggregate  or 
section  of  compressed  pavement  is  under  examination  it  is  first  neces- 
sary to  remove  and  recover  the  bitumen,  the  percentage  of  which  must 
also  be  determined  (see  Ait.  44).  The  specific  gravity  of  the  recovered 
bitumen  may  then  be  determined  by  the  pycnometer  method  as  described 
in  Art.  33  and  that  of  the  mineral  aggregate  by  any  of  the  well-known 


Table  XXIX. — Approzinute  Coefficients  of  EzpuinoQ  of  BituminoaB 
Materials 


Mmterial 

K  per  °C 

Kper  »P 

Gasoline  

0  00090 

0.O0O5O 

CreoootinK  oiI«  

0.00080 

0  00044 

Fluid  reaidual  petroleums  

0.00070 

0.00039 

0.00060 

0  00033 

Aaphalt  cementa  

0.0005S 

0.00030 

0.00056 

0.00080 
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tothodfl  for  mineral  particles.  If  coarse  particle  are  present  it  is  advisable 
I  screen  the  aggregate  into  two  or  more  sixes  and  determine  the  specific 
tivity  of  each.  Thus  a  mixture  of  onuhed  rook  and  sand  may  be  passed 
ret  a  H-^^  soreen.  If  all  material  retained  on  the  screen  then  appears  to 
■  the  same  kind  of  stone  the  specifio  gravity  of  a  single  fragment  is  takflo 
•  representing  the  entire  portion.  The  specific  gravity  of  the  entire  finer 
ortion  may  be  determined  by  means  of  a  Chatelier  or  Jackson  apparatus, 
Bch  as  used  in  cement  examination,  or  other  similar  method.  After  the 
ravity  and  percent  by  weight  of  the  various  constituents  have  been  deter- 
lined,  their  volume  proportions  are  calculated  by  dividing  their  weight 
wcentages  by  their  respective  speoifio  gravitiee.  The  ratio  of  the  sum 
I  the  weight  proportions  to  the  sum  of  the  volume  proporUona  is  then  the 
beoretioal  maximum  densly  of  the  mix.  When  the  pnoent  by  weight 
lod  specific  gravity  of  two  or  three  constituents  are  given,  the  following 
ormula  may  be  used  if  D  reioesents  the  maximum  possible  densi^,  W, 
V  and  W*  represent  the  percent  by  weight,  and  O,  and  O*,  their  reqwo* 
ive  q>ecific  graviUes. 

TWO  OONBTETUBHTB  "niRBB  CON8T1TU  BHTB 

/>  =  D  ^  

W/G  -i-W'/O'  W/0  +  W'/ff  +  W^/Cf 

The  Probable  Haximnm  Density  of  Compretsed  Bituminous  Aggregates 
nay  be  determined  experimentally  in  the  laboratory  by  heating  the  mixed 
aggregate  to  proper  working  temperature  and  compressing  it  in  a  cylindrical 
Biold  fitted  with  a  plunger,  which  has  also  been  heated  to  the  same  tem- 
perature. The  plunger  may  be  forced  Into  the  mold  by  means  of  a  com- 
pression machine  or  heavy  hammer.  Upon  cooling,  the  specimen  is  forced 
from  the  mold  and  its  specific  gravity  determined  by  the  ordinary  dis- 
placement method.  The  probable  maximum  density  is  largely  dependent 
upon  the  grading  of  the  mineral  particles,  which  is  a  most  important  con- 
nideration  for  fine  aggregates.  For  a  well  graded  fine  aggregate  carrying 
the  proper  percentage  of  bituminous  cement,  the  probable  maximum  den- 
sity should  closely  approach  the  theoretical  maximum  don«ty. 

The  Actual  Danattr  of  Compreseed  Bituminona  Aggregates,  such  as  a 
lection  of  a  bituminous  concrete  pavement.  Is  directly  determined  by  means 
:^  the  displacoment  method  (see  Art.  33).  If  satisfactory  compression  has 
been  obtained  in  the  constniction  of  the  pavement  its  density  should  closely 
approach  the  probable  maximum  density  as  obtained  by  a  laboratory  test 
upon  a  section  of  the  pavement  which  ia  first  softened  and  disintegrated 
iiy  warming  and  then  compressed  at  proper  working  temperature,  as  de- 
scribed in  the  preceding  paragraph. 

Voids  in  Compressed  Bituminous  Aggre^tes.  The  percent  of  voids  m  a 
Bompreesed  bituminous  aggregate  is  determined  from  the  actual  densi^  of 
the  compressed  aggregate  as  compared  with  the  theoretical  maximum  den- 
dty  which  allows  for  no  vends.  Thus  if  D  represents  Uie  theoretical  maxi- 
mum density  and  d  the  actual  deninty,  the  percent  of  voids  is  determined 
by  the  following  formula: 

100  (2>  -  d) 

PBaCBNT  OF  TOmS  -   ^  

If  proper  compreesion  has  been  secured  in  the  const  ruction  of  a  bituminous 
Donorete  pavement,  the  percentage  of  voids  as  above  determined  should 
closely  eoneapond  with  the  voids  in  a  properly  prepared  laboratory  com- 
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pnMtd  sample.  If  m  fine  aggregate  is  well  graded  and  oairies  the  proper 
peroentage  of  iMtutuinous  cement,  the  voids  sboutd  be  very  low  and  seldom 
over  3  or  4%. 


Vifcosimetry  is  the  measurement  of  resistance  to  flow.  In  the  natural 
movement  of  all  liquids  seeking  a  lower  level  or  a  level  of  less  external 
pressure,  iutemal  friction  ia  developed  wliich  tends  to  retard  the  flow. 
External  friction  is  also  developed  between  the  liquid  and  the  surrounding 
surface  or  substanoe.  Both  internal  and  external  friction  are  therefore 
factors  to  be  considered  in  the  measurement  of  viscosity.  The  more  com- 
mon types  of  viscosimeters  are  based  upon  tbe  principle  of  measuring  the 
time  of  flow  of  a  given  quantity  of  liquid  under  a  given  head  thru  a  given 
orifice.  In  such  instruments  it  is  evid«it  that  tbe  relative  retardation  of 
flow  caused  by  internal  and  external  friction  is  largely  dependent  upon  the 
sise,  shape  and  character  of  the  orifioe.  For  this  reason  the  viscosity  value 
obtained  is  more  or  less  arbitrary.  Liquid  bituminous  materials  vary 
greatly  in  viscosity  among  themselves  and  the  viscosity  of  a  given  material 
is  greatly  afTected  by  the  temperature  of  the  material.  In  reporting  the 
results  of  a  viscosity  test  it  is  therefore  important  that  all  conditions  of  the 
test  should  be  indicated  or  understood.  The  pressure  or  head,  tempera- 
ture and  volume  of  liquid  measured  as  passing  the  orifice  are  factors  which 
may  be  controlled  by  tbe  operator.  As  the  orifices  of  different  instruments 
of  the  same  make  are  subject  to  unavoidable  slight  variations  which  affect 
the  results  of  a  teat,  it  Is  customuy  to  conuder  the  viscosity  of  water  for 
any  givra  instrument  as  uni^  and  to  express  the  results  of  testing  other 
liquids  in  terms  of  water  as  so-called  specific  viscosity.  This  tends  to 
correct  and  place  upon  the  same  basis  different  instruments  of  the  same 
make  but  it  does  not  make  the  actual  results  obtained  by  different  types 
of  viscosimeters  by  any  means  the  same.  In  expressing  specific  viscosities, 
it  is  therefore  necessary  to  state  the  make  or  typo  of  viscosdmeter,  of  which 
there  are  several.  While  many  of  these  instruments  are  admirably  adapted 
for  use  in  connection  with  certain  liquids,  none  has  yet  been  devised  which 
really  meets  the  requirements  for  successfully  testing  the  wide  range  of 
liquid  bituminous  materials  used  in  highway  engineOTing.  Of  those  which 
are  available  for  this  purpose,  the  Engler  viscosimeter  is,  however,  most 
generally  used. 

The  Engler  Viscosimeter,  which  is  shown  in  Fig.  28,  consists  of  a  brass 
vessel  a,  with  a  cover  b,  for  holding  the  material  to  be  tested.  To  the  con- 
ical bottom  of  a  is  fitted  a  conical  outflow  tube  c,  exactly  20  mm  long, 
with  a  diameter  on  top  of  2.9  mm  and  on  the  bottom  of  2.8  mm.  This 
tube  can  he  closed  and  opened  by  the  pointed  hardwood  stopper  d.  Pointed 
metal  projections  are  placed  on  the  inside  of  a  at  equal  distances  from  the 
bottom  and  serve  for  measuring  tbe  charge  of  material,  which  is  240  cu  cm. 
The  thermometer  e  is  used  to  ascertain  the  temp«Bture  ef  the  materiol  to 
be  tested.  The  vessel  a  is  surrounded  by  a  brass  jaoket  /,  which  holds  the 
material  used  as  a  heating  bath,  either  water  or  cottonseed  oil,  according 
to  the  temperature  at  which  the  test  is  to  be  made.  A  tripod  g  servos  as 
a  support  for  the  apparatus  and  also  carries  a  ring  burner  A  hy  means  of 
which  the  bath  is  directly  heated.  A  measuring  cylinder  of  100  cu  cm 
capacity,  which  is  sufficiently  accurate  for  work  with  road  materials,  is 
-placed  direetly  under  the  outJet  tube.  As  all  viscosity  determinations 
should  be  compared  with  that  of  water  at  25°  C  (77"  F).  the  apparatus  should 
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Fig.  28.   En^  VlMouMtar 


be  previously  calibrated  as  follows:  The  cup  and  outlet  tube  should  first  be 
Krupulously  cleaned.  A  piece  of  soft  tisaue  paper  is  conveoient  for  clean- 
ing the  latter.  The  stopper  ie  then  inserted  in  the  tube  and  the  cup  filled 
with  water  at  25°  C  (77°  F)  to  the  top  of  the  projectioos.  The  measuring 
cylinder  should  be  placed  directly  un- 
der the  outflow  tube  so  that  the  mate- 
rial, upon  flowing  out,  will  not  touch 
the  sides,  and  the  stopper  may  then  be 
removed.  The  time  required  both  for 
50  and  100  cu  cm  to  run  out  should  be 
ascertained  by  means  of  a  stop-watch 
and  the  results  so  obtained  should  be 
chocked  a  number  of  times.  The 
time  required  for  60  eu  em  of  water 
should  be  about  11  sec,  and  for  100  cu 
cm  about  22.8  sec.  The  use  of  the 
En^er  vistxiameter  in  determining  the 
viscosity  of  liquid  bituminous  mate- 
rials at  any  desired  temperature  was 
recommended  by  the  Spec.  Com. 
Mat.  Road  Cons.,  Am.  Soc.  C.  E.  (13) 
as  follows:  "  Bituminous  materials 
shall  be  tested  in  the  same  manner  as 
water,  and  the  temperature  at  which ' 
tiw  test  is  made  shall  be  controlled 
br  the  bath.   The  material  shall  be 

Inought  to  the  desired  temperature  and  maintained  there  for  at  least  3 
min  before  making  the  test.  The  results  are  expressed  as  specific  viscosity 
compared  with  water  at  25"  C  (77°  F),  as  follows: 

SPECIFIC  TIBCOSmr  AT  "C  ( — T)  FOB  CtTfilC  CBimHBmiB8  = 

SECONDS  FOR  PASSAGE  OF  QIVKN  VOLPMB  AT  °  C  (  °  f) 

SECONDS  FOB  PA8SAOE  OF  SAHB  VOLUUE  OF  WATBB  AT  Ifi°  C  (TT°  f)  ' 

For  very  thin  fluid  bituminous  materials  the  specific  visaosity  is  usually 
determined  at  25"  C  (77°  F)  with  100  cu  cm.  The  more  viscous  fluid  prod- 
ucts are  usually  run  at  40°  or  50°  C  (104°  or  122°  F)  with  50  cu  cm  and 
very  viscous  products  at  lOO"  C  (212°  F)  or  over  with  50  cu  cm. 

Value  of  Visco^ty  Detemunation.  Unfortunately  the  Engler  viscosim- 
cter  is  not  well  adapted  for  determining  the  specific  viscosity  of  many  bitu- 
minous materials  ftt  25°  C  (77°  F).  As,  for  the  different  types  of  materials, 
viscosity  at  a  higher  temperature  is  no  definite  measure  of  their  viscosity 
at  25°  C  (77°  F),  it  is  evident  that  a  satisfactory  comparison  of  their  specific 
viscosities  at  normal  temperature  cannot  be  obtained  by  this  means.  As  a 
means  of  such  comparison  the  use  of  the  instrument  at  higher  temperatures  is 
limited  to  materials  of  the  same  type.  The  interpretation  of  the  test  ex- 
cept with  reference  to  identification  and  control  of  a  given  type  and  grade 
of  material  is  therefore  somewhat  complicated.  If,  however,  it  is  desired 
to  apply  a  bitimunous  material  at  a  given  temperature,  as  for  instance 
when  it  is  to  be  heated  in  a  tank  car  by  means  of  steam,  a  determination 
ot  its  viscosity  at  that  temperature  is  often  of  value.  It  is  impossible  to 
state  in  a  general  way  just  what  the.  viscosity  of  a  material  for  surface  appli- 
cation shoiUd  be  during  application,  as  this  is  largely  dependent  upon'  the 
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tyt>e  of  duttributor,  ita  spraying  nosalea  and  its  speed  controL  It  is  a  fact, 
however,  that  many  materiala  sold  for  cold  surface  application  are  entirely 
too  viscous  at  normal  temperature  for  uniform  distribution  at  the  proper 
rate  of  distribution,  but  what  may  be  a  too  bieh  \'isoosity  for  one  type  ot 
material  may  not  be  too  high  for  another  type.  As  a  measure  of  ooosis- 
tenoy  at  normal  temperature,  it  would  appear  advisable  (o  limit  the  use  of 
the  Engler  viscosimeter  to  tboM  materials  intended  for  oold  apidiostion 
and  when  possible  to  utUiie  some  other  eonsisteney  test  for  indicf^iiiic  the 
consistent^  at  Dormal  temperature  of  those  materials  which  have  to  be 
heated  before  application.  In  general,  at  normal  temperature  fluid  dis- 
tillates show  a  much  lower  specific  viscosity  than  do  fluid  petxoleums  or 
tar  recdduums.  Crude  and  dehydrated  petroleums  and  tars  vary  greatly 
in  viscosity.  Among  the  petroleums,  however,  those  of  the  asphaltic  type 
are  usually  much  more  viscous  than  the  paraffin  or  semiaspbaltic  type. 
Among  the  tars  the  viscosity  of  crude  water-gaa  tar  is  lowest  and  Kaa-house 
coal  tare  from  horisontol  retorts  the  blithest.  Vertical  and  inclined  reUwt 
tars  usually  hold  an  intMmediate  porition  in  this  raspMst  together  with 
coke-oven  tars.  For  a  given  type  of  fluid  rseidual  petroleum  or  tar  pro- 
duced by  fractional  distillation,  the  specific  viscosity  increases  with  the 
specifio  gravity  and  decreases  with  the  coefficient  of  expansion.  As  r^ards 
fluid  residuums  which  are  subjected  to  the  blowing  process,  however,  the 
viscosity  may  be  greatly  increased  without  markedly  increasing  the  specifio 
gravity  of  the  residuum.  The  viscosity  of  all  bituminous  materials  de- 
creases as  their  temperature  increases.  In  any  bituminous  material  the 
presence  of  finely  divided  oon-bituminoua  ImpuritieB  held  in  sutpenaioa 
will  often  greatly  increase  the  vuoosity  of  the  material,  altho  the  actuat 
visoonty  of  its  pure  bitumen  may  be  low. 


The  New  York  Testing  Laboratory  Float  Test  is  used  as  a  consistency 
test  for  very  viscous  fluid  and  soft  semisoUd  bituminous  materials.  The 
float  test  is  recommended  for  use  by  the  Spec.  Com,  Mat.  Road  Cons., 
Am.  Soe.  C.  E.  (13).  As  shown  in  Fig.  29,  the  apparatus  conaiBts  of  two 
parts,  an  aluminum  float  or  saucer  a  and  a  eonical  brass  collar  6.  The 
two  parts  are  made  Beparat«ly,  so  that  one  float  may  be  used  with  a 
number  of  braait  collars.  In  making  the  test  the  brass  collars  should 
be  placed  with  the  small  end  down  upon  a  brass  plate  which  has  been 
previously  amalgamated  with  mercury  by  rubbing  it  first  with  a  dilute 
solution  of  mercuric  chloride  or  nitrate  and  then  with  mercury.  A 
small  quantity  of  the  material  to  be  tested  is  heated  In  a  metal  spoon 
until'  quite  fluid,  care  being  taken  that  it  suffers  no  appreciable  lose 
by  volatilisation  and  that  it  is  kept  free  from  air  bubblea.  It  ia  then 
poured  into  the  collar  in  a  thin  stream  until  sUghtiy  more  than  level  with 
the  top.  The  surplus  may  be  removed,  after  the  material  hae  ocxded  to 
room  temperature,  by  moans  of  a  spatula  Made  wfaicb  has  been  slightly 
heated.  The  collar  and  pinte  are  then  placed  in  ice  water  maintained  at 
5°  C  (41°  F),  and  left  in  this  bath  for  at  leait  15  min.  Meanwhile  a  cup  or 
pan  of  sufficient  depth  is  filled  about  three-fourths  full  of  water  and  placed 
on  a  tripod,  and  the  water  is  heated  to  any  desired  temperature  at  which 
the  toflt  is  to  be  made.  This  temperature  ^ould  be  accurately  maintained 
and  should  at  no  time  during  the  entire  test  he  allowed  to  voiy  more  than 
0.6'  C  <0.eo  F)  from  the  temperature  selected.    After  tiie  material  to  be 
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tested  hsB  been  kept  in  the  ice  water  for  at  least  15  min,  the  collar  and 
contents  are  removed  from  the  plate  and  screwed  into  the  aiuminum  float, 
which  is  Uwn  immediately  floated  in  the  warmed  bath.  As  the  ^ug  of 
bituminous  material  becomes  warm  and  fluid,  it  is  gndually  forced  upward 
and  out  of  the  collar  until  water  gains  entrance  to  the  saucer  and  causes 
it  to  sink.  The  time  in  seconds  between  placing  the  apparatus  on  the  water 
and  when  the  water  Ineaks  thru  the  latuminous  material  is  determined  by 
means  of  a  stop-wateh  and  is  taken  as  a  measure   


of  the  consistency  of  the  material  under  examination. 
The  test  is  preferably  made  at  50°  C  (122°  F).  Very 
soft  products  which  show  a  test  at  tius  temperature 
of  ody  a  few  aecoDds,  however,  may  be  advantageous- 
ly tested  at  a  lower  temperature,  such  as  32°  C  (90* 
F).  If  the  test  at  50°  C  (122°  F)  requires  over  4  or 
6  min,  it  is  sometimes  made  at  65°  C  (149°  F),  and, 
if  the  melting  point  of  the  material  is  high,  the  test 
is  run  at  lOO"  C  (212°  F).  In  any  case  it  is  evident 
that  the  test  t^nperature  must  be  higher  than  the 
melting  point  of  the  material  tested. 

Valne  U  the  Float  Test.  The  float  test  has  some- 
times been  called  a  visconty  test.  In  some  respects 
it  is  a  measuie  ot  the  resistance  to  flow  posBessed  by- 
the  material,  but  it  differs  from  the  average  viscosity 
test  mainly  in  the  fact  Utat  the  temperature  of  the 


material  itself  is  coDBtautly  changing  during  the  test.  29.  N.  T.  Tntlng 
It  cannot  be  used  with  very  fluid  materials,  but  l«banitoiy  neat  Ap- 
for  the  very  viscous  fluids  which  become  almost  semi-  pantua 
solid  at  Uie  temperature  of  ice  water  and  for  many 
normally  semisolid  products  it  serves  as  a  satisfactory  measure  of  cuii 
msteoey  at  norm^  temperature,  altho  the  test  itaelf  is  conducted  at  a 
higher  temperature.  Providing  the  temperature  of  the  test  is  the  same, 
it  servas  reasonably  well  as  a  basis  of  comparing  the  consistency  at 
normal  temperature  of  both  straight  residual  and  fluxed  products  of  the 
same  type.  It  has  the  distinct  advantage  over  the  viscosity  test  of  being 
Ies3  susceptible  to  the  influence  of  inert,  finely  divided  suspended  material 
which  may  be  present,  because  of  the  comparatively  large  orifice  of  the 
collar.  For  this  reason  it  more  nearly  represents  the  consistency  of  the 
actual  intumen,  and  is  particularly  well  adapted  for  detennining  the 
eonsirtepoy  of  tars  izreepecUve  of  their  free  cotixtn  content.  In  this 
oonneeUon  H  is  used  to  a  considerable  extent  as  a  control  test  in  the 
manufacture  of  heavy  re«dual  tars.  It  is  not  so  well  adapted  for  test- 
inc  the  semisolid  blown  oil  products  which  conduct  heat  so  slowly  that 
only  the  surfaoe  in  contact  with  the  collar  becomes  fluid  before  the  en- 
tire plug  of  semisohd  material  is  forced  out.  For  a  given  type  of  residual 
material  the  float  test  at  a  given  temperature  decreases  with  the  specific 
gravity.  For  any  material  it  naturally  decreases  as  the  temperature 
of  the  test  is  increased.  For  fluid  products  which  harden  rapidly  upon 
exposure,  such  as  cut-backs,  the  float  test  is  useful  as  a  means  of 
determining  the  consistency  of  the  residae  from  the  volatilisation  test 
(see  Art.  42),  especially  the  soft  residues  which  cannot  well  be  subjected 
to  the  penetration  test.  Most  residual  tars  suitable  for  use  as  carpeting 
mediums  show  a  float  test  at  50**  C  (122°  F)  of  between  40  and  120 
WO,  while  the  mne  eolid  tar  laaldueB  used  as  bituminous  oemonts  for 
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coDBtniotion  work  show  a  float  test  at  this  temperature  of  from  120 
to  200  sec. 

38.  The  PenetratioD  Test 

Penetration  Uacbine*.  The  penetration  test  is  one  of  the  oldest  and 
most  widely  used  tests  for  dctermitiiDg  the  consistency  of  semisolid  and 
solid  petroleum  and  asphalt  products.  There  are  a  number  of  penetration 
machines  in  common  use  which  employ  the  same  standards  of  test  and 
therefore  give  practically  equivalent  results.  Among  them  may  be  men- 
tioned the  Dow,  the  New  York  Testing  Laboratory,  and  the  Humboldt 
penetrometers.  The  Dow  machine,  shown  in  Fig.  30,  is  probably  used 
more  than  any  other.  This  apparatus  consists  of  a  standard  needle  a  in- 
serted in  a  short  brass  rod,  which  is  held  in  an  aluminum  rod  &  by  a  bind- 


Flg.  80.    Dow  Penetration  Machine  ^^i^        ^^^^  ^  t^at-  / 


Opens  the  clamp.  By  turning  this  button  while  the  clamp  is  being  held  open 
it  will  lock  and  keep  the  clamp  from  closing  until  unlocked.  The  device  for 
measuring  the  distance  penetrated  by  the  needle  consists  of  a  rack  with  a 
foot  0-  The  movement  of  this  rack  turns  a  pinion,  to  which  is  attached 
the  hand  which  indicates  on  the  dial  h  the  vertical  distance  covered  by  the 
rack.  One  division  of  the  dial  corresponds  to  a  movement  of  0.1  mm  by 
the  rack.  The  rack  may  be  raised  or  lowered  by  moving  the  counterweight 
t  up  or  down.  The  tin  box  containing  the  sample  to  be  tested  is  marked 
k;  this  is  submerged  in  water  contained  in  the  glass  cup  in  order  to  main- 
tain a  constant  temperature.  The  penetration  test  is  made  as  follows: 
A  sample  of  the  material  to  be  tested  is  first  warmed  sufficiently  to  flow,  and 
poured  into  the  tin  box.  The  box  and  contents,  after  cooling  for  1  hr  at 
room  temperaturei  are  immersed  in  water  maintained  at  the  temperature 
at  which  the  test  is  to  be  made,  and  allowed  to  remain  immersed  for  at 
least  1  hr.  The  sample  in  the  tin  box  should  then  be  placed  in  the  glaaa 
cup  and  removed  in  it,  covered  with  as  much  water  as  oonvenient  without 
spilling,  to  the  shelf  d.  The  brass  rod  with  the  needle  is  inserted  into  b  and 
secured  by  tightening  the  binding  screw.   The  rod  is  lowered  until  the 


ing  screw.  The  aluminiun  rod  is 
secured  in  a  framework  so  weighted 
and  balanced  that,  when  it  is  sup- 
ported on  the  point  of  the  needle, 
the  framework  and  rod  will  stand 
in  an  upright  position,  allowing 
the  needle  to  penetrate  perpen- 
dicularly without  the  aid  of  a  sup- 
port. The  frame,  lUuminum  rod 
and  needle  weigh  100  g  with  the 
weight  c  on  the  bottom  of  the 
frame,  while  without  the  weight 
they  weigh  50  g.  Fig.  30  shows 
the  needle  and  weighted  frame,  to- 
gether with  side  and  front  ^iews 
of  the  entire  apparatus,  put  to- 
gether and  ready  for  making  a 
penetration.  The  shelf  for  the 
sample  is  marked  d;  e  is  the  clamp 
to  hold  the  aluminum  rod  until  it 


is  a  button  which,  when  pressed. 
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point  of  the  needie  almost  touches  the  eurfaoe  o{  the  sample;  then,  by 
Krasping  the  frame  with  both  hacda,  it  ifl  cautiously  pulled  down  until  the 
needle  just  comes  in  contact  with  the  surface  of  the  sample.  This  can 
be  Been  best  by  having  a  light  bo  situated  that,  upon  looking  thru  the  sides 
of  the  glass  cup,  the  needle  will  be  reflected  from  the  surface  ot  the  sample. 
After  thus  setting  the  needle,  the  counterweight  is  slowly  raised  unto  the 
foot  of  the  rack  rests  on  the  head  of  the  rod  and  a  reading  of  the  dial  taken. 
The  clamp  is  then  opened  wide  by  pressing  the  button  and  held  in  this 
position  for  exactly  5  see,  as  determined  by  a  pendulum  ol*  dironometer. 
The  rack  is  then  lowered  until  it  rests  on  the  rod,  and  the  difference  between 
the  first  and  second  readings  of  the  dial  in  millimeters  is  taken  aa  the  dis- 
tance penetrated  the  needle.  Owing  to  the  susceptibility  ol  certain 
bituminous  materials  to  sUght  changee  in  temperature,  the  weftw  batii 
should  be  aecurately  maintained  at  the  desired  temperature,  both  before 
and  during  the  test,  and,  when  the  room  temperature  differs  greatly  from 
that  ot  the  bath,  the  water  in  tibe  glass  cup  ^ould  be  renewed  after  each 
test.  An  average  of  from  three  to  fire  tests,  which  should  not  usually 
differ  more  than  three  units  betweeiL  maximum  and  minimum,  is  taken  aa 
the  penetration  of  the  sample.  The  needle  should  be  removed  and  thoroly 
cleaned  by  wiping  with  a  dry  cloth,  after  which  it  is  ready  for  another  test. 
The  point  of  the  needle  should  be  examined  from  time  to  time  with  a  mag- 
nifying s^aas  to  see  that  it  is  not  injured  in  any  way.  If  it  is  found  defec- 
tive, it  may  be  removed  by  heating  the  brass  rod  and  withdrawing  with 
pliers.  A  new  needle  may  then  be  inserted  in  the  heated  brass  rod,  and 
held  firmly  in  place  by  a  drop  of  soft  solder. 

Am.  Soc  Test.  Mat.  MMhod.  In  1916,  the  Am.  Soc.  Test.  Mat  adopted 
the,  following  test  for  penetration  of  tntuminous  materials  as  standard: 

"DuFuimoN  OF  PENETRATION.  The  Consistency  of  a  bituminous  mate- 
rial, expressed  as  the  distance  that  a  standard  needle  vertically  penetrates 
a  sample  of  the  material  imder  known  conditions  of  loading,  time  and  tem- 
perature. Where  the  conditions  of  test  are  not  specifically  mentioned,  the 
load,  time  and  temperature  are  understood  to  be  100  g,  S  sec,  25°  C  (77°  F) 
and  the  units  of  penetration  to  indicate  hundredths  of  oentLmeters. 

"ApPARaTOS.  The  oontuner  for  holding  the  material  to  be  tested  shall 
be  a  fiat-bottomed,  cylindrical  dish,  56  nun  (2  Via  in)  in  diameter  and 
36  mm  (IH  in)  deep.* 

"  The  needle  (35)  for  this  test  shall  be  a  cylindrical  steel  rod  60.8  mm  (2  in) 
long  and  having  a  diameter  of  1.016  mm  (0.04  in)  and  turned  on  one  end  to  a 
sharp  point  having  a  6.35-mm  (  M-in)  taper.  The  water  bath  shall  be  main- 
tained st^  temperature  not  yaiyiQg  more  than  0.1°  C  (0.18**  F)  from  26*  C 
(77°  F).  The  volume  of  water  shall  be  not  less  than  10  liters  and  the  sample 
shall  be  immersed  ton  depth  of  not  less  than  10  cm  (4  in)  and  shall  be  Biq>- 
ported  <Mi  B  iwrforated  shelf  not  less  than  5  cm  (2  In)  from  the  bottom  of 
the  bath.  Ajiy  apparatus  which  will  allow  the  needle  to  penetrate  without 
amnetoable  friction,  and  which  is  accurately  calibrated  to  yield  results  in 
accordance  with  the  definition  of  penetration,  will  be  acceptable.  The 
transfer  dish  for  container  shall  be  a  small  dish  or  tray  of  such  capacity  as 
will  insure  complete  immersion  of  the  container  during  the  test.  It  shall 
be  provided  with  some  mnonn  iridch  will  insure  a  firm  beating  and  prevent 
rocking  of  the  container. 


*TUs  qwdfleation  is  toUUled  by  the  Can  Company'a  Gill  style  ointnMnt 

boat,  deep  pattan,  Shib  eapaeRr.. 
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"Prbparatiom  of  Bahplb.  The  sample  uhall  bo  completely  melted  at 
the  lowest  possible  temperature  and  stirred  thoroly  until  it  is  homogeneous 
and  free  from  air  bubbles.  It  EihaU  then  be  poured  into  the  sample  con- 
tainer to  a  depth  of  not  lew  than  16  mm  (H  in)-  The  sample  shall  be 
protected  from  dust  and  allowed  to  cool  in  an  atmoq>here  not  lower  than 
18°  C  (65°  F)  for  1  hr.  It  shall  then  be  placed  in  the  water  bath  along 
with  the  transfer  dish  and  allowed  to  remain  1  hr. 

"TsBTiNa.  In  making  the  test  the  sample  shall  bo  placed  in  the  transfer 
dish  filled  vitli  water  from  the  water  bath  of  sufficient  depth  to  completely 
cover  the  container.  The  transfer  dish  containing  the  sample  shall  then  bo 
placed  upon  the  stand  of  the  penetration  machine.  The  needle,  loaded 
with  specified  weight,  shall  be  atjjustcd  to  make  contact  with  the  surface  of 
the  sample.  This  may  be  accomidished  by  making  contact  of  the  actual 
needle  point  with  its  image  reflected  by  the  surface  of  the  sample  from  a 
properiy  plarcd  source  of  light.  Either  the  reading  of  the  dial  shall  then 
be  noted  or  tbo  aeodle  brought  to  zero.  The  needle  is  then  released  fur  the 
specified  period  of  time,  after  which  the  penetration  machine  is  adju»tod  to 
measure  the  distance  penetrated.  At  least  three  tests  shall  be  made  at 
points  on  the  surface  of  the  sample  not  leas  than  1  cm  (H  i")  from  the  side 
of  the  container  and  not  less  than  1  cm  in)  apart.  After  each  test  the 
sample  and  transfer  dish  shall  be  returned  to  the  water  bath  and  the  needle 
shall  be  carefully  wiped  toward  its  point  with  a  clean,  dry  cloth  to  remo\  o 
all  adhering  bitumen.  The  reported  penetration  shall  be  the  average  of 
at  least  three  tests  whose  values  shall  not  differ  more  than  four  points 
between  maximum  and  minimum.  When  desirable  to  vary  the  tempera- 
ture, time  and  weight,  and,  in  order  to  provide,  for  a  uniform  method  of 
reporting  results  when  variations  are  made,  the  samples  shall  be  melted 
and  cooled  in  air  as  above  directed.  They  shall  then  be  immersed  in  wilter 
or  brine,  as  the  case  may  require,  for  1  lu*  at  the  temperature  desired.  The 
following  combinations  are  suggDsted:  At  0**  C  (32°  F)  200  g  weight,  60  sec; 
at  46.1°  C  (115°  F)  60  g  weight,  5  sec." 

Method  Recommended  to  the  Am.  Soc.  C.  E.  In  1018  the  Spec.  Com. 
Mat.  Road  Cons.  (13)  recommended  the  adoption  of  the  1916  Am,  Soc. 
Teat.  Mat.  standard  method,  except  that  the  lowest  temperature  at  which 
the  penetration  of  the  asphalt  cement  is  taken  should  be  4°  C  (39°  F)  instead 
of  0°  C  (32°  F). 

Condttioiu  Affecting  the  Penetration  Test  From  the  above  descriptions 
it  is  evident  that  many  conditions  affect  the  results  of  the  penetration  test. 
For  those  materials  which  show  a  high  penetration  the  diameter  of  the 
container  often  exerts  a  marked  inSuence  upon  the  results  obtained  under 
a  given  set  of  conditions.  As  a  result  of  experiments  it  has  been  determined 
that  for  such  materials  the  diameter  of  the  container  should  not  be  less  than 
1.25  in.  It  is  most  important  that  thruout  the  test  the  sample  be  main- 
tained at  exactly  the  given  temperature  as  slight  dilTercnces  in  tempera- 
ture may  markedly  affect  the  results  of  test.  Most  materials  appear  to 
continue  to  harden  somewhat  upon  standing  after  they  have  been  cooled  to 
normal  temperature.  Thus  a  sample  prepared  and  tested  within  a  period 
of  3  or  3  hr  will  often  show,  under  the  same  conditions  of  test,  a  lower 
penetration  the  following  day  if  it  ia  not  again  melted  and  allowed  to  cool 
just  prior  to  making  the  test. 

Value  of  the  Penetration  Test.  The  penetration  test  is  most  commonly 
used  in  connection  with  asphalts  and  asphalt  cements,  altho  it  is  sometimes 
used  in  testing  the  harder  tar  residuums.    For  the  manufacture  of  the 
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former  typo  of  mntorials  it  aerves  as  a  control  teat.  These  materials  are 
commonly  graded  by  their  penetration  at  25"  C  (77"  F),  and  in  all  cnat» 
where  the  term  penetration  is  used  without  other  qualificatioD  it  is  under- 
stood that  the  temperature  of  25°  C  (77"  F)  ia 
implied  and  that  the  teat  is  made  with  a  stand- 
ard needle  under  a  load  of  100  e  applied  for 
5  sec.  The  test  is  not  so  useful  as  a  means 
of  control  or  in  grading  the  tar  residuums 
used  in  highway  engineering  for  the  reason 
that  moat  of  these  reniduuma  are  quite  soft, 
and  as  their  surface  tension  is  very  high  they 
press  out  or  deform  under  the  loaded  needle 
much  more  than  do  the  asphalt  cements  com- 
monly used.  The  true  penetration  is  not 
therefore  so  accurately  recorded,  the  result 
obtained  representing  to  a  very  consider- 
able extent  the  measure  of  surface  deformar 
tion  rather  than  actual  penetration.  Id 
general,  the  more  susceptible  the  bituminous 
material  is  to  temperature  changes,  the 
greater  its  surface  deformation  under  the 
loaded  needle.  Susceptibility  to  tempera- 
ture changes  may  be  determined  by  means 
of  the  penetration  test  made  at  the  tem- 
peratures of  0°  or  4",  25<*,  and  48**  C  (32"  or 
39".  77",  and  115"  F),  which  serve  as  ap- 
proximate minimum,  average,  and  maxi- 
mum temperatures  of  the  pavement  proper 
in  which  the  material  may  be  incorporated. 

Results  of  tests  at  4"  C  (39"  F)  are  more  easily  obtained  than  results 
at  0"  C  (32"  F).  Asphalt  cements  produced  by  the  straight  distillation 
of  petroleums  and  those  produced  by  fluxing  the  native  asphalts  with 
straight  distilled  residual  fluxes  are  more  susceptible  to  temperature  changes 
than  are  those  produced  by  the  blowing  process.  This  is  illustrated  by 
Fig.  31,  which  shows  the  penetration  at  the  three  temperatures  of  a  straight 
distilled  and  a  blown  petroleum  residuum  or  asphalt  cement.  It  will  be 
noted  that  while  both  materials  show  the  same  penetration  at  26"  C  (77"  F), 
the  straight  distilled  product  shows  a  lower  penetration  at  4"  C  (39"  F)  and 
a  higher  penetration  at  46"  C  (115°  F)  than  does  the  blown  product.  In  this 
diagram  the  penetrations  at  4"  C  (39"  F)  are  made  under  a  load  of  200  g  ap- 
plied for  1  miu  and  at  46"  C  (1 15"  F)  under  a  load  of  50  g  applied  for  5  sec. 
The  penetration  of  a  given  type  of  atphalt  cement  usually  decreases  as  its 
Bpecifie  gravity  increases.  In  other  words,  it  becomes  harder.  This  rela- 
tion, however,  does  not  necessarily  hold  true  in  comparing  different  tjrpea. 
Thus  an  asphalt  cement  of  given  penetration  produced  by  strai^t  distil- 
lation of  a  California  petroleum  will  usually  show  a  much  lower  specific 
gravity  than  will  one  of  the  same  penetration  produced  by  the  same  method 
from  a  Mexican  petroleum  or  by  fluxing  a  native  asphalt.  Highly  blown 
asphalt  cements  may  usually  be  identified  by  a  very  low  specific  gravity 
as  compared  with  residual  and  fluxed  native  asphalts  of  the  same  penetra- 
tion. Thus,  the  penetration  test,  while  practically  valueless  alone  as  a 
means  of  identification,  owing  to  the  fact  that  almost  any  type  of  material 
can  be  manufactured  at  any  desired  penetration,  may  be  a  valuable  aid 


Fig.  31.  PenetistioB  of  Straight 
DIatilled  and  Bknni  PetroIeuBH 
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Fig.  32.  Effect  of  Flax  cm  PnwtratloB  of  AjpWt 


identification  when  conaidered  in  connection  with  the  specific  gravity  of 
the  m&terial.  No  very  definite  general  limita  can  be  set  for  the  proper  pene- 
tration of  asphalt  oementa  for  a  given  type  of  construction,  as  the  limits  vary 

not  only  with  the  type  of  ma- 
terial Ixit  also  with  the  condi- 
tions which  it  will  have  to  meet 
in  service.  In  general,  how- 
ever, the  penetration  of  asphalt 
oementa  used  in  the  construc- 
tion of  sheet-asphalt  or  bitu- 
minous concrete  pavements  lies 
between  the  limits  of  40  and  90, 
while  those  of  higher  penetra- 
tion are  generally  used  in  latu- 
minous  macadam  constnietion- 
Besides  being  applied  to  the 
original  material,  the  penetra- 
tion test  is  ordinarily  made  up- 
on the  residue  obtained  from 
the  volatilization  test  of  as- 
phalt cements  (see  Art.  42)  in  order  to  determine  the  amount  of  hardening 
that  has  been  produced.  The  penetration  test  is  one  of  great  importance 
in  the  plant  inspection  of  asphalt  cements  prepared  at  the  paving  plant 
by  fluxing  refined  asphalts.  Especially  where  large  quantitiee  of  asphalt 
pement  are  maintained  for  a  long  time  at  elevated  temperatures,  constant 
inspection  ia  required,  so  that,  as  the  product  hardens,  mora  flux  may  be 
added  as  required.  In  this  connection  a  fluxing  table  or  fluxing  curve 
may  be  experimentally  secured  for  a  given  refined  asphalt  and  flux.  A 
typical  curve,  showing  the  penetration  at  25"  C  (77°  F)  of  asphalt  cements, 
produced  hy  varying  proportions  of  a  refined  asphalt  and  flux,  is  shown 
in  Fig.  32.  By  means  of  such  a  curve  it  is  a  comparatively  simple  matter 
to  detaimiue  at  onoe  how  much  flux  to  add  to  a  known  batch  of  material 
so  as  to  raise  the  t>enetoation  from  any  given  point  to  any  higher  point 
on  the  curve. 

S9.   The  Ductilify  Test 

Ductility  Machines  of  various  design  but  operating  on  the  same  general 
principle  have  been  used  to  a  considerable  extent  in  the  testing  of  asphalt 
cements.  The  test  was  originated  by  Dow,  whose  machine  ia  perhaps  the 
best  known.  Other  types  in  common  use  are  the  Kirschbraun  machine 
and  the  Chew  machine,  which  latter  is  shown  in  Fig.  33.  In  all  of  these 
machines  s  test  specimen  of  the  same  standaxd  aixe  and  shape  is  tested 
by  pulling  it  apart  at  a  given  rate  and  noting  the  distance  that  it  stretches 
before  lunaking.  In  some  cases  the  pulling  is  accomplished  by  means  of 
a  gear  operated  by  a  hand  wheel,  but  a  motor  drive,  such  as  shown  in  the 
cut,  is  to  be  preferred,  as  it  insures  greater  uniformity  in  the  rate  of  pull. 
The  Chew  machine  also  has  an  automatic  device  for  recording  the  rate  of 
pull.  The  Spec.  Com.  Mat.  Road  Cons.,  Am.  Soc.  C.  E.  (13)  recommended 
that  the  ductiUty  teat  be  conducted  on  bituminous  materials  as  follows: 
"  A  briquet  of  the  material  to  be  tested  shall  be  formed  i^r  pouring  the 
molten  material  into  a  briquet  mold.  The  dimenaon,of  the  briquet  shall 
be:  1  em  in  thickness  thruout  its  entire  length;  distance  between  the  dips 
or  end  pieces.  3  cm;  widt^  of  asphalt  cement  section  at  mouth  of  dips. 
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2  cm;  width  at  maximum  croas-aection,  half  way  between  clips,  1  cm. 
The  center  pieces  are  removable,  the  briquet  mold  being  held,  together 
during  molding  with  a  damp  or  wire.  The  molding  oi  tha  briquet  shall  be 
done  as  foUows;  the  two  center  sections  shall  be  well  MninlBnmwtm^  to  pce- 
vent  the  asphalt  cement  bom  adhering  to  them,  and  the  briquet  mold  shall 
.  thai  be  iriaced  on  a  fredily  amalgamated  braas  plate.  The  aqthalt  oement 
to  be  tested,  while  in  a  molten  state,  shall  be  pmired  into  the  mold,  a  sUi^t 
excess  being  added  to  allow  {or  shrinkage  on  cooling.  When  the  asphalt 
oement  in  the  mold  is  nearly  oool,  the  briquet  shall  be  out  off  level,  wiUi  a 
warm  knife  or  spatula.  When  it  is  thoroly  cooled  to  the  temperature  at 
which  it  is  desired  to  make  the  test,  the  damp  and  the  two  side  pieces  are 
removed,  leaving  the  briquet  of  asphalt  oement  hdd  at  each  end  by  the  ends 
of  the  mold,  which  now  pl^  the  part  of  cUpe.  The  briquet  shall  be  kept  in 
watar  f w  30  min  at  4"  C  F)  or  2&o  C  (77*>  P)  befnrn  teMing.  dependent 
upon  the  temperature  at  which  the  ductility  is  desired.  The  briquet  with 
the  dipB  attadied  shall  then  be  placed  io  a  dnctUity  test  maddne  filled 
with  water  at  ona  of  the  above  temperatures  to  a  suflScient  height  to  oover 


the  briquet  not  lees  than  50  mm.  This  machine  consists  of  a  rectangular 
water-tight  bos,  having  a  movable  block  working  on  a  worm-gear  from  left 
to  ri^t.  The  left  clip  is  held  rigid  by  pladng  its  ring  over  a  short  metal 
peg  provided  for  this  purpose;  the  right  clip  is  placed  over  a  similar  rigid 
peg  on  the  movable  Uook.  The  movable  block  is  provided  with  a  pointer 
which  moves  along  a  centimeter  scale.  Before  starting  the  test,  the  centi- 
meter scale  is  adjusted  to  the  pointer  at  sero.  Power  is  then  a4;^>lied  by 
the  wonD-gBar  pulling  from  left  to  right  at  the  uniform  rate  of  6  em  per  min. 
Tb>  distanee,  in  eentimeters,  r^stered  by  the  pointer  on  the  scale  at  the 
tfane  of  rupture  of  the  thread  of  a4>halt  cement  dudl  be  taken  as  the  duotili^ 
of  the  aQ>halt  oement." 

Value  of  the  DnctUitT  Twt  As  ordinarily  applied,  the  ductili^  test  is  of 
little  value  ezoept  as  a  means  of  identifioatioo  when  considered  in  connec- 
Uoa  with  certain  other  tests  and  for  control  in  the  manufacture  of  certain 
types  of  bituminous  materials.  For  a  given  penetration  at  25°  C  (77°  F), 
those  materials  which  are  most  susceptible  to  temperature  changes  are  the 
most  ductile  at  25°  C  (77°  F).  As  for  a  ^ven  type  of  material  ductiU^ 
.  deereaass  with  penetration,  it  foUows  that  most  materials  with  a  high  duc- 
tility at  25°  C  (77°  F)  show  a  very  low  duotiUty  at  4°  C  (39°  F).  Materials 
wUeh  are  but  slightly  suseeptible  to  temperature  ohanges,  such  M  blown 
sqihalta.  as  a  rule  have  a  low  duotiUty  at  26°  C  (77°  F)  but  as  their  pene- 
tration at  4°  C  (39"  F)  is  not  so  DMtly  changed  neither  is  thdr  duetiUty. 
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If  the  ductility  teet  is  considered  tis  a  meaaure  ot  the  stretch  of  the  bitu- 
minous material  when  incorporated  in  a  pavement,  which  stretch  may  he 
caused  by  contraction  of  the  pavement,  it  would  appear  that  high  ductility 
at  25"  C  {77"  F>  should,  in  many  cases,  bo  undesirable  because  it  repre- 
sents low  ductility  at  the  low  temperatures,  which  cause  material  con- 
traction. As  s  matter  of  fact,  it  is  more  than  doubtful  if  the  test,  as 
conducted,  in  any  way  repreaenta  the  behavior  of  the  comparatively  thin 
films  of  material  aa  they  exist  in  a  bitimunous  pavement.  The  theory 
has  also  been  advanced  that  ductility  ia  a  measure  of  adhesivenesB.  Cer- 
tainly those  materials  which  appear  to  be  most  sticky  at  normal  tempera- 
ture show  a  high  ductility  at  normal  temperature,  but  if  the  theory  holds 
true  their  adhesiveness  falls  off  more  markedly  with  decrease  in  tempera- 
ture than  does  the  initial  adhesiveness  of  materials  with  a  normally  low 
ductility.  Also,  if  Uub  thec»y  is  unqualifiedly  admitted,  it  would  seem 
reasonable  to  oonelude  that  the  adheeivenesB  of  an  asphiJt  cement  of,  say, 
60  penetration  is  less  than  that  of  the  same  type  of  asphalt  cement  of  ISO 
penetration.  The  binding  strength  of  the  former  is,  however,  known  to 
be  higher.  From  the  above  it  is  evident  that  correct  interpretation  of  the 
ductility  test,  except  aa  a  means  of  identification  and  control,  is  no  simple 
matter.  In  general,  for  a  given  type  of  bitumiaoua  material,  the  ductility 
decreases  aa  the  specific  gravity  increases. 

40.  Melting;  Point 
Cmditlons  Affecting  the  Helting  Point  Determination.  As  bituminous 
materials  are  not  definite  individual  chemical  compounds  but  mixtures  <A 
a  great  number  of  compounds,  and  as  thoee  which  are  ordinarily  termed 
solids  are  not  true  solids  but  merely  solid  solutions,  it  follows  that  they 
can  have  no  true  melting  point.  In  other  words,  pure  bitumen  which 
may  be  hard  and  brittle  at  normal  temperature,  if  heated,  will  gradually 
become  softer  and  atrfter  until  it  is  fluid  and  no  critical  temperature  can 

be  observed  for  its  change  from  solid 
to  liquid  form.  Any  method  of  de- 
termining the  melting  point  of  bitumi* 
nous  materials  is  th««fore  purdy 
arbitrary  and  fi^ves  purely  arbitrary 
results.  A  great  many  methods  have 
been  devised  for  determining  the 
melting  point  of  these  materials,  but 
those  perhaps  most  commonly  used  in 
connection  with  materials  of  interest 
in  highway  engineering  are  the  cube 
method  and  the  ring  and  bdl  method. 

Cube  Method.  There  are  two  varia- 
tions to  the  cube  method,  one  in  whieh 
the  cube  of  bituminous  material  is 
suspended  in  air  and  the  other  in  which 
it  is  suspended  in  water.  The  latter 
is  sometimes  iised  for  very  soft  materi- 
ala  which  have  a  gravity  greater  than, 
one  such  as  the  softw  refined  tars.  Wherever  possible,  however,  the  air  bath 
method  is  to  be  recommended.  This  metiiod  is  used  by  the  U.  S.  O.  P.  R. 
and  it  has  been  recommended  by  the  Sfiec.  Com.  Mat.  Road  Cons.,  Am. 
8oe.C.E.(13}forthedeterminationofthemdtingpointoftBrproduota.  The 
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melting  point  apparatus  ia  Bhown  in  Fig.  34.  The  material  to  be  examined 
is  first  melted  in  a  spoon  by  the  gentle  application  of  heat  until  sufficiently 
fluid  to  pour  readily.  When  heating,  care  should  be  taken  that  it  suffer  no 
appreciable  loss  by  volatilisation.  It  is  then  poured  into  a  0.5-in  brass  cubi- 
cal mold  /  which  has  been  amalgamated  with  mercury  and  which  is  placed  on 
an  amalgamated  brass  plate.  The  brass  mi^  be  amalgamated  by  waidting 
it  first  with  a  dilute  solution  of  mercuric  chloride  or  nitrate,  after  which  the 
mercury  is  rubbed  into  the  surface.  By  this  means  the  bitununous  material 
is,  to  a  considerable  extent,  prevented  from  sticking  to  the  sides  of  the  mold. 
The  hot  material  should  slightly  more  than  fill  the  mold,  and.  when  cooled, 
the  excess  may  be  cut  off  with  a  hot  spatula.  After  cooling  to  room  tem- 
poature,  the  cube  ia  removed  titjm  the  mold  and  fastened  upon  the  lower 
arm  ai  a  No.  12  wire  (Brown  ft  Sharpe  gauge),  «  bent  at  rig^t  angles  and 
suspended  beside  a  thermometer  in  a  covered  Jena  glass  beaker,  b,  of  400 
cu  om  capacity,  which  is  placed  in  a  water  bath,  or,  for  high  temperatures, 
8  cottonseed-oil  bath.  The  wire  should  be  passed  thru  the  center  of  two 
opposite  faces  of  the  cube,  which  is  suspended  with  its  base  1  in  above  the 
bottom  of  the  beaker.  The  water  or  oil  bath  consists  of  an  800-cu  cm  low- 
form  Jena  glass  beaker  a,  suitably  mounted  for  the  application  of  heat  from 
below.  The  beaker  in  which  the  cube  is  suspended  is  of  the  tall-form  Jona 
tjrpe  without  Up.  The  metal  com  has  two  openings  as  shoim  in  d.  A 
oork,  thru  wUcb  passes  the  upper  arm  of  the  wire,  is  inserted  in  one  hole 
and  the  thermometer  in  the  other.  The  bulb  of  the  thermometer  should  bo 
just  level  with  the  cube  and  at  an  equal  distance  from  the  side  of  the  beaker. 
In  order  that  a  reading  of  the  thermometer  may  be  made,  if  necessary,  at 
the  point  which  passes  thru  the  cover,  the  hole  is  made  triangular  in  shape 
and  covered  with  an  ordinary  object  glass  thru  which  the  stem  of  the  ther- 
mometer m^  be  seen.  Readings  made  thru  this  glass  should  be  calibrated 
to  the  angle  of  obenvation,  which  may  be  made  constant  by  always  sighting 
item  the  front  edgs  of  the  opening  to  any  given  point 
on  the  stem  of  the  thermometer  below  the  cover. 
After  the  test  specimen  has  been  placed  in  the  ap- 
paratus, the  liquid  in  the  outer  vessel  is  heated  in 
such  a  manner  that  the  thermometer  registers  an  in- 
crease of  6**  C  (9°  F)  per  min.  The  temperature 
at  which  the  bituminous  material  touches  a  piece  of 
paper  placed  in  the  bottom  of  the  beaker  is  taken  as 
the  melting  point.  Determinations  made  in  the  man- 
ner described  should  not  vary  more  than  2*  G  (3.6* 
F)  for  different  teets  of  the  same  material.  Atthebe- 
gfamingof  this  (est  the  tem];>eratuTe  oi  both  Utumen 
and  bath  should  be  approximately  2S*  C  {TT*  F). 

Sing  and  Ball  Metiiod,  Am.  Soc.  Test.  Mat.  In 
1916  Com.  EM  of  the  Am.  Soc.  Test.  Mat.  and  in 
1918  the  Spec.  Com.  Mat.  Road  Cons.,  Am.  Soc. 
C.  E.  (13)  recommended  the  following  method  for  de- 
tennining  the  softening  point  of  bituminous  materials 
other  than  tar  products,  for  adoption  as  standard: 

"  DBnirrnoN.    Ring  and  ball  method. 

"  Appahatub.  Brass  ring  M  >n  in  diameter,  H  tn  ileep,  %t  in  wall,  sus- 
pended 1  in  above  bottom  of  beaker.  Steel  ball  M  in  in  diameter,  weiring 
between  3.46  g  and  3.S0  g.  Standardised  thermometer.  Glass  beaker, 
approsioiftt«lr  600  eu  om  capacity.  See  Fig.  Sfi. 
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"OraBATioiT.  Cuafnlly  melt  sample  and  fill  ring  with  material  to  be 
tested.  Remove  any  ezceae.  Place  ball  in  center  of  ring  and  auapend  in 
beaker  containing  approximately  400  ou  cm  of  water  at  a  temperature  of 
6°  C  (41**  F).  Arrange  thermometer  bulb  within  }^  in  of  sample  and  at 
same  level.  Apply  heat  uniformly  over  bottom  of  beakw  in  quantiQr 
sufficient  to  raise  temperature  5°  C  (9"  F)  per  mtn.  Record  temperature 
at  starting  t«at  and  every  minute  thneafter  until  test  is  completed.  Rata 
of  heating  is  very  impiutant.  Softening  point  is  temperature  at  which  speci- 
men has  droKted  1  in.  Ruccessive  teats  should  average  within  3°  C  (5.4° 
F).  For  temperatures  above  95*  C  (208*  F),  ^yoerine  should  be  used 
instead  of  water." 

Value  of  the  Melting  Point  Determinatiott.  The  melting  point  of  a 
bituminous  material  is  directly  related  to  its  faardneea  and  brittleness  but  the 
relations  are  not  the  same  for  all  tjrpea  of  materials.  Like  most  of  the  other 
physical  tests  it  may  serve  as  a  method  of  control  and  identification.  For 
a  given  type  of  material  the  mdting  point  usually  rises  as  the  specific  gravity 
increases  and  as  the  penetration  decreases.  A  partly  Uown  petroleum  residu- 
um may,  however,  be  manipulated  so  as  to  obtain  a  number  of  combinations 
of  penetration  and  melting  point.  Thus,  if  a  fiuid  petroleum  redduum 
is  blown  to  a  given  penetration,  its  melting  point  will  be  much  higher 
than  tho  a  residuum  of  the  same  penetration  had  been  produced  by  dis- 
tillation alone.  Intermediate  melting  points  tor  that  penetration  may 
therefore  be  secured  by  varying  the  amount  of  distillation  prior  to  or 
with  the  Mowing  process.  High  melting-point  materials  are  as  a  rule 
less  susceptible  to  the  ordinary  temperature  changes  than  are  low  melting- 
point  produeta.  When  used  as  a  seal  eoat  or  as  a  filler  they  are  therefore 
IflSB  Ukriy  to  Meed  in  warm  weather. 

41.   Flash  and  Burning  Points 
Open-Cnp  Method.    For  ordinary  work  the  open-cup  method  of'deter- 
mining  the  flash  and  burning  points  of  bituminous  materials  is  sufficiently 
accurate.    For  this  purpose  a  Cleveland  or  Tagliabue  Oil  Tester,  as  shown 
in  Fig.  36,  is  used.    Such  a  tester  conHistfi  of  a  brass  water  or  oil  bath  a 
resting  upon  a  stand  b  and  heated  Iqr  means  of  a  Bun- 
sen  burner.   The  oil  to  be  tested  is  placed  in  the  braas 
cup  c  and  a  thermometer  adjusted  so  that  its  bulb  is 
completely  covered  with  the  material.    For  low-flashing 
products  the  outer  bath  is  flUed  with  water  or  cotton- 
seed oil,  but  for  high-flashing  products  the  space  is  left 
empty.   The  method  of  making  the  test  is  similar  to 
that  described  under  the  closed-cup  method. 

Cloaed-Cup  Method.   As  determinations  of  flaah 
points  are  subject  to  eloaer  check  in  a  closed  cup  than 
in  an  open  oup,  the  closed-cup  method  is  to  be  pre- 
ferred for  accurate  work  and  has  been  recommended 
by  the  Spec.  Com.  Mat.  Road  Cons.,  Am.  Soc.  C.  B. 
(13).    For  this  purpose  the  New  York  State  Board  of 
Fig.  86    OpsiwCap     Health  Oil  Tester,  as  shown  in  Fig.  37,  is  ordinarily 
OUTMter         used  in  the  examination  of  bituminous  materials  for 
use  in  highway  Migineering.   This  instrument  conaista 
of  a  aopper  al  cup  a  of  about  300  ou  cm  capacity,  which  is  heated  in  a  water 
or  cH  bath  6  1^  a  small  Bunaen  flame.   The  cup  is  provided  with  a  glaaa 
cover  e,  canying  a  thermometer  d  and  a  bole  e  for  inaetting  the  testing  ^une. 
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The  teeting  flame  is  obtained  from  a  jot  of  saa  passed  thin  a  pieoe  of  gtasi 

tubias.  and  should  be  about  5  mm  in  length. 

The  FLAoa  tbbt  ia  made  as  fcdlows:  The  oil-cup  should  iirst  be  removed 
and  the  bath  filled  with  water  or  cottonseed  oil.  The  oil  may  always  be 
used  and  oeceasary  for  bituminous  materials  flashing  at  a  temperature 
of  over  100°  C  (212°  F).  The  oil  cup  should  be  replaced  and  filled  with  the 
material  to  be  teeted  to  within  3  mm  of  the  flange  joining  the  cup  and  the 
vapor  chamber  above.  The  glass  cover  is  then  placed  on  tbe  oil  cup 
and  the  thermometer  ao  adjusted  that  its  bulb  ia  just  covered  by  the 
bituminoUB  material.  Tbe  Bunsen  flame  diouM  be  applied  in  such  a 
manner  that  the  temperature  of  the  material  in  the  cup  is  raised  at 
tbe  rate  of  about  5"  C  (9"  F)  per  min.  From  -time  to  time  tbe  teeting 
flame  is  inserted  in  the  opening  in  the  cover  to  about  half  way  between 
the  surface  of  the  material  and  the  cover.  The  appearance  of  a  faint  bluish 
flame  over  the  entire  surface  of  the  bituminous  material  shows  that  the 
flash  point  has  been  reached  and  tbe  temperature  at  this  point  is  taken. 

The  BDSNiNQ  POINT  of  the  material  may  now  be  obtained  by  rentoving 
the  i^asa  cover  and  reidaoing  the  tfaormometer  in  a  wire  frame.  The  tem- 
perature is  raised  at  the  same  rate  and  the  material  tested  as  before.  The 
temperature  at  which  the  material  ignites  and  burns  is  taken  as  the  bum^ 
ing  p<»nt.  At  the  conclusion  of  this  test  the  flame  should  not  be  blown 
out  for  danger  of  splashing  the  hot  material,  but  a  metal  cover  or  tat- 
tinguisher  should  be  placed  over  the  ignited  material. 

The  Flash  and  Burning  Point  Determinations  Are 
of  Valoe  as  a  quick  means  of  differentiating  heavy 
crude  and  fluid  residual  products.  All  crude  fluid  1m- 
tuminous  materials  have  much  lower  flash  points 
tiian  residuals,  the  flash  points  of  which  increoae  as 
tbe  temperature  of  distillation  at  which  they  are  pro- 
duced increases.  In  general,  for  a  given  type  of 
material,  the  lower  its  specific  gravity  the  lower  its 
flash  point.  Cut-back  products  produced  with  a  light 
volatile  flux  necessarily  show  a  lower  flash  point  than 
do  straight  reeiduals  of  the  same  viscosity,  float  test, 
or  penetration,  and  are  thus  quickly  indicated.  Tbe 
■  fladi  point  of  asphalt  cemanta  which  are  not  out- 
back products  aimoet  iavariaUy  exceeds  263*  C 
(326«  F)  and  is  usually  higher  than  200°  C  (302°  F). 
Under  certain  working  conditions  the  temperature  at 
which  a  material  flashes  may  be  considered  as  a 
danger  point  and  in  specifications  the  flash  point 
limit  is  often  placed  at  a  higher  temperature  than 
that  to  which  it  will  be  necessary  to  heat  the  mate- 
rial while  being  used.  Sometimes  the  flash  and 
burning  pmnts  of  a  material  are  quite  close  together, 
and  in  other  oases  they  are  quite  far  apart.  The 
relation  ot  flash  to  burning  point  is  largely  dependent 
upon  tbe  amount  present  in  the  material  of  Uiat  vola- 
tile constituent  which  first  flashes.  The  fllash  and 
burning  points  of  a  mixture  of  hydrocarbons  are  seldom  those  of  tbe  most 
volatile  constituents  as  the  preMnce  of  the  heavier  bodies  tends  to  retard 
volatilisation  of  the  lighter.  The  flash  and  burning  points  of  two  or  more 
eonatituenta  of  a  mixture  are  not  additive  so  that  those  of  the  mixture  can- 
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not  be  predetermined.  The  mixture  should,  however,  ahow  flash  and  burn- 
ing points  lying  between  those  of  the  constituents.  In  reports  of  results 
and  in  specificationSt  the  type  of  cup  should  be  indicated,  as  the  open  cup 
usually  gives  oonuderaUy  higher  results  than  the  closed  cup  in  which  the 
evolved  vapors  are  more  or  less  confined. 

42.  VoUtiliutioii  Tests 

Th«  Raw  Torfc  Testing  Laboratory  Oven  is  most  commonly  used  in 
making  volatilisation  or  evaporation  tests  on  bituminous  materials.  The 
■lie  and  shape  of  oven,  its  method  of  heating,  and  ventilation  are  important 
factors  in  connection  with  the  volatilisation  test,  and  no  entirely  satisfac- 
tory type  has  as  yet  been  designed.  Uniform  temperature  is  also  extremely 
important  and  some  type  of  thermo-regulator  is  required  to  control  the  tem- 
perature. The  New  York  Testing  Laboratory  Oven  equipped  with  thermo- 
regulator  is  shown  in  Fig.  38.  This  oven  is  cylindrical  in  shape  and  ccmsists 
of  an  inoOT  compartment  fitted  with  a  circular  perforated  metal  shelf  for 
holding  the  samples  under  teat.  This  shelf  should  be  covered  with  a  heavy 
perforated  sheet  of  oabestoe  to  minimise  the  direct  conduction  of  heat  from 
the  metal  to  the  sample  holders.  A  cylindrical  outer  compartment  equipped 
with  a  hinged  cover  at  the  top  is  fitted  over  the  inner  compartment  leaving 
an  air  space  between  the  two.  The  oven  is  heated  from  below  by  means 
of  a  ring  burner  with  perforations  Bysteraatieally  placed  so  as  to  equalize 

the  flames  as  nearly  as  possible.  The 
„  top  or  cover  of  the  oven  contains  a 

number  of  openings  to  allow  of  air 
circulation  and  the  insertion  of  ther- 
mometers  and  gas  regulator.  The 
oven  is  usually  equipped  with  a  fan  or 
air  stirrer  below  the  shelf  which  may  be 
operated  from  a  pulley  connected  to  a 
shaft  which  extends  upward  thru  the' 
center  opening  in  the  top.  Use  of  the 
fan  during  the  test,  however,  has  been 
generally  discontinued.  A  gas  regu- 
lator is  inserted  thru  one  of  the  open- 
ings in  the  top  of  the  oven,  and 
two  thermometers  are  inserted  thru 
others  so  that  their  bulbs  are  at  the 
same  level  as  the  samples  under  test.  The  bulb  of  one  of  these  thermometers 
is  in  the  air  and  that  of  the  other  is  placed  in  a  bath  of  heavy  non-volatile 
oil.  The  latter  serves  to  show  the  temperature  of  the  samples  during  test, 
while  the  former  gives  prompt  warning  of  any  sudden  changes  in  temper- 
ature due  to  draught,  irregularities  in  gas  pressure,  etc  The  gas  regulator 
should  be  adjusted  so  that  the  thermometer  in  the  oil  Is  maintained  at 
the  correct  temperature  of  the  teat. 

Am.  Soc.  Test  Mat.  Method.  In  1916  the  Am.  Soc.  Test.  Mat.  adopted, 
and  in  1918  the  Spec.  Com.  Mat.  Road  Cons.  Am.  Soc.  C.  E.  (13)  recom- 
mended the  following  test  for  loss  on  heatiuR  of  oils  and  asphaltic  compounds 
for  adoption  as  standard:  "  The  amount  lost  by  oils  and  asphaltic  com- 
pounds when  they  are  heated  in  an  oven  at  a  temperature  of  163^  C  (325°F) 
plus  or  minus  1^  C  (2^  F)  shall  be  determined  by  heating  50  g  of  the  water- 
free  substance  contained  in  a  flat-bottomed  di^,  the  inside  dimeosiona  of 
which  are  approximately  66  mm  (2^s  in)  in  diameter  by  86  mm  (1)^  in} 
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<leep  <3-os  Gill  style  oiotment  box,  deep  style)  for  6  hr.  The  oven  in  which 
the  substance  is  heated  shall  be  brought  to  the  prescribed  temperature  before 
the  sample  is  introduced,  and  the  temperature  of  the  sample  under  test 
shall  be  regarded  as  that  of  a  similar  quantity  of  the  same  material  imme- 
diately adjoining  it  in  the  oven,  in  which  the  bulb  of  a  standardised  tber- 
mometer  ia  immersed.   The  oven  may  be  either  of  dreular  or  rectangular 


•paowlaqaail^ 
Fig.  89.    Rendvlns  Shelf  (or  ToUtiUntlon  Tert 

form  and  the  source  of  heat  either  gas  or  electricity.  The  samples  under 
test  shall  rest  in  the  same  relative  position  in  a  single  row  upon  a  perforated 
circular  shelf  248  mm  (9^  in)  in  diameter.  Fig.  39,  suspended  by  a  vortical 
shaft  midway  in  the  oven  which  is  revolved  by  mechanical  means  at  the 
rate  of  froia  6  to  6  rev  per  min.  Notes:  If  additional  periods  of  heating 
are  desited,  it  is  recommended  that  they  be  made  in  sucoeeave  increments 
of  5  hr  each.  If  the  residue  after  heating  is  to  be  tested  for  penetration, 
the  sample  should  be  thoroly  mixed  by  stirring  until  it  is  cool,  and  there- 
after manipulated  in  accordance  with  the  directions  of  the  standard  test 
for  penetration  of  bituminous  materials." 

Conditions  Affecting  the  Volatilizatiivi  Test.  Besides  the  oven  itself  and 
the  temperature  employed,  there  are  a  number  of  other  conditions  that 
affect  the  volatilisation  test.  The  most  important  of  these  is  the  relation 
of  exposed  surface  area  to  tiw  volume  of  sample  tested.  This  moans  that 
for  a  given  diameter  of  container  variable  percentages  of  loss,  by  volatili- 
sation will  occur  for  different  volumes  or  weights  of  a  given  sample  which 
is  tested.  This  particularly  true  for  materials  that  show  a  high  loss  under 
the  test,  and  as  the  consistency  of  the  residue  is  largely  dependent  upon 
the  percentage  of  loss  by  volatilization,  it  follows  that  for  a  given  tempera- 
ture and  time  of  test  the  penetration  of  the  residue  will  vary  with  the  rela- 
tion of  the  diameter  of  the  container  and  the  weight  of  sample  tested. 
It  will  be  noted  that  in  the  two  methods  above  described  the  diameter 
^tedfied  for  the  container  is  approximately  the  same,  but  that  one  method 
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specifies  a  20  g  Bample  while  the  other  specifies  a  50  g  sample.  In  report- 
ing results,  therefore,  it  is  customary  to  indicate  the  weight  of  siunple 
tested  as  well  as  the  temperature  and  time  of  test.  The  20  g  sample  has 
been  moat  commonly  used  for  the  harder  grades  of  asphalt  oements,  but  as 
this  amount  does  not  afford  sufficient  depth  for  a  determination  of  the 
penetration  trf  the  residua  obtained  from  the  softer  asphidt  oementa,  a 
strong  preferenoe  is  bdng  shown,  for  the  50  g  sample.  Stirring  the  sami^ 
after  the  3  and  4  hr  period,  m  described  in  the  preoeding  itaragrvh,  is  not 
oommoD  praotioe.  It  inTolves  the  weighing  of  a  stirring  rod  fco*  each  sample. 
The  ordinary  procedure  is  to  allow  the  test  to  run  for  five  continuous  bours. 

Vain*  of  Ul*  Volatilization  Test  The  volatUiiation  test  at  163"  C  (325«  F) 
ts  commonly  made  upon  petroleum  and  asphalt  products  but  seldom  upon  tar 
products.  The  temperature  was  originaUy  selected  as  being  that  at  which 
a  refined  asphalt  is  usually  fluxed  to  produce  an  asphalt  cement.  With 
few  ezoeptions,  it  may  also  be  considered  as  the  maximum  allowable  tem- 
perature to  heat  latuminous  materials  for  direct  use.  Materials  which  are 
Ukdy  to  be  heated  to  this  temperabire  should  prefK»Uy  show  an  open 
flash  test  which  is  higher.  Asphalt  onnents  of  the  oonsistenGy  which  is  de- 
sired to  be  maintained  after  use  shoidd  show  a  low  loss  under  the  volstili- 
Eation  test  and  the  residue  should  not  show  an  undue  decrease  in  penetra- 
tion or  hardening  as  compared  with  the  origiDal  sample.  Carefully  pre- 
pared asphalt  cements  of  leas  than  100  penetration  at  25°  C  (77°  F)  do 
not  as  a  rule  show  a  loss  of  over  1  or  2%,  and  the  same  is  true  of  most 
fluxed  native  asphalts,  altho  those  produced  from  Bermudes  asphalt  may 
run  slightly  higher.  For  such  products  it  is  customary  to  Q>ecify  that  the 
penetration  of  the  residue  at  26"  C  (77"  F)  shall  be  not  less  than  60%  of 
that  of  the  original  material  at  25*  C  (77*  F).  Heavy  residual  Sum  as  a 
rule  show  a  loss  of  less  than  5%  under  this  test.  On  the  other  hand,  cut- 
back asphalts  are  supposed  to  show  a  relatively  high  loss  and  to  harden 
materially  when  subjected  to  the  volatilisation  test.  Irrespective  of  the 
oonsistenoy  of  the  original  material,  the  residues  from  cut-back  asphalts 
should  show  a  penetration  which  is  not  materially  higher  than  that  which 
it  is  desired  to  maintain  under  service  conditions.  When  testing  fluxed 
products  such  as  carpeting  mediums  the  residue  from  the  volatilisation 
test  may  be  subjeoted  to  the  float  test  if  too  soft  for  its  penetmtaon  to  be 
determined.  Ilis  is  particulariy  valuable  where  the  float  test  can  be  made 
upon  both  the  original  material  and  its  residue.  In  some  cases  the  volatili- 
sation test  is  made  at  other  temperatures  than  163°  C  (325°  F).  Thus  the 
tendency  of  a  material  to  harden  very  rapidly  after  use  is  shown  by  a  test 
at  100°,  106°  or  110°  C  (212°,  221°  or  230°  F).  If  the  test  is  to  be  made 
upon  a  tar  product  a  relatively  low  temperature  should  be  used,  as  163°  C 
(325°  F)  is  unnecessarily  severe  for  tars,  owing  to  the  fact  that  it  is  never 
necessary  to  heat  them  to  this  temperature  during  use  and  if  they  are  so 
heated  th^^  are  apt  to  be  seriously  injured.  In  genoal,  for  a  i^ven  tiype 
of  residual  produot,  t^e  loss  1^  volatillsaUon  decreasss  with  increase  in 
specific  gravity,  flash  point,  and  specific  viscosity  or  float  test,  and  decreases 
in  penetration  if  it  is  a  semisolid  or  solid. 

Evaporation  Test  for  Determining  Percent  of  Asphalt.  An  evaporation 
or  volatilization  teat  has  been  used  to  some  extent  in  determining  the  so- 
called  asphalt  content  of  fluid  petroleum  products.  In  such  a  test  a  weighed 
quantity  of  the  material  is  heated  in  an  open  dish.  At  intervals  the  sample 
is  allowed  to  cool  and  its  penetration  taken  at  25°  C  (77°  F).  When  the 
residue  shows  a  penetration  of  approximately  100  it  is  weighed.    The  weight 
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percentage  of  Bucb  rendue  is  then  reported  h  tbe  asphalt  oonteot  of  the 
material.  In  aome  cases  a  maximum  temperature  of  260°  C  (600**  F)  to 
apecified.  At  considerably  lower  temperatunw,  however,  chemical  changes 
are  often  produced  in  the  material  teeted  and  tbe  residue  doee  not  then 
repreeent  asphalt  which  was  present  in  the  original  material  but  asphalt 
which  is  actually  manufactured  by  the  test  itself.  Bucb  asphalt  would  in 
most  cases  never  be  developed  under  ordinary  ooaditions  of  use  and  the 
term  asphalt  content  as  applied  to  the  results  of  this  teet  is  therefore  mislead- 
ing. In  1914  tbe  Committee  on  "  Standard  Teats  for  Soad  Materials  "  of 
the  Am.  Soc.  Test.  Mat.  recommended  that  tbe  uw*  ol  the  term  asphalt  con- 
tent be  discontinued.  The  test  itself  Is  inaccurate  and  greatly  affected  by 
conditions  which  are  seldom  taken  into  account.  Thus  the  perceatage  of 
residue  will  vary  with  the  temperature  employed,  and  the  frequency  of 
stirring  the  heated  sample  if  it  is  stirred,  as  oxidation  is  largely  responsible 
for  the  hardening.  A  higher  percentage  of  residue  of  a  given  penetration 
may  usually  be  obtained  by  frequent  stirring  than  by  undisturbed  volatili- 
zation, owing  to  more  intimate  contact  <rf  the  oxygen  of  the  air  with  the 
mass  of  material. 

48.   Distillation  Tests 

Am.  Soc.  Test.  Mat  Method.  In  1916  tbe  following  method  for 
the  distillation  of  bituminous  materials  suitable  for  road  treatment  was 
adopted  as  standard  by  tlie  Am.  Soc.  Test.  Mat.,  and  in  1918  the  Spec. 

Com.  Mat.  Road.  Cons.,  Am.  Soc.  C.  E.  (13)  recommended 

(its  use.  Fractional  distillation  tests  of  complicated  hydro- 
carbon mixtures  should  be  carefully  standardised  in  all  details 
if  check  results  are  to  bo  obtained  by  different  opOTators.  The 
method  recommended  was  selected  after  an  exhaustive  investi- 
gation of  a  number  of  methods  which  were  in  common  use. 

"Sauflinq.  The  sample  as  received  shall  be  thoroty  stirred 
and  agitated,  wanning,  if  neoessaiy,  to  insure  a  complete  mix- 
ture before  iba  portion  for  analysis  to  removed. 

"  DitBTDutiioM.   If  the  presence  of  water  is  suspected  or 
known,  the  material  shSll  be  dehydrated  before  distillation. 
About  500  cu  cm  of  the  material  ia  placed  in  an  800  cu  cm 
copper  si  ill  provided  with  a  distilling  head  connected  with  a 
water-cunlod   ofindonger,    A  ring  burner  is  used,  starting 
with  a  sniiitl  flame  at  the  top  of  the  still,  and  grad- 
ually lowering  it,  if  noceBsary,  until  all        water  has 
been  driven  off.   The  distillate  is  collected  in  a  200 
cu  cm  separatoiy  funnd  with  the 
tube  cut  off  close  to  the  stopcock. 
When  all  the  water  has  been  driven 
over  and  the  distillate  has  settled 
out,  the  water  is  drawn  off  and  the 
oils  returned  to  the  residue  in  tbe 
stiU.   The  contents  of  tbe  still 
shall  have  cooled  to  below  100°  C 
(212°  F)  before  tbe  oils  are  re- 
turned, and  they  shall  be  wdl 
stirred  and  mixed  with  the  remdue. 

"Apparatus.  The  apparatus 
shall  consist  of  the  following  stand- 
ard parts: 
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"  flask.  The  distillation  fladt  shall  be  a  260  oo  am  distiUins 


flask,  having  the  following  dimensions: 

Diameter  of  bulb   S.0  cm 

Length  of  aeck   15.0  em 

Diameter  of  neck   1.7  cm 

Surface  of  material  to  loiror  sde  of  tubulataire. . . .  11.0  cm 

Length  of  tubulature   15.0  om 

Diameter  of  tubulature   0.9  om 

An^e  of  tubolature   75° 


A  variation  of  3%  from  the  above  measurements  will  be  allowed. 
"  Thermometer.   The  thermometer  nhall  conform  to  the  following 

requtraments: 

"  It  shall  be  made  of  thennometric  glass  of  a  quality  equivalent  to  suitable 
grades  of  Jena  or  Coming  make.  It  shall  be  thoroly  annealed.  It  shall 
bo  filled  above  the  mercury  with  inert  gas  which  will  not  act  chemically  on 
or  contaminate  the  mercury.  The  pressure  of  the  gas  shall  be  sufficient  to 
]»event  separation  of  the  mercury  column  at  all  temperatures  of  the  scale. 
There  shall  be  a  reservoir  above  the  final  graduation  large  enough  so  t^t 
the  pressure  will  not  become  excessive  at  the  highest  temperature.  The 
thermometer  shall  be  finished  at  the  top  with  a  small  glass  ring  or  button 
suitable  for  attaching  a  tog.  Each  thermometer  shall  have  for  identification 
the  maker's  name,  a  serial  number,  and  the  letters  '  A.  S.  T.  M.  Distillation.* 

"  The  thermometer  shall  be  graduated  from  0°  to  400°  C  at  intervals  of 
1°  C.  Every  fifth  graduation  shall  be  longer  than  the  intermediate  ones, 
and  every  tenth  graduation  beginning  at  sero  shall  be  numbered.  The 
graduation  marks  and  numben  shall  be  dear^ut  and  distinct. 

"  The  thermometer  shall  conform  to  the  following  dimensions: 
Total  length,  maximum. . .  .  385  mm; 

Diameter  of  stem   7  mm;  permissible  variatioo,  0.5  mm; 

Diameter  of  bulb,  minimum    5  mm ;  and  shall  not  exceed  diameter  of  stem; 

Length  of  bulb  13.6  mm;  permissible  variation,  2.6  mm; 

Distance  of  0"  to  bottom 

of  bulb   30  mm ;  permissible  variation,    5  mm ; 

Distance  from  0°  to  400°  . .  295  mm;  permissible  variation,  10  mm. 

"  The  accuracy  of  the  tbermometw  when  delivered  to  the  purchaser  shall  . 
be  such  that  when  tested  at  full  immersion  the  maximum  error  from  0^  to 
200°  C  shall  not  exceed  the  following: 

From     0''to  200°G   0.6°  C; 

Prom  200°  to  300°  C   1.0°  C; 

From  300°  to  375°  G   1.5°  C. 

"  The  aensitivcnoas  of  the  thermometer  diall  be  such  that  when  cooled 
to  a  temperature  of  74°  C  below  the  boiling  point  of  water  at  the  barometric 
pressure,  at  the  time  of  test,  and  plunged  into  free  flow  of  steam,  the  meniscus 
shall  pass  the  point  10°  G  below  the  boiUng  point  of  water  in  not  more 
than  6  sec. 

"  The  thermometer  shall  be  set  up  as  for  the  distillatioo  test,  using  water, 
naphthalene,  and  benzophcnone  as  distilling  liquids.  The  correctness  of 
the  thermometer  shall  be  checked  at  0°  and  100°  C  after  each  third  distilla- 
tion until  seasoned." 

"  Condenser.    The  condenser  tube  shall  have  the  following  dimensions: 


Adaptor   70  mm 

Length  of  straight  tube   185  mm 

Width  of  tube  12 to  15 mm 

Width  of  adaptor      9f  tube  20  to  25  mm 
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"Stands.  Two  iroa  stands  shall  be  provided,  one  with  a  universal  clamp 
for  hokling  the  condenser,  and  one  with  a  light  grip  arm  with  a  cork-lined 
clamp  for  holding  the  flask. 

"  Burner  and  Shield.  A  Bunsen  burner  ^tall  be  provided,  with  a  tin  shield 
20  em  kmg  1^  9  em  in  diameter.  The  shield  shitll  have  a  small  hole  for 
obsenriiiK  the  flame. 

"Cylinden.  The  cylinders  used  in  collecting  the'  distillate  shall  have  a 
capaoi^  of  25  cu  cm  and  shall  be  graduated  in  tenths  of  a  culno  centimeter. 

"  SBTnNO  UP  THS  Appabatus.  The  apparatus  ahall  be  set  up  as  shown 
in  Fig.  40,  the  thermometer  being  placed  so  that  the  top  of  the  bulb  is 
opposite  the  middle  of  the  tubulature.    All  connections  should  be  tight. 

"  Method.  One  hundred  cubic  centimeters  of  the  dehydrated  mate- 
rial to  be  tested  shall  be  placed  in  a  tared  flask  and  weighed.  After  ad- 
justing the  thermometer,  shield,  ooademer,  etc,  the  distillation  is  corn- 
men  oed,  the  rate  being  so  regulated  that  1  ou  cm  passes  over  every  min- 
ute. The  receiver  is  changed  as  the  mercury  column  just  passes  the  frac- 
tionating point.  The  following  fractions  should  be  reported:  Start  of 
distillation  to  110**  C;  UO"  to  170°  C;  170°  to  235°  C;  235°  to  270"  C;  270° 
to  300°  C;  residue.  To  determine  the  amount  of  residue,  the  Bask  is 
weighed  again  when  distillation  is  complete.  During  the  distillation  the 
condenser  tube  shall  be  warmed  when  necessary  to  prevent  the  deposition 
of  any  sublimate.  The  percentages  of  fractions  should  be  reported  both 
by  vright  and  1^  volume." 

Stuiderd  CreoMten*  IMstillatton  Test  Whfle  the  preceding  method  is 
suitaMe  for  use  in  connection  with  the  distiUatlon  of  all  ^rpes  of  hituminous 
materials,  the  following  method  as  given  in  Bulletin  66  of  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association  has  been  widely 
used  in  the  examination  of  creosoting  oils.  The  apparatus  as  shown  in 
Fig.  41  consists  of  a  glass-stoppered  retort  having  a  capacity  of  approxi- 
matdy  8  oi  up  to  the  bend  of  the  neck  when  the  bottom  of  the  retort  and 
the  mouth  of  the  off-take  are  in  the  same  plane.  A  nitrogen-filled  mercury 
thermometer  graduated  in  full  degrees 
Centigrade  is  used  for  recording  the 
temperatures.  The  following  is  fur^ 
ther  specified :  "  The  bulb  of  the  retort 
and  at  least  2  in  of  the  neck  must  be 
and  remain  covered  with  a  shield  of 
heavy  asbestos  paper,  shaped  as  shown 
in  diagram,  diuing  the  entire  process  of 
distillation,  so  aa  to  prevent  heat  radia- 
tion, and  between  the  bottom  of  the  re- 
tort and  the  flame  of  the  bmp  or  burner 
two  sheets  of  wire  gauss,  each  20-me8h 
fine  and  at  least  6  in  square,  must  be 
placed.  It  is  also  recommended  that  the 
flame  be  protected  against  air  currents. 
An  ordinary  tin  can,  from  which  a  por- 
tion of  the  bottom  and  all  of  the  top  have 
been  removed,  placed  on  a  support  at- 
tached to  the  burner,  as  shown  in  dia- 
gram, has  been  found  to  answer  the  pur- 

poee.  Btrfore  bepniung  the  distillation  the  retort  should  be  carefully  weii^isd 
and  exactly  100  g  of  the     {dftoed  therein,  the  same  being  weighed  in  the  retort. 
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Th»  theimometer  should  be  inserted  in  the  retort  with  the  lover  and  of 
the  bulb  H  in  from  the  surface  of  the  oil,  and  the  condetudog  tube  attached 
to  the  retort  by  a  ti^t  cork  joinL  The  distanoe  between  the  bulb  of  the 
thermometer  and  the  end  of  the  condensins  tube  should  not  be  has  than 

20  nor  mtne  than  24  in,  and  during  the  progreaa  of  tlie  distillauon  the 
thermometer  muat  remain  in  its  original  position.  The  distillateB  should 
be  collected  in  weighed  bottles  and  all  fractions  detemiined  by  weight. 
Reports  are  to  be  made  on  the  following  fractions:  0°to  170"  C;  170°  to 
200°  C;  200°  to  210"  C;  210°  to  236"*  C;  235°  to  270°  C;  270°  to  315°  C; 
315°  to  355°  C.  For  practical  purposes  there  will  be  no  need  of  reporting 
on  all  of  these  fractions.  It  will  be  sufficient  to  report  on  the  fractions  aa 
ftdlows:  below  200°  C;  200<*  to  210"  G;  210°  to  236°  C;  236°  to  31fi*>  C; 
above  315*  C.  Reports  are  to  be  made  on  individual  fractions.  In  mak- 
ing such  reports,  it  is  to  be  distinctly  imderatood  that  those  fractions  do 
not  necemarily  refer  to  individual  compounds.  In  other  words,  the  (rao> 
tions  between  210°  and  235°  C  will  not  necessarily  bo  all  naphthalene,  but 
will  probably  contain  a  number  of  other  compounds.  The  distillation 
Aould  be  a  oontinuous  one  and  should  take  about  45  min.  When  any 
measurable  quantity  of  water  is  present  in  the  oil,  the  distillation  should 
be  stopped,  the  oil  separated  from  the  water,  and  returned  to  the  retort, 
when  the  distillation  should  be  reoommenoed  and  the  previous  reading 
discarded." 

Value  of  Distillation  Teit.  The  distillation  test  as  applied  to  tara  ia 
valuable  both  as  a  means  trf  ascertaining  their  method  of  preparation  and 
suitability  for  a  given  purpose.  In  this  oonaection  it  takes  the  place  of 
the  volatilization  test,  which  is  usually  restricted  to  the  examination  of 
petroleum  and  asphalt  products.  All  crude  tars  contain  water  and  the 
appearance  of  water  in  the  distillate  therefore  indicatee  a  crude  material, 
espedally  if  accompanied  by  an  appreciable  quantity  of  light  <h1.  Heavy 
refined  tara  which  have  beooms  contaminated  with  water  show  a  auddeu 
rise  in  distillation  temperature  after  the  watw  has  been  removed.  The 
prraence  of  high  percentages  of  naphthalene  is  indicated  by  the  proporticm 
of  the  various  distillates  which  solidify  upon  cooling.  In  this  connection 
it  is  always  well  to  note  the  character  of  each  fraction  obtained.  The  extent 
of  distillation  in  the  manufacture  of  the  ori^al  material  is  indicated  by  the 
temperature  at  which  distillation  commences  in  the  test  and  the  relative 
quantities  of  the  fractions  obtained.  Cut-back  products  usually  show  an 
abnormal  amount  of  some  given  fraction  as  compared  to  the  amount  that 
would  be  obtained  from  a  straight  distilled  zeaidue  of  the  same  conaisteaQy. 
After  the  distillation  test  is  completed  it  is  often  of  interest  to  determine 
the  melting  point  of  the  tiitch  residue  which,  if  obtained  by  distillation  to 
300°  C,  should  seldom  e  ceed  75°  C.  Tar  distillatee  are  soluble  in  dimethyl 
sulphate  while  petroleum  and  asphalt  distillates  are  not.  Mixtures  of  tar 
with  petroleum  or  asphalt  products  are  therefore  detected  by  the  presence 
of  an  appreciable  quantity  of  distillate,  which  when  shaken  up  with  an 
excess  of  dimethyl  sulphate  shows  a  separation  of  insoluble  material.  A 
fraction  distilling  above  300°  C  is  usually  selected  for  the  dimethyl  sulphate 
test  (34a)  when  tin  jmaenoe  <tf  a  petroleum  or  asphalt  product  is  suspected. 
Different  tars  vary  so  In  character  that  it  is  difficult  to  define  the  exact 
relation  of  the  distillation  test  to  other  tests.  In  general,  however,  for  a 
idven  type  of  residual  tar  the  percentage  of  total  di^xUate  deetessDs  as  the 
apeoifio  gravity  and  viscosity  or  float  t«at  increasea. 
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44.  Total  Bitumen 

Carbon  DinlpUds.  According  to  standard  definition,  all  bitumen  is  eol- 
uble  in  carbon  disulphide.  The  percent  ot  total  bitumen  in  a  bitumiaous 
material  is  therefore  determined  by  ita  solubility  in  carbon  disulphide.  'this 
solvent  is  an  etherial  mobile  liquid  which  is  extremely  inflaounable  and 
should  be  handled  with  great  care.  It  is  very  volatile  and  when  mixed 
with  air  it«  vapors  spontaneously  ignite  at  a  temperature  slightly  higher 
than  that  ot  Uve  steam.  When  used  for  testing  bituminous  materials  extra- 
ordinary preoautioiiB  should  therefore  be  talua  to  inerent  posriUe  fite  or 
exploflion. 

The  OrdinaiT  FUtratioa  Method  substantiallr  as  described  fay  Hubbard 
and  Reeve  (25b)  and  recommended  the  Spec.  Com.  Mat.  RiMd  Cona., 
Am.  Soc.  C.  E.  (13).  is  as  follows: 

This  test  consists  in  dissolving  the  bituminous  material  in  carbon  disul- 
phyle  and  recovering  any  insoluble  matter  by  filtering  the  solution  thru  an 
asbestos  felt.  The  form  of  Gooch  crucible  best  adapted  for  the  determin- 
ation is  4.4  em  wide  at  the  top,  tapering  to  3.6  cm  at  the  bottom,  and  is 
2.5  om  de^.  For  preparinB  the  felt  the  necessaiy  apparatus  la  arranged 
as  shown  in  Fig.  42,  in  which  a  is  the  filtering  flask,  b  a  rubber  stopper, 
e  the  filter  tube,  and  d  a  section  of  rubber  tubing  which  ti^tly  daapa  the 
Gooch  crucible  «.  The  asbestos  is  cut  with  scissors  into  pieces  not  exceeding 
]  cm  in  length,  after  which  it  is  shaken  up  with  just  sufficient  water  to  pour 
easily.  The  crucible  is  filled  with  the  suspended  asbestos,  which  is  allowed 
to  settle  for  a  few  moments.  A  light  suction  is  then  applied  to  draw  off  all 
the  water  and  leave  a  firm  mat  of  asbestos  in  the  crucible.  More  of  the 
suspeoded  material  is  added,  and  the  operation  is  repeated  until  the  felt 
is  so  dense  that  it  scarcely  transmita  light  when  held  so  that  the  bottom  of 
the  crucible  Is  between  the  eye  and  the  source  of  li^t.  The  fdt  should  then 
be  washed  several  times  with  water,  and  drawn  firmly  agunst  the  bottom  of 
the  erucible  by  an  increased  suction.  The  crucible  is 
removed  to  a  drying  oven  for  a  few  minutes,  after 
which  it  is  ignited  at  red  heat  over  a  Bunsen  burner, 
cooled  in  a  desaicator  and  weighed.  From  2  to  3  g  of 
bituminous  material  or  about  10  g  of  an  asphalt  top- 
ping or  rock  asphalt  is  now  placed  ia  the  Erlenm^er 
flask,  which  has  been  previously  weighed,  and  the 
accurate  wright  of  the  sample  is  obtained.  One  hun- 
dred cubic  centimeters  of  c.  p.  earbon  disulphide  is 
poured  into  the  flask  in  smaU  portions,  with  continual 
agitation,  until  all  lumps  disappear  and  nothing  ad- 
heres to  the  bottom.  The  flask  is  then  corked  and  set  42-  Rltraaon 
aside  for  16  min.  Alter  being  weighed,  the  Gooch  cm-  Apparatus 
cible  containing  the  felt  is  set  up  over  the  dry  pressure 
flask,  as  shown  in  Fig.  42,  and  the  solution  of  bitumen  in  carbon  disulphide  is 
decanted  thru  the  felt  wi^out  suction  by  gradually  tilting  the  flask,  with  care 
not  to  stir  up  any  precipitate  that  may  ha^■e  settled  out.  At  the  first  algu 
of  any  sediment  coming  out,  the  decantatlon  is  stopped  and  the  filter  allowed 
to  drain.  A  small  amount  of  carbon  disulphide  is  then  wa^ed  down  the 
sides  of  the  flask,  after  which  the  precipitate  is  hrou^t  upon  the  felt  and 
the  flask  scrubbed,  if  necessary,  with  a  feather  or  "  policeman,"  to  remove 
all  adhering  material.  The  contents  of  the  crucible  are  washed  with  carbon 
disulphide  until  the  washings  nm  colorless.  Suction  is  then  applied  until 
there  ia  practically  no  odor  of  carbon  disulphide  in  the  crucible,  after  which 
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the  outside  of  the  crucible  is  cleaned  with  s  small  amount  of  the  soirent. 
The  crucible  and  content«  ure  dried  in  a  hot-air  oven  at  100°  C  (212°  F) 
for  about  20  min,  cooled  in  a  desiccator,  and  weighed.  If  any  appreciable 
amount  of  insoluble  matter  adheres  to  the  flask,  it  should  also  be  dried  and 
weighed,  and  any  increase  over  the  original  weight  of  the  flask  should  be 
added  to  the  weight  of  insoluble  matter  in  the  crucible.  The  total  weight  of 
insoluble  material  may  includa  both  organic  and  minaral  mattw.  The 
former,  if  present,  is  burned  off  ignition  at  a  red  heat  until  no  incan- 
descent particles  remain,  thus  leaving  the  mineral  matter  or  ash,  which  can 
be  weighed  on  cooling.  The  difference  between  the  total  weight  of  material 
insoluble  in  carbon  disulphide  and  the  weight  of  subetance  taken  equals  the 
total  bitumen,  and  the  percentage  weights  are  calculated  and  reported  as 
total  bitumen,  and  organic  and  inorganic  matter  insoluble,  on  the  basis  of 
the  weight  of  material  taken  for  analysis.  This  method  is  quite  satisfactory 
for  straight  oil  and  tar  products,  but  where  native  a^halts  are  present  it 
will  sometimes  be  found  praatu«lly  impoaaiUe  to  retain  all  of  the  finely 
divided  mineral  matter  on  an  aabeatoa  felt.  It  is,  therefore,  generally  more 
accurate  to  obtain  the  result  for  total  mineral  matter  by  direct  ignition  of  a  1 
g  sample  in  a  platinum  crucible  or  to  use  the  result  for  ash  obtained  in  the 
fixed  carbon  test.  The  total  bitumen  is  then  determined  by  deducting 
from  100%  the  sum  of  the  percentages  of  total  mineral  matter  and  organic 
matter  insoluble.  If  the  presence  of  a  carbonate  minerd  is  suspected,  the 
percentage  of  mineral  matter  may  be  most  accurately  obtained  by  treating 
the  ash  from  the  fixed  carbon  determination  with  a  few  drops  of  ammonium 
carbonate  solution,  drying  at  100°  C  (212°  F),  then  Ti««ring  for  a  few  min- 
utes at  a  dull  red  beat,  cooling,  and  weighing  again.  When  difficulty  in 
filtering  is  experienced,  as  when  Trinidad  asphalt  is  present  in  any  amount, 
a  period  of  longer  subsidence  than  15  min  is  necessary,  and  the  following 
standard  method  adopted  in  1911  by  the  Am.  Soc.  Teat.  Mat.  is  recom- 
mended. 

Am.  Soc.  Test.  Mat.  Method.  "  After  drying,  from  2  to  16  g,  as  may  be 
necessary  to  insure  the  presence  of  1  to  2  g  of  pure  bitumen,  are  weighed 
into  a  150-cu  cm  tared  Erlenmeyer  flask,  and  treated  with  100  cu  cm  of 
carbon  disulphide.  The  flask  is  then  loosely  corked  and  shalran  from  time 
to  time  until  all  largo  particles  of  the  material  have  been  broken  up.  It  ia 
then  set  arade  for  48  hr  to  settle.  The  solution  ia  decanted  into  a  similar 
flask  that  has  been  previously  weighed.  As  much  of  the  solvent  is  poured 
off  as  possible  without  disturbing  the  residue.  The  contents  of  the  first 
flask  are  again  treated  with  fresh  carbon  disulphide,  shaken  as  before,  and 
put  away  with  the  second  flask  for  48  hr  to  settle. 

"  The  liquid  in  the  second  flask  is  then  carefully  decanted  upon  a  weighed 
Gooch  crucible,  3.2  cm  in  diameter  at  the  bottom,  fitted  with  an  asbestos 
filter,  and  the  contents  of  the  first  flask  are  similarly  treated.  The  asbestoa 
fitter  is  made  of  ignited  long-fiber  ampbibole,  packed  in  the  bottom  of  a 
Gooch  crucible  to  the  depth  of  not  over  ^  in.  In  filtering,  no  vacuum  ia  to 
be  used  and  the  temperature  is  to  be  kept  between  20°  and  25°  C.  After 
passing  the  liquid  contents  of  both  flasks  thru  the  filter,  the  residue  on  the 
filter  is  thoroly  washed,  and  the'  residues  remaining  in  them  are  shaken 
with  more  fresh  carbon  disulphide  and  allowed  to  settle  for  24  hr,  or  until 
it  is  seen  that  a  good  su)»idation  has  taken  place.  The  solvent  in  both 
flasks  is  then  again  decanted  thru  the  filter,  and  the  residues  remaining  in 
them  are  washed  until  the  washings  are  practically  colorless.  All  washings 
are  to  be  passed  thru  the  Oooch  crudble. 
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"  The  crucible  and  both  flasks  are  then  dried  at  125°  C.and  weighed.  The 
filtrate  containing  the  bitumen  is  evaporated,  the  bituminous  residue 
burned,  and  the  weight  of  the  ash  thus  obtained  added  to  that  of  the  residue 
in  (be  two  flaslcs  and  the  cnioiUe.  The  sum  of  theao  weights  deducted 
fnnn  the  weight  of  substance  taken  gives  the  weight  of  soluble  bitumen." 

Centtifogal  Uediod.  A  number  of  centrifugal  methods  have  been  devised 
for  the  extraction  and  determination  of  bitumen  in  bituminous  aggregates. 
No  one  method  is  ideal  for  all  conditions,  but  the  following  method,  as 
described  by  Hubbard  and  Reeve  (25b)  is  of  particular  interest  in  connection 
with  the  determination  of  total  bitumen  in  coarse  bituminous  aggregates. 
It  is  also  useful  for  the  purpose  of  recovering  the  extracted  bitumen  and 
aggregate  for  subsequent  naminstion.  The  apparatus  used  is  shown  in 
Fig.  43. 

It  ooofoats  of  a^h.p.  1100  rev  permin  vertical  shaft  deobio  motor  a  with 
the  ^aft  projeoting  into  the  cylindrical  copper  box  b,  the  bottom  of  which 
u  ao  indined  as  to  drain  to  the  spout  c.  A  in  circular  brass  plate 
in  in  diameter  is  shown  in  d,  and  upon  this  rests  the  sheet-iron  bowl  e,  which 
is  ui  in  diameter  by  2M«  in  high,  and  has  2  in  circular  hole  in  the  top. 
Fastened  to  the  inner  aide  of  the  bowl  is  the  brass  cup  /,  having  a  cirde 
of  H  holes  for  the  admission  of  the  solvent,  and  terminating  in  the 
hollow  axle,  which  fits  snugly  thru  a  hole  at  the  center  of  the  brass  plate. 
The  bowl  may  be  drawn  firmly  against  a  felt-paper  ring  0.  ^  in  wide,  by 
mews  of  the  2H  in  milled  nut  h,  for  which  the  hollow  axle  is  threaded  for 
a  distance  ot  ^in  directly  below  the  upper  surface  of  the  plate.  The  axle 
fits  snui^  over  the  shaft  of  the  motor,  to  which  it  is  locked  by  a  slot  and 
eroM  i»n  i.  The  aggregate  is  prepared  for  analysis  by  heating  it  in  an 
enam^ware  pan  on  the  hot  plate  until  it  is  sufficienUy  soft  to  be  thoroly 
distintegrated  by  means  of  a  large  spoon.  Care  must  be  tal^,  however, 
that  the  individual  particles  are  not  crushed.  If  a 
section  of  pavement  is  under  examination,  a  piece 
WMghing  somewhat  over  1  kg  may  be  cut  off  with 
hammer  and  chisel.  The  disintegated  aggregate  is 
then  allowed  to  cod,  after  which  a  sufficient  amount 
is  taken  to  yield  on  extraction  from  50  to  60  g  of 
bitumen.  It  is  placed  in  the  iron  bowl  and  a  ring  3i 
in  wide,  cut  from  the  felt  paper,  is  fitted  on  the  rim, 
after  which  the  brass  plate  is  placed  in  position  and 
drawn  down  tightly  by  means  of  the  milled  nut.  If 
the  bitumen  is  to  be  recovered  and  examined,  the  felt 
ring  should  be  previously  treated  in  the  empty  ex- 
tractor with  a  couple  of  charges  of  carbon  disulphide 
in  order  to  remove  any  small  amount  of  grease  or  rosin 
that  may  be  present  altbo  a  proper  grade  of  felt 
should  be  practically  free  from  such  products.  The 
bowl  is  now  placed  on  the  motor  shaft  and  the  slot 
and  pin  are  carefully  locked.  An  empty  bottle  is 
placed  under  the  spout  and  150  cu  cm  of  carbon  disulphide  is  poured  into 
the  bowl  thru  the  small  holes.  The  cover  is  put  on  the  copper  box  and, 
after  allowing  the  material  to  digest  for  a  few  minutes,  the  motor  is 
rtorted,  slowly  at  first  in  order  to  po-mit  tlie  aggregate  to  distribute  uni- 
formly. The  tpved  should  then  be  increased  sufficiently  hy  means  of  the 
regulator  to  cause  the  dissolved  bitumen  to  flow  from  the  apout  in  a  thin 
stream.   When  the  first  charge  has  drained,  the  motor  is  stopped  and 
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fresh  portion  of  disulpbide  is  added.  Thia  operation  is  repeated  from  four 
to  six  timee  with  150  cu  cm  of  disulphidc.  With  a  little  experience  the 
operator  can  soon  gage  exactly  ivhat  treatment  is  necessary  for  any  given 
material.  When  the  last  addition  of  solvent  has  drained  off,  the  bowl  is 
removed  and  placed  with  the  brass  plate  uppermost  on  a  sheet  of  manila 
paper.  The  brass  plate  and  felt  ting  are  carefully  laid  afdde  on  the  papier 
and,  when  the  aggregate  is  thoroly  dry,  it  can  be  brushed  on  a  pan  Ot  ft 
large  balance  and  weighed.  The  difference  between  this  wei^t  and  tbtt 
orif;inal  weight  taken  shows  the  amount  of  bitumen  extracted.  The  aggre- 
gate mB^  then  be  tested  as  occasion  requires. 

Recovery  of  Extracted  Bitumen.  When  it  is  desired  to  recover  a  sample 
of  the  extracted  bitumen  from  a  total  bitumen  determinatioa,  the  solu- 
(aon  of  Ixtumen  should  be  allowed  to  stand  overnight  in  order  to  permit 
^  settling  ai  any  ftoe  mineral  matter  that  is  aometimea  eazried  thru  the 
felt  ring  in  the  extractor.  The  solution  is  then  decanted  Into  a  flaik  and 
the  solvent  ia  driven  off  by  means  of  heat  from  an  incandosoent  lamp  until 
the  remdue  is  of  a  thick  sirupy  consistency.  Meanwhile  the  solvent  is 
condensed  and  mcovered  in  any  suitable  manner.  The  residue  is  poured 
into  an  11-cm  porcelain  evaporating  dish,  and  evaporated  on  a  steam  bath. 
The  most  scrupulous  ctire  must  be  taken  at  all  times  that  no  flames  are 
in  its  immediate  vicinity.  Evaporation  is  carried  on  at  a  gentle  heat, 
with  continual  stirring,  until  foaming  practically  ceases.  It  is  advisable  to 
have  a  large  watch  glaae  at  hand  to  smother  the  flames  quickly  should  the 
material  ignite.  As  the  foaming  subeidee,  the  heat  of  the  steam  bath  may 
be  gradually  raised,  and  evaporation  is  continued  until  the  bubbles  beaten 
or  stirred  to  the  surface  of  the  bitumen  fail  to  give  a  blue  flame  or  odor  of 
sulphur  dioxide  when  ignited  by  a  small  gas  jet.  The  dish  of  bitumen 
should  then  be  set  in  a  hot-air  oven  maintained  at  106°  C  (221°  F)  for 
about  an  hour  after  which  it  is  allowed  to  cool.  Its  general  character  is 
noted  and  any  testa  for  bitumens  that  are  necessary  are  then  made  upon  it. 

Valve  of  Total  Bitumen  Determination.  The  total  bitumen  determina- 
tion IB  ordinarily  made  upon  all  types  and  grades  of  bituminous  materials. 
There  Bppwn  to  be  a  strong  tendency  toward  the  purchase  of  bituminous 
materials  upon  a  bitiunen  ba^,  aa  determined  their  solubility  in  carbon 
disulphide.  This  ia  a  perfectly  rational  practice  in  the  case  of  liquid  UtU- 
minous  materials  and  bituminous  cements,  but  not  for  bituminous  aggre- 
gates such  aa  asphalt  block,  rock  Eisphalts,  etc.  All  bituminous  distillatei 
produced  by  fractional  dietillatioQ  are  completely  soluble  in  carbon  disul- 
phide. Residual  petroleum  products  should  also  be  almost  completely 
soluble.  A  small  amount  of  still  ash  and  extraneous  organic  matter  is. 
however,  usually  present  and  an  allowance  of  ^proximately  OJS%  may 
therefore  be  made  for  total  material  Insoluble  in  carbon  disulphide.  If  the 
OTganio  matter  insoluUe  exceeds  0.6%  there  is  strong  indication  that  the 
petroleum  has  been  cracked  or  locally  overheated  with  possible  resultant 
injury  to  the  finished  product.  Native  asphalts  and  products  produced  by 
fluxing  the  native  asphalts  ordinarily  contain  appreciable  amounts  of  both 
mineral  matter  and  organic  matter  insoluble  in  carbon  disulphide.  Gilson- 
ite  is  one  of  the  few  exceptions  to  this  rule.  Where  the  exact  percentage  of 
total  insoluble  matter  is  known  for  a  refined  native  a^halt,  it  is  posaaUe 
to  oominite  with  considenble  accuracy  the  amount  of  meh  aephalt  prassnt 
in  an  asphalt  oement  produosd  by  fluxing  iL  In  woh  etnnpntatiini  the 
petroleum  flux  is  assumed  to  be  completely  acduUe  vaUtm  infonnatfDii  to 
the  contraty  has  been  sseured.   Pnutieally  all  of  the  materild  in  tar  proc^ 
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ufsta  which  is  insoluble  in  carbon  disulphide  consists  of  orsaDio  matter  or 
free  carbon,  and  the  percentage  of  free  carbon'ia  thus  determined.  Refined 
water-gas  tars  may  be  distinguished  from  refined  coal  tars  of  the  same 
coosiatency  by  Uieir  relatively  small  percentage  of  free  carbon.  Ga»-houae 
coal  tara,  partieulaiiy  those  produced  from  faorisontal  retorts,  may  usually 
be  distanguished  from  ooke-oven  tan  and  vertical  retort  tan  Iqr  their  relap 
tively  high  i>ercentage  of  free  carbon.  For  refined  tan  of  the  same  viaeosi^ 
or  Scat  test,  the  specific  gravity  becomes  higher  as  the  solubility  in  carbon 
disulphide  decreases.  The  same  is  true  of  asphalt  cements  produced  from 
the  same  native  asphalt  if  such  asphalt  contains  insoluble  material.  As  the 
solubihty  of  a  bituminous  material  in  carbon  disulphide  is  entirely  depen- 
dent upon  the  non-bituminous  constituents  present,  it  is  evident  that  no 
definite  relations  can  be  expressed  between  the  physical  and  chemical  prop- 
wtiea  of  the  actual  -bitumen  present  and  the  solubility  of  the  material  in 
this  solvent.  In  other  words,  irrespective  of  specific  gravity,  connstent^ 
and  other  properties,  all  pure  Intumen  dissolves  in  carbon  disulphide.  An 
oQy,  greasy  distillate  is  therefore  just  as  much  bitumen  as  a  hard  brittle 
residue.  The  total  bitumen  determination  is  particularly  valuable  as  a 
laboratory  control  test  in  the  preparation  of  bituminous  aggregates.  The 
serviceability  of  a  bituminous  aggregate  is  not  only  dependent  upon  the 
physical  and  chemical  properties  of  the  bituminous  cement  but  also  upon 
the  percentage  of  such  cement  which  is  present.  Too  much  may  be  almost 
as  bad  as  too  little,  and  the  exact  percentage  should  therefore  be  adjusted 
to  meet  the  character  and  grading  of  the  mineral  aggregate  which  is  used. 
When  once  the  proper  combination  of  bituminous  cement  and  a  given 
aggregate  has  been  experimentally  ascertained,  the  percent  of  bitumen  as 
determined  by  test  should,  for  different  lots  of  the  same  bituminous  aggre- 
gate, fall  within  comparatively  narrow  limits. 

Ratioaal  Percent  of  Bitumen  in  Bituminons  Aggregates.  The  determin- 
ation of  the  percentage  of  bitumen  in  a  bituminous  material  as  ordi- 
narily made  is  upon  a  weight  basis.  As  a  means  of  comparing  diffoent 
txtuminous  aggregates  the  wei^t  baais  is  iirational  imless  the  relations 
ol  weight  to '  volume  are  the  same  for  the  mixtures  compared.  In 
any  bituminotis  aggregate  the  volume  of  bitumen  is  a  most  important 
bictor  from  the  standpoint  of  covering  capacity,  thickness  of  film  and,  in 
some  casee,  the  reduction  of  voids.  In  view  of  the  rather  wide  variation 
in  specific  gravity  of  ordinary  bituminous  cements  and  mineral  aggregates 
the  volume  method  of  comparison  is  the  most  rational.  The  volume  or 
rational  percent  of  bitumen  in  a  bituminous  aggregate  may  be  determined 
by  recovery  of  the  Intumen  tStet  its  extraction  and  determinatitm  upon  a 
might  bads.  The  specific  gavi^  the  recovered  hitumea  should  be 
determined  as  well  as  that  of  die  mineral  aggregate.  From  this  data  the 
Tt^ume  iiffoportions  of  each  are  ascertained  by  dividing  thdr  weight  percent 
by  their  respective  specific  gravity.  These  proportions  transposed  to  total 
100  are  the  rational  or  volume  percentages  of  the  constituents.  The  for- 
mula for  ffiEpreeeing  the  rational  percent  of  bitumen  is  as  follows,  where  x 
repreemts  the  rational  percent  of  bitumen,  p  the  weight  percent  of  bitu- 
men, a  the  specific  gravity  of  the  bitumm,  and  h  tbm  specific  gravity  of  the 
aggregate. 

100  p& 
'  'pft  -l-a(lOO-p) 
The  importance  of  the  use  of  the  rational  percent  of  bitumen  as  a  basis 
of  comparison  may  be  illustrated  by  considering  two  bituminous  aggre- 

Google 


726 


Bituminous  Materials 


Sect.  13 


gates  which  contain  6%  by  wpight  uf  Utuoien  and  arc  practicuUy  identical 
in  BO  far  u  the  consiBtency  of  tatumra  and  grading  of  the  aggregate  ue 
ooncemed.  According  to  the  ordinary  interpretation  of  results  of  analysis, 
the  two  mixtures  mif^t  be  considered  as  equivalents.  If,  however,  it  is 
found  that  the  first  mix  is  composed  of  an  aggregate  with  a  Bpecific  gravity 
of  2.50  while  the  recovered  bitumen  shows  a  specific  gravity  of  1.17  and 
tliat  the  aggregate  of  the  second  mix  has  a  specific  gravity  of  3.50  while 
the  recovered  bitumen  ahowa  a  specific  gravity  of  0.960,  the  rational  per- 
cent of  bitumen  would  be  found  to  differ  greatly  in  the  two  mixes,  as  follows: 

rm^faumta                          Ftroent       SpseUe        Rational  Rational 

LoBMtnaitt                     byWdfht     Qmvity     Proportion  Pafont 
nrat  Mix 

Ag)pesate                                          94      +    2.60    -       87. S  -  88.0 

BttiinMB.                                             6           1.17    -         S.l  12.0 

100  100.0 

SMond  Hlz 

AgiNgats                                          94  +    8.80  *       S6.9  *  81.0 

Bmrnm                                         6  +   0.96  -        6.8  -  19.0 

100  100.0 

From  the  results  given  in  the  last  column  it  is  evident  that  the  first  mix 
has  a  bitumen  equivalent  of  about  two-thirds  that  of  the  second  mix,  altho 
the  percentages  by  weight  are  the  same.  The  variation  of  7%  bitumen 
(which  is  the  difference  between  the  rational  percentages  19  and  12)  might, 
for  a  given  type  of  agpegate,  mean  the  difference  between  success  and 
failure. 

46.  Naphflia  Insoluble  Bitomoi  (A^haltenes) 

Petroleum  Naphthas  are  not  definite  chemical  compounds,  but  are  com- 
posed (A  a  number  of  hydrocarbons  which  vary  in  character  and  quantity 
according  to  the  petroleum  from  which  they  have  been  distilled.  Their 
BidveDt  aetioD  upon  petroleum  and  asphalt  produots  therefore  varies  great^*. 
Thus,  naphthas  produced  from  asphaltic  petroleums,  consisting  mainly  of 
oaphthene  and  polymethylene  hydrocarbons,  are  much  more  powerful  boU 
veixta  of  the  heavier  aaphaltic  hydrocarbons  than  are  the  parafiKn  naphthas. 
Moreover,  the  solvent  power  of  any  jpven  type  of  naphtha  increases  with 
its  specific  gravity.  Ah  the  main  object  of  the  naphtha  insoluble  bitumen 
test  is  to  separate  the  heavier  hydrocarbons  of  an  asphattic  nature  from  the 
other  constituents,  a  light  paraffin  distillate  is  usually  employed.  One  of 
86°  B  gravity  ilistlUing  between  40^  and  65°  G  (104°  and  140°  has  been 
used  to  a  conidderaUe  extmt,  as  has  also  an  88°  B  naphtha,  tlw  solvent 
power  of  which  is  amnoxtmately  the  same  as  that  of  the  86°  B  products. 
Heavier  naphthas,  such  as  66°  B  and  72°  B,  are  also  lose  frequently*  used. 

Method  of  Determination.  The  bitumen  in  petroleum  and  asphalt  prod- 
ucts which  is  insoluble  in  paraffin  naphtha  is  known  as  asphaltenes.  As 
the  percentage  of  asphaltenes,  as  determined  by  test,  is  largely  dependent 
upon  the  ^vity  and  type  of  naphtha  used  as  a  solvent,  a  report  of  resulte 
should  state  the  gravity  of  the  naphtha  and  preferably  its  boiling  point 
limits  as  well.  The  determination  is  not  entirely  satisfactory  and  invest 
gations  have  been  conducted  with  a  view  to  finding  some  solvent  of  definite 
chemical  composition  which  will  satisfactortly  replace  naphtha  and  more 
nearly  insure  uniform  results  oo  the  part  of  different  analysts.  Pentane, 
alcohol  and  ether  have  been  suggested  for  this  purpose  but  have  not  been 
generally  used.   The  following  method  for  determining  Utumen  inscduUe 
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in  paraffin  oaphtha  is  as  described  Ity  Bnbbard  and  Reeve  (2Sb).  This 
determination  is  made  in  the  Bame  general  manner  and  with  the  same 
apparatus  as  described  in  the  second  paragraph  of  Art.  44  under  thb 
OBDiNABT  ril/TBATlON  UBTHOD  for  the  determination  of  total  bitumen, 
except  that  100  cu  cm  of  86°  B  parafiSn  naphtha  is  employed  as  a  solvent 
iuflteiwi  of  carbon  disulphide.  Considerate  difficulty  is  sometimes  ez- 
perignoed  is  breaking  up  the  heavy  senuBoUd  Istumiiious  materials;  the 
soifooe  irf  the  material  is  attacked,  but  it  is  necessary  to  remove  some  of 
the  inaoluble  matter  in  order  to  expose  fredi  material  to  the  action  of  the 
solvent.  It  is,  therefore,  advisable  to  heat  the  sample  after  It  is  weighed, 
allowing  it  to  cool  in  a  thin  layer  around  the  lower  part  of  the  flask.  If 
difficulty  is  stall  experienced  in  dissolving  the  material,  a  rounded  glass 
rod  will  be  found  convenient  for  breaking  up  the  undissolved  particles. 
Not  more  than  one-half  of  the  total  amount  of  naphtha  required  should 
be  used  until  the  sample  is  entirely  broken  up.  The  balance  of  the  100 
ca  em  is  then  added,  and  the  flask  is  twilled  a  moment  in  order  to  mix 
ttw  oontoits  thoroly,  after  which  it  is  corked  and  set  aside  for  30  min. 
In  nuddng  the  filiation  the  utmost  care  should  be  exercised  to  avoid  stir- 
ring up  any  of  the  precipitate,  in  order  that  the  filter  may  not  be  clogged 
and  that  the  first  decantation  may  be  as  complete  as  posriUe.  The  ndes 
of  the  flask  should  then  be  quickly  washed  down  with  naphtha,  and,  when 
the  crucible  has  drained  the  bulk  of  insoluble  matter  is  brought  upon  the 
felt.  Suction  may  be  applied  when  the  filtration  by  gravity  almost  ceases, 
but  should  be  used  sparing,  as  it  tends  to  clog  the  filter  by  packing  the 
precipitate  too  ti^tly.  The  material  on  the  felt  should  never  be  allowed 
to  nm  entirely  dry  until  the  washing  is  completed,  as  shown  the  color- 
leas  filtratSk  When  eonridwable  insoluble  matter  adheres  to  the  flask,  no 
attempt  should  be  made  to  remove  it  oompletdy.  In  such  oases  Uie  adhw- 
fng  material  is  merely  washed  until  free  from  soluble  matter,  and  the  flask 
is  dried  with  the  crucible  at  100°  C  (212°  F)  for  about  1  hr,  after  which  it  is 
cooled  and  weighed.  The  peroentage  of  bitumen  insoluble  is  reported  upon 
the  basis  of  total  bitumen  taken  as  ICQ.  The  difference  between  the  material 
insoluble  in  carbon  disulphide  and  in  the  naphtha  is  the  bitumen  insoluble 
in  the  latter.  Thus,  if  in  a  oertain  instance  it  is  found  that  the  material 
insoluble  in  carbon  disulphide  amounts  to  1%  and  Uiat  10.9%  is  insoluble 
in  nafditha,  the  pwoentage  of  bitumen  insoluble  would  be  miloulated  as 
follows: 

BiniMur  maouiBLB  nr  luPBiu     10.0—1  S.0 


Value  of  Naphtha  Insoluble  Bitumen  Determination.  While  the  class  of 
bodiee  known  as  asphaltenee  in  petroleum  and  asphalt  i»oduets  are  of  vari- 
able nature,  it  may  be  said  that  in  general  they  tend  to  give  body  and  ockh 
sistency  as  well  as  oementitlousness  to  the  materials  in  irfuch  tbqr  occur. 
Thus,  the  nativB  asphalts  carry  a  high  percentage  of  asphaltenes  while  the 
fluid  iwtiTe  bitumens  or  petroleums  cany  a  r^tivdy  low  percentage. 
Paraffin  petroleums  contain  lees  than  asphaltie  petroleums,  and  petroleum 
wluoh  possess  DO  cementitiousness,  contain  none  at  fdl.  Upon 
distillation  of  a  petroleum  the  asphaltenes  tend  to  conoentrata  in  the  resid- 
uum, and  under  certain  conditions  new  asphaltenes  are  actually  formed. 
The  blowing  process,  by  causing  what  is  known  as  nucleus  condensation  ctf 
certain  of  the  lii^ter  hydrocarbons,  forms  asphaltenee  which  are  direoUy 
reqwnaiUe  for  the  gradual  change  of  the  fliUd  to  a  semisolid  at  a  sdid. 
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Irrespective  of  their  method  of  maoufacture,  asphalt  cemeots  of  a  given 
penetratioD  at  26°  C  (77°  F)  usually  carry  aephaltenea  within  comparatively 
narrow  percentage  limits  and  at  least  for  a  given  type  of  asphalt  oemant  tfaa 
penetration  is  found  to  decmase  as  the  percentage  of  aq>balteDea  inflraana. 
The  pweentage  of  aeph^tenes  is  usually  additive  and,  for  mizturea,  may  ba 
oaloiUated  witii  reasonable  aeeunusy  from  the  amounts  present  in  the  indi- 
vidual constituentB  of  the  mixture.  In  fiuxing  a  hard  aqihalt  to  any  hitter 
penetration,  the  amount  of  flux  that  will  be  required  will  thereforo  depend 
to  a  considerable  extent  upon  the  percentage  of  asphaltenes  present  in  the 
flux.  The  higher  this  percentage  the  more  will  be  required.  Owing  to 
the  unavoidable  variations  to  which  this  determination  is  subject,  opeci- 
fioation  limitations  of  the  percent  of  bitumen  insoluble  in  naphtha  are 
oeoessaiily-  wider  than  tho  a  definite  cbesnical  com  pound  was  the  solvsnt 
used.  The  detennination  is  useful  as  a^meaos  of  identifioatioa  in  some 
instances,  partioulaiiy  when  oonsidared  in  connection  with  other  teatr. 
Of  the  solid  native  bituminous  materials,  {^Isonite  ehowa  a  high  penwotage 
of  asphaltenee,  usually  over  45%,  while  the  bitumen  of  grahamite  appears 
to  be  almost  entirely  composed  of  asphaltenee.  While  the  test  is  not  gen- 
erally apphed  to  tars,  it  is  of  interest  to  note  that  the  heavy  refined  tan 
are  almost  entirely  insoluble  in  light  paraffin  naphthas. 

46.  Bitomen  Inaolnble  in  Cubcm  TetncUmide  (C«i1miim) 

Carbon  Tetraehlorida  is  a  vcdatile,  oQn-fnflanunable  Uquid  wUoh  ia  ai- 
moat  as  powerful  a  solvent  for  bitumen  as  carbon  disulphide.  It  is  a  defi- 
nite chemical  compound  having  the  formula  CCl*.  In  the  presence  of  some 
organic  matter,  especially  in  direct  sunlight,  it  tends  to  decompose  slowly 
and  to  liberate  hydroctUorio  add,  altho  under  ordinary  conditions  it  is 
chemically  stable.  With  the  bitumen  which  it  first  dissolves  it  may  later 
react  to  precipitate  a  small  amount  of  insoluble  material.  This  property 
must  be  taken  into  account  in  its  use  as  a  solvent  and  a  short  period  of 
digestion  is  therefore  adopted  in  order  to  prevent  a  determination  of  mare 
inandubU  material  than  is  really  preeent. 

Hedwd  frf  Detenninatlon.  The  Uitumen  in  petndeum  and  am>halt 
products  which  is  insoluble  in  carbon  tetrachloride  is  known  as  carbeaes. 
The  detomination  is  conducted  in  the  same  general  manner  and  with  the 
same  apparatus  as  described  in  the  second  paragraph  of  Art.  44  under 
THB  omiiNABT  FiLTHATioH  UBTHOD  for  the  determination  of  total  l»tumen, 
except  that  carbon  tetrachloride  is  employed  ea  a  solvent  instead  of  carbon 
disulphide.  The  percentage  of  bitumen  insoluble  in  carbon  tetrachloride  is 
reported  upon  the  b^sis  of  total  bitumen  taken  as  100.  The  difference 
between  the  material  inaolutde  In  earbon  dieidphide  and  in  carbon  tetra- 
chloride is  the  bitumen  insoluble  in  the  latter.  The  method  of  calculating 
and  reporting  results  is  therefore  the  same  as  described  in  the  second  para- 
graph of  Art.  45  under  the  determination  of  naphtha  insoluble  bitumen. 

Value  of  the  Carbon  Tetrachloride  Insoluble  Bitumen  Determination. 
The  presence  of  carbenes  in  petroleum  and  asphalt  products  is  indicative 
of  unnecessarily  high  temperatures  in  thedr  production.  Most  carefully 
prepared  petroleum  residuume  are  as  completely  soluble  in  carbon  tetra- 
chloride as  in  carbon  disulphide.  Incipient  cracking  due  to  local  ovm>- 
heoUng  or  prolonged  exposure  to  high  temperatures  is  indicated  by  the 
proaonoe  of  carbenes  altho  no  ooke  or  organic  material  inaoluble  in  cartxm 
disulphide  may  have  been  formed.  Where  carbenes  in  petraleum  residuuma 
ore  accomphnied  by  an  iq>pneiable  amount  of  organio  matter  insoluble  in 
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carboD  duulpkide,  indicatioDB  pcnnt  strongly  to  injury  of  the  m&tariol  by 
deoompoeitioii  of  some  of  the  hydrooarboiu  present.  Some  native  aapbalta, 
such  aa  the  Trinidad  and  Cuban  products,  are  slightly  more  soluble  in 
eubtn  tetrachk»ide  than  in  carbon  diaulphide,  while  otherB  that  have  been 
prodnosd  in  nature  at  nimtinly  hi^  tempenturea  ihow  q>pfeeiable  quan- 
titiei  of  earbeuee.  Gtahamite  in  pattioular  may  dunr  as  hi^  aa  00  or  70% 
of  oariMDM.  With  tbo  ooeption  of  erahamite,  however,  the  peroentage 
of  earbenes  in  moat  petroleum  and  asphalt  producta  for  um  in  highway  en- 
gineering ia  commonly  specified  aa  leee  than  0.6%.  There  is  no  direct  rela- 
tion which  may  be  expreend  between  the  percentage  of  earbenes  and  other 
phyeical  and  chmnical  properties  of  a  material.  Thus,  a  fluid  petroleum 
residuum  careleealy.  manufactured  may  contain  a  relatively  lai^  amount, 
while  a  aoHd  residuum  carefully  prepared  from  the  same  petroleum  may  be 
entirety  soluble  in  carbon  tetrachloride.  All  distillates  produced  hy  the 
fractional  distiUatiott  of  bituminous  materials  are  completely  soluble  in  this 
aolrwit.  Aa  a  rule,  Um  are  not  nluUe  In  oarbcm  tetradtlorfde  as  in 
carbon  disolphide,  but  the  diffeuMtoe  in  aohibiiity  appears  to  bear  do  rela- 
tion to  the  amount  of  free  carbon  which  is  present  in  the  tar.  In  routine 
examination  of  tars  carbon  tetrachloride  is  not  employed  aa  a  solvent  and 
the  tmn  earbenes  ia  therefore  confined  to  consUtoents  In  petroleum  and 
asphalt  prodoets. 

47.   Fixed  Carbon 
Method  of  Dstarmination.   The  fixed  carbon  determination  is  a  purely 
arlnbvy  test  for  bituminous  materials  which  has  been  borrowed  from  the 
ordinaiy  methods  of  ooal  analysis.    In  1011  the  Am.  8oo.  Test.  Mat. 
adopted  a  "Provisional  Method  for  the  DeterminatioD  of  Reridual  C^b 
in  Bituminous  Compounds."   This  method,  as  described  in  somewhat  more 
detail  by  Hubbard  and  Beeve  (26b)  is  as  follows.   The  determination  Is  mads 
in  accordance  with  the  method  recommended  in  1800 
by  the  Com.  on  Coal   Analysis,  Am.  Chem.  Soc. 
(12).    The  apparatus  is  illustrated  in  Fig.  44.  One 
gram  of  the  material  is  placed  in  a  platinum  crucible 
wei^dng  from  20  to  30  g  and  having  a  tightly  fitting 
eoT«r.    It  is  then  heated  for  7  min  onr  the  full 
flame  of  a  Bimsen  burner,  as  shown  in  Fig.  44. 
The  crucible  should  be  supported  on  a  platinum 
trianfde  with  the  bottom  from  6  to  8  cm  above  the 
top  of  tbe  burner.    The  flame  should  be  fully  20  cm 
high   when   burning   freely,  and  tbe  determination 
should  be  made  in  a  place  free  from  drafts.   The  upper 
surface  of  the  cover  should  bum  clear,  but  the  under 
surfaoe  dwuld  remain  covered  with  carbon,  excepting 
m  the  oase  of  amne  of  the  more  fluid  Utnminous  ma- 
terials,  when  the  under  surface  of  the  cover  may  be 
quite  clean.    The  crucible  is  removed  to  a  desiccator 
and  when  cool  ia  weighed,  after  which  the  cover  is  re- 
moved, and  the  crucible  is  placed  in  an  inclined  posi- 
tion  over  the   Bunsen  burner  and  ignited   until  nothing  but  ash 
remains.    Any  carbon  deposited  on  the  cover  is  also  burned  off.  The 
wei^t  of  ash  remaining  is  deducted  from  the  weight  of  the  residue 
after  the  first  ignition  of  the  sample.    This  gives  tbe  wei|d>t  of  the  so- 
called  fixed  or  residual  carixm,  iriiioh  is  oaleidated  on  a  basis  of  the 
total  wefflfrt  of  the  Mmpls,  exolusive  of  ninmil  Bwtter.   If  the  prasence 
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of  a  carbonate  mineral  is  suspected,  the  percentage  ot  mineral  matter  may 
be  most  accurately  obtained  by  treating  the  aoh  with  a  few  drops  of  am- 
monium carbonate  solution,  drying  at  100"  C  (212°  F),  tim  hesttinc  for  ■ 
fewminutes  at  a  dull  red  heat,  cooling  and  weighing.  An  exoeUent  ioxmot 
oiicible  for  this  test  is  shown  in  the  illustration.  It  has  a  cover  with  a  flMige 
4  mm  wide,  fittiog  tightly  over  the  outside  of  the  crudble,  and  wu^Im 
complete  about  25  g.  Owing  to  sudden  expansion  in  burning  some  of  the 
more  fluid  bitumens,  it  ia  well  to  hold  the  cover  down  with  the  end  of  the 
tongs  until  the  most  volatile  products  have  burned  oS.  This  method  has 
been  recommended  by  the  Spec.  Com.  Mat.  Hoad  Cons.,  Am.  Soc.  C.  E.  (13) 
except  with  regard  to  the  method  of  heating,  which  is  specified  as  follows: 
"  The  crudble  and  ita  oontents  shall  be  heated,  first  gently  and  tben  more 
severely,  until  no  smoke  or  fiame  shall  issue  between  the  ciudllide  and  the  lid. 
It  shall  then  be  placed  in  the  full  flame  of  a  Bunsen  burner  for  7  min." 

Value  of  Fixed  Carbon  Determlnstion.  To  be  of  any  real  value  except 
for  the  original  operator,  the  fixed  carbon  determination  should  be  mode 
exactly  as  described  in  the  preceding  paragraph.  It  is  not  an  exoeedin^ 
accurate  test  and  any  attempt  at  variation  in  the  method  of  heating  or  other 
conditions  specified  will  often  greatly  affect  the  results  obtained.  When 
properly  made  the  fixed  oarbo  .  test  may  serve  as  a  means  of  identifying  the 
type  of  petroleum  from  which  a  fluid  or  sonisolid  residuam  hoa  been 
manufactured.  Par  ffin  petroleums  and  all  petroleum  distillates  yield  litUe 
or  no  fixed  carbon.  Asphaltic  petroleums  and  their  resdual  products  al- 
ways yield  fixed  carbon  but  in  varying  amounts,  according  to  their  origin 
or  method  of  manufacture.  For  a  given  viscosity,  float  test  or  penetration, 
blown  petroleums  show  a  very  low  percentage  of  fixed  carbon,  and  straight 
diatUled  Mexican  petroleum  residuums  an  unusually  high  percentage.  For 
any  type  of  petroleum  residuum  fixed  carbon  increases  as  distillation  pro- 
gresses. It  is  therefore  accompanied  by  increase  in  specific  gravity,  per- 
eeatage  of  aq>halteneB,  viscosity  and  float  teat  and  decnase  in  penetration. 
Native  asphalts  usually  yield  from  11  to  15%  of  fixed  carbon,  alUio  the 
hardra  varieties  sometimes  run  considerably  higher,  and  in  the  case  of  gra- 
hamite  may  reach  50%  or  over.  The  test  is  seldom  applied  to  tare  or  tor 
products,  owing  to  the  presence  of  free  carbon  which  interferes  with  the 
determination.  In  interpreting  the  fixed  carbon  determination  it  should  be 
remembered  that  the  fixed  carbon  is  actually  produced  from  the  material 
by  destructive  distillation  and  does  not  exist  as  such  in  the  original  mate- 
rial. It  is  therefore  quite  distinct  from  free  carbon,  which  if  detennined 
to  exist  at  all  is  aetuidly  present  in  the  original  material  and  is  merely 
■eparated  from  the  other  constituents  by  means  of  a  sol'mit. 


Method  of  Determination.  No  very  accurate  metiiod  has  as  yet  been 
devised  for  determining  the  percentage  of  paraffin  scale  in  petroleum  and 
asphalt  products.  Most  methods  require  that  the  material  be  first  destruc- 
tively distilled  and  the  paraffin  scale  then  recovered  from  the  distillate. 
Sight'  variations  in  method  and  rate  of  distillation  cause  wide  variations  in 
remits  and  it  appears  likely  that  sofid  paraffins  may  be  both  destroyed  and 
formed  under  different  conditions  of  distillation.  The  method  as  commonly 
used  is  as  follows.  One  hundred  grams  of  the  material  is  first  wui^ied  into 
a  tared  iron  retort  of  about  8  os  capacity.  It  is  then  distilled  as  rapidly  as 
poasiUe  without  foaming  over  until  only  a  dry  ooke  residue  remains  in  the 
ntort   The  distillate  is  caught  in  a  160-au  em  Eiienmeyer  flask,  the  wcdght 


48.  Panffln  Scale 


Art.  49  Factors  Govenung  Specifications  731 

of  which  has  been  aacertained.  During  the  early  stages  of  dbtillation  a 
cold,  damp  towel  wrapped  around  the  atem  of  the  retort  will  serve  to  con- 
dentn  the  distillate.  After  lii^  temperatures  have  been  reached,  this 
towel  may  be  r^oved.  Wfa^  tiie  distillatioD  is  completed,  the  distillate 
ifl  allowed  to  cool  to  room  temperature  and  is  then  wei^ied  in  the  flask. 
This  weight  minus  that  of  the  fiask  gives  the  weight  of  the  total  diafeillate. 
Five  grams  of  the  well-mixed  distillate  are  then  weighed  into  a  100-cu  cm 
EMenmeyer  flask  and  mixed  with  25  cu  cm  of  Squibb's  ether.  Twenty- 
five  cu  cm  of  Squibb's  absolute  alcohol  is  then  added,  after  which  the 
flask  is  packed  closely  in  a  freesing  mixture  of  finely  crushed  ice  and  salt 
maintained  at  -18°  C  (-0.4^  F).  After  remaining  30  min  in  this  mixture, 
the  solution  is  quickly  filtered  thru  a  No.  676  C.  S.  4:  8.  9  cm  hardened 
filter  paper  placed  in  a  itfaas  funnel,  which  is  packed  in  s  frees ing  mix- 
ture, as  shown  in  Fig.  4S.  A  vacuum  should  be  employed  to  hasten  filtn- 
tion.  The  freesing-mixture  reservoir  shown  1^  h  may  be  made  hy  cutting 
in  half  a  round  i^&ss  bottle  measuring  approximatety  120  mm  in  diametw 
and  unng  the  upper  half  in  an  inverted  poaitioD.  Any  precipitate  remain- 
ing on  the  paper  should  be  washed  until  free  from  oil  with  about  50  cu 
cm  of  a  1  to  1  mixture  of  Squibb's  ether  and  absolute  alcohol  cooled  to 
-18°  C  (-0.4°  F).  After  the  paper  has  been  sucked  dry,  it  should  be 
removed  from  the  funnel  and  the  adhering  paraffin  scale  ahould  be  scraped 
off  into  a  wdghed  .ciystalUsing  dish  and  dried  on  a  steam  bath.  The 
dish  and  contents  should  then  be  cooled  In  a  desiccator  and  wrigbed. 
The  weight  of  the  tnraffin  scale  so  obtained  divided  by  the  wdght  <rf  the 
distillate  taken^and  multiplied  by  the  percentage  of  the  total  distillate  ob- 
tained from  the  original  sample  equals  the  percentage  of  the  paraffin  scale. 

Value  of  Paraffin  Scale  Determination.   Owing  to  the 
fact  that  the  paraffin  scale  determination  is  subject  (o 
wide  variations,  it  is  of  doubtful  value  except  as  an  ap- 
proximate quantitative  test  for  the  purpose  of  identifies^ 
tion.    By  some  the  presence  of  solid  paraffins  in  a  bi- 
tuminouB  material  for  use  in  highway  engineering  Is 
believed  to  be  undesirable.   While  it  is  true  that  those 
petroleum  products  in  which  paraffin  hydrocarbons 
greatly  predominate  are  unsuited  for  use  as  cementing 
mediums  and  while  a  hi^  percentage  of  liquid  par- 
affin hydrocarbons  is  often  indicated  by  the  presence  of 
an'appreciable  amount  of  parafiin  scale,  it  does  not  fol- 
low that  the  latter  are  themselves  entirely  undesirable  «  . 
constituents.   In  fact,  if  the  material  in  which  they 
occur  poeseases  the  requisite  degree  of  oementitiousnees.     l^  Zzlw^^u 
the  presence  of  BoUd  parafflna  may  make  the  material    ">«  ™»™>s«» 
more  chemically  stable  than  it  otherwise  would  be. 
There  appears  to  be  a  general  tendency  to  eliminate  the  paraffin  scale  clause 
in  specificationa  for  bituminous  materials  for  the  reasons  above  stated.  Moat 
aspbaltic  petroleums  and  native  asphidte  contain  only  traces  of  paraffin 
scale  while  the  semiaspbaltic  type  show  comparatively  small  amounts. 

SPBCIFICATIOITS  FOR  BITUICINOTTS  MATBSIALS 
49.  FMton  GoTeming  Speciflcations 

Value  of  Terts.  Testa  at  both  physical  and  ohamical  ^pertiee  of 
bitundnous  nuterials  serve  two  main  purpoBes:  (1)  Asam^tarofinveatiga- 
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UoQ,  Uuy  coiutUtuU  a  record  of  the  characteristics  of  ilu*  muteriBl 
ined;  and  (2)  when  oonsidered  in  oooneotion  with  the  behavior  of  a  mate- 
rial in  lue,  tbey  serve  a  cuide  for  the  nlaction  of  such  matei^  for  futnie 
use.  In  tin  mattn  of  inveetisaticHi  it  is  often  liighly  denraUe  that  the 
greatest  possible  number  and  variety  of  testa  be  applied  to  a  material  of 
consbxiction,  as  by  this  means  the  nuwt  comphjte  record  of  its  character- 
istice  is  obtained.  After  considerable  data  ol  this  sort  have  been  secured 
on  many  lots  of  the  same  material,  it  is  not  as  a  role  necesssiy  to  make  use 
of  all  of  these  tests  in  selecting  such  material  for  future  use.  Certain  inher- 
ent and  peculiar  characteristics  as  determined  by  tests  are,  however,  of 
value  in  the  matter  of  sdection,  and  such  charaoteristtos,  when  governed 
fay  quantitative  limits,  are  made  the  basis  spedficatitMi  for  that  materiaL 
ladividual  tests  a*  required  1^  spedfioations  for  bituminous  matiffials  may 
serve  one  or  more  of  the  three  following  purposes:  (1)  They  may  direcdy 
indicate  the  suitability  for  a  given  use  of  the  material  specified;  (2)  tlwy 
may  serve  as  a  means  of  identifying  the  source  of  a  material  or  even  the 
material  itself;  (3)  they  may  serve  to  control  uniformity  in  the  preparation 
or  manufacture  of  a  materiaL  The  first  of  these  purposes  is  undoubtedly 
the  most  important,  but  it  is  only  partly  accomplished  by  a  comparatively 
few  tests.  As  examples  may  be  mentioned  testa  of  consistency,  such  as  vis- 
cosity, the  float  test,  and  the  penetration  test.  These  tests  can  onlsr  be 
of  Tp^TiwiTTt  value,  however,  when  api^ied  to  a  spedfie  type  of  IntamWus 
material  and  when  considered  in  connection  with  other  tests,  which  by 
themselves  may  not  directly  indicate  suitability.  The  identification  of  a 
bituminous  material  may  be  indicated  by  a  nimiber  of  tests,  such  as  specific 
gravity,  melting  point,  solubility  in  carbon  disulphide  and  fixed  carbon. 
The  specific  gravity  determination  is  perhaps  the  most  im{>ortant  test  of 
identity  and  this  is  particularly  troe  when  it  is  considered  in  connection 
with  the  consistency  of  a  material  and  one  or  more  of  the  other  tests  enu- 
merated. ContR^  of  uniformity  in  the  prqiaration  or  manufaotuiv  of 
iktuminouB  materials  is  secured  by  the  tests  for  oonmstenoy  in  oonnection 
with  me<ti»g  point,  flash  point,  volatilisation,  distillation,  solubility  in  paraf- 
fin naphtha,  and  BoLut»lity  in  carbon  tetrachloride.  Practically  all  of  the 
other  tests  may  also  be  made  to  serve  this  end.  No  one  by  itself  will, 
however,  necessarily  accomplish  this  purpose,  no  matter  how  close  the 
test  limits  are  drawn.  This  is  mainly  due  to  the  fact  that  products  of 
innumerably  varied  and  complex  characteristics  may  be  produced  from  a 
given  crude  material  by  modifsdng  the  method  of  manufacture. 

The  Interrdatioiiihlp  «i  Teatl,  aside  from  their  individual  signifioanoe, 
should  be  oleariy  understood  for  the  inteUigent  interpretation  of  spein&car- 
tions  of  bituminous  materials,  or  otherwise  the  purpose  of  a  specification 
may  be  defeated  thru  conflicting  or  discriminating  clauses  which  by  tbem- 
selvee  are  apparently  above  criticism.  In  all  specifications  tests  are  included 
with  at  least  one  and  usually  two  test  limits.  It  is-  the  interrelation- 
ship of  the  limiting  factors  which  is  of  most  importance.  The  interrela^ 
tion  of  any  two  tests  is  not  a  difficult  matter  to  grasp,  but  when  the  bearing 
of  three,  four,  or  a  dosen  tests  upon  some  other  has  to  be  considered,  the 
subject  becomes  oomplioated  and  a  thoio  knowledge  of  the  origin,  manu- 
facture and  aerviceaUUty  of  the  material  specified  is  necessary  for  an  intel- 
ligent interpretation  of  a  speeification.  The  prevalent  practice  of  borrow- 
ing specifications  from  other  eouroee,  partlculariy  borrowing  portions  of  such 
specifieations  and  attempting  to  combine  such  portions  into  a  sin^e  new 
speeifioation  without  a  knowledge  of  the  interreUtionship  of  tests,  is  more 
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than  apt  to  produce  a  coo6ict  in  requirements.  Thifl  may  be  illustrated 
by  the  following  comparatively  simple  example  in  which  only  three  factors 
are  oonaidered. 


Table  XH. — ComparatiTe  Spedflcation  Requirements 


A 

B 

C 

Speei0e  cravity  26'726"'  C  

Fwaatiattoa  at  2B«  C,  100  e.  6  ne 
Ifaltliic  pdnt  (egba  method)  

O.WO-1.010 
bO-60 

i.os&~i.oeo 

50-«0 
60-60>C 

i.OSO-l.OW 
60-60 
8000  + 

It  will  be  noted  Uiat  the  same  oonsiateacy  or  penetration  requirement  ia 
found  in  all  three  epecifioations.  Both  specificatioos  A  and  B  may  be 
readily  met.  Thus  an  asphalt  cement  of  from  50  to  60  penetration  may 
very  properly  have  a  specific  gravity  lying  between  0.99  and  1.01  or  be- 
tween 1.03  and  1.05.  It  may  also  show  a  melting  point  of  from  50°  to  30°  C 
(122°  to  140°  F)  or  not  less  than  80°  C  (176°  F)  as  required.  If,  however, 
the  viedSa  cravity  reqiurement  of  B  and  the  meUang  point  requiremeat 
ol  A  an  borrowed  to  form  a  new  specification  C,  the  ocHnlnnation  becomes 
boompatible  from  the  standpoint  of  available  oommerdal  products.  Thus, 
qieeification  A  calls  for  a  blown  product  while  specification  B  calls  for  a 
straight  distilled  product  or  one  but  sUghtly  blown  at  most.  The  com- 
bination of  any  two  requirements  of  specification  C  may  readily  be  met. 
Two  of  these  combinations  exist  in  the  other  apecifications.  The  third 
combination  ia  that  of  specific  gravity  and  melting  point,  which  if  met 
would  greatly  lower  the  penetration  limit.  From  the  above  it  may  be 
ssen  tiiat  as  the  number  of  tests  to  be  ooondered  increases  their  inters 
relationship  may  become  more  and  more  involved.  This  subject  is  further 
considered  in  Art.  60. 

The  Sdectloo  of  Tests  should  depend  upon  the  object  for  which  a 
specification  is  prepared.  A  specification  should  not  be  encumbered  with 
unnecessary  requiftmente  but  sufficient  requirements  should  be  introduced 
to  insure  material  which  is  suitable  for  the  purpose  specified  and  also  uni- 
formity of  the  material.  Those  tests  which  are  properly  specified  for 
bituminous  materials  most  commonly  used  in  highway  engineering  are 
as  follows: 

I.   Petroleum  and  Asphalt  Products 

1.  Specific  Gravitt  of  all  products. 

2.  SraciFic  ViscoaiiT  of  fluids  which  arc  too  thin  for  the  float  test. 

3.  Float  Tbbt  of  viscous  fluids  and  soft  semisolids  which  are  not  well 
adapted  for  the  viscosity  or  penetration  tests. 

4.  Pbnbtration  Test  at  25°  C,  4°  C  and  46°  C  (77°,  39*  and  116°  P), 
where  possible,  for  semisolids  and  solids. 

5.  Mbltino  Point  of  the  harder  semisolids  and  solids. 

6.  Flash  Point  for  all  products  and  sometimes  the  bubniito  point  for 
materials  of  low  flash  point. 

7.  VoLATiuzATiON  Tbst  at  163°  C  (325°  F)  of  all  materials. 

S.  CoNsisTKNcy  of  the  residues  from  the  volatilisation  when  adapted  for 
the  fioat  or  penetration  test. 

'9.  Total  BmnuN  in  all  products. 

10.  OaOANlC  MaTTSH  and  IlTOBOAinO  MaTTSB  iNBOLtTBLB  IN  CaBBON 

DiauLPHiDB  for  all  products. 
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11.  BmJHBH  IlfSOLUBLB  OR  SOLUBUB  IH  86"  B  PABAPItN  N APHTHA  foT  ftll 

products. 

12.  BlTUHBN  iNBOLtJBliB  OB  SOLUBUi  IN  CABBON  TbTHACHUJHIDK  fOT  all 

[troductB. 

13.  Fixed  Cabbow  for  all  products. 


1.  Specific  Gravitt  of  all  products. 

2.  Specific  Viscosity  of  fluids  which  are  too  thin  for  the  float  test. 

3.  Float  Test  of  viscous  fluids  and  semisoUds  which  are  oot  well 
adapted  for  a  visconty  test. 

4.  Distillation  Trbt  of  all  products. 

5.  Mbltino  Point  of  the  pitch  residue  from  distillation  test. 

6.  DiMBTHyL  Sulphate  Tbbt  in  tnse  of  mixtures  of  tar  and  petroleum 
or  asphalt  products. 

7.  Total  Bittimen  in  all  products. 

8.  Fbbe  Cabbon  oe  Orqanic  Mattes  ItmoLUBUD  in  Cabbon  Dibul- 
paiDB  for  all  products. 

In  some  oases  it  may  be  advisaUe  to  omit  certain  of  Uiese  tests  or  to 
include  others.  In  addition  to  the  above  it  is  common  practice  to  insert 
a  clause  in  specifications  for  bituminous  materials  which  have  to  be  heated 
before  use  that  they  shall  be  free  from  water  and  shall  not  foam  when 
heated  to  a  temperature  somewhat  higher  than  that  at  which  they  are  likdy 
to  be  heated  during  their  use.  In  specifications  for  bituminous  aggregates  the 
character  and  grading  of  the  mineral  matter  are  often  covered.  The  selec- 
tion of  test  limits  involves  a  consideration  of  many  factors  which  property 
form  a  part  of  and  are  included  in  other  sections.  Certain  principles  in 
connection  with  the  selecUon  of  test  limits  are,  however,  given  in  Art .  50. 


Types  of  SpadflcatlOiis.  There  are  two  general  tsrpes  of  apedfioatiotu 
for  bituminous  materials:  Close  or  discriminative  specifications  and  open 

specifications.  The  latter  type  may  be  divided  into  two  classes:  blanket 
apccifi cations  and  alternate  type  specifications.  Close  specifications  are 
designed  to  secure  a  given  type  and  grade  of  bituminous  material  to  the 
exclusion  of  all  others,  whether  suitable  or  unsuitable  for  the  purpose  speci- 
fied. Their  use  tends  to  restrict  and  often  absolutely  prevents  competition. 
The  result  is  therefore  unnecessarily  high  prices.  Blanket  specifications 
are  designed  to  secure  unlimited  competition  by  means  of  eoveriog,  in  » 
single  specification,  all  types  and  grades  of  material  vhidi  may  be  suitable 
for  the  purpose  specified.  In  attempting  to  do  this,  however,  test  linuta 
are  necessarily  stretched  to  such  a  point  that  unsuitable  materials  are  also 
covered  and  in  any  event  certainty  of  uniformity  in  supply  is  lost.  Alter- 
nate type  specifications  are  designed  to  strike  a  happy  mean  between  the 
closed  and  blanket  types  of  specification.  They  are  in  effect  a  combina- 
tion of  the  two.  They  consist  of  a  number  of  more  or  less  close  specifica- 
tions for  the  various  types  of  materials  suitable  and  equivalent  in  value 
for  the  purpose  specified,  the  selection  of  any  particular  specification  being 
optional  with  the  bidder.  Fair  competition  is  thus  secured  witiiout  nacri- 
ficing  the  prime  requisites  of  suitability  and  uniformity.  Examples  of  olcwe, 
alternate  type,  and  blanket  specifications,  in  the  order  named,  are  fljTra 
in  the  following  paragraphs  for  the  purpose  of  illustrating  the  piinciplea 
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involved.  Ty^aal  Bpeeificatioiis  for  latuminouB  materials  for  use  in  the 
treatment  and  oonstniction  of  the  different  types  of  roads  and  pavements 

are  given  in  other  Sections. 

Close  Spedflcationt  vary  greatly  in  character  according  to  their  method 
of  preparation.  They  may  be  obviously  discriminative  by  actually  nfttning 
the  type  of  material  required  or  they  may  be  indirectly  discriminative  by 
so  fixing  test  limits  that  tliey  may  only  be  met  by  the  type  of  material 
required,  altho  that  type  ia  not  actually  named.  Discriminative  tests  and 
specifications  are  perfectly  proper  and  t^ten  desirable  if  used  in  the  right 
wiqr,  but  thmr  significance  should  be  cleariy  apiwrent  and  they  should  not 
be  put  forward  aa  open  specifications.  When  a  ^ven  type  of  bituminous 
material  has  a  single  characteristic  property  which  distinguishes  it  from 
other  types,  test  limitations  of  this  property  may  be  so  drawn  as  to  make 
the  specification  discriminative.  The  status  of  such  specifications  is  not 
usually  difficult  to  ascertain.  Thus  a  specification  for  a  refined  asphalt 
which  calls  for  some  35%  of  a  fiesh  pink  ash  as  surely  indicates  Trinidad 
asphalt  as  tho  the  words  "  Trinidad  Asphalt "  were  included  in  the  apeci- 
ficatioa.  Discrimination  is,  however,  sometimes  secured  by  the  use  of  a 
comlnnation  of  two  or  more  test  limitations,  the  significance  <tf  which  is 
only  apparent  under  the  dose  scrutiny  of  one  who  has  an  intimate  and 
comprehendve  knowledge  of  all  types  of  bittmiinous  materials.  Specifica- 
tions of  this  class  may,  as  a  whole,  absolutely  eliminate  competition,  altho 
no  single  dause  in  the  specification  could  be  criticised  from  this  standpoint. 
Some  close  specifications  are  less  dose  than  others.  Thus  a  specification 
for  an  oil  asphalt  may  cover  oil  asphalt  which  can  be  commercially  pre- 
pared from  a  number  of  crude  petroleums.  It  will,  however,  eliminate 
native  asphalt  products  and  tar  products  which  are  equally  well  adapted 
for  the  puriXMO  specified.  On  the  other  hand,  a  proi>erly  prepared  tar 
spedfication  will  diminate  all  petroleum  and  aephalt  products  and  ia  tlier»> 
fore  a  more  or  lees  dose  specification.  The  following  isolated  qjedfioation 
serves  as  an  example  of  the  close  type,  primarily  prepared  for  a  fluxed 
Bermudes  asphalt  for  bituminous  macadam  construction  under  certain 
conditions.    It  also  illustratee  an  approved  foim  of  speeifsrinK  test  limits. 


1.  The  Hphalt  eenunt  shall  be  homoEmeous,  free  (ram  water  sod  disD  not  foam 
when  beatM  to  177"  C  (3S0»  F). 

2.  It  ahaU  diow  a  fiadt  pdnt  ef  not  lesi  than  IW  C  (826o  F)  wbn  toated  fat  tlw 
New  York  State  Board  of  Hadtb  CiMsd  OU  T«tw. 

8.  Its  qMcUe  gravis,  it  a  temperature  d  SB"  C  (77"  F)  dnll  bo  not  iem  than  1.0SB 
nor  more  than  1.060. 

4.  When  testad  with  &  standard  No.  2  needle,  by  means  of  a  staodsrd  penetrom- 
eter, it  shall  show  penetrsticms  within  the  following  limits  tbi  tho  conditions  stated, 
the  ponetrattons  bring  expressed  in  hundredths  of  a  centimenter;  100  g  load,  S  sse 
at  ae"  C  (77°  F)  from  ISO  to  160;  200  g  \cmd,  1  min  at  4°  C  (89°  F),  not  lem  than  SO. 

6.  When  tasted  by  maana  ol  the  Kew  Yoik  Taattnc  XjAmratery  Float  Aiqieratua, 
the  float  ahaU  not  dak  b  water  mats  tsfaked  at  66°  C  (160"  P)  tai  leas  than  120  sk  oar 
mora  than  180  sse. 

6.  WhoB  60g  of  the  material  is  msintsined  st  a  uniform  temperature  ot  163°  C  (826<'F) 
for  6  hr  in  an  open  cylindrical  tin  dish  2}4  in  in  diameter,  with  vertical  aides  measuring 
approximately  m  in  in  depth,  the  lom  in  weight  shall  not  exceed  3.0%  of  the  original 
wri^t  of  ths  mm  pie.  The  penetration  of  the  residue  when  tested  as  dcseribed  hi 
daM4  «dth  a  standard  No.  2  needle  under  a  load  of  100  g.  (or  B  see  at  26°  C  (77"  F) 
shall  be  not  leas  than  one-hsU  the  pemtrstkm  of  the  original  material  tested  nadar 
ttw  same  eoDdUDna. 
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7.  Its  bttunMO  u  dotermlned  by  its  MlubQity  in  dieraiallr  P<n  onfoon  fliwlphida 
at  room  Umperatura  ihall  be  not  lev  thmn  94.0%  nor  more  than  98.0%. 

8.  It  afaall  be  aoluble  in  chemically  pure  carbon  tetraditeida  at  room  t«mp8ratun 
to  tha  AKtMit  at  not  baa  than  98.B%  of  Ita  bitumen  aa  deterrabwd  Iqr  dam  7. 

9.  It  duOl  be  aduMe  In  88°  to  88"  B  paraAn  naiditha.  ot  iibSA  at  leaat  86.0%  dla- 
tOU  between  85°  and  (96°  and  149° F)  to  the  extent  of  not  lem  than  76.09^  aot 
mora  than  85.0%  of  ita  bitumen  as  determined  by  dauae  7. 

10.  It  abaUyldd  not  lemtfaan  11.0%  norniMtt  than  14.0%  offlMdearbon. 

11.  irpon  Ignitian  H  UiaU  yield  not  lea  than  1J>  %normon  thBnl%af  aA. 
From  the  above  it  is  evident  that  clsiues  3,  4,  6,  6,  9  and  II  ditniaata 

all  tar  products.  The  oombination  of  dauaea  3  and  4  eliminates  blown 
aflphalts,  and  clauses  7  and  11  eliminate  all  suitabto  straight  distilled 
petroleum  residuums.  Such  reeiduums  might  of  oourse  be  doctored  up  to 
meet  the  Bpecification  limits  but  this  would  hardly  be  commercially  prac- 
ticable  for  the  existing]  types^f  availaUe  matnials.  Following  is  given, 
for  the  purpose  of  comparison,  a  ^rpioal  speoifioation  of  a  refined  tar  suit- 
BiAt  for  the  same  purpose. 


1.  The  refined  tar  shall  be  bomogeneoos,  free  from  water,  and  ahsll  not  foam  wbm 

bested  to  121°  C  (260°  F). 

2.  Ita  specfflc  gravity  at  a  temperature  of  26°  C  (77°  F)  ifaaD  be  not  leaa  than  LISO 
nor  more  than  1.200. 

5.  Wban  teated  by  meana  of  the  New  Yosk  Teating  IjUMratory  71  at  i^ipamtoa, 
the  float  shall  not  sink  in  water  maintained  at  60°  C  (122°  F)  in  tem  than  ISOnormon 
than  150  see. 

4.  Ita  bitumen  as  determined  by  Its  scjabQity  in  ehemtcally  pure  carboa  dIsidphUa 
at  room  temperature  shall  be  not  leas  than  96.0%,  and  ft  i^iaU  show  not  man  thSB 
0.2%  ash  upon  ignition  of  the  matorial  insoluble  in  carbon  disulphide. 

6.  When  distilled  according  to  the  tentative  method  recommended  by  Committee 
D~4  ta  the  Am.  Soe.  Test.  Mat.  in  1911,  it  sh^  yidd  not  mora  than  O.S%  dtstOlatA 
at  a  tempmture  lower  than  170°  C  (8S8°  F) ;  not  mem  than  12.0%  shall  distil]  b^low 
270°  C  (618°  F),  and  not  more  than  25.0%  shaU  diadU  below  300°  C  (572°  F). 

0.  The  total  diatillate  from  the  teat  made  In  accordance  with  dause  6  shall  have 
a  spedfle  gravity  at  a  temperature  of  26°  C  (77°  F)  of  not  1ms  than  0.980  nor  mora 
than  1.020. 

7.  The  mdting  point,  aa  determined  In  water,  of  the  pitch  residue  remaining  after 
dlBtmaUanto800°C  (672°  P)  in  ■eoordanee  wfth  the  test  described  fa  cUom  5  shall 
be  not  mors  than  76°  C  (167°  F). 

It  will  be  noted  that  this  specificBtion  is  entirely  diiferent  from  that  for 
the  asphalt  cement.  The  combination  of  clauses  2,  3  and  4  ^iminatea 
all  petroleum  and  asphalt  products,  and  the  comlnnation  of  clauses  3,  4  aad 
6  practically  eliminates  all  refined  coal  tars.  The  specification  ia  therefore 
close  and  is  limited  almost  exclusively  to  refined  water-gas  tars. 

Alternate  Type  Specificstious.  While  either  of  the  specificaUoiis  given 
in  the  preceding  paragraph  if  used  alone  would  greatly  limit  competition, 
it  ia  evident  tiiat  competition  would  be  considerably  increased  if  the  two 
speoificatioiiB  were  made  optional  and  for  the  work  specified  the  bidder 
were  allowed  to  furnish  material  which  conformed  to  either  one  that  he 
migjtt  select.  Moreover,  aft«r  such  selection  he  would  be  obliged  to  fur- 
nish  reasonably  uniform  material  owing  to  the  rather  close  test  limits 
specified.  Unrestricted  competition  could  be  secured  by  using  a  sufficient 
number  of  specifications  to  cover  all  of  the  available  types  and  grades  of 
material  suitable  for  the  purpose  specified.  Thus,  a  specification  for  refined 
coal  tar,  a  specification  for  a  blown  petroleiun,  and  two  or  more  specifican 
tioQB  for  the  different  types  of  petroleum  rendutuna  oould  be  made  alter^ 
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native  with  the  above  to  the  advantage  of  fair  competition  but  without 
sacrificing  suitability  or  uniformity.  Use  of  the  alternate  type  specifica- 
tion ia  growing  rapidly  and  promises  to  supersede  that  of  the  older  cloae 
epecifioaticai  and  the  unecientifio  blanket  specific^ion.  Numerous  exam- 
ples of  altoRiBtB  ^rpe  qwcnfications  for  bituminous  materials  will  be  found 
in  those  Seotions  dealing  with  the  diflfnoit  types  of  bituminous  pavements. 

Blanket  Spedflcstions.  The  use  of  a  single  QpeoifioatioQ  (nveriog  all 
types  of  bituminous  materials  suitable  for  a  given  purpose  would  be  highly 
desirable  if  it  could  be  so  drawn  as  to  cover  the  proper  grade  of  each  type 
without  admitting  unsuitable  grades.  The  ultimate  utilisation  of  tests 
for  the  purpose  of  selecting  material  suitable  for  a  given  use  nuUtee  it  nec- 
essary, however,  that  the  test  limits  adopted  shall  specifically  define  the 
materia),  and  that  the  material  thus  defined  shall  have  previously  proved 
satisfactory  for  that  particular  use.  For  some  classes  of  matwials  these 
points  are  not  difficult  to  cover.  In  the  case  of  Utuminous  materials, 
however,  the  matter  is  complicated  by  the  numerous  vuieties  or  types  of 
tntuminous  msteriala  in  common  use,  and  the  overlapping  characteristics 
of  various  grades  of  these  different  types.  Standards  of  more  or  less  estab- 
lished test  values  have  been  thrown  into  question  by  the  introduction  of 
new  types  of  bituminous  materials  which,  while  similar  to  or  identical  in 
many  respects  with  other  better  known  materials  yet  differ  from  them 
materially  in  certain  physical  or  chemieal  properties.  This  has  made  it 
DMSSMvy  to  ettbei  modify  old  staodarda  or  to  create  new  standards  to  be 
used  q?ecifieally  for  tiie  new  matoials  introduced.  The  lattw  method  Is 
certainly  the  safer.  The  frequent  impossiUlity  of  covering  suitable  grades 
of  different  types  of  material  by  a  modificaUcni  of  the  standard  of  one  to 
include  the  other  m^  be  illustrated  in  connection  with  the  relative  oon- 
aistency  of  a  California  oil  asphalt  and  a  fluxed  Bermudei  asphalt  suitable 
for  the  same  purpose.  Thus,  for  a  certain  tjrpe  of  bituminous  concrete 
pavement  under  a  given  set  of  conditions,  the  proper  penetration  limits  at 
25°  C  (Tf  F)  for  the  California  asphalt  may  lie  between  70  and  90,  while  the 
proper  penetration  limits  for  the  fluxed  Bennudei  asphslt  to  be  used  in 
exactly  the  same  type  of  pavement  and  under  the  same  conditions  may 
be  entirely  diffwsnt,  perhaps  140  to  160.  It  is  evident  that  to  attempt 
to  cover  the  penetration  limits  of  both  materials  under  one  specifioatioo 
would  be  useless.  In  the  first  place,  such  test  limits  as  70  to  160  are  so 
wide  as  to  insure  but  little  uniformity  in  different  lots  of  the  same  material, 
and  in  the  second  place,  an  entirely  unsuitable  material  of  one  type  might 
be  supplied  under  the  maximum  test  limit  of  the  other  type.  A  finer  dis* 
tioetion  may  be  drawn  in  the  differences  between  asphalt  cements  produced 
by  the  straight  distillation  of  two  ^pes  of  petroleum,  Mexican  and 
fomia.  Thus,  high  fixed  carbon  in  most  asphalt  cements  produced  from 
Mexican  petroleums  is  a  distinguishing  oharacteristic.  Relatively  low  fixed 
carbon  in  good  asphalt  cements  produced  from  California  petroleums  serve 
to  differentiate  them  from  Mexican  products.  Here,  again,  the  necessity 
or  desirability  of  different  test  limits  is  apparent,  for  if  the  amount  of  fixed 
carbon  yielded  by  a  California  asphalt  cement  was  as  high  as  the  16  or 
17%  often  found  in  Mexican  asphalt  cements,  indications  would  point  very 
strongly  to  injury  of  the  former  dns  to  exceauve  temperatures  having  been 
emplojnad  in  the  process  (rf  manufacture.  With  regard  to  widely  different 
iypm  of  Utmninous  matwials,  such  as  tars  and  asphalts,  H  is  senaally 
atfanitted  tiiat  a  blantet  spec^eation  is  absolutely  unsatisfactory.  It  ia 
kIbo  unsatisfaetorjr  to  attempt  to  cover  low  carbon  tan  and  high  carbon 
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ton  under  a  single  blanket  Bpecifieation.  In  general,  however,  for  any 
given  purpose  it  is  possible  to  cover  suitable  gradeii  of  all  types  of  avail- 
able tar  products  by  means  of  two  alternate  speci&oations.  AvailaUe 
petroleum  products  suitable  for  the  same  purpose  may  usually  be  covered 
by  from  two  to  four  alternate  apecifieationi  and  available  fluxed  native 
asphalta  by  two  or  three  alternate  spedfieationB.  The  alternate  type  plan 
involves  more  work,  and,  until  the  principles  involved  are  clearly  under^ 
stood,  appears  to  be  much  more  complicated  than  the  blanket  specification. 
As  at  best  the  latter  is  unsafe,  if  not  absolutely  worthless,  the  extra  work 
involved  by  the  former  is  undoubtedly  worth  while.  Aside  from  actual 
Buitabihty  of  a  material,  the  matter  of  unifonnity  of  supply  is  extremely 
important,  as  uniform  work  cannot  be  secured  with  material  which  is  not 
uniform  in  character.  As  previously  stated,  the  blanket  specification  is 
wboUy  inadequate  to  insure  uniformity. 


PURCHASE,  TRANSPORTATION,  STORAGE  AND  IRSPBCTIOR 
OF  BITUMINOUS  MATERIALS 


Volome  Baiii.  Bituminoui  materials  for  ose  in  hi^war  eni^neerioc 
may  be  purohaeed  upon  either  a  vdume  or  wright  basia.  Both  methoda 
have  their  advantages  and  disadvantages.  In  the  last  anatyEos  the  volume 
of  bitumen  purchased  and  used  is  of  most  interest  to  the  highway  engineer, 
but  there  are  certain  handicaps  to  the  volumetric  method  which  are  some- 
times diflicuft  to  meet.  In  the  first  place,  containers  are  seldom  completely 
filled  with  bituminous  materials  and  the  volumes  therefore  have  to  be 
calculated  or  estimated.  This  is  not  a  difficult  matter  when  material  is 
■upi^ied  in  bulk,  as  in  the  ease  of  tank  car  shipments;  but  when  smaller 
oontainen  are  used,  such  as  barrels  and  drums,  their  variation  in  shape 
and  sise  may  be  so  great  that  a  determination  of  the  true  volume  of  a 
given  shipment  is  no  ample  matter.  It  is  common  practice,  however,  to 
.purchase  fluid  and  soft  semisolid  materials  by  the  ^lUon.  When  this  is 
done  the  gallon  is  usually  considered  at  1S.5°  C  (60°  F),  and  if  the  material 
is  delivered  hot  an  arbitrary  correction  for  expansion  is  made  as  described 
in  Art.  34.  This  is  reasonably  satisfactory  for  materials  which  are  prac- 
tically pure  bitumen,  but  if  it  is  desired  to  purchase  the  material  upon  s 
bitumen  basis,  that  is,  to  pay  only  for  the  bitumen  deUvered,  exdusive 
of  all  extraneous  matter,  the  volumetric  method  is  not  satisfaetory  as  the 
extraneous  matter  is  not  determined  by  volume  but  by  weight.  In  ocrm- 
paring  prices  for  bituminous  materials,  the  actual  amount  of  bitumen  present 
in  the  material  is  an  important  factor.  It  is  perfectly  evident  that  g^lon 
for  gallon  a  tar  containing  6%  free  carbon  represents  more  bitumen  than 
one  containing  25%  free  carbon,  yet  such  facts  are  frequently  overlooked. 

Weight  Basis.  The  weight  basis  of  purchase  is  commonly  used  in  con- 
nection with  the  harder  semisolid  and  solid  bituminous  materials.  Weights 
are  of  course  the  same  irreqwctive  of  temperature  changes,  and  if  it  is 
desired  to  purchase  upon  the  basis  of  actual  w^ght  of  iMtumen  ddivwed, 
tbis  may  be  done  by  reference  to  an  analysis  of  the  material  shoirins  the 
percentage  of  bitumen  and  extraneous  material.  Asphalts  and  asphalt 
cements  are  thus  sometimes  purchased  and  paid  for  according  to  the  tons 
of  actual  bitumen  delivered.  This  is  only  reasonable  as  it  is  evident  that 
a  tcm  of  asphalt  consisting  of  practically  100%  bitumen  will  go  farther 
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than  a  ton  of  one  containing  35%  of  minend  matter.  In  other  words,  2 
tons  of  the  former  will  be  equivalent  to  about  3  tons  of  the  latter.  Carry- 
ing this  refinement  still  further,  the  specific  gravis  of  the  pure  bitumen 
should  also  be  considered  as  a  factor  in  comparing  prices,  as  it  is  evident 
that  the  same  wei^ta  of  bitumMU  oi  differatt  spedfic  gravity  will  repre- 
sent difforenees  In  volutne.  Such  ixnnts  as  these  are  t^tan  ne^eoted  alUio 
in  a  iaxgfi  contract  they  may  often  represent  considerable  monetary 
value. 

6S.  TnntfottMOaa  and  Storage 

Tank  Can  and  Tanka.   Fluid  Utuminous  mateiiala  ready  for  ubb  an 

ordinarily  shipped  to  the  consumer  in  tank  cars  of  from  4000  to  12  000  gal 
capacity.  These  tank  cars  are,  as  a  rule,  equipped  with  steam  coils  whidi 
may  be  connected  from  the  outside  with  the  boUer  of  a  road  roller  or  tractor 
in  case  it  is  necessary  or  desirable  to  heat  the  material  before  unloading 
the  tank.  Semisolid  materials  are  also  sometimes  shipped  in  tank  cars,  in 
which  case  it  is  very  important  that  the  coils  be  so  designed  and  placed 
as  to  insure  efficient  heating  of  the  entire  contents.  The  older  types  of 
ateaia*heated  tank  cars  are  unauited  for  the  shipment  of  semiaoUds  but  in 
the  most  modem  typea,  which  are  specially  designed  for  the  purpoae,  asphalt 
cements  of  very  low  penetration  may  be  brought  to  a  fltud  condition. 
Tank  cars  are  necessarily  subjected  to  unusual  strains  and  it  sometimes 
happens  that  leaks  wiU  develop  in  the  heating  coil.  If  this  occurs  and 
it  is  necessary  to  heat  the  material  above  100°  C  (212°  F),  serious  trouble 
may  result  from  foaming  due  to  leakage  of  condensed  steam,  altho  the 
original  material  may  have  been  absolutdy  free  from  water.  For  this 
reason  the  shipment  for  long  distancee  in  tank  cars  of  semiec^d  materials 
which  have  to  be  brought  to  a  relatively  high  temperature  before  they 
can  be  unloaded  is  not  always  satisfactory,  and  the  use  of  tank  can  b 
therefore  largely  confined  to  the  fluid  and  rather  soft  semisolid  products 
vhidi  do  not  have  to  be  highly  heated.  The  tank  ear  method  of  shipment, 
while  desirable  in  many  ways,  is  apt  to  prove  expensive  unless  upon  ar- 
rival at  their  deatioation  facilities  are  at  hand  for  removal  of  the  contents 
of  the  tanks  within  a  comparatively  short  time.  It  frequently  happens 
that  the  engineer  is  not  in  a  position  to  at  once  use  an  entire  tank  car  load 
of  bituminous  material  upon  its  arrival.  A  long  spetl  of  rainy  weather 
jnay,  in  fact,  postpone  its  use  for  a  number  of  weeks.  This  means  that  the 
demurrage  ehargee  will  constitute  an  appreciaUe  factor  in  the  cost  of  the 
material.  In  addition  to  the  demurrage  of  $1.00  per  day  charged  by  the 
railroad  company,  the  leasing  value  of  a  tank  car  is  stated  by  Kerahaw 
(26)  as  being  about  $1.25  per  day.  The  loss  resulting  from  the  detention 
of  a  car  is  considered  to  fall  on  the  shipper  but  is  actually  borne  by  the 
consumer,  who  pal's  a  higher  price  for  the  material  than  would  be  the  case 
if  he  wore  known  to  have  a  storage  tank  available.  Kershaw  reoommiNidB 
tibe  use  of  cj^drical  storage  tanks  of  about  12  000  gal  capacity,  measur- 
•inc  approximately  30  ft  in  length  and  8  ft  in  diameter,  set  upon  steel 
supports  and  equipped  with  steam  cdls.  The  tank  should  be  placed  eo 
as  to  give  a  minimum  fall  of  2  in  in  30  ft  toward  the  outlet,  which  should 
be  placed  as  near  one  end  as  possible.  The  arrangement  of  the  steam  coils 
should  be  such  that  a  coil  is  placed  immediately  above  or  around  the 
opening  in  the  outlet  pipe  in  order  to  prevent  possibility  of  the  outlet 
becoming  blocked  by  the  collection  of  cold  solid  material.  The  main  coils 
should  be  placed  on  a  cradle  as  low  as  pfMsible  in  the  tank,  with  a  maxi- 
mum distance  of  9^  in  between  the  bottom  <rf  the  coil  and  tite  tank.  Tot 
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the  un  oi  heavy  materials  the  outaide  pii»ng  should  be  steam  jacketed. 
The  following  cost  data  is  siTen  for  the  iiutallatioti  of  a  12  000  gal  storage 
tank  at  Gteravieh,  Codil  This  tank  was  oonstructad  with  two  compart* 
meats,  one  of  which  was  fitted  with  steam  coils: 

Tsnk,  f.o.b.  aUpplnc  poliit   $827.96 


Pi^t   62.00 

Piping   166.00 

Concrete  abUtiiMiiti   830.00 

Punting   16.00 

Extiw   6.00 


>7M.M 

Eershaw  further  states  that  "  it  has  not  been  unusual  for  towns  using  from 
100  000  to  200  000  gal  of  oil  to  pay  the  railroad  company  more  than  SlOOO 
per  annum  in  the  form  of  demurrage,  and  quotations  have  been  made  in 
favor  of  the  towns  equipped  with  storage,  which  net  a  saving  of  from  2  to 
5  millB  per  gallon." 

Barrels  and  Drums.  A  very  large  proportion  of  the  semisolid  and  solid 
bituminous  materials  is  shipped  to  the  consumer  in  barrels  or  dnuns.  For 
the  harder  grades  of  materials  such  as  refined  asphalts,  which  require  fluzinK 
before  uae.  open-head  slack  barrels  are  often  used.  These  barrels  are 
clayed  on  the  inside  ao  that,  after  cutting  the  hoops,  the  staves  may  be 
stripped  from  the  asphalt  with  little  or  no  waste.  Slack  barrels  weigh 
approximately  20  lb  and  hold  from  300  to  400  lb  of  refined  asphalt,  depend- 
ing upon  its  specific  gravity.  They  are  sometimes  double-headed,  but  in 
storage  should  always  be  placed  on  end.  If  stored  on  their  sides  they  are 
apt  to  cave  in,  no  matter  bow  hard  the  asphalt  may  be,  as  they  are  not 
designed  to  withstand  the  unequalixed  strains  produced  by  the  slow  flow 
or  deformation  of  the  asphalt  from  iUt  normal  position  at  the  time  <rf  filfing. 
Double-head  tight  barrels  of  approximately  50  gal  capacity  but  aome- 
times  varying  from  40  to  60  gal  capacity  are  largely  used  for  semisolid 
and  viscous  bituminous  materials.  Such  barrels  may  weigh  from  60  to 
70  lb  each  and  represent  approximately  15%  of  the  gross  weight  of  the 
shipment.  They  are  much  stouter  than  the  slack  barrels  but  should  be 
stored  on  end.  Except  in  the  case  of  fluid  products,  it  is  common  practice 
to  destroy  these  barrels  when  removing  their  contents,  altho  the  actual  value 
charged  for  each  barrel  amounts  to  two  cents  or  over  per  gallon  of  lutumi- 
nous  matMial.  It  is  sometimes  possible  to  save  the  barrel  with  the  ezcep-' 
tion  of  one  bead.  If  this  is  done  wastage  thru  adhesion  of  a  portion  of  the  • 
material  to  the  inside  of  the  barrel  becomes  a  factor  to  be  considered  aa 
well  as  the  loss  of  time  in  drainine  the  contents.  These  losses,  togethev 
with  the  return  haulage  and  freight,  and  the  difTcrence  in  value  allowed 
by  the  manufacturer  for  the  empty  barrel  may  practically  offset  the  loss 
of  the  barrel  itself  if  the  hoops  are  split  and  the  barrel  and  contents  dropt 
into  the  melting  kettle  from  which  the  staves  may  be  removed,  as  they 
float  to  the  surface,  and  used  as  fuel.  Thin  sheet  metal  drums  are  used 
to  a  considerable  extent  in  place  of  barrels  for  the  transportation  of  semi- 
solid bituminous  materials.  These  drums  are  light  weight  and  hold  from 
375  to  ^5  lb  of  material.  They  are  made  with  both  ungb  and  double 
beads.  They  are  considerably  cheaper  than  tight  burels  but  ponacss  the 
disadvantage  of  rusting  out  upon  prolonged  storage  in  the  open.  They  arc 
also  readily  dented  and  sometimes  punctured  during  loading  and  unload' 
ing,  in  which  case  it  is  practically  impossible  to  repair  them  and  if  not 
soon  emptied  the  bituminous  material  gradually  leaks  out  to  the  level  of 
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the  puncture.  They  canhot  well  be  stacked  without  being  slowly  pressed 
out  of  shape  and  buretine.  Id  emptying  they  are  usually  cut  with  a  hatchet 
and  the  drum  and  contents  thrown  together  into  the  melting  kettle.  When 
removed  from  the  kettlp  their  ultimate  dtspcAal  is  sometimes  a  problem  to 
the  oonBumer,  as  they  cannot  be  destroyed.  They  possess  certain  advan- 
tages, however,  which  largely  offBeb  their  disadvantages.  If  carefully  han- 
dled and  stored,  wastage  of  the  bituminous  material  is  reduced  to  a  mini- 
mum as  well  as  cost  of  transportation.  As  they  have  vertical  sides  there 
is  leas  loss  of  fioor  space  during  transportation  thafi  is  the  case  with  barrels.' 

63.   Inspection  of  Bituminous  Materials 

Factors  Governing  Sampling.  The  proper  sampling  of  bituminous  mate- 
rials is  often  neglected  thru  carelessness  or  lack  of  appreciation  of  the  fac- 
tors which  should  be  considered.  Too  often  a  single  sample  is  taken  at 
random  from  a  large  consignment  of  material  and  the  analyse  of  the  sample 
ia  considered  aa  representing  the  entire  consigniaeat.  Such  procedure  is 
apt  to  Effove  not  only  valudcae  but  extremely  misleading  when  an  attempt 
is  made  to  correlate  the  physical  and  chemical  properties  of  the  material 
with  service  results.  In  the  first  place,  all  necessary  precautions  should  be 
taken  to  insure  that  the  samples  shall  truly  reprint  the  entire  lot  of  mate- 
rial sampled.  This  can  only  be  done  by  taking  a  number  of  samples  from 
a  lot  and  checking  certain  characteristics  of  the  individual  samples  against 
each  other  prior  to  making  a  complete  examination  of  the  mixed  samples. 
Uniformity  is  one  of  the  most  important  facts  to  be  ascertained  in  conueo- 
tion  with  a  shipment  bituminous  material  and  this  can  never  be  deter* 
mined  from  the  examination  of  a  single  sample.  It  is  difficult  to  formulate 
definite  rules  which  will  cover  all  conditions  that  have  to  be  met  in  sampling 
the  Tarious  types  and  grades  of  bituminous  materials  used  in  highway  engi- 
neering, but  the  following  fundamental  principals  should  always  be  ob- 
served. (1)  Take  samples  with  a  view  to  ascertaining  the  maximum  varia- 
tions in  chsracteristics  which  the  material  may  possess.  (2)  Be  sure  that 
sample  cans  are  first  scnipulousiy  clean  and  that,  in  taking  samples,  no 
extraneous  matter  of  any  sort  is  introduced.  (3)  Immediately  after  filling, 
the  sample  eans  should  be  tightly  oloeed  and  properly  mtu-ked  for  identi- 
fication. (4)  Identifieation  marks  should  be  placed  on  the  sample  can  itself 
and  not  upon  the  lid  unless  both  can  and  lid  are  marked.  (5)  Samples  should 
be  packed  for  shipment  in  such  manner  that  leakage  of  contents  or  con- 
tamination by  excelsior,  paper,  or  other  packing  material  during  transit 
is  entirely  prevented.  For  ordinary  analysis  samples  of  not  less  than  1  pint 
(approximately  1  lb)  should  be  taken  and  it  is  often  preferable  that  they 
should  be  twice  this  sixe.  For  fluid  products  a  rectangular  can  with  small 
screw  top  is  preferable.  For  very  viscous  and  soft  semisolid  products  a 
esrlindric^  can  with  a  tight-fitting  pry  lid,  such  as  commonly  used  for  paints, 
wffl  be  found  convenient.  For  the  harder  semisolid  and  ei^d  products,  a 
shallow  rectangular  or  cylindrical  can  with  ordinary  box  lid  top  is  suitable. 
In  marking  tin  cans  a  10%  solution  of  silver  nitrate  will  be  found  usefuL 
The  marking  should,  however,  be  allowed  to  thoroly  dry  before  packing 
or  otherwise  it  is  hkely  to  be  obliterated.  If  such  solution  is  not  used, 
the  outside  of  the  can  should  be  scraped  so  as  to  present  a  rough  surface 
upon  which  a  gummed  label  may  be  securely  attached.  This  is  necessary 
in  order  to  prevent  the  label  from  dn^iping  off  after  the  gum  has  dried. 
Samples  should  be  taken  in  the  open,  preferably  dnnog  diy  waathw,  but 
if  tak«i  in  nuny  weather  care  should  be  emoisMl  to  prevent  water  train 


D>qiti;M  Ciy 


743 


Bituminous  Materiab 


Seet  12 


beiag  introduoed  iQto  the  Bample  can.  Samples  should  alwasm  be  examined 
prior  to  the  use  of  the  material.  They  may  betaken  at  the  point  of  shipmeot 
or  upoD  arrival  of  the  material  at  its  destiQation.  The  former  practice  ia 
preferable  as  rejection  wiU  then  incur  no  lose  in  liandling  and  tranaportatioo. 
-  Sam^ing  Cn>m  Tanki.  fluid  producta  may  raadily  be  Munpled  from 
tanks,  but  with  semiaoUdB  and  solida  the  matter  is  more  difficult  utdees  the 
material  is  first  heated  to  fluid  crasisteney.  When  a  larger  order  is  placed 
for  continuous  delivery^  as  in  state  bi^way  work,  a  storage  tank  may 
be  filled  and  reserved  by  the  manufacturer  for  that  particuUr  order.  The 
inspector  may  then  be  required  to  sample  the  entire  bulk  of  material  at 
one  time,  prior  to  loading  it  for  shipment.  If  this  is  the  case,  at  least  three 
samples  should  be  taken;  the  tank  sealed  botJn  at  inlet  and  outlet,  and 
only  unloaded  in  the  presence  of  the  inspector.  One  sample  should  be 
talran  from  the  dravHiff  near  the  bottom,  one  from  near  the  top,  and  one 
Itom  the  center  of  Uie  tank.  A  can  or  bottle  attached  to  a  long  stick 
may  be  used  for  taking  the  last  named  sample.  The  sampler  should  have 
a  sufficiently  narrow  mouth  to  be  closed  by  a  stopper  which  may  be  re- 
moved by  means  of  a  stout  piece  of  twine  when  it  has  been  dipped  to  the 
proper  level  or  the  lid  of  a  wide  mouth  can  may  be  attached  to  a  heavy 
wire  so  that  it  may  be  removed  when  desired.  When  suitable  facilities 
are  at  hand,  it  is  always  w^  to  thoroly  agitate  the  entire  contents  of  the 
tank  prior  to  sampling.  The  contents  of  tank  cars  may  be  sampled  eithw 
at  Uie  point  of  shipment  or  ddivery,  in  the  same  TwaT^iMw  as  described  far 
stor^e  tanks.  If  the  material  is  sampled  at  the  point  of  detivery,  bow^ 
ever,  and  ia  a  semisolid  or  solid,  it  will  usually  be  neoeeaary  to  first  heat  it 
to  fluid  consistency.  This  entails  considerable  expense  as  the  material  wiU 
either  have  to  be  kept  hot  during  the  period  of  test  or  again  heated  before 
use  if  the  results  of  examination  show  it  to  be  satisfactory.  The  necessity 
of  sampling  from  different  levels  is  apparent  when  it  is  considered  that  a 
storage  tank  may  contain  the  residual  contents  of  a  number  of  stills  and 
even  a  tank  car  may  be  partially  filled  from  the  last  portion  of  one  still 
and  the  difference  made  up  from  the  contents  of  another  stilL  When  sam- 
pling from  the  draw-off  of  a  tank  it  is  alw^s  well  to  disoard  or  return  the 
first  two  or  three  ^tllons  removed  in  order  to  avoid  sampling  material  which 
may  have  remained  in  the  draw-off  pipes  from  a  previous  filling. 

Samj^g  from  Barrels  and  Drama.  When  sampling  from  small  con- 
tainers, such  as  barrels  or  drums,  it  is  advisable  to  take  one  sample  from 
every  20  packages  and  fraction  of  20  over  10  in  a  given  shipment.  The 
most  satisfactory  time  to  sample  is  when  the  material  is  being  run  from 
the  still  or  storage  tank  into  the  container,  aa  it  is  then  always  fluid  and 
the  sample  may  be  obtained  with  an  ordinary  tin  dipper.  If  the  material 
has  already  been  placed  and  stored  in  barrda  or  drums  prior  to  mnpHj^g^ 
it  is  quite  possiUe  that  various  Iota  of  different  grades  of  matraial  may 
have  become  inadvertently  mixed  thru  careless  handling.  The  containers 
sampled  should  therefore  be  carefully  selected  with  reference  to  their  posi- 
tion in  the  shipment  and  the  manufacturers'  markings  which  they  may 
carry.  These  markings  should  be  recorded  for  every  container  sampled 
and  used  as  a  means  of  identification.  In  no  case  should  two  adjacent 
containers  be  sampled  unless  they  bear  different  markings.  In  the  caae 
tA  double-head  barrels,  it  ia  gofid  invctiae  to  ocoaaioDally  up-end  ovary 
other  barrel  selected  and  samide  from  what  was  the  bottom.  Whea  the 
material  is  in  drums  or  slack  barrels  some  samples  should  be  taken,  if  pos- 
sible, 6  or  0  in  below  the  mirfaee.   Thu  ia  advisable  because,  when  a  oon- 


Art.  63 


InBpeetion  of  BituiniiUKis  Materials 


743 


tainer  ia  first  filled  with  hot  material  considerable  coatraction  takes  place 
upon  oooliog  and  after  cochins,  the  container  may  be  topped  by  runnini 
in  ad^tkmal  material.  It  ia  poaaible  that  thru  "'U*ft%i*  Uie  material  used 
for  topping  may  be  of  a  <Ufrereot  grade,  and  aami^  takm  bom  the  tops 
will  ther^ore  not  repreaent  the  oonaigmnMit.  ^unplea  of  solid  products 
may  be  chipped  out  with  a  hatchet.  U  any  water  or  dirt  iB  on  the  surface 
of  the  material  in  the  barrel  or  drum  selected  for  sampling,  it  should  be 
removed  so  that  the  surface  is  clean  and  dry.  A  large  sponge  will  be  found 
useful  for  this  purpose.  If  the  material  is  too  soft  to  be  chipped  out,  a 
central  portion  of  the  top  surface,  from  5  to  10  in  long  and  2  to  4  in  wide, 
may  be  removed  to  the  desired  depth  by  means  of  a  broad  stiff  put^  knife. 
A  luttchet  or  unall  hand  axe  is  often  convenient  to  mark  out  the  portion 
which  is  to  be  removed.  The  first  out  is  thrown  away  and  the  ssmirie 
taken  from  the  bottom  of  the  hole  by  means  of  the  putty  knife. 

Control  Inspection  of  bituminous  materials  from  the  engineering  stand- 
point is  necessary  at  the  laboratoiy,  paving  plant  and  on  the  highway. 
Upon  receipt  by  the  laboratory  of  a  number  of  samples  representing  a  given 
consignment,  tests  for  conmstency  should  be  made  upon  each  sample  and 
a  specific  gravity  determination  on  every  alternate  sample.  If  these  tests 
eheisk  within  reasonable  limits,  the  samples  are  mixed  and  a  complete 
analysis  run  on  the  mixed  sample  to  detnmine  whether  the  matnlal  eon- 
forms  with  specifications.  After  a  consignment  has  been  iv>proved  for  use, 
the  laboratory  then  serves  as  a  check  upon  the  plant  or  highway  in^tection. 
The  i^ant  inspection  of  bituminous  materials  has  mainly  to  do  witii  tem- 
perature control,  consistency  control  and  regulation  of  the  amount  of  bitu- 
minous material  used.  All  melting  and  fluxing  kettles  should  be  provided 
with  stationary  thermometers  for  determioing  the  temperature  of  the 
material  at  all  timee.  When  a  tank  or  kettle  of  material  has  been  main- 
tained at  an  elevated  temperature  for  a  considerable  length  of  time,  the 
inspector  should  sami^  tbs  ctmtents  and  make  a  consisteiicy  test  of  ths 
sample  to  determine  whether  or  not  undue  hardening  has  occurred.  He 
should  be  provided  with  the  necessary  equipment  and  a  suitable  place  for 
making  these  tests.  Be  sho^d  occasionally  forward  a  sample  of  bitumi- 
nous material  to  the  laboratory  for  check  and  should  superintend  and  record 
the  use  and  amount  of  flux  required  to  soften  the  material  if  fluxed  products 
are  prepared  at  the  plant.  If  a  heated  mineral  aggregate  is  used,  he  should 
inspect  and  control  the  temperature  of  such  aggregate  in  order  to  prevent 
possible  injury  to  the  bituminous  material  thru  its  overheating.  For  this 
purpose  he  should  be  provided  with  a  suitable  armored  thermmneter.  Hs 
should  inspect  the  measurement  and  proportioning  of  the  Utuminous 
material  with  r^erence  to  its  incorporation  with  the  aggregate  and  should 
see  that  the  weighing  bucket  is  frequently  tared.  He  should  take  occa- 
sional samples  of  the  bituminous  aggregate  and  forward  same  to  the  labors- 
toiy  for  a  check  upon  the  percentage  of  bitumen  and  grading.  In  the 
case  of  sfaeet-asptudt  surface  mixtures  he  should  make  temperature  and 
pat  tests  upon  the  samples  taken,  for  his  own  guidance  and  check  as  to 
whether  or  not  the  proper  percentage  of  bitumen  is  being  used.  Full 
details  of  his  duties  in  this  connection  will  be  found  in  Sect.  17.  If  at 
any  time  it  ia  nscessaiy  to  change  fhnn  one  type  of  material  to  another,  he 
should  see  that  the  tanks  and  kettles  are  first  emptied  and  scrupulously 
cleaned  in  order  to  prevent  mixture  of  the  two.  The  inspector  at  Uie  high- 
way should  inspeot  the  t«nperature  of  the  tutuminous  material  or  bitu- 
minous aggregate  as  delivered  for  immediate  use.    He  should  see  tiiat  the 
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bituminouB  aggregate  is  laid  to  proper  thickneos  and  that  it  is  properly 
compressed.  He  should  cut  out  occasional  sections  of  the  wearing  course 
in  the  case  of  fine  bituminous  aggr^te  pavements  and  submit  same  to 
the  laboratory  for  density  determinations.  In  case  there  is  no  stationary 
paving  plant  and  the  bituminoos  material  is  handled  directly  upon  or  ad> 
jacwt  to  the  highway,  bis  duties,  acoordtng  to  the  type  of  work  done, 
should  be  similar  to  those  enumerated  for  the  plant  inspector. 
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OERERAL  DATA 

1.  Causes  of  Dust 

The  Catuei  of  Dnat  Fomution  oa  street  and  road  surfaces  are  chiefly 
from  three  sourcea,  the  wearing  of  the  materials  of  which  they  are  Con>- 
poeed,  the  depositioa  of  foreign  materiola  upon  them  from  oub^de  eources 
by  the  wind,  by  the  wheeU  of  vehicles  and  by  leakage  from  vehicles,  and 
the  excrements  of  animals.  The  degree  of  duet  formatioa  depends  upon 
the  amount  and  kind  of  traffic,  the  type  of  roadway  surfacing  and  climatic 
conditions.  On  hard,  smooth  pavements  the  formation  of  dust  from  wear 
.is  not  excessive  and  its  presence  is  principally  due  to  the  last  two  causes. 
On  broken  etODC,  gravel  and  earth  roads  dust  formation  is  excessive  and 
occurs  from  all  three  causes,  but  principally  from  the  wearing  away  of 
the  surfaces  by  the  vehicles  passing  over  them.  Also  the  methods  and 
materials  used  in  construction  and  the  condition  in  «^ch  the  roadway 
nufaces  are  maintained  have  an  imptntant  bearing  upon  the  fOTmatitm 
of  dust.  Conditions  ^ich  have  a  tendency  to  confine  traffic  to  a  sin^ 
track  on  a  roadway  surface,  such  as  too  narrow  construction,  too  much 
crown,  and  loose,  soft  surfaces,  will  increase  the  fonnation  of  dust.    See  (5}< 

The  Effective  Means  of  Suppressing  the  Dust  Nuisance  are  the  pre- 
vention as  far  as  possible  of  the  formation  of  dust,  the  proper  and  sya* 
tematic  cleaning  of  the  roadway  surfaces  and  the  use  of  palliatives. 

The  Determination  of  the  Necessitr  for  and  the  Advisability  of  ITsinc 
Dnst  Palliativea  depends  upon  the  type  and  condition  of  the  roads,  the 
character  and  amount  of  trafiBo  unng  them,  and  the  local  conditions  bor- 
dering them.  The  selection  of  the  materials  for  dust  prevention  best 
suited  to  each  case  depends  upon  these  same  ocmsiderations,  with  the 
addition  of  Uiat  of  cost. 
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2.  Selection  of  Materials 


City  Streets,  generally  constructed  with  hard,  smooth  pavementa,  are 
Bubjectod  to  extreme  amounts  ol  very  heavy  traffic.  Altho  frequent  and 
thoro  cleanins  is  the  best  dust  preventive,  the  use  of  palliatives  is  nec- 
essary. The  only  materiaU  which  can  be  used  on  such  suifacea  are  water 
and  eolutioDs'  of  cidcium  chloride.  On  city  Btreete  iritii  water-bound 
broken  stone  surfaces,  in  residential  districts,  or  localities  where  the  traffic 
is  not  excessive,  calcium  chloride,  waste  sulphite  liquors,  oil  emulsions  or 
light  oUs  may  be  used.  Light  tars  and  medium  oils  may  be  used  where 
the  street  can  be  closed  to  traffic  for  a  sufficient  length  of  time  to  allow 
for  their  application  and  covering  with  sand  or  stone  screenings.  More 
permanent  results  are  obtained  with  the  last  mentioned  materials.  This 
class  of  streets,  coostructed  with  bituminous  surfaces,  if  proper  attention 
is  given  to  cleaning,  seldom  requires  the  use  of  palliativea.  When  dust 
formation  occurs  from  a  worn  condition,  an  application  of  a  li^t  matoial 
of  the  same  nature  as  that  with  which  the  surface  is  constructed  will  usually 
be  effective  for  a  considerable  length  of  time. 

Suburban  and  Town  Streets,  constructed  with  water-bound  broken 
stone  and  gravel  surfaces,  are  subjected  to  greatly  varying  amounts  and 
character  of  traffic,  and  in  the  selection  of  materials  these  are  the  chief 
cooaideratioiis.  The  number  of  materials  from  which  to  chooae  is  greater 
for  this  class  of  roads  than  for  any  other,  and  practically  all  of  them  may 
be  used,  as  each  is  suitable  to  some  conditions  eziatinc  thereon.  On  ie«- 
dential  streets,  which  carry  no  thru  traffic,  calcium  chloride,  waste  sulphite 
liquors,  oil  emulsions  or  light  oils  may  be  successfully  used ;  on  streets  carry- 
ing a  large  amount  of  thru  automobile  traffic  and  a  small  amount  of  heavy 
horse-drawn  vehicle  traffic,  the  light  or  medium  oils  or  light  tars  should 
be  used;  on  business  streets,  calcium  chloride,  waste  sulphite  liquors,  oil 
emulsions  or  light  oUs  are  preferable,  as  the  difficulty  of  applying  and 
protecting  the  medium  oil^  and  light  tars  practically  eliminates  them. 
In  all  coses  where  salt  solutions  and  emulsions  are  to  be  used,  a  water 
supply  must  be  readily  available.  Tars  are  not  suitable  iot  use  on  gravel 
surfaces  unless  the  gravel  is  of  a  clean,  sandy  nature  with  a  small  percen- 
tage of  clay.  On  bituminous  surfaces  the  same  methods  should  be  followed 
aa  recommended  for  city  streets. 

Country  Roads  are  of  two  classes,  improved  roads  with  broken  stone 
or  gravel  surfaces,  and  common  earth  roads  roughly  graded  and  shaped  up 
with  the  native  soil.  The  first  class  may  be  considered  as  hard  roads  and 
the  second  as  soft  roads.  They  are  generally  subjected  to  varying  amouuta 
of  mixed  traffic.  On  the  hard  road  surfaces  carrying  a  considerable  amount 
of  about  equally  divided  mixed  traffic,  tars  should  be  used;  on  hard  road 
surfaces  carrying  principally  automobile  traffic,  medium  oils  or  light  tars 
are  equally  satisfactory;  on  soft  earth  roads,  on  account  of  the  fact  that 
they  will  generally  break  up  during  certain  seasons  of  the  year,  the  use 
of  the  heavier  materials  is  inadvisable,  and  the  light  oils  are  about  the 
only  kind  suitable.  The  uee  of  salt  solutions  and  emulsions  on  country 
roads  is  generally  impracticable,  because  of  the  difficulty  of  obtaining  a 
water  supply.  Bituminous  Burfacea  should  be  treated  as  previously  de- 
scribed. 

Bonlsrards  and  Park  Highways  are  usually  subjected  to  only  pleasuro 
vehicle  traffic,  chiefly  automobOes.  On  the  shaded  wood  roads  which, 
carry  a  small  amount  of  this  class  of  traffic,  and  which  are  usually  eon- 
etructed  with  water-bound  broken  stone  or  gravel  surfaces,  food  remdU 
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may  be  obtained  hy  the  tue  of  caldum  ehloride,  oil  emulmoiui  and  Us^t 
oik.  Medium  oils  and  light  tan  are,  however,  more  durable.  The  heavily 
traveled  boulevards  and  park  highways,  generally  having  bituminotu  sur- 
faces, either  by  being  so  constructed  or  by  development  from  the  original 
surface  by  the  application  of  a  carpet  of  heavy  bituminous  material,  sel- 
dom show  any  dust  formation,  and  when  it  does  occur  a  retraatzneat  with 
like  material  as  previously  described  should  be  made. 

MATERIALS  AND  HBTHODS  OP  APPLICATION 
S.  Water 

TaliM  ai  Dttit  PaOlattr**  Water  has  alwagn  bem  emiaidered  an  effec- 
tive dust  paUiatiTe,  and  previous  to  the  advent  of  the  swiftly  moving 
motor  vehicle  was  about  the  only  material  used  for  this  purtwse.  The 
motor  vehicle  tra£Sc  has  so  changed  conditions  and  requirements  that 
water  alone  is  neither  effective  nor  economical  for  use  on  many  types  of 
road  surfaces.  It  is  generally  used  on  the  so-called  permanent  pavements, 
auch  as  granite  block,  wood  block,  brick  and  sheet-asphalt,  both  in  the 
process  of  cleaning  and  for  sprinkling  between  cleanings  to  lay  the  dust. 
Ite  use  on  broken  stone,  gravel  and  earth  road  surfaces  does  not  give  satis- 
faotoiy  results.  Its  effects  vary  with  the  temperature  aod  weather  con- 
diUons  and  are  of  short  duration  in  dry,  hot  mather,  when  the  conditions 
are  worst.  It  requires  frequent  applications  during  each  day  aod  it  is 
difficult  to  regulate  its  application  bo  to  obtain  uniform  results.  Con- 
sidering the  benefits  derived  from  ita  use,  the  cost  is  excessive.  Altho 
a  certain  amount  of  water  on  a  water-bound  broken  stone  or  gravdl  road 
is  beneficial,  an  excessive  amount  will  cause  muddy  and  slippery  conditions 
and  damage  to  the  surface.  Where  the  traffic  consists  principally  of  auto- 
mobiles, the  use  of  water  has  a  tendency  to  aid  the  desbuction  rather 
than  this  preservation  of  the  road  surface. 

Bfldeacy  and  Economy  of  Wsterfaig.  Whinhrt  (31)  states  that  "Tbe  best  known 
and  lonceat  used  method  of  making  and  keeoinK  streets  and  roads  dustleas  is  by  sprink- 
ling with  water.  At  the  same  time  it  may  be  said  to  be  the  least  developed  proccaa, 
as  far  as  sdentific  study  and  applicatioD  are  concerned.  Accoimte  and  extended 
observadoas  on  tbs  affect  of  Bprlnkling  roads  and  streets,  the  cost  of  tbe  prooeas,  tbe 
quaatlty  of  water  required,  the  beat  and  moat  effident  method  of  applytatg  the  water, 
and  other  pertinent  matters  have  cither  not  been  made  or  the  results  have  not  besa 
pubUsbed.  If  any  one  doubts  this,  let  htm  attonpt  to  obtain,  from  the  scanty  Utnatni* 
relating  to  the  subjeet,  reliable  and  consisteDt  data  on  any  of  these  pdnts. 

"  Uunidpal  encineers  seem  to  have  always  looked  on  street  sprinkling  as  an  everj^- 
dsy,  matter-of-course  operaticn,  not  worth  serious  attmticai  and  study,  and  not 
BOBoeptible  of  much  improvement  la  effldeacy  and  economy.  It  b  safe  to  aay  that  no 
other  munidpal  function  or  process  recdvas  so  lltde  biteUlgent  attention  and  supoi- 
vidoQ. 

"The  cost  of  efBdent  sbeet  T*''fW"g  Is  difficult  to  determine  aatlefactorily  from 
tbe  d*ta  available.  Where  nferred  to  at  all  la  municipal  reporia,  the  neoeasaiy  eoadi- 
tkos  to  enable  one  to  deduce  reliable  figures  of  unit  cost  are  usually  wmntinc-  These 
rqKMts  Indicate  that  the  eost,  exehtslve  of  watw,  ranges  from  lea  than  1  cant  to 
eaots  per  sq  yd  for  the  watering  ssaeon,  which  usually  extends  from  Hay  1st  to  Oct. 
15th.  The  number  of  stjuare  yards  sprinkled  once  is  seldom-  given,  and  as  the  number 
of  times  qiifnkled  per  day  or  per  season  variee  greatly  In  different  dtJea,  and  aa  different 
streets  in  tbe  same  dty.  and  as  tiiere  are  oUber  varying  conditloofl  to  be  taken  Into 
aeeomt,  it  Is  not  ponlble  to  get  at  Os  bssle  unit  cost  from  the  availaUe  reooids.  It 
is  practicable,  of  course,  toestimate  the  tbeoratical  coat  very  dosely,  but  such  estlmatea 
ars  leas  satUutoiy  than  aotnal  data  from  aqMrteoa. 

"Tbs  stattattn  avallabls  saan  to  Indicate  that,  aadurive  «f  the  eost  of  tbe  water, 
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Um  «verag«  coBt  per  tquara  y«rd  per  mmou  la  about  2  ecnti.  The  qOuitltjr  of  wator 
reported  h  used  b  u  wUble  m  the  eoBt  of  ipplyioK  IL  Th«  fipirv  vary  from  20  to 
70  gal  per  aq  yd  per  aeaaon.  Probably  46  gal  ia  a  fair  average,  and,  at  990  per  1  OOO  000 
gil,  tfaa  eoat  for  water  per  aquare  yard  per  aeaaon  would  be  about  0.4  cent,  iwMm 
the  average  total  coat  leee  than  2.6  cents  per  aq  yd  per  aeaaon.  In  Boaton,  wbera  the 
aecounta  are  now  kept  with  care,  the  quanUty  of  water  used  in  1809  waa  leea  than  26  gal, 
and  the  total  coatZ.l  centi  per  aq  yd  per  ataaon.  In  tbaauburban  City  of  East  Orange, 
for  the  same  year,  theae  fignraa  ware,  reapeetfvely,  68  gal  and  2.82  cents,  fatdndlng 
the  coat  of  water. 

"As  to  coat,  there  ia  good  naaoa  to  believe  that  with  careful,  latdUgcnt,  and  eco- 
nomical management,  indudlng  the  reatriction  of  the  quantl^  of  water  uaed  to  that 
actually  Beoeasary,  it'WMild  not  nneb  exeeed  the  average  eoat  <d  Uie  work  aa  now 
UBsatkfactorUy  dtne.  Ordinarily,  at  least,  it  should  not  exceed  8  cents  per  sq  yd 
pw  aeaaon,  and  this  figure  may  be  safely  used  for  compaiisoD  with  other  methods." 

Mabkbr  &i)  atates  that  "It  is  a  well-known  fact  that  water  la  very  effective  in 
allaying  dust.  Vfhtn  iHvperly  applied  to  a  atone  road  It  baa  some  value  in  preaervtng 
the  anrf ace,  by  aUliig  the  staoe  In  retaining  Ita  eamentfaig  propertleB.  Before  repeatedly 
applying  water  to  a  road,  the  surface  should  be  cleaned,  and  then  the  oomplalnt  will 
not  be  made  that  the  water  causes  a  muddy  aurfaee.  Water  is  not  only  uaed  to  aflay 
dust  OB  earth,  gravel  and  macadam  auitaeea,  but  alao  to  remove  the  fine  dust  wUdi 
aocumnlatea  on  such  surf  aeea  aa  brick,  abeet-aaphalt,  wood  blodc,  etc,  between  deanlBga* 
Id  tUa  lattw  ease  it  may  be  the  moat  practical  meana  of  preventing  dnat  after  reaaoo- 
able  care  has  been  taken  in  cleaning  a  street.  Gviwally,  from  an  eoonomlc  pdnt  ol 
view,  dust  preventiMt  by  the  use  ot  water  on  gravel  and  macadam  roads  Is  not  very 
satiafactory,  when  compared  irith  the  use  of  other  meana  ol  dust  prevcnUoD.  (te 
hot,  dry  days,  it  e vapors  tea  very  rapidly,  and  hence  Ita  effects  are  of  very  short  dma- 
tlon.  Consequently,  on  such  days  whoi  the  dust  Is  the  moat  annoying,  it  Is  almost 
impossible,  at  least  Impracticable,  to  keep  the  surface  moist  by  this  means.  For  tuts! 
roads  the  method  of  preventing  dnat  by  watering  ia  entirely  impracticable." 

BlAMOHABD  (10b)  atatea  that  "On*  way  to  aatUkctorily  pnvmt  duat  on  paveranita, 
which  are  subjected  to  exoeaaive  hone-drawn  vehicle  traffic,  consists  of  removing  atnet 
refuse  by  band  sweeping,  dttrlng  the  day;  mechanical  sweei^g  of  the  streeta  at  nli^t; 
and  finally  flushing  with  water  to  deanae  the  aurfaee  erf  the  pavement.  Periodically 
watering  of  pavements  to  lay  duat  thruout  day  Is  fundamentally  wrong,  aa  the 
fine  dust  wUA  nacs^tatea  sprinkling  sfaoold  have  been  mnoved." 

The  TTmnl  Method  of  Applying  Water  to  roadway  surfaoea  tar  the  pur- 
poeee  of  dust  laying  is  by  means  of  horse-drawn  carta  equipped  with  sprink- 
ling devices  in  two  forms,  one  dischargiiig  the  water  vertically,  and  the 
other  horizontally.  For  iise  on  the  hard  pavements  of  city  streets  the 
vertically  discharging  sprinkler  valves  are  preferable,  aa  they  arc  more 
easily  manipulated  in  operation  so  as  to  avoid  damage  to  pedestrians,  and 
the  action  of  the  water  tends  to  fiush  the  duat  to  the  gutters  without  damace 
to  theae  roadway  surfaoea.  The  action  of  this  type  of  valve  on  watat^ 
bound  broken  stone  or  gravd  surfaces  has  a  dertniotive  effect,  and  the 
valves  with  horisontal  dfsebsrge  should  always  be  used.  The  carts  oon- 
sist  of  a  cylindrical  tank,  either  of  wood  or  steel,  mounted  horiiontally 
on  a  four-wheel  running  gear.  The  capacities  of  these  tanks  vary  from 
350  to  1000  gal,  and  that  usually  used  has  a  capacity  of  about  600  gsL 
Motor-driven  sprinkling  trucks  are  also  used  for  this  purpoie.  The  ooat 
of  a  600-gal  horae-drawn  sprinkUng  cart  is  about  S360. 

AmOB&t  of  Water  fsr  Sq/mn  Tafd.  Ems  (IS)  atatas  "that  eadi  water'  van, 
SM  gal  effective  should  distribute  24  leads  par  day  over  8  mile:  of  roadway 
watered  once,  namely,  90O0  gal  to  88  000  super  yd  of  carriageway,  or  10  yd  to  the 
gal.  At  that  time  Uie  writer  was  getting  only  17  vanloads  per  day,  and  In  eoaae 
quence  advocated  the  Insertion  of  a  new  dauae  In  the  atreet  watering  contract  to 
ensure  the  distrtbutioa  of  the  9000  gal  required  daily.  The  dTeet  of  the  new  data* 
waa  to  incraaaa  the  tender  prieea  for  cartage  by  Is.  6d.  (aeUS  eeate)  per  day  for  soper- 
vidon;  bnt  even  than  there  was  rn  actual  saving  ta  dlstribuUoa  In  ItlS  coBpaied 
wfth  1910  ot  2Mt.  (5,8  osnta)  per  1000  gal,  or  £1M  a>».lS)  tor  Ihs  sMMtt.  The 


L.ooQle 


Att.3 


Water 


7fil 


WBrwkk  iprinkler,  a  type  which  has  been  Ixrfdy  supplied  to  manidpal  suthoritlaa, 
^m  mat  out  with  a  variable  apraad,  by  which  the  carman  can  empty  his  van  in 
6,  4H  or  8  min  reapectively,  but  It  wUl  be  noticed  that  to  distribute  not  more  .than 
0.02  in  with  tbe  fine  spread  he  would  have  to  trava!  mlka  per  hr,  with  a  medium 
spiwsd  9}i  per  milca  hr,  and  with  the  heavy  spread  at  the  impoaslble  rate  of  9  miles 
per  hr.  It  is  tbe  indiscriminate  use  of  such  vans  that  gives  rise  to  most  at  tbs  com- 
plain ta  as  to  eiceMiva  watering  of  carriaceways,  and  if  ail  water  vans  were  fitted 
with  a  time  recorder  tbe  bead  of  a  department  eould  see  for  hltnadf  iriMO  tbe  men 
im  snqiQrliig  their  vana  too  quickly.  la  his  dbrtrict  tbe  writer  hM  altsrad  all  spttaA- 
kra  to  enqity  in  not  has  than  9  mln,  which  givn  a  rate  of  travel  of  2M  ndlss  per  br.** 

Hu  Bssez  Time  Recorder.  "The  objective  of  this  recorder  Is. to  satfaf y  the munie- 
ipal  aorveyor,  or  other  person  reapon^le  for  the  proper  watering  of  town  streets 
and  roads,  that  each  van  has  distributed  a  certain  number  of  loads  pv  day,  that 
those  loads  have  been  full  vanloads,  and  that  the  times  of  traveling  to  and  tro  Let  ween 
•tandposts  and  roads  to  be  watered  has  in  no  eass  been  exceaalve  owing  to  the  unsuitable 
position  of  any  standpost.  The  recorder  ctHuistB  of  a  card  rotated  once  in  12  hr  by 
•  idraple  cIodcw«k  arrangement  with  a  float  Inside  the  water  van  partlalty  rotating  a 
rod  on  the  top  of  the  van,  to  the  end  of  which  is  attadted  a  flat  spring  arm  carrying 
■  pendl  which  records  on  the  cards." 

The  Cost  of  laying  dust  by  sprinkling  with  water  varies  greatly  and 
depends  upon  the  efficiency  with  which  the  work  is  done,  the  cost  of  labor 
and  water,  and  the  frequency  of  sprinlding  necessary  for  the  different 
typea  of  road  surfaces.  From  records  available  the  cost  varies  from  2H 
to  4  cents  per  sq  yd  of  roadway  surface  for  the  season  when  this  method 
can  be  employed  in  the  average  climate' of  the  United  States.  For  effi- 
eie&t  voric  on  broken  stone  or  gravel  roads  the  hi^^ier  cost  is  nearest  oorroct. 

Cost  Data  OB  Sprinldinc  Streets  wia  Water  in  Webb  City, Ko.  (28).  "Daring  the 
MB  days  of  the  season  of  1912,  5758  tanks,  or  476  496  cu  f t  of  water  were  sprinkled 
up<Hi  the  80  426  sq  yd  of  surface  covered.  As  the  water  was  paid  (or  at  a  flat  rate 
of  $86  per  month,  this  cost  the  dty  10.084  per  100  cu  tt  Tbe  number  of  tanks  sprinkled 
per  di^  varied  from  16  to  67,  with  an  averace  of  46.  This  gives  an  avnage  of  0.128 
cu  ft  per  sq  yd  per  di^.  Of  tbe  145  days  in  the  season  sprinkling  was  dcme  on  128, 
or  87  %  of  the  time.  The  19  days  lost  represent  actual  time  when,  from  rain  or  other 
eausea,  mrlnkUng  was  unnacenary.  However  on  some  days  tlM  route  was  only 
covered  two  or  three  times  instead  of  the  regular  lour  trips  that  w«e  usually  made. 

Itemized  Costs  per  Day 


Total 
for  146 
Daya 


Per  Day 


Diivsr,  110  di^  at  12,  86  days  at  f  I.7S  

CoUaetor,4%o(»968.66  

Uedlciiie  for  team  

Sboea  for  team  at  $8  per  set  

Hay  and  bedding,  bay  at  $9  per  ton,  straw  at  $0.10  per  Iwle 
In  bam  

Feed,  bran  at  11.26,  diopa  at  $1.60,  oats  at  $0.46  and  $0.60 
In  bam  

Repairs  and  renewals  to  harness  and  sprinkler  

Receipt  books,  2000  

Water,  i3i  months  at  $35  

Interest  on  investment,  6%  of  $360  for  1  year,  6%  of  $660 
(or  6  months  

Dniredation  on  mrinkler,  cost  $860,  life  10  years,  S%  com- 
pound, 8.78%  of  $860  

Dmnelatlon  on  team  and  hamass,  value  $660,  lifo  8  years, 
S%  eompooBd,  or  11 .26%  of  $660,  for  6  months  of  year 

Total  


$281.26 
88.86 
1.40 

17.08 

60.40 

94.76 
61.66 
6.60 
168.86 

86.00 

SO  .66 

26.26 


2646 
0096 
1177 


0.S4T6 


6684 
426S 

<n79 

1266 
2414 
2108 
1810 


D>qiti;M  Ciy 


$806.64  $6,656" 
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Cost  TMa  on  SttMt  SprinkHnc  in  Manchettsr,  N.  H.  0!8)<  " The  ■prinklins  muou 
bagui  AprU  14  and  extends  to  Nov.  1,  200  ityn,  but  for  80%  of  that  time  sprinklnc 
is  not  found  ne  coot  try.  Th«  average  coat  to  the  dty,  thou  for  140  days  of  acloal 
yrinlrHng.  ia  110  600.  The  capacity  of  the  sprinklera  is  600  gaL  Tho  avenge  num- 
bor  (rf  loads  per  qiiinltlw  pm-  day,  30.46;  total  Eallooa  per  day,  274  200;  avaafe 
gallons  pa  Bprinkler  per  day,  18  280;  averase  distance  traveled  per  sprinkler  pv 
day,  18.37  miles;  averags  distance  aprinkled  per  day.  9.64  milea;  am^e  eflediva- 
ness  per  day  per  sprinkler,  72%;  avwage  waata  travel  per  qwiiddar  per  daf,  2S%; 
avenwa  mat  per  mile  sprinkled  (eSeettvB  work)  tO-Bl8;  average  coat  per  ndls  T^^^^*^n^ 
(effective  irork)  should  be  90^1;  average  distanc*  qninUed  per  load  of  0OO  gal. 
1670  ft.  or  2.78  ft  per  gal." 

EfBdency  of  Blectiic  Street  Watering  Vehicle  (8).  "The  chaads  is  a  3>^-ton  one, 
and  Is  18  ft  6  in  long  and  6  ft  9  in  vide.  The  tank,  which  is  cylindrical  in  diapew  baa 
a  etpmd^  of  750  gal,  and  Is  fitted  irith  sleeve  valve  q>rinkl<n.  The  qjway  opgntm 
at  tlie  front  of  the  vdiicia,  this  maldng  It  easier  of  control  by  the  driver,  as  thars  !■ 
no  Deoearity  for  him  to  turn  his  head  to  see  where  tlte  water  is  going.  With  fast  mo^ 
ing  vehicles  this  arrangement  is  of  tbe  utmost  importance.  There  is  no  force  pump 
provided,  as  the  pressure  of  water  in  the  cylindrical  tank  produoea  a  quay  sufficient 
to  water  a  atnat  7  yd  wide.  The  deetric  vehlde  Is  c^m^  of  ddag  the  work  of  ate 
bocae  vans.  The  following  aunpaiiaon  is  baaed  cm  SVi  days'  mtk  per  wadb 


Cost  of  naetiie  VeUda  per  Week 

£.   s.  d. 


Drinr'awacai     I  16  0  |8.62 

Power,  884  uaita  at  Id.  @  emta)   1  12  0  7.79 

Depredation   2  10  0  12.17 

Sundries,  insuranca,  oil,  etc   0  6  0  1.46 

Water,  84  6O0  gal   2  2  8  10.26 

Total   8  6  8  140.20 


Coat  ol  Six  Horse-Drawn  Wateriag  Taai  par  W«4k 


^  drlvem'  wage^at  29s.  ({7.06) 
Hire  of  8  bonm  at  27b.  (f  6.67) . . 
Water,  ITS  000  gal    

Total   21     8   8  -  8108.70 


£.   a.  d. 

8    14  0  842.84 

8     2  0  89.42 

4     0  8  20.09 


4.  Sea-Water 

Phygleal  Pn>parti«a.  Sea-water,  on  account  of  the  fact  that  it  contains  a 
certain  amount  of  hygroscopic  salts,  which  have  a  tendency  to  absorb  and 
retain  moisture,  haa  been  used  for  dust  laying  purposes  in  B(Hne  coast  citiea 
and  towns,  but  not  to  any  great  extent.  Hubbard  (4)  states:  "  It  has 
long  been  known  that  certain  salts  have  so  great  an  afRnity  for  water  that 
they  are  not  only  capable  of  retaining  moisture  for  a  long  time  under  con- 
ditions  which  would  otherwise  produce  rapid  evaporation,  but  that  they 
are  capable  of  absorbing  water  from  tiie  atmosphere  to  a  great  extent. 
Some  of  these  salts  are  so  hygrosco[HC  that,  in  a  humid  atmosphere,  th^ 
will  often  completely  dissolve  in  the  water  which  they  have  absorbed  from 
tbe  air.  Salts  of  this  character  are  termed  deliquracent,  and  it  is  to  a 
great  extent  these  hygroscopic  and  deUquescent  salts  that  have  been  em- 
ployed as  dust  preventives.  Their  chemical  action  upon  certain  rock  pow- 
ders may  also  increase  the  formation  of  binding  material  to  some  extent, 
but  they  are  not  primarily  employed  for  this  purpose.  Their  principBl 
use  is  to  keep  the  road  surface  in  a  semi-motat  ctmditibn  for  a  mud)  longer 
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period  than  would  be  possible  by  the  ^ji^icBtion  of  a  correapondisg  amount 
of  water  only,  and  the  number  of  aprinklinEB  necessary  ia  therefore  greatly 
reduced.  One  of  these  salts,  magnesium  chloride,  MgCIt,  occurs  to  a  consid- 
erable extent  in  sea-water.  The  effect  of  its  presence  in  the  cheaper  grades  of 
table  salt  may  be  seen  in  the  tendency  by  the  salt  to  Iimip  in  damp  weather. 
This  is  due  to  the  absorption  of  vatet  by  the  small  amount  of  magnesium 
chloride  which  remains  even  after  the  salt  has  been  purified.  On  account 
of  the  presence  of  this  substance,  sea-water  has  been  tried,  iu  a  number 
of  favoraUy  situated  localitiea,  for  the  purpose  of  laying  dust.  While 
the  number  of  sprinklings  has  been  somewhat  reduced  by  this  means  the 
results  have,  as  a  rule,  been  far- from  satisfactory,  owing  to  the  presence 
of  an  excessive  amount  of  common  salt,  sodium  chloride,  whi<!h  is  apphed 
at  the  same  time  and  which  has  no  hygroscopic  properties.  In  extremely 
dry  weather,  a  hard  salty  scale  ia  produced  on  the  road,  which  is  very 
undesirable,  and  in  wet  weather  the  mud  contaim  so  much  sajt  that  it  is 
injurious  to  the  varnish  and  iron  work  on  vehicles.  This  strong  salt  mud 
is  also  apt  to  cause  soreness  around  the  fetlocks  of  hemes." 

The  Use  of  S«a-Water  in  the  juwiesB  of  flualiing  aod  cleaning  pave- 
ments is  of  some  advantage,  as  a  portion  of  the  hygrosoopic  salt  remains 
after  the  cleaning,  which  tends  to  keep  the  street  surface  damp  for  a  longer 
period.  Except  at  locations  close  by  the  sea  front  with  special  equipukent 
for  pimiping,  or  in  cities  having  a  separate  salt  water  service  for  fire  pur- 
poses, its  use  is  prohibitive  on  account  of  excessive  cost  of  loading  and 
transporting.  The  methods  of  api^cation  are  the  same  as  for  water  and 
the  ooete  are  practically  the  same. 

6.  Calcinm  Chloride 

Calehmi  chloride  is  a  hygroscopic,  ddiquescent  salt  obtained  oa  a  by- 
product principally  in  the  manufacture  of  washing  soda  by  the  ammonia 
process.  It  may  be  obtfuned  in  a  solid  or  granulated  form  or  in  the  form 
of  a  oonoentrated  solution.  The  granulated  fo^  is  the  most  convenient 
and  economical  for  use  for  dust  laying  purposes,  as  it  can  be  applied  to 
the  road  surface  in  this  form  by  the  dry  method,  or  it  can  be  readily  dis- 
sohred  in  mbex  to  make  solutions  of  the  desired  strength.  By  purchasing 
it  in  the  toxm  of  a  solution,  unnecessary  transportation  charges  are  incurred 
<m  account  of  the  large  percentage  of  water,  which  in  the  strongest  solu- 
tion amounts  to  about  60%,  whereas  in  the  dry  fonn  the  moisture  contained 
amounts  to  about.  25%. 

The  Action  ot  Calcium  Chloride  oa  the  Read  Surface  is  the  same  as 
that  of  the  magnesium  chloride  in  sea-water,  aa  it  absorbs  moisture  from 
the  air  and  maintains  the  surface  in  a  damp  condition  for  a  longer  time 
than  pure,  fresh  water.  It  produces  a  clean,  odorless  condition,  which  ia 
very  desirable  in  residential  and  crowded  city  stieets.  It  has  Uttle,  if 
any.  bonding  properties  for  broken  stone  or  gravel  surfaces,  except  in  so 
far  as  it  retains  the  fine  material.  For  this  leiason,  on  roads  subjected 
to  eieessive  automobile  traffic,  altho  it  is  more  ^ective  as  a  dust  \aym 
than  water,  it  dose  not  preserve  the  surface  to  a  much  greater  extent. 
One  advantage  of  the  use  of  calcium  chloride,  especially  in  dry  form,  over 
water  is  that  it  can  be  used  during  cold  weatiier  when  water  would  freese. 
Table  I  shows  the  freenng  point  and  average  cost  of  various  solutions  of 
calcium  chloride. 
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Tabto  I^-CMn  ChlofM* 


Point 

Scriutlon 

OrmrltT 
of 

Solution 

Farant 
Gmalst- 
sdCkldom 

CUorld* 
in 

Solution 

Pounds 

GmmilAt- 
•d  Calcium 

CUorida 
parfiOOGtl 

Solution 

Coat 
Can  homA 
600  Gal 
■t  Plant 

Coat 
Sq  Yd 
800  GaJ 
Covcrlnx 

2000 
Sq  Yd 

8«*F  

1.000 

0.0 

0 

80  

1.020 

8.B 

177 

tl.42 

lO.OOOW 

28  

1.017 

e.i 

'  818 

2.64 

0.00064 

2S  

l.OU 

8.7 

467 

8.66 

0.00091 

24  

1.088 

10.8 

678 

4.82 

0.00116 

22  

1.081 

12.8 

898 

6.64 

0.00119 

20  

I. on 

14.4 

787 

6.29 

o.ooivr 

18  

1.108 

16.0 

884 

7.07 

o.oom 

1.114 

17.6 

981 

7.86 

0.00196 

1.128 

18.9 

1066 

8.18 

o.oosu 

12  

1.181 

20.1 

1141 

8.62 

0.00828 

10  

1.140 

21.8 

1218 

9.74 

0.00244 

8  

1.148 

22.4 

1288 

10.80 

O.O0S6T 

e  

I.IH 

28.6 

1369 

10.87 

0.00*71 

4  

1.182 

24.4 

1419 

11.86 

O.O02SS 

2  

1.189 

2B.S 

1488 

11.86 

O.oom 

1.176 

2«.l 

1686 

12.89 

O.OOBOT 

1.180 

26.8 

1684 

12.67 

o.oniT 

This  material  iB  parUculnrly  effective  and  suitable  lor  uw  on  gnvral 
walks,  fair  grounds  and  reseats  which  are  used  large  numben  of  pedes- 
trians' and  on  private  drivewi^  and  race  courses. 

Rapoct  of  Committae  o(  Jvdcaa  c4  tha  Heads  Impcoromant  Assocktloa,  Snfland,  la 
1900  and  1910.  "  Wa  are  of  tba  otduioD  that  tba  raaulta  U  the  taeta  of  oakteaa  cUorida 
aippUad  tn  granular  farm  by  tha  'dry'  method  have  shown  ttiat  It  la  a  vary  afhattva 
dust  layer,  and.  that  It  la  a  dteaper  and  prafanbla  proeaaa  to  that  of  atreat  wateriac 
whifeh,  aa  now  carried  out,  is  undoubtedly  very  injurioua  to  macadandnd  nada; 
that  tba  treattnant  has  tha  ill  aSeeti  ot  cauaint,  during  tha  winter  n»»tha^  an  ab> 
normal  quantity  of  atidcy  mud.  a  decided  toodmey  to  IMIng  up,  and  a  dWntacrating 
action  upon  the  manadem  aurtace." 

Application.  Calcium  chloride  is  applied  to  the  load  suifaoe  by  eithw 
thb  DRT  or  mpT  method  and  befm  the  appUeation  all  eaeoMiYe  loow  duat 
should  be  removed.  In  the  granular  form  it  ia  ahvped  in  air^i^t  ateel 
drums  oontidning  about  350  lb.  When  a  drum  is  opened  for  use  the  mate- 
rial should  be  spread  as  aooo  as  poaBiUe,  as  it  will  rapidly  abeorb  enouidi 
moisture  from  the  air  to  cause  it  to  fuse  and  become  lumpy.  When  ap- 
plied dry  it  can  be  spread  with  shovels  or  by  means  of  a  fertiliser  spreader, 
the  latter  method  being  preferable  as  it  can  be  more  evenly  distributed. 
This  BtHvader  oonsists  of  a  trough  about  6  ft  long  mounted  on  two  wheels. 
The  bottom  of  the  trough  is  perforated,  and  the  siie  of  the  opratings  is  reg- 
ulated by  a  moraUe  idate  oontrdled  by  a  lever.  There  ie  an  agitator 
running  the  full  length  of  the  trough  which  operatee  automatically  when 
the  amiaratus  is  in  motion  and  iHwente  the  clogging  of  the  openings. 
For  the  first  application  on  broken  stone  or  gravel  roads  about  1  to  l>j  lb 
to  the  sq  yd  of  surface  should  be  used  and  for  subsequent  applications 
about  one  half  this  amount.  Each  application  of  the  salts  diould  be 
effective  for  from  1  to  2  monUu,  depending  upon  the  traffic  uid  weather 
conditions.  In  the  use  of  the  dry  method  of  application  it  is  advisable 
that  the  surface  should  be  in  a  damp  oondition.  eqieciaUy  if  the  weather 
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ia  hot  mod  dry.  It  is  also  uecMSBiy  to  occasiotiaUy  feed  the  salt  with 
8[winklings  of  vatn  m  dry  weather.  The  dry  method  should  not  be  used 
OD  hard  pennaoent  pavements,  aa  the  salt  will  be  washed  or  swept 
traffic  into  the  gutters  before  it  dissolves.  When  the  calcium  chloride  is 
applied  by  the  wet  method  the  salt  is  dissolved  in  water  to  the  required 
atreogth  and  sprinkled  on  the  road  surface  with  an  ordinary  watering 
cart.  The  solution,  as  applied,  should  contain  about  1  lb  of  salt  to  1  gal  of 
water  and  for  a  first  treatment  two  apphcatiooa  should  be  made,  with  an 
interval  of  from  1  to  2  weeks  between.  Subsequent  applications  should  be 
made  aa  required  at  intervals  of  from  3  to  6  weeks,  depending  upon  conditions 
befove  mentioned.  A  heaviw  application  should  be  mode  at  the  crater 
than  at  the  ndee  of  the  road.  A  strong  solution  mi^  be  made  or  pur- 
chased and  stored  in  metal  tanks  and  drawn  off  into  the  carts  and  diluted 
aa  required  for  apptieation.  The  material  can  be  more  rapidly  diaaolved 
by  employing  some  form  of  mechanical  ae^tation  or  by  stirring  with  a 
paddle.  A  good  method  suggested  by  Provost  Hubbard  is  to  suspend 
the  salt  in  a  wire  net  basket  near  the  surface  of  the  water  and  as  the  water 
in  contact  with  the  salt  soon  beoomee  a  concentrated  solution  which  ia 
heaviw  than  the  mrrounding  water,  it  sinks  to  tito  bottom,  producins  a 
dreuUtion  and  allowing  fresh  water  to  constantly  attack  ft. 

Cost.  Calcium  chloride  can  be  purchased  in  the  United  States  at  about 
S13  per  ton  f.  o.  b.  at  points  of  manufacture.  The  cost  of  treating  tnolun 
stone  and  gravel  road  surfaces  with  calcium  chloride  varies  from  2  to  4 
cents  per  sq  yd  for  the  usual  watering  season,  and  the  average  cost  is  about 
3  cents.  The  cost  is  about  the  same  as  that  of  sprinkling  with  water  and 
the  results  are  much  more  satisfactory  and  even. 

Cost  at  Uslnf  Cslchun  Cbloiide  at  Wstntown,  R.  Y.  (12e).  In  1911  csldum  dilmide 
WIS  aplriied  dry  frain  a  lima  Bpreader.  The  streets  were  flnt  swept  by  hand.  The 
cost  of  raaterial,  tnehvUnx  treicht  and  haul,  was  92.86  per  drum.  About  18  700  ft 
wsie  tnatsd,  20  ft  wide,  ualnc  100^  drums  of  ealdum  chloride  at  an  eatiiiiatsd  cost 
of  l.SS  eenta  per  sq  yd.  On  elevtti  Nctloiw  treated,  average  costa  per  sq  yd  were: 
Owesplat,  0.14  eeata;  hauUng  and  spreading,  0.14  cants;  fomnan,  0.06  cents.  Total 
east  OS  19  ssetiMis  avstofed  1.88  ovrta  per  aq  yd. 

6.  Bmolsioiis 

Emulsions  to  be  used  as  dust  palliatives  usually  consist  of  water  with 
some  saponifying  agent  and  an  aspholtic  or  paraffin  oil.  Tar  is  sometimes, 
tho  rardly,  used.  The  saponifying  agents  most  commonly  used  with  oils 
are  n^iffti™  such  as  potash,  soda,  ammonia,  crude  carbolic  acid  and  cheap 
soap  solutions.  These  form  a  chemical  st^ution  which  is  misoible  with 
the  oils,  and  when  spread  upon  the  road  surfaoe  separates,  and  the  water 
quickly  evaporates,  leaving  the  oU  in  a  thin  eirenly  spread  layer.  Paraffin 
oils  used  for  this  purpose  produce  a  greasy  condition  and  give  only  very 
temporary  results,  having  no  binding  qualities.  Best  results  are  obtained 
by  the  use  of  aspholtic  and  semi-asphaltic  oils,  as  after  a  number  of  appli- 
cations a  considerable  amount  of  asphalt  accumulates  on  the  road  sur- 
face which  not  only  effectively  lays  the  dust,  but  also  serves  as  a  binder 
for  its  protectiou. 

Concentrated  Bmolstons.  00  emulsions  in  oomnntrated  form  msv  be 
purchased  from  the  manufacturers  and  diluted  with  water  in  the  carta 
to  the  desired  strength  for  application,  or  may  be  easily  and  cheaply  pre- 
pared by  the  user.  Where  tUs  type  of  palliative  is  to  be  used  to  a  con- 
siderable estent,  a  miziaB  plant  m^  be  installed  at  amne  central  location 
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for  the  preparation  of  the  emulsion  in  the  concentrated  form,  from  whidi 
it  IB  distributed  in  this  fonn  to  the  various  points  of  use.  * 

on  for  Snmbdeit.  A  tyidcal  ipedllcatttni  for  an  <ril  to  be  wed  In  propaiiBg  an 
emuWoa  la  aa  follow  EmnUon  t/B  ahall  be  a  petrcdenm,  with  an  aaphaWe  baait 
containiJDK  not  Icn  than  S6%  of  aai^c;  it  ahall  be  free  [r<nii  anlphuroua  hydrofn 
odora;  its  apedfic  gravity  shall  be  not  leas  than  0.920  at  26°  C  (77°  F);  its  flaah  potet 
not  lower  than  93°  C  (200°  F);  eoiiMa  in  86°  B  naphtha  toat  leaat  80%;  when  20  g 
luehaated  In  aa  open  veasel  at  ISS'C  (325°  F)  for  6  hr,  the  Ioob  In  weight  by  volatilte- 
ttoD  ahall  not  exceed  20%;  It  shall  be  soluble  in  carbon  bisulphide  to  at  laaat 

An  Approved  Method  (rf  Preparing  an  Oil  Emulsion  which  haa  been  used  to  coo- 
alderable  extent  by  the  City  of  Boston  In  to  dlHNiIve  2S  to  30  lb  of  cotttMueed  aoap  in 
100  gal  of  hot  water;  to  this  aolutton  is  added  200  gal  of  the  emaWoB  oil  and  tfar 
mixture  is  then  agitated  for  about  20  min.  The  mixing  may  be  dene  in  the  tank  d 
•n  nrdinaiy  wat^Uig  cart  and  It  ia  than  drawn  off  into  a  large  atonge  tank.  Thli 
concentrated  emuUoa  is  than  tranaported  to  the  points  where  it  ia  to  be  used  and 
further  diluted  with  water  to  the  dadred  atrmigth  for  application. 

A  Typical  Speciflcatlon  for  Emulaiflad  Ofl  to  be  purchased  from  the  manufactara 
ready  to  be  diluted  with  water  for  application  is  aa  follows:  The  compound  moA 
be  of  an  asphalUc  petroleum  base,  showing  not  leas  than  35%  asphaltlc  residue,  so 
eompounded  that  It  ia  nasily  wMM»  with  watv  in  varying  pnptaHaam  of  10  to  n% 
and  when  ao  mixed  with  water,  it  la  suitable  for  applioatioo  to  the  road  thm  the  onB- 
nary  sprinkling  wagons.  The  emnUon  wiseo  spread  upon  the  road  shall  be  entirely 
without  odor.  The  emulsion  shall  luvo  such  drying  and  pMietrating  properdes  that 
when  applied  to  a  broken  stone  surface  und«  direct  sunlight,  at  a  temperature  of  not 
Ices  than  10°  C  (65°  F)  and  60%  of  humidity.  It  wiU  not  adhere  to  vehicle  tina  or 
solee  of  shoes  after  6  hr  from  the  time  of  its  application.  The  compound  shall  poaaM 
the  following  characteristica:  It  shall  be  free  of  objectionable  coal  tar  products  and 
sulphurona  hydrogen  odors;  spedflc  gravity  not  lighter  than  0.9B0;  fluh  ptrint  not 
lower  than  SS"  C  (200°  F);  burning  pc^t  not  lower  than  149°  C  (800°  F) ;  when  heated 
in  aa  op«i  veseel  for  6  hr  at  110°  C  (280°  F).  the  Ions  shaU  not  exceed  20%;  and  at 
140"  C  (284*  F),  tlie  loss  shall  not  exceed  26%.  The  compound  must  be  entirely 
sohible  in  carbon  disulphide.   It  sli&U  not  contain  mem  than  1%-inert  minaral  mattw. 

Ap^calion  of  EmulsionB.  Those  emulaifiod  oils  are  diluted  with  about 
three  parts  of  water  to  one  part  of  oil  for  first  applioationa,  and  for  sub- 
sequent appUcations  may  be  reduced  to  four  parte  water  to  one  of  oil  if 
conditions  warrant  it.  The  omulflion  is  generally  applied  with  the  ordi- 
nary  watering  cart  and  a  6(X>-gal  cartload  should  cover  an  average  <A 
3500  Bq  yd  of  roadway  surfaoe.  The  interval  between  the  first  and  sec- 
ond appUcations  should  be  £rom  6  to  7  days,  and  between  tite  subsequent 
apidications  from  1  to  6  weeks,  depending  upon  traffic  and  weather  con- 
ditions. The  coet  of  effective  dust  laying  by  the  use  of  oil  emuLriona  varies 
from  2  to  4  cents  per  sq  yd  for  the  usual  watering  season  of  7  or  8  months. 

Cost  Data.  Diatrict  of  Columbia.  (I2b).  In  1910,  190  600  sq  yd  (rf  broten  stone 
roa^  were  treated  with  oil  emuhdons.  The  following  table  glvee  coat  and  amoaat 
of  wwk.  On  seetJona  1,  2,  and  4,  StaDdard  erauUon  waa  laad  at  a  cost  ai  4  eanin 
par  gal  plua  freight.  On  aectlona  8,  fi,  and  6,  a  |Mtidact  of  the  Indian  RaOalnc  Ob.  wm 
iiaed  at  a  coat  of  6  cents  per  gal. 


Seetioa 


1 
2 
8 
4 
5 
6 


S<LYd, 
Otled 


82  800 
9  800 
72  200 
40  800 
18  600 
16  600 


Total  Gal 


8  000 

2  846 
21  646 

10  9S8 

3  730 
3  460 


Coat  of 
Labor,  etc. 
Cents  per 

Sq  Yd 


0.668 
0.688 
0.462 
0.669 
0.400 
0.868 


Cost  of 
Material, 
Cents  per 

Sq  n 


Number 
of 

AppUeatlmM 


1.056 
1.041 
1.663 
1.168 
1.661 
l.StB 

Googit 


« 

6 
9 
12 
9 
6 
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7.  Lifl^tOils 

OU«  Used  u  Dust  PtUiatiret  comprise  crude  petroleums,  distOIfttea 
and  flmd  residual  oils  from  the  "dietiUation  of  crude  petroleum,  and  cut- 
back oils  prepared  by  fluxing  reaiduums  with  distillates.  Crude  oils  are 
not  used  to  a  great  extent  for  this  purpose  as  they  are  not  readily  obtain- 
able except  in  the  vicinity  of  the  oil  fields  where  they  are  produced,  and 
are  generally  refined  to  obtain,  for  other  purposes,  their  more  valuable 
constituents.  The  California  and  Mexican  crude  oils  are,  however,  used 
to  some  extent.  These  tnls  are  known  as  asphaltie  oils  and  are  preferable 
to  the  paraffin  oils  for  highway  work.  Crude  paraffin  oils  are  seldom  used 
for  purposes  of  highway  work  on  account  of  their  greasy  nature  and  lack 
of  bindijig  qualities,  and  also  because  their  constitueutB  are  of  much  greater 
value  for  other  purposes. 

NoD-Asphaltic  Road  Oils  for  dust  laying  purposes,  neveral  of  which 
are  on  the  market  and  sold  under  trade  names,  are  used  to  some  extent 
in  cities  and  towns.  These  oils  arc  generally  distillates  from  either  as- 
phaltie or  paraffin  petroleums.  They  are  very  light,  have  no  binding 
I»opertiea,  and  their  effects  are  of  short  duration,  neceasitaUng  frequent 
i4n>lioation.  This  class  of  oils  has  certain  advantages  over  aapHaltio  oils 
in  that  thejr  are  cleaner,  comparatively  odorless  and  require  no  covering. 

The  fcJlowing  Table  II  by  Hubbard  (4),  shows  the  differences  in  prop- 
erties pOBBonnod  by  three  kinds  of  crude  petroleum. 


Table  n^Reialto  of  Teste  of  Grade  Petroleunis 


Kind  of  Oil  . 

Spedflc 
Gravity 

Fladi 

Ftrint 

Volatil- 
ity at 
100"  C 

(212"  F) 
7hr 

VoUtil- 
ity  at 
160°  C 

(320"  F) 
7hr 

Volatil- 
ity at 

206°  C 
(401"  F) 
7  hr 

RbA- 
due 

Pennaylvaiiia,  paraffin 
Ttocaa.  ■miilaiiilialttf  . 
California,  mq>haltie. . 

0.801 
O.MM 
0.989 

48°  C  flOffo  F) 
«"C(  79"  F) 

47.8% 
20.0^ 

58.0% 
27.0% 

68.0% 
49.0% 

b32.0 
eSl.O 
eB7.8 

a.  Ordinary  tenperature.  b.  SofL  e.  Quick  flow.  d.  Volatnit^r  at  200°  C  (392°  F), 
T  far.   9.aok  na^m,  stleky. 


As  shown  in  the  Table,  the  specific  gravity  increases  from  the  paraffin 
to  the  Bsphaltic  oil.  This  is  also  true  for  the  percentage  of  residue,  while 
the  volatility  decreases  correspondingly. 

A  comparison  of  the  residuuma  obtained  from  refining  oils  similar  to 
those  described  in  Table  11  is  shown  in  Table  III. 


Tabk  m^ReioHi  of  Teste  of  PstFolaum  Reddtiaiiu 


Kind  o(<Ml 
fron  whkfa 
Reddutuoa  cams 

Spedflc 
Gravity 

FlaA 

Pofait 

VoUtil- 
ity  at 
200°  C 
(892°  F) 
7  hr 

Residue 

Solid 
Paraffin 

Fixed 
Carboa 

Pennaylvaiiia.  nraffln 
Tenuis  semlaqmaltie. . 
California,  uplaaitie. . 

0.920 
0.974 
1.006 

186"  C  (367°  F) 
214°  C  (417°  F) 
191°  C  {37«°  F) 

14.2% 
6.2% 
17.8% 

a85.8% 
98.8% 
82.7% 

11 .0% 
1.7% 
0.0% 

8.0% 
8.6% 
6.0% 

a.  Soft. 


In  comparing  these  results,  an  increase  in  specific  gravities  in  the  same 
direction  as  in  the  case  of  the  crude  petroleums  will  be  observetl.  The 
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volatility  and  percentage  of  rotudue,  however,  are  twt  in  the  same  oidw. 
As  these  depend  wholly  upon  the  point  at  which  distillation  is  stopped 
in  tbe  procem  of  refining,  auch  a  result  is  to  be  expected.  In  comparing 
the  crude  oils  with  the  residuums  it  will  be  seen  that  the  latter,  as  would 
naturally  be  supposed,  cair^'  a  greater  percentage  of  non-volatile  oon8tit> 
uente,  and  other  things  being  equal,  are  therefore  of  more  value  as  per- 
manent binders. 

Flnid  Residual  Oils  obt-ained  from  the  distillation  of  crude  petroleum 
are  used  to  a  considerablo  extent  in  the  Unit«d  States  as  dust  palliatives. 
Those  beet  suited  for  the  purpose  are  the  residuuma  from  the  California. 
Mexican  and  some  Texas  petroleums.  The  density  of  these  reeiduums 
varies  considerably  from  that  rich  in  paraffin  hydrocarbons  with  a  specific 
gravity  of  about  0.920  to  that  containing  only  asphaltic  hydrocarbons 
with  a  specfie  graWty  of  about  1.000,  and  the  lighter  renduuma  witii  a 
Bf»a&e  gravity  not  exceeding  0.960  are  generally  used  for  dust  laying 
purposes. 

Cat-Back  Oili,  which  are  oils  prepared  for  use  as  dust  palliatives  and 
binders  by  fiuxing  heavy  residual  asphalts  with  volatile  distillates,  give 
very  good  results.  By  this  method  of  preparation  they  can  be  made  of 
the  desired  consistency  for  application  and  after  application  the  light 
fluxing  material  quickh''  volatUbea,  leaving  the  heavy  asphaltic  oonatit- 
uents  evenly  apread  on  the  road  surface.  Cutr-back  oils  may  be  obtained 
having  varying  specific  gravities  and  asphaltic  contents,  but  usually  only 
the  lighter  grades  ore  of  this  type,  as  these  grades  are  not  as  reodUy  ob> 
tainable  in  the  form  of  residuals  as  the  heavier  grades,  on  account  of  the 
fact  that,  by  the  process  of  refining  the  crude  petroleum  to  obta'n  the 
more  valuable  products,  most  of  the  light  constituents  are  removed. 

On  broken  stone  and  gravel  road  surfaces  where  the  traffic  is  light,  a 
residual  or  outr-back  oil  which  meets  the  following  specifications  may  be 
used  with  good  results  and  will  ordinarily  maipt^in  a  dustloes  condition 
with  from  two  to  three  applications  a  year. 

Spedflcgrsvlty  at  16.6°  C  (60°  F}   0.9X0  to  0.950, 

Asphalt  coDtent  at  100  penetration  at  26°  C 
(77«  F>  after  evaporation  at  temperature  not 

exceeding  260°  C  (600°  F)   not  lew  than  46% 

IfOn  in  w^ht,  Iqr  bsating  20  g  S  hr  at  a  tem- 
perature ot  163°  C  (S26°  F)   not  more  than  SS%, 

Bitumen  soluble  in  CSi  at  air  temperature   not  leas  than  99Jl%( 

Bitumen  soluble  in  76°  B  naphtha  at  air  tem- 
perature    not  leaa  than  SB  %, 

Flash  point   not  leaa  than  54°  C  (130°  F). 

On  broken  stone  and  gravel  road  surfaces  subjected  to  a  considerable 
amount  of  traffic,  a  large  percentage  of  which  is  of  rubber-tired  motor 
vehiolea,  excellent  results  are  obtained  in  the  work  of  la>'ing  the  dust  and 
of  preawving  the  road  surface  by  the  use  of  oils  meeting  the  following 
^tedfications. 

Spedflc  gravity  at  16.6°  C  (60°  F)   CiMO  to  0.970, 

Asphalt  content  at  100  penetration  at  26°  C 
(77°  F)  after  evaporation  at  a  temperature  not 
exceeding  260°  C  (600°  F)   not  Ian  than  80%, 

Loss  In  weight  by  heating  20  k  S  hr  at  a  tem- 
perature of  183°  C  (325°  F)   net  more  than  20^ 

Bitumen  soluble  in  CSi  at  air  temperature.   not  leaa  than  99.6%, 

Bituineo  soluble  in  76°  B  naphtha  at  sir  tam- 
paratura   not  lees  than  8fi  %, 

Flashpoint   not taa than Bl-C (UO*B)i. 
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Applicattoo.  Fluid  road  vOa  are  usually  shipped  in  tank  cars  of  from 
6  000  to  10  000  gal  capacity.  These  tai^  are  generally  equipped  with 
Bteam  ooila  for  the  purpose  of  heating  the  oiU  if  they  are  of  such  coosis- 
tency  as  to  require  it  for  application.  In  the  appUcation  of  oils  having 
a  speciBc  gravity  of  less  than  0.950  and  an  asphaltic  content  of  60%  or 
less,  heating  is  not  generally  required  when  the  air  temperature  is  above 
21°  C  (70°  F),  but  with  oils  heavier  than  as  above  described  better  results 
will  be  obtained  by  heating  before  ^plication  to  about  06°  C  (150°  F). 
By  h'*i^*'"g,  the  heavier  oils  can  be  more  easily  handled  and  more  evenly 
spread  in  the  desired  quantitiea.  Where  possible  it  is  advisable  to  have 
iha  tank  ear  set  at  an  cJeration  above  the  distributing  vahiole  so  that 
the  oil  may  be  drawn  off  by  gravity.  Otherwise  it  is  pumped  out  eitiiar 
by  hand  or  power  pump. 

Non-asphaltic  and  very  light  asphaltic  road  oils  which  are  used  cold 
may  be  applied  to  the  road  surface  by  means  of  the  ordinary  water  sprink- 
ling cart  or  gravity  distributors,  but  much  better  results  are  obtained  by 
the  use  of  some  type  of  pressure  sprayer,  even  for  these  light  oils.  In  the 
i^^^ication  of  the  heavier  grades  ot  road  oils,  altho  the  gravity  distributor 
may  be  used,  it  is  advisable  to  use  pressure  spr^ers  whenever  possible. 
Before  applying  oils  to  the  road  surface  it  is  quite  essential  that  the  sur- 
face should  be  cleaned  and  all  loose,  fine  dust  removed,  especially  whmi 
the  heavier  grades  are  to  be  used.  The  heavier  the  oil  used  the  more 
important  it  is  that  the  surface  should  be  thoroly  cleaned.  To  obtain 
the  best  results  the  oils  should  be  applied  as  soon  as  the  surface  has  dried 
out  aftor  a  heavy  rain  or  after  a  thoro  wetting  with  a  watering  cart,  as 
the  fine  dust  particles  are  th^eby  washed  from  the  surfaces  of  the  aggre- 
gate and  better  penetration  and  adhesion  is  obtained.  At  the  time  of 
appUcation,  however,  the  surface  of  ^  road  should  be  dry  and  warm. 
In  the  treatment  of  gravel  surfaced  roads,  the  washing  of  the  surface  is 
partiOuUrty  advisable.  Before  treatment  with  road  oUa  the  surfaces  should 
be  put  in  good  repair  and  all  holes  and  depressions  patched  and  filled. 
Surface  treatments  of  roads  with  asphaltic  oils  as  dust  palliatives  will  not 
provide  a  new  surface  for  an  old  worn-out  one,  but  will  greatly  aid  in 
the  preservation  and  maintenance  of  a  good  surface. 

The  Amount  of  Oil  to  be  used  for  each  treatment  depends  upon  the 
condition  of  the  road  surface  and  the  kind  of  oil  used.  In  the  use  of 
the  lighter  oils  on  a  broken  stone  road  surface  in  good  condition,  from  yi 
to  K«  of  a  gal  per  sq  yd  is  sufiicient,  if  applied  with  a  pressure  sprier,  to 
lay  the  dust  for  from  3  to  6  mraths.  If  the  road  is  wdl  worn  down  to 
the  larger  stones,  from  H  to  H  gal  per  sq  yd  should  be  used,  and  a  cover- 
ing of  sand  applied.  For  gravel  surfaced  roads  about  the  same  quantities 
should  be  used  for  similar  condition.<3.'  If  it  does  not  cause  too  great  incon- 
venience to  traffic,  it  is  advisable  to  close  the  roadway  for  a  few  houra  after 
the  application  of  oil,  to  allow  the  oil  to  penetrate  the  surface  as  much  aa 
possible  before  covering  with  the  sand  or  screenings.  One  cubic  yard  ol 
sand  or  atone  screeninge  will  cover  an  average  of  100  sq  yd  of  oiled  road 
surface. 

<MHng  Eaifli  Saads,  sceordinc  to  Plepmrier  (26),  "will  not  change  thetr  type,  mad 

it  is  folly  to  expect  uiythlns  like  a  permanent  road  to  result  from  the  continued  use 
of  oil.  Many  have  thought  that  after  the  road  had  been  oiled  for  a  nutntier  of  yeara 
the  aurfsee  would  become  Mtuimted  and  no  further  oiUnK  would  be  neceeasry.  Tax 
payers  should  be  warned  asainot  such  ezpeetatioD.  The  writer  has  ^amined  a  number 
ot  streets  and  roads  tliat  have  been  oiled  annually  for  a  period  of  10  years  and,  while 
It  takes  a  little  kss  oU  after  the  road  has  bean  otlsd  a  few  ysan.  th^  is  no,  IndieatfoB 
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that  mieh  traatmcnU  may  be  eliminated  if  tlw  dedred  results  an  to  be  expected- 
Then  are  many  earth  roada  that  esn  be  Affectively  maintained  by  tlie  intdUgcDt  um 
of  oil  and  the  road  drag.  Boaidn  bebig  graded  and  drained,  the  mrfaoe  should  be 
•raooth,  free  from  dart  and  loose  material,  vegetation,  sod  or  fordgn  material  ol  any 
Idnd.  It  Biiould  then  be  rolled  with  a  he«vy  roller  or  tractor,  or  opened  to  traJRe 
until  the  entire  surface  that  is  to  be  oiled  is  uniformly  compacted. 

"  The  best  time  to  oil  an  esrth  road  ia  soon  after  a  light  rain  and  before  the  roed 
is  rutted.  However,  the  surface  should  be  sufficiently  dry  to  prevent  Um  wheels 
of  the  distritKiter  from  picking  up  mud.  It  is  much  better  to  eJI  on  a  itet  sorfaca 
than  on  one  which  is  covered  with  dust.  One  of  the  best  oiled  roads  was  treated 
four  times  during  the  summer  at  the  rate  of  H  gal  per  sq  yd  per  treatment.  When 
too  much  oil  ia  applied  in  one  application,  it  is  not  only  wasted  but  is  oftm  very  dis- 
agreeable to  trafHc  When  applied  in  smalt  quantities  at  different  seaacMis,  the  oO 
retaipa  its  life,  lueps  down  the  dust  better,  and  makes  a  more  waterproof  surface 
The  roads  should  be  sanded  after  either  hot  or  cold  oil  liaa  been  appUM.  Clsen, 
hard  ssad  Is  much  better  oo  a  road  surface  than  dust  or  road  sweep  Inga.  Sand  may 
I>e  applied  at  a  rate  of  1  cu  yd  to  each  lEO  sq  yds  of  road  surface.  Tlie  sand  givea 
an  oiled  surface  more  sUbllity.  It  retains  the  oU.  assiBts  In  preventing  wear  and 
^da  in  keeping  down  the  duot.  A  light  appUcatioa  of  sand  Is  a  justifiable  eapensa 
on  a  majority  of  oiled  earth  roads. 

"  A  li^  greasy  parafHn  <M  will  Isy  tlie  dust  for  a  short  period  but  av^Mmtaa  reedHy 
tod  aids  very  UtUe  in  pteecrvlng  tite  surtaoe.  Tba  light  oils  tliat  have  a  aatnal 
sapbsltic  base  or  a  aemissphaltic  residue  have  more  lasting  qualltta,  as  they  mora 
completely  fill  the  pores  of  the  earth  surface  and  readily  shed  the  water  and  prevent 
the  formation  of  dust.  The  best  grade  of  natural  aaphaltic  oils  for  earth  roads  will 
vary  from  50  to  66%  in  asphaltie  content,  and  msy  ordinarily  be  applied  cold. 
Some  cleaning  is  gmerally  necessary  prior  to  the  flrat  application  of  oil  and  tlila  will 
cost  from  |Z6  to  $60  per  mile.  Road  oil  can  be  ptirdkased  for  S  to  7  cMta  per  gal. 
depending  upon  Che  quality.  With  average  conditions  and  with  a  medium  pilead  oU, 
the  avsnge  cost  of  oiling  alone  per  application  may  be  from  (200  to  $2S0  psr  mOa 
of  road  15  ft  wide." 

Th«  Cost  of  the  treatment  of  road  surfacea  with  oils,  variea  with  the 
quality  acd  quantity  of  the  oil  used  and  with  the  varying  cost  of  trans- 
portation.  Road  oUa  such  as  are  uaed  as  duat  paUiatives,  delivered  in  tank 
oara  thruout  the  United  States,  will  cost  from  3H  to  4}i  cents  per  gal. 
The  cost  per  sq  yd  for  each  treatment  for  the  lighter  nig  will  vary  from 
lyi  to  cents. 

PUIadalpfaia  Practice.  Conoell  (lib)  statta  that  the  iMtailal  gneially  used  coo- 
sbts  of  aaphaltte  road  (rfl  from  18°  to  23°  B  gravity.   "This  material  la  apiriied  to 

^  of  the  macadam  roads  that  are  not  In  fit  condition  for  the  Sist-claae  bituminous 
surface  treatment  and  to  all  earth  roads,  and  is  applied  st  the  rate  of  0.2  to  0.25  gal 
per  sq  yd.  On  some  roads,  depending  upon  the  amount  of  traffic  and  whether  or 
not  the  road  la  shaded,  it  ia  nei  ussilji  to  treat  the  road  In  May  and  treat  It  again  in 
September.  Such  roads,  however,  are  the  exceptions.  In  most  cases  tlds  method 
of  treatmint  will  last  for  one  season.  The  roads  as  a  rule  are  not  swept  before  the 
application,  nor  is  any  covering  put  over  this  bituminous  material,  as  It  Is  apidied 
in  such  small  quantitiea  that  there  is  scarcely  any  necessity  for  qiirering.  The  pur- 
pose in  putting  on  this  small  quantity  is  to  insure  its  disappearing  from  the  road 
before  the  winter  sets  in,  in  order  to  avoid  the  mushy  condition  that  prevails  when 
there  is  too  much  oil  oa  the  road  In  this  season  of  the  year."  Details  of  coat  of 
using  asphaltie  road  oU,  £1"  to  23°  B,  in  duat  laying  in  ISlfi  foUow:  Square  yards 
treated,  1  167  790;  amount  per  sq  yd,  0.2S  gal;  coat  per  appUcatioa,  induding  nuMerial 
per  sq  yd,  l.l  cents." 

Methods  and  Cost  ot  Oiling  in  Kanaas  Ci^,  Ho.  (27).  "Approximately  60  miles 
of  macadam  roadways  are  oiled  twice  a  year  by  the  Park  Board  of  Kansas  City.  '  The 
oil  uaed  is  a  residuum  of  Kansas  oils,  which  lias  an  avsiaga  speciflc  gravis  <rf  9S  at 
16.6=  C  (60°  F).  The  conditions  for  oiUng  are  as  follows:  (1)  Before  oiUng,  such 
repair  work  as  is  necessary  should  be  done  on  the  roadway,  as  the  oil  forms  a  cuahioa 
over  the  patch  and  protects  It  from  raveling;  (2)  the  road  surface  should  be  hard 
and  clean  and  alt  loose  material  removed;  (3)  tlie  road  surface  should  ha  dry;  (4) 
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only  one-half  of  the  roadway  ahould  be  oiled  at  ■  time.  If  for  no  othflr  reaBon  than 
a  protection  and  courteay  to  the  public;  (6)  the  weather  ahould  be  warm,  with  do 
prospects  of  rain,  aa  raio  on  a  freahly  (^led  surface  will  waah  away  much  of  the 
Bometimce  completely  ruininK  the  job. 

The  ml  is  distributed  by  steel  tank  wacona,  of  about  600  gal  capadty.  To  tfao 
bade  of  fladi  wagmt  b  attached  a  aheet  Iron  trough  Into  whldi  tba  oil  ia  diaAanad 
Iqr  three  2-in  valves.  flowIitK  evenly  upon  the  roadway  thru  nnall  holes  in  the  bottom 
of  the  troucb.  The  oil  la  distributed  Qghtly  from  the  tank  wacon  upon  the  roadway, 
and  the  tank  is  immediately  followed  by  the  rotary  street  brootn,  which  spreads  the 
oQ  over  the  surface  In  a  thin  even  coat.  Two  to  four  men  with  band  brootna  are 
neceasary  to  keep  oil  from  running  Into  gutters,  and  to  spread  oU  on  uneven  placaa 
In  the  roadway,  and  at  Intemecttona  with  atreeta.  The  oOed  aurfaca  b  then  covered 
with  a  thin  coat  of  limestone  dust,  the  Sneat  product  td  the  cruaher.  Thb  b  wpnad 
from  the  rear  of  an  ordinary  wagon  by  two  man  working  from  the  ground  with  No.  2 
scoop  shorela. 


Detailed  Coat  ti  On*  Aiiplicati<m  of  OQ  on  Benton  Bovlanid, 
Kanaaa  City.  Mo. 


66  010  Sq  Yd 

Hr 

Per  Sq  Yd 

1914 

$0.00026 

68H 

0,00011 

S9'A 

0.00040 

19  H 

0.00009 

28  H 

0.00011 

77 

0.00070 

21 H 

O.C0019 

81 

0.00029 

0.00006 

8690* 

0.0016S 

Ht 

0.00029 

90.00412" 

*Gal  tCuYd 

8.  Light  Tars 


Certain  light  tars  are  suitable  for  use  as  duet  palHativw,  under  the  aame 
general  conditions  and  on  the  same  types  of  road  si)rfaces  as  asphaltic  oils. 
These  tars  are  obtained  from  coai  and  petroleum  in  the  manufacture  of 
illununating  gas  and  coke  by  the  process  of  destructive  dietillatioQ.  They 
are  of  two  kinds,  generally  known  as  coal  tars  and  wateisgas  tars.  The 
coal  tara  include  gas-house  tars  and  coke-oven  tan.  Various  forma  of 
tan  are  used  in  road  work,  such  as  crude  tois,  dehydrated  tars,  lefined 
tan,  cut-back  tan  and  various  mixtures  of  any  of  these.  Only  such 
as  may  be  applied  to  the  road  cold  are  generally  considered  as  dust  pallia- 
tives, altbo  some  of  the  lighter  forms  of  those  which  require  heating  for 
application  accomplish  the  same  purpoee  of  rendering  the  road  surface 
dtutlesB,  with  the  added  benefits  of  road  preservation.  Altho  the  first 
cost  of  the  heavier  materia)  is  slightly  more,  on  account  of  its  greater  dur- 
ability it  is  often  fully  as  economical  in  the  end  and  sometimes  more  so. 
The  advisability  of  using  either  the  cold  applioation  or  the  hot  application 
materials  d^Mtids,  as  with  other  materials,  upon  the  condition  of  the  sur- 
face and  the  land  and  amount  of  traffic.  Generally  the  heavier  grades 
ftf  Iws  are  unsuited  for  treatment  of  gravel  surfaced  or  earth  roads,  unless 
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the  gravd  is  partiouUrly  clean  and  free  from  clay  and  fine  diuty  material. 
They  are  best  euited  to  the  treatment  of  broken  stooe  road  surfacee. 

Crude  Tart  generally  give  the  least  satisfactory,  and  in  some  oasee  un- 
satisfactory results,  on  account  of  the  presence  of  water  and  disagreeable 
odors,  and  lack  of  uniform  quality.  Dehydrated  tars,  from  which  all 
water,  ammonia  compounds  and  some  of  the  light  oils  have  been  removed, 
are  sometimes  used  as  duat  palliativee  with  aatiafactory  results.  This 
form  of  tar  may  be  obtained  of  such  consisteDcy  that  it  may  be  used  for 
cold  applications.  Refined  tars  are  generally  conndered  beet  for  all  classee 
of  hi^way  work  inciuding  duat  laying,  but  most  of  the  refined  tan  are 
of  aaeh  oonsiatency  as  to  require  heating  for  application  to  the  road,  and 
therefore  are  not  considered  as  dust  palliativee.  However,  as  stated 
before,  when  used  for  road  treatments,  they  serve  this  purpose  as  well  as 
that  of  a  road  binder,  for  which  they  are  used  extensively.  Tare  which 
have  been  refined  to  the  consisteQcy  of  pitch  are  sometimes  cut  back  with 
tar  distillates  to  the  desired  consistency  for  dust  palliatives.  This  form 
of  tar,  if  prepared  especially  for  highway  work  with  proper  cut-back  ma- 
terial, sometimes  gives  good  results,  altho  it  is  not  recommended  by  all 
authoritiea.  The  Mending  of  varioua  tan  often  produces  a  grade  of  tar 
which  u  much  better  for  highwi^  work  than  any  one  alone.  By  Hob 
method  the  proportion  of  the  most  desirable  constituents  may  be  increased 
and  that  of  the  least  desirable,  decreased  so  that  the  resulting  product 
gives  excellent  results.  Some  of  the  commercial  products  which  are  on 
the  market  are  of  this  form,  and  are  used  to  a  considerable  extent. 

Specifications  for  Light  Tan.  Tars  which  meet  the  following  specifi- 
cations are  suitable  for  use  as  dust  p^Uatives,  for  cold  appUcation: 


Spedfle  gravity  at  26°  C  (77°  P)   1.06  to  1.18, 

Free  carbon  2  to  18%, 

^^ocodty.  Enfler.  100  en  em  at  60°  C  (140°  F)..  not  over  126  sec, 
DIstillatJoD  by  weight. 

Up  to  170°  C   not  over  6%, 

Up  to  236°  C   not  over  18%, 

Up  to  270°  C   notovn-80?& 

Up  to  800°  C   not  over  40%. 

The  lighter  form  of  tars  which  may  be  uaed  as  duat  palUatives  by  the  hot  apidl- 
eation  method  should  meet  the  following  apeciflcations: 

^wdfle  gravity  at  25°  C  (77°    notlna  than  1.19, 

Free  carbon   10  to  2B  %, 

Float  teat  at  100°  C  (212°  F)   18  to  80  see. 

Distillation  by  weight. 

Up  to  170°  C  not  over  1%, 

Up  to  286°  C  not  orer  10^ 

Up  to  270°  C  not  over  16%, 

Up  to  800°  C   Dot  over  20%. 


The  Application  of  Tars  to  road  surfaces  as  dust  palliatives  should  be 
by  pressure  sprayers,  as  this  method  is  the  most  effective  and  economical. 
In  ths  use  of  tara  it  is  most  essential  that  the  surface  shall  be  thoroly  cleaned 
of  all  loose  or  matted  dust  or  dirt.  Sweeping  is  not  always  effective  in 
removing  all  dust  particles  and,  as  in  the  use  of  asphaltic  oils,  the  road 
surface  is  in  the  best  condition  for  the  application  of  tar  aoon  after  a  heavy 
rain.  It  must,  however,  be  dry  and  warm  at  the  time  of  appIicatJon. 
Whenever  tars  are  used  they  must  be  covered  with  sand  or  stone  screenings 
before  traffic  is  allowed  to  go  upon  them.  A  period  of  from  5  to  10  hr 
should  elapse  after  the  application  of  the  material  on  first  treatments 
before  it  is  covered.   On  subsequent  treatments  It  may  be  covered  ixmna* 
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diately  after  applicatioo.  With  the  cold  application  of  the  lighter  material 
from  K  to  }t  gal  per  sq  yd  is  used  and  one  treatment  is  usually  effective 
for  about  1  year. 

Cost.  The  cost  of  treatmeota  with  tars  depends  upon  the  gradee  of 
tar  used  and  the  prradmity  of  the  work  to  the  plant  wlwe  it  ia  prodnoad. 
Within  a  diatance  of  from  10  to  IS  miles  of  large  citiea,  where  gaa  plants  an 

usually  located,  it  can  be  obtained  delivered  in  tank  waeons,  either  horse- 
drawn  or  motor-driven,  from  which  it  can  be  directly  applied  to  the  road 
surface.  The  cost  of  the  light  tars  at  the  plant  is  about  5H  cents  per  gal. 
The  cost  of  delivery  within  a  radius  of  10  miles  of  the  plant  varies  from 
^  to  1  cent  per  gal  and  the  cost  of  application  by  pressure  sprayer  is  about 
^  cent.  If  tt  is  necessary  to  ship  by  tank  cars  the  cost  is  increased  by 
the  freight  charges  and  the  expense  of  handling  from  the  cars  to  the  di»- 
tributing  wagon.  The  cost  of  covering  with  Band  or  stone  screenings 
varies  from  1  to  2  oents  per  sq  yd. 


PatMite4  Compooads  made  from  waste  by-products  from  various  indus- 
tries are  used  to  some  extent  as  dust  palliatives.  Vegetable  oils,  animal 
oils  and  fats,  sulphite  liquors  and  molasses  residues  have  been  used  in 
these  compounds  and  have  given  varying  results  as  temporary  dust  layers 
only. 

Vegetable  Oils,  Animal  OIU  and  Fats  contain  no  landing  pnqwrties,  and 
if  used  alone  act  in  the  same  manner  as  water,  merely  laying  the  dust  by 
wetting  the  particles,  but  being  less  volatile  thui  water  have  a  more  lasting 
effect.  They  are  usually  combined  with  an  alkali  to  form  a  soap  to  be  used 
for  emulsifying  mineral  mis  to  fonn  oonoentrated  emulsioas.  These  products 
are  sold  under  trade  names  in  various  sections  of  the  world. 

Waste  Sulphite  Liquor,  which  is  produced  from  the  maniifacture  of 
wood  pulp  by  the  sulphite  process,  is  a  by-product  of  no  value  and  has 
been  allowed  to  run  to  waste  in  nearby  streams.  In  the  crude  state  it 
has  little  binding  value,  but  in  concentrated  form  it  exhibits  this  cbar- 
•eterislao  to  a  connderabte  ertcot.  It  is  acrfuble  in  water  and  tfawefore 
its  effects  as  a  binder  in  road  work  are  rapidb^  diminisbed  by  nuns.  The 
addition  of  small  percentages  of  semiasphaltic  oQ  tends  to  Increase  its 
tasting  effect  1^  making  it  waterproof.  Patented  preparations  of  waste 
sulphite  liquor  are  on  the  market  for  use  as  dust  layers  and  road  binders. 
One  of  these,  sold  under  the  trade  name  of  GlutriHi  has  been  used  to 
a  considerable  extent.  It  is  claimed  for  this  material  that  it  contains 
the  weak  acids  that  are  in  the  sap  of  the  tree  and  which  are  capable  of 
disecdving  silica  or  atone;  when  it  is  placed  on  the  roadway  and  comes 
in  contact  with  the  sttmes,  these  acids  attack  that  portion  of  the  stones 
composed  of  silica,  dissolves  it  and  forms,  when  It  becomes  dry,  a  bond 
which  is  insoluble  in  water  and  proof  against  changes  in  temperature. 
Particularly  good  results  are  claimed  for  this  material  on  roads  built  of 
lunestone,  clayey  gravel  or  red  shale.  In  the  use  of  Glutrin  as  a  dust 
layer  it  is  applied  to  the  road  surface  with  the  ordinary  watering  carta. 
It  is  purchased  in  concentrated  form  and  is  mixed  in  the  proportion  of 
from  26  to  50  gal  of  the  material  to  about  500  gal  of  water.  It  is  then 
sprinkled  on  the  road  in  such  quantities  as  for  ordinary  dust  laying  with 
water.  The  treatment  is  repeated  after  a  few  weeks  and  the  intorval 
between  each  subsequent  treatment  shoiild  increase  oonsideraUy,  as  after 
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two  or  three  ttppUcstions  the  road  becomes  impregnated  with  the  materia] 
'and  a  bond  is  formed  which  produces  a  hard  surface  which  will  be  dust- 
less  for  a  considerable  tx:riod.  The  number  of  troatmenta  required  for  a 
season  depends  to  a  larito  extent  ud  traffic  conditions.  This  mftt<*riiil  in 
conoeatrated  form  costs  from  12  to  15  cents  per  gal  f .  o.  b.  destinatian. 

MolasMS  ReiidiMS,  which  are  by-inwluots  from  the  nuunifaeture  of 
sugar,  have  been  used  to  a  limited  extent  as  a  dust  palliative  in  localitiee 
near  the  sugar  r^neries,  generally  for  experimental  purpose*.  Being  sol- 
uble in  water,  they  are  of  little  value  unless  waterproofed.  E!zperimeDta 
have  been  made  with  a  mixture  of  molasses,  lime  and  oil.  This  molaaaea 
residue  is  of  tome  value  for  other  purposes  and  it  is  little  used  in  road  work. 
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GENERAL  DATA 
1.  Classification 

General  Datctiption.  Bituminous  surfaces  are  used  on  earth,  broken 
stone  and  gravel  roads,  on  bituminous  and  cement-concrete  pavements,  and 
to  a  certain  extent  on  brick  and  wood  block  pavements.  In  this  section 
there  will  be  considered  primarily  methods  of  constructing  and  maintaining 
bituminous  suifaoes  on  broken  stone  and  gravel  roads,  while  bitiuninous 
surfaces  on  earth  roads,  bituminous  macadam  pavements,  iHUuninous 
oonorete  pavements,  asphalt  block  pavements,  cement-eonerete  pavementa, 
brick  and  wood  block  pavements  will  be  treated  in  the  sections  devoted 
to  the  several  types  of  roadway  surfacings. 

Distinction  Batwasn  TMatmentt  with  Palliatlvea,  and  Bltaminons  Sur- 
faces. As  oils  and  tars  are  used  in  the  construction  of  bituminous  surfaces 
and  are  likewise  referred  to  in  Sect  13  covering  dust  prevention  by  the  use  of 
palliatives,  the  distinction  between  treatments  with  palliatives  and  the 
construction  of  bituminous  surfaces  should  be  noted.  Palliatives  are 
matcaials  which  mitigate  or  abate  the  dust  nuisance,  while  iMtuminout 
mrfaces  oonsist  of  superficial  coats  of  bituminous  materials  with  or  without 
the  addition  of  atoue  or  dag  chips,  gravel,  sand  or  materials  of  a  nmilar 
daaraetOT.  It  is  evident,  therefore,  that  the  rcapplication  of  oils  and  tars 
when  used  as  palliatives  may  result  in  the  fonnation  of  Utuminous  surfaces. 
Hence,  Uie  Una  of  distinction  between  treatments  with  palliatives  and  the 
flonstniction  of  Utuminoua  surfaces  is  not  clearly  defined.   The  methods 
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of  oonsLrucUoQ  usually  oonaidareil  undw  tbe  heading  of  bituminons  anx^ 
faces  are  confined  to  those  methods  vhioh  ordinarily  result  in  a  bitumfamua 

Hurface,  efficacious  for  6  months  to  2  years. 

CUBBification  of  Bituminoua  Suifactts.  Bituminous  surfaces  may  be 
considered  aa  divided  into  two  classes.  Tbe  first  class  consists  of  thin 
superficial  coats  of  bituminous  material  with  or  without  the  addition  of 
such  materials  aa  stone  chipe,  fine  sravel  or  sand.  When  this  type  of 
bituminous  surface  has  been  under  traffic  for  from  1  to  2  yean,  the  road 
metal,  or  other  material  composing  the  wearing  course,  is  expcHsed.  The 
second  class  consists  of  coats  of  bituminous  material  of  appreoiaUe  thickness, 
usually  over  }4  i^t  u>d  are  formed  by  the  application  of  one  or  more  treat- 
ments of  bituminoua  material  with  sand,  gravel  or  stone  chips  added. 
Surfaces  of  this  class  are  known  as  bituminous  carpets  or  blanlcets.  ^  Th^ 
rarely  wear  down  uniformly  to  the  wearing  course  and  hence  usually  in- 
crease unevenly  in  thickness  by  retreatments. 


Development  in  Europe.  As  early  as  1871,  Francou  of  Auch,  Tnmx, 
actually  employed  tar  as  a  surface  treatment  in  a  few  trials.  His  method 
was  to  spread  the  unheated  tar  on  the  suriace  and  then  set  fire  to  it  in  order 
to  harden  the  surface.  Christophle  in  1880  used  tar  on  a  road  at  Saint 
Foy,  and  in  1888  another  experiment  was  tried  wiUi  this  material  at  Saint 
Gaudens  by  Lavique.  In  1896,  Girardeau  coneeiwd  the  idea  of  applying 
hot  tar  to  a  road  surface  by  observing  the  better  resnlts  obtained  when  a 
cold  tar  application  was  acted  upon  by  the  heat  of  the  sun.  It  was  not 
until  1901,  however,  that  systematic  experiments  were  carried  out.  Such 
experiments  were  started  by  Dr.  Guglielminetti  at  Monte  Carlo,  Genera 
and  Nice,  using  coal  tar  and  brushing  the  same  into  the  road  surface.  In 
1902  trials  were  carried  out  at  Champigny  by  the  engineers  of  the  Depart- 
ment of  Roads  and  Bridges  of  France.  In  the  190B  report  on  these  trials, 
the  French  engineers  formulated  all  of  the  basic  principles  of  superficial 
tarring. 

Development  in  the  United  States.  Dust  supprcedon  was  the  main 
cause  of  the  rapid  development  of  the  method  of  surface  treatment.  While 
in  Europe  it  led  to  superficial  tarring,  in  the  United  States,  the  first  trials 
of  this  method  were  made  with  light  oils.  Oil  was  used  for  this  purpose 
in  1894  at  Santa  Barbara,  California.  Further  trials  were  made  in  1898 
and  oils  were  used  to  a  verj'  slight  extent  in  different  parts  of  the  countrj' 
up  to  1905.  A  few  similar  triiUs  were  made  in  Europe  with  indifferent 
success.  After  1906  the  use  of  oils  as  a  dust  palliative  rapidly  increased 
in  the  United  States.  An  a  geoeral  rule  they  were  light  in  character  and 
could  be  applied  cold.  Tar  was  first  used  for  a  surface  treatment  in  1894 
in  Montrlair,  N.  J.  It  was  not  until  1905.  however,  that  tar  surface  treat- 
ments were  used  again.  After  1906,  the  use  of  both  oil  and  tar  surface 
treatments  increased  at  a  rapid  rate. 


General  Conilderatiotta.  A  properly  constructed  bituminous  surface  on 
a  broken  stone  or  gravel  road  is  impervious  and  is  easily  cleaned.  It 
increases  the  durability  of  the  road,  yields  no  dust  due  to  abrasion  of  the 
roadway  surface,  and  enables  the  crown  to  be  reduced.  The  lowerinjE  of 
la-ao*ivR  rcHist^inr*  and  the  rharnrter  of  fnothnld  mH  depend  upMi  the  kind 
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and  amount  of  the  bituminous  material  used  and  the  grade  of  the  road. 
When  asphaltic  materials  are  used  the  noim  caused  by  horse-drawn  vehiolee 
ie  comparable  to  that  characteristic  of  wood  block  pavements  subjected 
to  the  same  kind  of  trafEiOt  while  bituminous  surfaces  constructed  with  a  thin 
coat  of  tar  give  ftnth  more  noise;  in  some  cases,  comparable  to  that  emanat- 
ing from  the  impact  of  horse-drawn  vehicle  traffic  on  sheet-asphalt  pave- 
ments. It  is  self-evident  that  the  various  types  of  bituminous  surfaces  are 
adqitalde  to  many  conditions,  hence  complete  preliminary  investigations 
are  requisite  before  the  kind  of  material  and  the  details  of  the  method  of 
construction  are  adopted.  Bituminous  carpets  and  thin  bituminous  sur- 
faces are  particularly  adaptable  to  passenger  motcv  vehicle  traffic,  and  hence 
usually  will  give  the  maximum  return  on  the  investment  when  the  rosdmy 
is  subjected  to  this  class  of  traffic. 

Tjmfrftf"""  of  Use  of  BituminoM  Carpets.  Deui  (27)  atat«s  that  "It  haa  bora 
demonstrated  that  a  tar  carpet  wlU  carry  ecomomlcally  100  aotomobilea  per  day  per 
ft  la  width  of  roadway,  together  with  a  horae-drawn  traffic  of  IB  vehicles  per  day  per  ft 
in  width  of  roadway.  A  tar  blanket  la  not  suitable  and  abould  never  be  uaed  to  sust^ 
haavy  braae-drawn  traffic,  but  la  auitable  and  Monotuical  in  carrying  automobile 
tiaJBc.  Fsilures  that  have  occurred  with  a  heavy  asphaltic  crfl  carpet  have  occurred 
whare  the  tatto  of  the  ntunber  «i  antomobilee  to  the  number  trf  horse-drawn  vehielea 
WIS  not  any  greater  than  two  to  Mte.  sad  if  the  hone.dniwn  Tehides  are  ot  the 
heavy  two^uHM  typo,  with  namnr  Urn,  bO  aatount  of  aufanaoblla  tratte  VPO*n  to 
be  auflldaBt  to  eountarbalioee  the  destruetin  effect  at  16  heavy  horae.drawn  veUdei 
per  ft  in  width  per  day." 

rsT'i'"*"  K^erlence  witit  Oil  Carpets,  according  to  McLean  (41),  la  aa  follows: 
"An  early  tandancy  In  the  use  of  aaphaltfe  oUa  lor  dust  pienutloB  was  to  sedi  a  carpet 
coat  d  M  *<*  M  hi  In  ttilcknM,  made  op  al  ■QBeiasiva  iayen  ot  oil  and  stone  d^pa  or 
fiavd.  It  was  bdavad  that  a  heavy  Utondaow  covering  ui^t  Unis  be  ehci^ 
tndK  up.  TUs  prooeH  haa  bean  found  impractkable,  however,  aa  a  thick  ooveiing 
baM  a  tendney  to  pit  or  to  roU,  forming  a  wavy,  uneven  road  surface.  Practice  now 
twtds  to  the  use  ot  audi  a  grade  ci  asphaltic  as  will  prodnee  a  thin,  tough  film  of 
aqihahle  eoatii«  rather  than  the  tUdEsr  eqat  ot  Utsmea  sad  graveL" 

SUppMlness  of  Tar  Stuface*.  Some  objection  has  been  raised  in  Eng- 
land to  superficially  tar-coated  roads,  due  to  alleged  Blipperiness.  With- 
out doubt  much  slipperiness  is  due  to  a  smooth  coat  of  tar,  the  ideal  mosaic 
surface  of  tar  and  stones  not  being  secured.  Heavy  trafBc  and  late  tarring 
contribute  to  greasing  of  a  road  with  consequent  slipperiness,  since  tar 
applied  late  in  the  year  and  subjected  to  heavy  traffic  works  up  into  an 
emulaion  more  readily  than  tar  which  was  applied  at  the  begiiming  of  the 
season  and  has  set  hard      winter.  ' 

A  British  Report  (55)  oa  this  subject  is  as,  follows;  "It  uppmn  to  be  generally 
agreed  that  any  impervious  surface  must  be  somewhat  dippery  and  greasy  at  times 
of  hoar  froat,  light  rains  and  general  humidity.  The  general  practice  Is  to  cleanse 
the  surface  as  frequently  as  necessary  by  either  washing  or  bnishing,  and  to  sprinkle 
sharp  sand,  fine  granite  chippings.  or  other  similar  material  sjwrlngly  over  it.  In 
■Bany  casea  where  surface  tarring  is  adopted  on  country  roads  it  is  the  practice  to 
avoid  tarring  steep  hills." 

Effect  of  Use  of  Bituminous  Materials  on  Public  Health,  Fish  Life  and 
Vegetation.  There  is  no  danger  of  pollution  ot  fish  streams  if  proper 
precautions  are  taken  during  the  treatment  of  a  road  and  if  refined  tar 
is  employed.  It  has  been  shown  that  if  crude  tars,  having  considerable 
anunoniacal  liquor,  are  used  in  a  mannw  which  will  permit  of  portions  of 
the  tar  being  washed  into  the  stream,  it  will  result  In  kilUng  certain  kinds 
of  fish,  tKHit  being  especially  susoeptiMe.  The  opinion  has  been  expressed 
by  many  that  superficial  tarring  doss  not  injure  vegistation  exot^t  frtnn 
the  r^M^M*  prevwtion  of  tba  ffsreoUtioa.  el  watn  thru  the  zoad  surfaoe 
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to  the  loots  of  trees.  Altho  certain  horticutturiste  in  France  have  claimed 
that  tarred  dust  injures  vegetation,  proof  of  this  assertion  has  not  been 
presented. 

Report  of  BrhMi  Knclneen  (S6)  to  Srd  Int  Road  Coac-:  "By^ktOMOj  tan 
ud  bituminoua  eompoundi  have  the  advantage  of  prodndng  per  m  very  little 
duat  or  mud,  but  on  the  other  hand  the  non-mbeorbent  surface  which  they  affonl 
leaves  the  organic  duat  reaultiDi  from  borB^droppings,  vegetable  debris,  etc,  free  play 
In  caaea  where  auch  matter  ia  not  frequeatiy  fluabed  off  the  road  surface.  Tar  hai 
dUnfectlng  and  gwrmiddal  propertleB  irtiich  are  hygienleally  in  Ila  favor  aa  a  aur&dng 
for  roada.  C«i<Jnaive' evidence  of  any  injury  to  vegetation  from  roads  surfaced  with 
either  coal  tar,  pitch,  or  a^ibalte  appears  wanting.  The  surface  waafaings  from  roads 
surfaced  with  eoal  tar  may  be  polluted  to  an  extent  which  will  reader  them  injuiiona 
to  fish  life  unleas  the  washings  are  sufildently  diluted  with  other  water.  The  injurious 
character  of  the  pollution  is  affected  by  the  quality  of  tar  used:  The  moat  injurious 
eonstttuenta  of  tike  tar  being,  in  order,  anunonia  and  its  compounds,  light  oila,  and 
phenola.  Hence  tar  for  use  on  roads  In  the  neighborhood  of  flshlng  waters  is  required  to 
be  as  nearly  free  as  is  practicable  from  Oieae  bo^es.  Surface  washhigB  from  roada  coated 
with  a  properly  prepared  or  reOned  coal  tar  are  believed  to  be  absolutely  harmleas  to  fish 
Bfe  if  diluted' with  20  times  th^r  volume  of  other  water  of  unobjectionable  quality." 

Coadnaion  Adopted  by  3rd  Int.  Road  Cong.  "  Sufficient  information  is  now  avallabk 
to  enable  enghieera  to  select  and  q>eclfy  bitumhious  binders  which  will  have  no  prej- 
ndidal  effect  upon  public  health,  flah  life,  or  vegetation;  bat  which,  on  the  eontiaiy, 
will  condoca  to  ctHidltlona  of  cmiaiderable  hygienic  advantage.** 


The  differmt  kinds  of  bituminotis  materials  used  are  aaphaltio  (hIs, 
eut-baok  aqJbalts,  crude  &nd>  refined  water-gas  tan,  crude  and  refined 
eoal-gas  tars,  combinations  of  refined  tars,  and  combinations  of  refined 
tars  and  asphalts.  There  has  been  noted  a  growing  objection  to  the  use  at 
materials,  for  the  construction  of  bituminous  surfaces,  which  require  from 
2  to  6  weeks  to  set  up  to  such  aii  exteot  that  tracking  will  not  occur. 
Materials,  which  have  given  satisfactory  results  from  this  standpoint,  are 
refined  coal  tars  and  water-gas  tare,  cut-back  asphalts,  and  combinations 
of  asphaltic  materials  and  refined  tars.  Within  24  to  48  hr,  tiiin  bituminous 
surfaces  constructed  with  the  foregoinK  materials,  using  from  K  to  gal 
per  sq  yd  and  a  thin  covering  of  stone  chips,  have  set  up  so  that  no  tracking 
is  noticeable.  For  the  construction  of  carpets  on  broken  stone  and  gravel 
roads,  both  asphaltic  oils  and  tam  are  used. 

RepMt  ci  Advisory  Board  on  Highways,  N.  Y.  State  Dept.  of  Effldeney  and 
Economy  (19),  on  use  of  fluid  petroleum  products  for  surface  treatmenta.  "Tha 
reasons  for  coodemBing  these  spedflcations  (N.  Y.  Highway  Comm.  1913  specUkatioBB 
tor  cold  oil  and  hot  oil)  are  based  upon  knowledge  of  materials  having  similar  physical 
and  chemical  propertka  and  the  use  of  such  materials  in  the  manner  ^leciSed.  Thcee 
reasooa  are  as  totlowB:  (1)  Oils  which  meet  theae  spedflcaUona  reqidre  considerabie 
time  ia  which  to  set  up,  when  used  fn  the  manner  spedfled;  ^  all  petroleum  produets, 
while  in  a  fluid  state,  act  to  a  certain  «rtcnt  as  lubricants,  when  used  aa  spedSed; 
(8)  it  Is  therefoie  evident  that  more  or  lean  movement  of  the  road  surface  will  take 
place  under  traffic  during  the  setting-up  period;  (4)  the  bituminous  mats  or  carpets 
formed  invariably  become  wavy  and  fuU  at  humps  and  nita  under  heavy  traffic;  (5)  due 
to  the  ebataetar  of  the  resulting  surface  further  maintenance  is  rendered  dUBcnlt  and 
eoetly;  (8)  prior  to  retreatznent  (rf  roada  thus  repaired,  it  is  often  necessary  to  nmon 
considerable  portions  of  the  bituminous  mats  with  picka  and  ahov^  or  with  acariflera. 
The  above  conchiaions  are  in  accordance  with  the  results  <^  our  Investigations  of  many 
miles  of  hi^ways  treated  as  described  under  substantially  the  same  apedflcations." 

auuplee  16c)  statea  that  "The  heavy  tan  and  aaphaltlc  olla  are  suitable,  aa  aarfaee 
^ipttcatfana,  when  the  tnffie  is  mainly  aatomoUIaa,  and       «aeelI«Dt  rasiiltK.  SuA, 
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Bt  least,  Imb  been  the  experience  on  the  main  lUte  UffamyB  in  New  England.  When, 
however,  to  the  ■utomoblle  traffic  It  added  a  ecnaiderable  aroouot  of  steet-tlre  traffic, 
the  conditiona  chaBge;  and  if,  aa  is  the  case  in  the  centers  (rf  totnu  and  in  the  suburban 
districts  of  dtiea,  the  steel-tire  traffic  predominates,  heavy  bituminous  surfaces  mn 
often  [aUunea.  During  ^  first  rainy  p^iod,  the  steel-tire  traffic  and  the  horsea'  calks 
wUl  probablr  cut  op  tlie  BUtfaoa,  let  the  mttt  into  It,  ettmUfy  the  Utumen,  and  pro- 
doee  a  very  dtaacreeable  Htiimlnotn  mud.  For  audi  traffic  conditiona,  the  thinneet 
poesible  treatments  will  give  the  beat  resntta.  This  is  true  of  both  tara  and  oils.  In 
choosing  the  bituminous  material  for  a  surface  which  will  have  to  be  renewed  often, 
care  must  be  talcro  to  select  a  material  which  will  allow  the  application  of  repeated 
Uyera.  On  a  number  of  roads  the  material  gave  good  results  on  the  drst  treatnMnt, 
but  further  treatmenta  added  from  year  to  year  have  produced  a  rolling  and  trnMy 
moved  surface,  due  to  the  formation  of  a  thick,  plastic  blanket." 

Sonrcei,  Htnufactare,  Phy^cal  and  Chemical  Properties,  Teats,  Trana- 
portatioiit  Storage  and  Iiupection  of  Bitaminoua  Mat«iala.   See  Sect.  12. 

5.   SpedficatioiiB  for  Bituminous  Hatarials 
Forma  of  Spedflcatlona  for  tatuminous  materials,  an  follows,  wne  adoptod 
at  the  first  eonferenoe  of  State  Hig}iway  Testing  Engiiieen  and  Chendata, 

held  at  the  U.  S.  O.  P.  R.  in  Feb.,  1917,  <67b). 
"  Specification  for  Tan  Im  C<dd  Aptdicatita. 
"  Gbnkul.    The  tar  shall  be  homograeoua. 

"  Pkysical  and  CumiiCAL  pBornrmB.   It  shall  meet  the  foUowing  ivqubenMBtK 

1.  ^(edflc  gravity  26" /ib"  C  (TT/TT  P)   to  

2.  ^>edflc  viecodty  at  *  "C  (....=  F)  to  

8.  Total  distillate  by  weight: 

to  170°  C  am'  F)   not  more  than  %, 

to  SSB"  C  (466°  I)   not  mora  than  %, 

to  270°  C  (SIS"  r)   not  more  than  %. 

to  SOO"  C  (672"  P)   not  more  than  %. 

Melting  point  of  residue  "  C  (  "F)  to  "  C  (  

4.  Total  bitumen,  soluble  in  carbon  disuIpUde,  %  to  %. 

"  MmvODS  or  Testing.   Testa  of  the  phyrical  and  chemical  propertiea  of  tin  tar 

shall  be  made  In  accordance  with  the  methods  deeeribed,  or  referred  to,  on  page  

of  these  ^lodflcations,  Tcata  Nos  

"  NoTBS.  1.  In  some  inatancee  It  may  be  desirable  to  insert  a  ^>ecific  gravity  of 
distiilate  requirement  after  the  melting  p^t  requirement.  In  which  ease  the  wording 

should  be:    Spedfle  gravity  ot  total  diatilUte  26'>/Z6<'C  (77''/77°F)  

to  

2.  In  some  initanoea  It  may  be  eonriderad  dedrable  to  Insert  a  requirement  for 
wdnUlitr  In  dleaathyl  sulphate  of  one  m  more  fractions  of  the  diatUlate.  In  audi 
eases  Insert  as  foDows:   SohibiUty  In  dimethyl  sulphate  of  dlatillate  from  "  C 

(....»F)to  ...."C  (...."  F)  %to  %." 

"  Spedflcation  for  Refined  Tare  for  Hot  Ap^ication. 
"  GHNiaAi.   The  refined  tar  shall  be  homogeneous  and  free  from  water. 
"Phybical  and  Chbocal  PaoraaTMB.   It  shall  meat  the  toUowlag  raqnirainenta: 
1.  Spedlte  gravity  28"/26»  C  (77»y77"P)   to  

5.  Float  teat  at  t.. .  .'C  (  "¥)  sec  to  see. 

8.  Total  dlstilUta  by  weight: 

to  170°  C  (S88"  F)   not  mors  than  %, 

to  236°  C  (46e<'  F)   not  nuire  than  %, 

to  270°  C  (518°  F)   not  mon  than  %, 

to  800"  C  (672»  F)   not  more  than  %. 

Melting  point  of  residue  ... .°  C  (....''  P)  to  . . C  (....»  P). 
4.  Total  bitumen,  soluble  ht  earlxn  disnlphlde,  %  to  %. 

*lt  is  reeommanded  that  the  vlseoeity  determinaUon  be  made  at  26"  C  (77°  F)  or 
40"  C  (104"  F),  Bceoiding  to  the  nature  of  the  product  dedred.   

tit  to  reeommandBd  that  the  float  test  ba  nude  at  820  C  (BO"  F)  or  60"  C  (1Z2«  F), 
aecording  to  the  nature  of  the  {wodoet  dsslied. 
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"Mmodb  or  Tmhim.    ($uam  h  nate  BpmHUuOan  for  Tan  for  Cold 

AppUatfaM.) 

"  Nom.  (Sarm  m  under  Spadflestioa  for  Tm  for  Cold  AppUcatlon,  wftta  the 
followiDg  addlCioD.) 

In  aoBM  InatmncM  It  toAy  bm  dadrabla  to  specify  tb«  apadflc  vlaeod^  o(  the 
matarlal  at  tlw  taaqMntura  appUad.   In  mch  caiM  liiiwt      fidloin:  S^aiol&e 
eoaity         C  (...."  F)  to  " 

*'  SpadflcatiaB  for  Road  OU>  for  Ctdd  ApptiMtkni. 

"  Obhbav   Tbe  road  oil  ahall  ba  homogeneoiu  and  free  from  watw. 

"Physical  and  Chmmical  PBOpmnaa.    It  aliall  meat  the  foUowliig  raqnlramsBtt: 

1.  Spedflc  (lavlty  2B'/25»  C  (Tr/m  F)  to  

2.  Flaah  point  notlaatluu         C  (....°  F).  or  *....*  C  (....*  V) 

to  ...."C  (.,..'F). 

5.  Spadflo  vlae(^^  at  t"  C  (  '  F)  to  

4.  LoaiatieS°C<826"F),6hr,  notovtr  %,or*  to  .....%. 

t  Float  teat  of  raddve  at  SO*  C  (ISZ'  F)  aacto  aec 

K.  Total  faftumeo,  acdubla  in  carbon  dtoit^hide.  not  1m  than  %. 

6.  Pweeot  of  total  bitnmaB  inaohible  In  W  B  naphtha  %  to  %. 

"Usnon  or  Tamira.   Tae<a  of  the  phyJeal  and  eh— deal  prnpariiw  o<  tt>o  wd 

aSi  ahall  be  mad*  Ib  anordaaca  with  tha  mathoda  dvcribad,  or  nfarrad  to,  on  paga 
 ol  theae  qpaeffteattoaa,  Teata  Noa.  

"  Nom.  1.  in  aome  InatanoM  It  may  ba  considered  derirable  to  Ineluda  a  raqidra- 
m«nt  for  loaa  at  ItUf  C  (221o  F),  In  which  caae  Uw  wordinc  afaoald  be:  LoM  at  C 
(221' F),  6  hr  not  kaa  than  %. 

2.  In  aome  Inataneea  It  may  ba  conaidaed  deatraUe  to  inchide  a  requlrwnant  tor 

the  percentage  of  roaidue  of  penetratioB,  In  which  caae  the  wording  ahcmld 

be:    Pwcntaga  of  reaidue  at  penetration  %  to  %. 

8.  In  eartaln  caaea  the  incluaion  of  all  the  taata  Ustad  or  noted  may  not  be  denrabk, 
but  it  is  aeeeaaary  to  uae  certain  combinations  of  tha  taati  In  order  to  Mean  •  material 
suitable  for  a  qiadfied  purpoaa." 

"SpacUoatkm  for  Road  OOs  for  Hot  Apilicstioa. 

"Ombbal.   The  road  oil  shall  be  homofeBaoos,  free  from  water,  aad  shall  not 
foam  wfacB  heated  to        C  (....*  F). 
"Phykcal  and  Chshical  Paopmm.    It  shall  meet  the  followbii  reqalrnnenta: 

1.  Specific  iraviftf  26»/26»  C  {TT/TT*  F)   to  

2.  Ilaah  potait  not  lass  "  C  (  '  r)  "or  *  C  (. . .  .*  F)  to 

...."C  (....» I^. 

8.  Spadflc  vlaoodty  at  100"  C  (SIS'   to  

4.  noatteatat  ....tfC  (....* F)  aeeto  aee. 

5.  hem  at  168^  C  ^G*  F),  6  hr*  not  over  %*at  %  to 

 %. 

Float  tast  of  reddne  at  GO"  C  (122^  F)  aacto  aee  (or  peDebatloa 

of  raaidue  at  25°  C  (77*  F),  100  g.  6  aoc,  :  to  ). 

6.  Total  Utuman,  aoluble  In  carbcm  diaulphide,  not  lem  than  %■ 

T.  PeroMit  of  total  bitumen  inaoluble  in  8S°  B  naphtha  %  to  %, 

"Mamom  or  TarriNO.  <Bame  as  undor  Spedflcatloo  for  Rowl  Oils  for  Odd 
Applicati<Hi.) 

"  NOTBB.  (Same  aa  NotM  2  and  S  under  ^lecUeatloa  lor  Road  Wa  tm  C<dd 
AppUeation.) 

Speciflcatioiu.  The  foHowing  specificatious  are  gtvsD  as  suidea  and 
iUuBtrationfl  of  practice  in  America  and  Great  Britain.  Satisfactory  apeci- 
ficRtions  covering  bituminous  materials  for  surface  troatmenta  must  be 

*Itt  oaaoa  where  tha  imaanee  of  a  volatile  or  Ucbt  fhtx  ti  dealred,  tha  aaeond  fona 
of  the  Aaah  point  raqulraBiant  and  of  the  loea  at  168"  C  leqolrcBMnt  ihonld  be  naad:  bi 
all  other  oaaea  tha  fbat  ftMin  of  nqufranent  is  appUeabla. 

tit  is  recommended  that  the  vlaetnity  determination  be  made  at  26*  G  (TT  F)  or 
40°  C  (104"  V).  aeeardini  to  the  nature  of  the  prodnet  dnlred. 

tin  oaa  the  oU  ia  to  be  uaed  aa  a  duat  la^w  only,  thte  r«iuirement  la  to 

ttltla  leeooaoMaded  that  the  float  taatba  made  at  •S'C  (00"  nor  WC(US°  F), 
aooardhiK  to  Oa  natora  of  the  produot  dpAad. 
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based  upon  sueh  local  factors,  as  method  of  use,  type  and  oonditioii  of 
roadway  surface,  clitnatio  conditions,  etc.  and  upon  sources  of  supply  and 
methods  of  manufacture  of  the  bituminous  materials.  In  ordra  to  obtain 
suitable  bituminous  materials  at  the  lowest  possible  cost,  it  is  necessary 
in  some  oases,  to  motiify  q>eoification8  fnnn  year  to  year.  Asain,  devetop- 
menta  in  the  art  and  science  of  the  testing  and  use  of  intuminous  materials 
often  call  for  changes  in  specifieations. 

n.  8.  O.  P.  R.  1*18.    SpMiflcatloiu  f nr        Cor  Cold  AppUcatloa.  "GmBUl. 
The  tar  dwll  be  homogeneous. 
"  Phvskul  and  Chbocal  PKomnm.   It  Aali  msgt  the  folloirfaix  ro<niiremaita: 


L  SpeOllB  gnyl^  iBf' /2B' C  (TT'/rrV)  1.100  to  1.140. 

S.  Spedflc  viseoalty  at  40«  C  (IM"  7)  SStoSS. 

S.  Total  distilUte  by  mtght: 

To  170°  C  (8S8«  F)  not  more  than  2.0%, 

To  270°  C  (618°  F)  not  mora  than  25.0%, 

To  800"  C  {572"  F)  not  Tnon  than  36.0%. 

4.  Total  bitumen,  soluble  fai  carbon  blmlphlde  95%  to  100%. 


"  FuRFOSH  AMD  Use.  This  spedficstioe  provided  prfanarily  for  s  material  to  be  used 
in  the  lurface  traatmmt  of  macadam,  gravel  or  shell  roads,  to  form  a  thin  wearing 
ntat  or  carpet  which  may  be  built  up  by  subsequoit  maintenance  traatmoitB  ot  either 
the  Mue  type  of  material  or  a  heavier  product.  It  may  klso  be  used  for  maintenance  of 
tar  or  tar  concrete  pavanents.   The  speciflestion  Is  intended  to  cover  water- 

gas  tsr  and  hnr  eaiban  aok»«v«n  tar  imducts." 

Bpecltotions  for  Tus  to  be  Applied  CoM  on  Brokea  Stow  asd  Osarsl  Koadwiys, 
leeommended  hi  1914 1^  Advisory  Board  on  Higlnnyi.  N.  Y.  Stat*  Dept  ot  EIDdeBey 
and  Eccnomy  (19). 

"Tab  'A'  Optional  with  Tab  'B.' 

1.  Tar  'A'  (wMsTgaa  tar)  shall  be  homogeoeons,  and  free  tnm  water. 

2.  Its  vedfle  gravity  at  a  tsmpoatore  ol  26"  C  (77"  F)  shall  be  not  bn  than  IJWO 
nor  more  than  1.140. 

8.  When  terted  by  means  of  the  Engler  visooeimeter  at  40°  C  (104°  F)  the  spedflc 
viseoriQr  of  the  first  50  cc  paadng  the  orifice  of  the  viscostmeter,  shall  be  not  less  than 
12  nor  more  than  20. 

4.  Its  bitumen,  as  determined  lay  its  sohiUUty  in  chemically  pure  carbon  disnlpUdo 
•t  room  temp«rsture,  shall  be  not  less  than  97.0%,  and  it  shall  show  not  mors  thsa 
0.2%  ash  upon  IgnititMi  of  the  material  insoluble  hi  carbon  disulphide. 

fi.  When  distilled  aceuding  to  the  tentative  method  reoommeaded  by  Com.  D-4, 
Am.  3oc  Test.  Mat,  in  1911,  not  more  than  1.0%  shaU  dktm  below  170"  C  988"  F) 
and  not  more  than  40.0%  shall  distill  below  800"  C  (B72°  F). 

"Tab  'B'  Optional  with  tab  'A.' 

1.  Tkr  *B'  (coal  tar  base)  shall  be  hemogeopousi  and  eont^  not  over  2.0%  ot 
wattf. 

2.  Its  specific  gravity  at  a  temperature  of  26°  C  (77°  F)  shall  be  not  leas  than  1.140 
nor  more  than  1.180. 

8.  WlM  tMted  by  meuw  <rf  the  Engler  viscosimeter  at  40°  C  (104°  F)  tbe  qwdfle 
vtHoaitar  at  the  first  60  cc  pairiwc  the  orUoa.of  the  vtseorimeter,  Aall  be  not  lass  than 
8  nor  more  than  18. 

4.  Its  bitumen,  ss  determined  by  its  sotuUlI^  (upon  a  wateMree  bs^)  la  diem- 
ically  pure  carbon  disulphide  at  room  tempwatore,  shall  be  not  leas  than  92.0%  nor 
more  than  97.0%,  and  it  shsll  show  not  more  than  0.2%  ash  npon  ignltton  of  the 
material  inaoluble  in  carbon  disulphide. 

6.  When  distilled  according  to  the  tentative  method  recommoided  by  Com.  D-4, 
Am.  Soc  Tsst.  Mat..  h>  1911.  not  mora  than  5.0%  of  oil  shall  distill  below  170°  C 
(388°  F)  and  not  more  than  40.0%  ahaU  distiU  below  800°  C  (672°  F)." 

1917  ^edilcationa  for  ReSned  Tars  for  Hot  Soiface  Treatmenta.  Am.  Soc.  Hon. 
Isw- 

"Pbbvioos  Sbbvicb.  The  Contractor  wHl  be  required  to  show  to  tbe  satiaf action 
ai  the  Engineer,  that  the  Company  manufacturing  tbe  refined  tar  he  propoaea  to  uaa 
ondtf  a  given  apedfication  baa,  for  a  period  of  At  kaat  2  yeara,  manufactured  raflned 
tar  In  a  tbonrfy  equipped  phutt;  and  that  rettned  tu  maniifsrtured  ct  bitumbtoos 
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matarikl  obtaliwd  from  s  ■Imilar  aoaret  to  that  whlefa  be  propoM  to  ua»  dtall  haw 
been  In  continuous  and  bucc— Inl  use  In  Uw  amfiMa  trratmeiit  of  brokm  atoM  mdi 
for  s  period  ot  at  leait  2  years  prcviotu  to  the  date  of  the  lattfnc  fat  which  hia  prapiMal 
was  nibtnittod. 
"RmNBD  Tab  'A'  Ophonal  with  Rbtinkd  Tak  'B.' 

1.  lUftaiad  tar  'A'  (mtei>tn  ^)  "twU  be  homogHtaaua,  fne  tnm  ntar  ud  dult 
not  town  wfaoi  hMted  to  121°  G  (250*  F). 

2.  Its  specific  Knvlty  at  a  temperature  of  2S**  C  <T7*  F)  ahall  be  not  len  than  1.140 
nor  more  than  1.180. 

8.  When  teated  by  means  of  the  New  Yoric  Testing  Laboratory  Tloat  Appanitua, 
the  float  shall  not  sink  in  water  maintained  at  60°  C  (122°  F)  In  Imb  than  BO  aee  nor 
more  than  110  aec 

4.  Its  bitumen,  as  determined  by  its  soluUllty  in  chemically  pun  earbcn  ilhfflphMB 
at  room  temperature,  shall  be  not  leas  than  9B.0%  and  it  shall  show  Mt  more  than 
0.2%  ash  upon  ignlticm  of  the  material  insoluble  in  carbon  diaulpbide. 

6.  When  distilled  according  to  the  tcsitatlve  method  recommended  by  Com.  D-4, 
Am.  Soc  Teat.  Mat.,  in  1911,  it  ihim  yield  no  distillate  at  a  temperature  lower  than 
170*  C  (338°  F);  Dot  more  than  ZO.0%  ahall  dlMdU  below  270°  C  (618°  F),  and  not 
mora  than  SO.0%  ahall  distill  below  800°  C  (87S*  ¥). 

6.  The  melting  point  aa  determined  in  water  by  the  eaba  matfaod,  of  the  pitch 
residue  remaining  afto-  distillation  to  300°  C  (GT2°  F)  in  aeoordaaea  with  tha  tot 
deaeribad  In  Chiuae  6  shaU  be  not  more  than  76°  C  (167°  T). 

"Rbmnbd  Tab  'B'  OmoNAL  with  RvntaD  Tab  *A.' 

1.  IWlned  tar  'B*  (coal  tar  base)  shall  ba  hoawi«iwaaii  fMa  fioB  watar,  and  dial 
not  foam  when  heated  to  121°  C  (260°  F). 

2.  Its  specific  gravity  at  a  temperature  of  26°  C  (77°  F)  shaU  be  not  lea  than  1.170 
nor  more  than  1.220. 

8.  When  tested  by  means  of  the  New  York  Testing  Laboratory  Float  Apparatan, 
the  float  ahall  not  sink  in  water  maintained  at  60°  G  (122°  F)  in  lev  than  40  aae  nor 
more  than  100  sec. 

4.  Ita  bitumen,  as  determined  by  Its  solubility  In  chemically  pure  carbon  diaulpbide 
at  room  temperature,  shall  be  not  leas  than  86.0%  nor  more  than  96%,  and  It  ahall  show 
not  more  than  0.2%  ash  upon  ignition  of  the  material  insoluble  In  carbon  disulphide. 

5.  When  distilled  according  to  the  tentative  method  recommended  by  Com.  D-4. 
Am.  Soc  TesL  Hat.,  In  1911,  it  ahall  yield  no  distillate  at  a  temperature  lower  Qua 
170°  C  (838°  F);  not  more  Uian  20.0%  shall  diatiU  below  270°  C  (618°  F],  and  not 
more  than  26.0%  ahaU  distiU  below  300°  C  (672°  F>. 

6.  The  melting  point  as  detarmined  in  water  by  tha  cube  method,  of  the  pitch 
residue  remaining  after  dlatilladon  to  800°  C  (682°  F)  in  aceordanoe  with  tha  test 
described  in  Chtuae  6  Bhall  be  not  more  than  76°  C  (187°  F)." 

British  Standard  Spedileatton  for  No.  1  Tar,  baaed  oa  q>edfieatioiiB  of  the  Road 
Board  «S  Eniland  and  adopted  in  1016  hy  tha  EnglnaariBC  Standarda  Com.  of  Gmt 
Britain. 

"Gbnbral.  This  tar  is  suiuble  for  the  surbMa  tarring  of  roada.  (Aa  to  ths 
use  of  this  tar  for  making  tar  macadam,  see  Road  Bowd  Oeneral  DlrectloBa  (or  Surik» 
ing  with  Tar  Concrete,  Sect.  16,  Art.  13.) 

"  Hratino.  The  tar  should  be  heated  to  such  a  temperatara  that  It  will  reach 
the  road  surface  In  a  hl^ily  fluid  condition.  The  neeeawy  temperature  to  sttaiB 
this  end  will  vary  with  the  mode  of  apptlcatloo  of  the  tar.  The  tar  should  be  heated 
in  a  heater  or  boiler  specially  designed  to  prevent  frothing,  which  will  otherwise  In- 
evitably occur  if  the  tar  contains  even  a  small  percentage  'of  water.  The  dcrired 
temperature  will  generally  be  found  in  practioe  to  be  between  104°  and  116°  C  (220* 
and  240°  F)  in  the  heater  or  boiler. 

"  SoimcB  OP  THB  Tab.  The  tar  shall  be  derived  wholly  from  the  carbonlzatioa  of 
coal  except  that  It  may  contain  not  more  than  10%  ol  Ita  volume  of  the  tar,  or  dia- 
tlllataa  or  pitch  therefrom,  produced  in  the  manufacture  of  carburatted  water-gas. 

"  SPBcmc  Gbavity.  The  apedfie  gravity  of  the  tar  at  15°  C  (69°  F)  shall  be  aa 
nearly  as  possible  1.19,  and  in  no  case  shall  it  be  lower  than  1.16  or  higher  than  1.22. 

"  Fbbbdou  FlKai  Wathr  ahd  AUHONIA.  The  tar  ahall  be  oommerdally  free  from 
water,  that  is,  ft  shall  not  contain  more  than  1%  by  volume  ot  water  or  "™fliitaTa' 
llqttor,  wbiA  water  ta  liquor.  If  pnaaut,  wbmU  not  aoatalii  man  MUBMala.  ftaa  cf 
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eomUned  m  csrlxnate  or  ilphkb  than  comqmid*  to  B  ■  of  ■■"■i^fa  per  gal,  or 
70  mf  p«r  litre,  (rf  Uw  tar. 

"  FBACnoNATHMf.  On  dktUUtloii  in  a  Utn  teetknatiBg  fla*.  a  dbtfllktkn 
flaak  irftfcoat  qiadal  fracttowtlBE  cohmm,  M  to  H  filled,  tba  tar  shaO  ^eld  th«  pro- 
portioBfl  by  wright  of  diatUlsUa  Btated  below;  the  temperature!  of  diBtUladon  befog 
read  oa  a  tbemometar  of  which  the  bulb  is  oppodte  the  side  tube  of  the  flask: 

B«low  170°  C  (888°  F),  not  more  than  1%  of  distillate,  tight  oils,  exetosive  ot  water. 

Betwean  170°  and  270°  C  (888°  and  618°  F),  not  lass  than  16%  and  not  more  than 
26%  of  dktUlate,  middle  oils. 

BetwBMi  270°  and  300°  C  (618°  and  072°  F),  not  la«  than  3%  and  not  more  than 
10%  of  distiUst«,  heavy  oils. 

The  total  distillate  between  170°  and  800°  C  (388°  and  672°  F),  shall  be  not  lew 
than  24%  and  not  more  than  84%,  that  is,  where  the  middle  oUa  approach  the  mazt- 
mum  allowad,  the  heavy  oils  riiould  approach  the  minimum  allowed  and  vice  versa. 

"  Napbtbalbhb.  The  dlstUate  between  170°  and  270°  C  (838°  and  618°  F),  middle 
ofle,  ehall  remain  dear  and  free  from  aolid  matter,  crystals  ot  n^hthaleoe,  etc,  wbta 
PPfitiit»liMMl  at  a  temperature  of  80°  C  (86°  F)  for  H  hr.  This  requirement  may  be 
waived  in  the  case  of  tar  suppUed  direct  from  gas  works,  but  the  tar  from  whidi  the 
naphthalene  has  been  extracted  Is  preferable  to  tar  eonUunlng  much  naphthalene. 

"PntKMA.  TbedistUlate  between  170°  and  270°  C  (838°  and  618°  F),  middle  (rils, 
shall  not  yield  to  caustic  soda  solution  more  crude  tar  adds,  phenols,  than  ta  equivalent 
to  8%      volume  of  the  tar. 

"  Fbbb  Carbon.  The  tar  shall  crataln  not  less  than  12%  and  not  more  than  21% 
by  wef^t  of  free  carbc».  The  free  carbon  Is  to  be  determined  by  the  weight  of  the 
residue  after  complete  extractI<Ri  of  all  matter  soluble  in  benzol  or  cUsulpUde  of  carbon. 
The  extnctlon  la  beat  carried  out  In  a  Sozhlet  or  similar  apparatus  by  dlsulphida  of 
earboB  followed  by  bensol." 

British  Standard  Spedflcation  for  No.  2  Tar.   See  note  following  No.  1  Tar. 

"  Gbnebal.  This  tar  is  suitable  for  mairing  tar  ma<Mam,  and  also  may  be  used 
for  anrface  tarring  in  very  hot  weather  when  the  road  crust  is  exceptionally  dry. 

'*  HBATitra.  For  surface  tarring,  the  tar  should  be  heated  to  sudi  a  temperature 
that  It  wiQ  reach  the  road  surface  In  a  highly  fluid  conditjon.  The  neceeeary  tem- 
perature to  Ktlaln  this  end  will  vary  with  the  mode  of  application  of  the  tar.  The 
dcoirad  tempmtura  will  be  gmienlly  found  in  pntetiee  to  be  between  124*  and  188°  C 
(260°  and  280"  F)  in  the  heater  or  boflw.  The  tar  should  be  heated  In  a  beato-  or 
boiler  spedsDy  designed  to  prevent  frothing,  which  will  otherwise  inevitsbly  occur  II 
the  tar  contains  even  a  small  percentage  of  water.  For  the  preparation  of  tar  macadam 
the  tar  will  not  genermlly  need  to  be  heated  to  eo  high  a  temperature  as  for  surface 
tarring,  but  the  necessary  tempera  tore  should  be  determined  largely  by  the  sensible 
heat  of  the  stone  treated  with  the  tar,  and  the  mode  of  appli cation  or  treatment. 

"  Sointca  or  ma  Tak.  The  tar  shall  be  derived  wh<^y  from  the  carbonization 
of  coal  except  that  it  may  contain  not  more  than  26%  of  its  volume  of  the  tar,  or 
iftstllhitTit  or  idtdi  therefrom,  produced  in  the  manufacture  of  carburetted  water-gas. 

"  Smawu  OUVITY.  The  spedflc  gravity  of  the  tar  at  16°  C  (69°  F)  shall  be  as 
iisniU  as  poalble  1.21,  and  in  no  case  shall  It  be  lower  than  1.19  or  higher  than  1.24. 

**  FBACnONATiON.  On  distillation  In  a  litre  fractionating  ftasl^,  a  distillatioD  flask 
without  spedal  fneti<aiatlng  eodumn,  H  to  H  filled,  the  tar  should  yield  the  propor- 
tiona  by  wd^t  of  distiliatee  ststed  below;  tiie  temperaturee  of  distlllatl<m  being  read 
on  a  thermometer  of  which  the  bulb  is  oppcdte  the  side  tube  of  the  flask: 

Below  170°  C  (838°  F),  sot  more  than  1%  of  dlatiUate,  light  tdls  and  water,  If  any. 

Between  170°  and  270°  C  Q88°  and  618°  F),  not  less  thsn  12%  and  not  more  tiiao 
18%  of  dMllate,  middle  oik. 

BetwesD  270"  and  800°  C  (618°  and  672°  F),  not  leaa  than  6%  and  not  more  Uma 
10%  of  distillate,  heavy  dia. 

The  total  distiUate  between  170°  and  300°  C  (838°  and  672°  F)  shall  not  be  lees 
than  21%  and  not  more  than  26%,  that  is,  where  the  middle  oils  approach  the  maximum 
•□owed  tlw  heavy      should  qqwoacb  (he  minimum  aHowed  and  vice  versa. 

"NAFRnuiaNK  The  distillate  between  170"  and  270°  C  (888°  and  618"  F), 
middle  dla,  shall  remain  dear  and  free  from  BoUd  matter,  crystals  of  naphthalene,  etc, 
when  maintained  at  a  temperature  of  26°  C  (77°  F)  f or  H  hr. 

"  FBBiou.   The  diatilUte  between  170°  and  270°  C  (888°  and  618°  F),  middle  oils. 
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Bfa&ll  not  yietd  to  ckustic  sodft  Mhttlaa  mora  cmda  tar  adds,  phMtok,  than  h  tpitnimt 

to  2%      ▼ohUDe  ol  the  tar. 

"nuB  CiUWOK.  Tha  tar  ahall  eoataln  not  ha  tiuo  12%  and  oot  non  tbaa 
«E%  bjr  weicbt  o(  fins  cuboD.  The  fna  ouboD  ia  to  be  datmninad  br  Oa  ivrf^  «f 
the  naidue  after  eompleta  extraetim  of  all  niattn-  aohiUa  in  bMMol  or  dlnlpUda  «( 
carbon.  Tbe  extractiioi  is  beat  carried  out  in  a  Sotfilat  or  rimllar  qqiaratoi  hgr  dlad- 
phlde  of  carbcm  followed  by  bensol." 

Philadelphia  IflT  Speciflcadon  tvt  Cut-Back  AapheU  for  Cold  AppHoilidB.  "Tha 
material  ahall  be  a  cut-back  asphalt  prepared  in  a  atlll  by  compounding  appraitBuUalir 
8K%  of  a  dlatiUate  with  an  asphalt  meeting  the  following  spedflcatioui: 


Spedfie  gravity  at  25°  C  (77°  F)   Minimum  t.QC 

Penetration,  100  gfor  6  aec  at2S<'  C  <770  F)   8fi  to  100 

VolatiHty,  60  g  for  6  hr  at  16S°  C  (826*  F)   Not  more  than  8% 

SohtbiUty,  in  CCU   Not  teea  than  99% 

DuctiUly,  Dow  metiiod  at  26      (77°  F)   Not  lev  tiian  M  em. 

"The  dIatUlate  shall  conform  to  the  foUowfng  raqntvamenta; 

Baum<  gravity  at  16.6°  C  (60°  F)   68  to  60 

Spedfle  gravity  at  25°  C  (77*  F)   0.76  to  0.78 

Ea6  point  of  distillation,  teat  to  be  made  upon 

100  ec  In  a  160  Gc  Engler  flask   177"  C  (860"  Vy. 

"The  cut-back  asphalt  made  from  a  combination  at  the  abora  two  prodacts  diall 
eonform  to  the  following  teats: 

Spedfle  gravity  at  26°  C  (77°  F)   IClnimum  0.88S 

Volatility,  20  g  for  fi  br  at  163°  C  (826"  F)   86%  to  40% 

Penetration  of  residue,  after  voUdli^   8S      to  46 

^ascodty,  Engler,  60  cc  at  25°  C  (77°  F)   278      to  850 

Gravity  of  disliUate  oO  bdow  800°  C  (6720  F). 

Baum£   68      to  60 

Specific   0.76      to  0.73." 


H.  T.  State  Hi^way  Comm.  1917  Specification  foe  OQ  foe  Cold  ^pikatiaa.  "TUa 
Utuminous  material  shall  hsVe  tbe  ftdlowlng  chaiactarlstlca: 

I.  It  shall  be  free  from  water. 

2.  The  various  hydrocarbons  composing  it  shall  be  prtamt  in  a  '-"■""grttiiw 
solutiftt- 

8.  It  Shan  have  a  sped&e  gravity  at  26°  C  (77°  F)  of  not  leas  than  0.98. 

4.  When  evaponted  In  tbe  open  air  at  a  too^rature  not  esoeeding  260°  C  (600°  F> 
untU  the  nttivB  rwnahiing  has  a  peDetradtm,  6  see,  26°  C  C^T"  F),  No.  2  needle.  100  g 
w^ht,  of  10  mm,  the  amount  td  residue  olmll  not  be  less  than  50%  nor  more  tfam 
66%  (A  the  oili^al  oiL  At  a  temperature  of  25"  C  (77°  F)  such  residua  ahall  have  a 
ductility  of  at  teaat  26  cm,  Dow  mold. 

6.  FVty  gfana  of  it  upon  being  tnaiatafaad  at  a  nnirocBi  tsnvecatim  o|  16t*  C 
(326°  F)  tor  6  hr.  In  a  eyllndrieal  vbmI  6H  en  In  diaoMtar  by  SK  «  hl^  almll  not 
lose  more  than  80%  In  welgfat. 

6.  It  shall  be  soluble  In  chemieanr  pnra  orbon  disnlphfdB  at  air  tampacatm*  to 
the  mtent  of  at  haat  89.5%. 

7.  It  shall  be  aohihlo  at  air  temparatnra  in  76°  B  paraflna  pstndsnm  o^ditha  dla- 
tflllng  batwasa  60°  and  89°  C  (140°  and  190*  F)  to  the  extent  of  not  lam  than  80% 
and  not  mon  than  96%. 

8.  It  ahall  not  show  more  than  10%  fixed  earb<». 

9.  It  ahall  show  an  (van  fladi  point  of  not  leas  than  62°  C  (126"  F). 
10.  It  shall  not  contain  mora  than  4%  pataflhte  scale." 

H.  T.  State  Highway  Comm.  1917  SpecUcatka  for  OU  for  Hot  inUeattaL  "Thto 
bituminous  material  shall  have  tha  foDowing  ebarmcterlstim: 

I.  It  shaU  be  free  from  water. 

2.  Tbe  various  hydrocarbons  com  posing  it  shall  be  preaeot  in  a  hasHganeow 

solution. 

8.  It  shall  have  a  specific  gravity  at  26°  C  (77"  F)  of  not  less  than  0.96. 

4.  When  evaporated  in  tbe  open  air  at  a  temperature  not  exceeding;  260°  C  (500*  F) 
until  the  residue  remaining  has  a  penetration,  6  sec,  26°  C  (77°  F),  No.  2  needle.  100  g 
wdf  ht,  ol  10  mm,  tha  wnount  of  such  raddua  ^all  not  ba  lam  than  86%  oor  man 
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than  96%  of  tbs  oriciiuU  oil.  At  m.  tempentun  of  2P  C  (77*  Wi  wdi  nridoe  shall 
hkve  a  ductule  ot  at  kaat  2fi  cm,  Dow  mold. 

i.  Fitly  gnuna  ot  It  up<m  bdnt  maintained  at  a  imlfoim  tsmpaiatim  ot  188°  C 
(926"  F)  for  6  hr,  la  a  eyUndricad  voael  B)j  em  In  dtauoHter  hySHtm  high,  shall  not 
loM  mon  than  10%  la  waiiht. 

&  It  shall  be  solnble  In  chemically  pure  cartioo  dianlphlde  at  air  tanparators  to 
the  extant  of  at  least  99.6%. 

7.  It  shall  be  soluble  at  air  taiqmatiin  in  76"  B  rt^fflliw  petiobiim  uvhtiM  dfe- 
tflUnt  between  60°  and  89°  C  (140"  and  180°  F)  to  the  extent  of  not  Ims  than  7S% 
and  not  more  Otmn  90%. 

8.  It  shall  show  between  6  and  14%  of  fixed  carbon. 

9.  It  shall  show  an  open  flash  point  of  not  less  than  168'  C  (826*  F). 

10.  It  shall  not  contain  more  tt»n  4.7%  parafflne  scale. 

11.  It  shall  show  a  toughoeos  at  C  F)  not  kas  than  20  cm.  Tou^mess  is 
determined  by  brealdac  a  eyiinda  of  the  matarlal  1^  hi  in  dtaawter  1^  IK  In  in 
hsicht  bx  a  Fac*  Impact  machine.  The  flnt  drop  of  the  '"""tr  la  from  a  hdght 
<if  S  cm  and  eadi  succeeding  blow  is  increased  by  6  cm." 

IT.  T.  Stat*  ra^wajr  Comm.  191T  Specification  for  Aaidtaltlc  Emulsion  to  be  Used  Cold 
in  Patching  (2ab).  "The  emulsioD  must  be  homogeneous.  It  must  mix  with  water 
In  aD  ^tvorttooa.  It  shall  be  of  such  fltndity  as  to  readily  flow  from  btng  hole  of  a 
barraL  Any  maUrfal  aeosptad  at  time  of  aUfmunt,  nhUk  should  prove  to  be  daleettve 
Iqr  aaiiamtlati  wtdda  90  d^ra  after  date  of  deUreiy ,  will  not  be  paid  for  by  Hie  D^put- 
masit  of  High  ways,  and  will  remmin  the  property  of  the  eoatraetor  except  when  ■epara- 
Uoa  may  h«  caused  by  freesiag. 

"When  distiUed  up  to  a  temperature  of  204°  C  (400°  F),  the  total  loss  shall  not  «[- 
eaed  22%.  Mot  over  2%  shall  be  an  oil  distillate.  The  residue  from  the  loracolng 
distillati(xi  shall  have  the  following  characteristics : 

1.  It  shaU  have  a  spedflc  gravity  at  26°  C  (77°  F)  of  not  Ims  than  1.01, 

2.  The  poiatratiab  shall  be  between  16  and  26  mm  wbni  tested  tor  5  see  at  26"  C 
Crr>  F)  with  a  No.  2  needle  weighted  with  100  g. 

8.  Its  sotubility  at  air  tamparature  in  diemlcally  pure  carbon  disulphlds  shall  bt 
at  least  98.6%. 

4.  The  sdubillty  of  the  Utumsn  at  air  tmparature  in  76°  B  paitfllne  patroleam 
aiVfatha  dIstilHng  between  60*  and  88°  G  (140°  and  190°  F)  shall  be  between  72  and  84%. 
6.  The  Utumea  shall  Aow  between  10  and  15%  fixed  carbco. 

6.  It  ahall  not  contain  over  1%  of  ash. 

7.  It  shaD  not  contain  more  than  2%  parafBne  scale. 

8.  It  ^mU  lmv«  a  ductility  at  26°  C  (77°  F)  of  not  lam  than  40  em,  Dow  mold." 


The  applianoea  used  in  the  distribution  of  bituminoiu  materials  may  be 
da8Btfi«d  a«  gravity  distributors  and  preasure  distributors.  As  the  demand 
developed  for  s  heavier  binder,  both  for  surface  treatment  and  penetration 
work,  mnchinea  especially  designed  for  distributing  these  materials  began 
to  appear.  The  market  ia  supplied  with  so  many  different  types,  that  a 
thoro  investigatiim  should  be  made  preceding  the  purchaae  ot  a  macUiie. 

The  following  factots  should  be  given  consideratioD  when  selecting  a 
distributor:  (1)  Character  and  range  of  work  upon  which  the  distributor  will 
be  used;  (2)  present  and  probable  requirements  in  specifications  pertaining 
to  type  and  details  of  distributors  and  the  work  to  be  done;  (3)  diCferent 
types  and  grades  of  bituminous  roaterials  which  the  machine  will  dis- 
tribute, and  the  range  in  the  amount  per  square  yard  which  can  be  applied; 
(4)  gravity  or  pressure  distribution,  and,  if  the  latter,  the  range  in  pressure 
per  square  inch;  (5)  method  of  controlling  uniformity  and  amount  of  dis- 
tribution; (6)  accessories  of  distributee  for  heating  material,  recording 
temperature  of  bituminous  material,  anuiunt  in  tank,  and  amount  of  pros- 
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sure,  and  Bhutting  off  Iniuminoua  material  at  end  of  nm;  (7)  width  of  dis- 
tribution and  means  for  modifying  same;  (8)  motive  power;  (9)  width  of 
tires  and  loads  per  linear  inch  of  tires  when  tank  ia  full;  (10)  ease  of  operation 
and  rep:iir;  (11)  structural  strength;  (12)  amount  and  character  of  labor 
requirod  to  efficiently  operate  the  distributor;  (13)  ecxmomiiis,  including 
overhead,  operation  and  maintenance  charges. 

Gravity  Diitributora.  In  this  subdivitlon  will  be  eonaidered  ptniriag 
cans,  tanks  with  hose  attached,  and  distributing  machines. 

PouaiNQ  Cans.  With  the  use  of  pouring  coos  alone  It  is  difficult  to 
secure  uniform  am>lication  of  the  bituminous  material.  If  the  applioation 
of  the  material  is  immediately  followed  by  vigorous  brushing  with  fiber 
push  brooms,  very  satisfactory  surfaces  can  be  obtained.  The  use  of  these 
methods  will  result  in  a  high  labor  cost  due  to  two  factors,  the  high  cost 
of  labor,  especially  in  the  United  States,  and  the  slow  progress  made.  Cass 
should  be  used  with  which  may  be  secured  the  maximum  imifoimity  of 
application  attainable  by  this  method  of  distribution. 

Resbrvoib  Bboous  have  been  used  for  superficial  treatments  to  a 
limited  extent  in  En^and.  The  apparatus  oomprisea  a  kettle  in  lAlch  the 
material  is  heated  and  to  which  ate  fitted  two  Une«  of  flexible  hoee,  each  of 
which  is  attached  to  the  head  of  a  hand  push  broom.  The  tar  flows  thru 
the  flexible  hose  into  the  headti  of  the  brooms  and  is  then  swept  into  the  road 
by  the  men  operating  the  brooms.  One  man  puUa  the  tar  kettle,  two  work 
the  brushes  behind  the  kettle  and  a  fourth  niaii  supplies  the  kettle  with  tar. 

HAin>-DRAWH  Gbavitt  Dibtributobs.  The  advantages  of  hand-drawn 
distributors  ovw  pouring  cans  are  the  more  uniform  distribution  of  material, 
the  elimination,  to  a  certain  extent,  of  the  personal  equation,  more  rapid 
work,  uid  the  praotioalnlity  of  keeinng  the  bituminous  material  at  a  hii^wr 
and  more  even  temperature.  A  hand-drawn  gravity  disMbutor  was  intro- 
duced in  Franco  in  1903. 

Tanks  with  Hose  Attachbd.  If  a  tank  from  which  the  bituminous 
material  flows  by  gravity  thru  a  hose  and  nossle  onto  the  road  is  used, 
brushing  is  necessary  to  secure  satisfactory  distribution. 

Machinbs  wrni  DrsTiuBUTiNa  Apparatus.  Watering  carts  were  first 
used  in  the  United  States  for  distributing  the  tight  oils  and  tars  for  suppress- 
ing the  dust.  The  ordinary  spray  attachraents  on  the  carts  were  not  very 
satisfactory  for  distributing  this  class  of  material.  Attention  was  then 
directed  to  mcKiifying  the  distributing  dei'ice,  still  using  the  wooden-tank 
wagon.  Practically  all  of  the  modifications  consisted  in  substituting  for 
water  sprinklers  one  or  more  horisontal  pipes  pierced  with  small  holes. 
These  pipes  were  attached  to  the  outlet  pipe  of  the  tank  and  were  placed 
parallel  to  the  rear  axle  at  the  back  of  the  tank.  The  pipes  were  usually 
about  the  same  length  as  the  gage  of  the  rear  wheels.  The  materia 
flowed  thru  these  pipes  in  small  vertical  streams  onto  the  road  surface. 
Henoe,  in  distributing  small  quantities,  the  road  surface  would  not  be 
entirely  covered  with  the  material.  TniflSc  worked  the  material  around 
on  the  road  surface  so  that  in  the  course  of  time  a  fairly  satisfactory  result 
might  be  obtained.  In  some  American  machines,  the  material  flows  from 
pipes  onto  a  flash  board  and  from  the  board  to  the  surface  of  the  roadway 
in  the  form  of  a  sheet.  The  general  practice  in  Europe  in  tising  machines 
of  this  type  is  to  follow  the  distribution  by  brushing  the  material  into  the 
road.  This  is  done  either  by  hand  brooming  or  by  brooms  which  are  at- 
tached directly  behind  the  distributor.  The  brooms  are  either  of  the  drag 
or  rotary  type.   The  machines  are  made  to  be  drawn  by'hand  or  by  hone. 
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Presmn  Diitriboton.  The  various  types  of  diatributing  machines  of 
this  claos  may  be  grouped  in  the  following  subdivivone:  Hand-drawn 
dietributors;  pressure  tanks  to  which  are  attached  hose  and  aprayins  devices 
or  horisontal  distributing  apparatus:  and  machiues  equipped  with  mechani- 
cal powet^pumps  between  the  tank  and  the  distributing  apparatus. 

Hand-Drawn  Frbssurb  Distribotobs.  The  European  machines  of 
Uua  type  have  capacities  of  from  50  to  320  gal.  Essentially  these  machines 
consist  of  a  tank  for  holding  the  material,  the  tanks  being  heated  by  direct 
fire,  a  semi-rotary  pump  with  a  length  of  suction  hose  attached  to  the  tank 
for  the  purpose  of  fllUngthe  latter  and  another  pump  attached  to  the 
tank  by  which  it  is  possible  to  generate  a  pressure  between  the  pump  and 
the  noule.  The  material  i»  pumped  from  the  tank  thru  a  length  of  flexible 
hose  to  tiie  outlet  end  of  which  is  fixed  an  iron  pipe  fitted  with  one  or  more 
noKsles.  The  nossle  is  of  such  a  form  that  the  material  is  thrown  in  a  fine 
cone-shaped  spray.  When  five  or  six  noules  are  used,  they  are  sometimes 
so  arranged  that  a  2  ft  width  of  surface  can  be  covered  at  a  time,  the  nozsles 
being  fixed  to  a  pipe  on  two  small  wheels.  When  one  or  two  nozzles  are 
used  the  distribution  is  effected  by  passing  them  over  the  road  surface,  the 
pipe  being  held  up  by  the  men.  Both  the  pump  far  filling  and  that  for 
pfoosure  are  operated  by  hand,  hmee  it  takes  at  least  two  men  to  operate 
thia  type  of  machine,  one  to  run  the  pressure  pump  while  the  other  manipu- 
lates the  hose.  In  one  type  of  American  machine  the  heated  materisd  is 
pumped  into  the  distributor  and  applied  to  the  roadway  surface  by  preesure 
from  a  tank  of  compressed  air.  In  other  types,  the  pressure  is  obtained 
from  hand  or  small  gasoline  pumps.  These  machines  are  especially  useful 
in  connection  with  maintenance  work. 

Pbebburb  Tanks.  These  machines  consist  of  steel  tank  wagons  equipped 
with  steam  coils  and  with  either  a  flexible  hose  wiUi  a  nossie  attached  or 
a  system  of  pipes  equipped  with  nossles.  The  tanks  are  hauled  by  a 
steam  roller  which  supplies  steam  for  heating  the  material  in  the  tank 
and  furnishes  the  steam  for  the  pressure.  The  bituminous  material  is 
forced  out  by  the  pressure  of  the  steam  between  the  material  and  the  top 
of  the  tank. 

Flexible  Hose  Apparatus.  By  an  arrangement  of  the  piping;  system, 
means  are  provided  at  the  outlet  valve  of  the  tank  so  that  the  steam  can 
be  admitted  to  either  side  of  the  valve.  The  hose  can  be  easily  and  thoroly 
cleaned  out  before  the  distribution  of  the  bitimunous  material  is  com- 
menced by  simply  allowing  hot  steam  to  paaa  thru  the  same.  Several  types 
of  nossles  have  been  tried.  The  best  noiile  is  cast  in  such  a  form  that  the 
material  is  given  a  twisting  motion  just  before  it  leaves  the  nozzle,  resulting 
in  a  oone  shaped  spray.  Two  men  are  generally  used  vith  this  machine 
besides  the  man  on  the  roller.  One  man  is  at  the  nozzle  end  of  the  hose,  and 
the  other  clasps  the  hose  about  midway  of  its  length,  and  drags  around 
as  the  nozzle  man  distributes  the  material. 

Prkssuu  Dibthibutobb  EquippEo  with  Aib  Compressors.  Some 
American  distributors  efficiently  utilize  pressure  from  sir  compressors. 
'Steam  is  delivered  to  the  compressors  either  from  a  boiler  mounted  on  a 
distributor  or  from  a  steam  roller  or  tractor.  By  the  passage  of  steam 
thru  a  system  of  iHpes,  the  bituminous  material  is  heated  to  the  desired 
temperature.  The  material  is  distributed  thru  either  one  or  two  horizontal 
pipes  equipped  with  noszles. 

pBawnna  Distributors  Equippko  with  Mbchanical  Power  Puups. 
SstwbI  pressure  m«iihlimii  of  this  type  have  been  invented  in  the  United 
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States.  The  diatributing  devices  of  ail  of  these  maehinee  are  alike  in 
having  horisontal  pipes  fitted  with  noiiles.  The  nuichiiiea  differ  some- 
what  in  the  way  the  pressure  is  obtained  and  applied.  Pumps,  run  by  a 
sproeket-drive  attachment  on  the  rear  axle,  by  steam,  and  by  gasoline, 
are  utilised.  Horses  and  steam  rollers  are  used  for  hauling.  Some  dis- 
tributors are  mounted  on  motor  trucks. 

Am.  Soc.  Htm.  Isqi-  Specification  for  PreMore  IHstribntor  for  Soifsco  Treatments. 
"The  preasure  diitributor  employed  shall  be  k>  deiicDed  and  oporatad  as  to  dJatribute 
the  refined  tar  spedfled  nniformly  under  a  praMure  of  not  km  than  20  lb  nor  more 
than  76  lb  per  sq  in  In  the  amount  and  between  the  limits  ot  temperatura  qtecified. 
It  shall  be  fluppllMl  with  an  accurate  statloaiaiy  tbennometer  In  the  tank  containing 
the  refined  tar  and  with  an  accurate  prsMure  gags  so  located  aa  to  be  easily  observed 
by  the  Engineer  iriille  walking  bodde  the  dlattibutor.  It  ahidl  be  so  tqwrated  tiurt; 
at  the  terminatloD  ct  each  run,  the  reflaed  tar  will  be  at  once  shut  off.  It  shall  be  so 
designed  that  the  normal  width  of  application  shall  be  not  leas  than  6  ft  and  so  that 
H  will  be  poeslhle  on  either  ride  of  the  machine  to  apply  widtiu  of  not  moia  than  2  ft. 
The  distiibuttfr  shall  be  provided  with  tins  of  vUthe  depcttdnt  upon  the  folkmiac 
rriatkoaUp  bttusan  the  pressure  per  square  Inch  of  tlvs  and  the  dlamstsr  vi  the 
wheel;  for  a  Ut  dtameter  wfaed,  600  lb  shall  be  the  maxInuDi  pressure  per  Hu  In  of 
width  per  wheel,  an  additional  pressure  of  30  lb  per  in  bring  allowed  for  eadi  additional 
3  in  in  diameter." 

Hass.  Highway  Comm.  Equipment  by  Farrington  (SOa),  "As  to  equipment,  for 
handling  the  Ugbter  gradea  of  bituminous  materials,  cue  or  two  distributor  carts  and 
a  pump  for  transferring  these  materials  from  the  tanlHsn  an  leqnired,  nd  then 
should  be  a  tool-house,  also  tcota  for  the  laboram,  unless  vans  are  provided. 

"For  handling  the  heaviest  grades  oil  or  tar  used  for  surface  work,  the  following 
plant  is  needed:  1  10-  or  12-taa  steam  roller;  1  portable  heating  bcriler,  1  steam  pump, 
2  Bteei  tank-wagons,  1  pressure  distributor.  If  mounted  separately,  or  2  If  attadisd  to 
the  tank-wagons;  1  or  2  watering  carts;  1  2-hone  sweeper;  1  portaMs  totMunse, 
snd  2  large  tents  or  vans  for  laborers. 

"As  to  distrlb  ton,  for  handling  the  road  oils  or  the  eonsepottdint  grades  of  tan, 
a  gravity  machine  may  be  used  with  good  results,  if  the  UtundiiouBm^erlal  is  broomed 
after  it  is  applied;  but  the  coet  of  distribution  will  be  less  and  the  results  more  satis- 
factory if  a  pressure  distributor  is  used.  For  this  work,  a  distributor  cart  with  a  piunp 
tnounted  <»  a  frame  bade  of  the  tank  and  connected  by  chain  with  a  large  sprodi^ 
bolted  to  orte  of  the  rear  wheels  is  most  satiafactory.  Under  favorable  oonditions, 
good  results  have  been  detained  with  gravity  m  chines  bi  distributing  even  the  heavi- 
est grades  of  bituminous  msterlala  for  mirfaoe  woik;  but  the  cbanocs  of  fUhire,  If  the 
ccmditions  are  not  favorable,  are  such  that  they  ahould  always  be  applied  by  pressure 
distributors  if  possible.  The  distributor  just  described,  or  one  with  a  gas-engine 
pump  mounted  rither  on  the  tank-wagon  or  on  separate  gear,  may  be  used,  but  one 
operated  by  steam  will  give  the  I>est  results.  One  advantage  of  the  steam  distributor 
is  the  poaribility  of  cleaning  out  the  pipee  snd  nodes  by  blowing  steam  thru  them. 
Of  the  steam  distributors,  there  seems  to  be  little  choice  between  the  one  using  the 
direct  pressure  of  steam  in  the  tank  tor  distributing  and  the  pump  ^pe,  each  having 


Prepsration  of  Surface  of  Wearing  Course.  Before  constructing  a  bitu- 
minous surface  on  a  broken  stone  or  gravel  road,  every  precaution  should  be 
taken  to  secure  the  best  sub-drainage  which  is  practicable  imder  the  local 
conditions.  All  depressions,  pot-holes,  ruts,  or  other  irregularities  should  be 
filled  with  thoroly  compacted  bituminous-coated  stone  so  that  the  whole 
surface  of  the  roadway  is  even.  All  surplus  duat  must  be  removed  so  that 
the  larger  pieces  of  broken  stone  of  the  roadway  surface  are  exposed  but 
witiiout  Iveakine  the  bond.  This  cleaning  process  is  accomplished  by  the 
use  of  horse  sweepers  and  fine  bass  tirooms,  with  coarse  fiber  brooms  and 
fine  base  brooms,  or  by  a  vacuum  process.  If  there  is  caked  mud  on  the 
surface  of  the  roadway,  wet  brushing  will  prove  advantageous. 
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If  a  bituminous  BurfBoe  is  to  be  ooostrueted  on  a  new  broken  stone  or 
■nvel  road,  or  on  one  which  has  just  been  resurfaced,  the  bituininous  ma- 
terial should  not  be  applied  until  the  cru^t  has  had  time  to  oonacdidate  under 
the  action  of  traffic  and  with  the  aid  of  the  binding  action  of  dust  and 
moisture.  The  length  of  the  period  which  should  elapse  before  the  applica- 
tion of  the  bituminous  material  depends  upon  the  Icind  and  amount  of  traffic, 
the  character  of  the  oruitt  and  the  time  of  the  year  when  the  roadway  is 
completed.  For  example,  this  period  must  usually  be  short,  if  the  road- 
way IB  composed  of  trap  rock,  is  completed  in  August  and  is  subjected  to  a 
traffic  of  more  than  300  high-speed  motor  vehicles  per  day;  otherwise  the 
roadway  will  ravel  due  to  the  particles  of  the  crust  not  being  thoroty  bound 
togBther,  dry  climatic  condltJons  and  the  disintegrating  effects  of  the  traffic. 
If,  on  the  other  hand,  the  roadway  of  a  residential  street  was  constructed 
at  tnq>  rock  in  June,  and  was  subjected  to  local  traffic,  treabnent  with  a 
bituminous  material  probably  oould  be  postponed  for  1  year.  If  it  is 
impracticable  to  postpone  tlu  surfaoe  treatment,  q>ecial  oaro  should  be 
taken  to  secure  a  maximum  oonsoUdation  of  the  crust  of  the  roadway  fay 
puddling  and  rolling. 

Effect  of  Sizs  of  Road  Metal  of  Wearing  Course.  It  is  apparent  that 
the  obaracter  of  the  ciMued  surfaoe  will  be  affected  by  the  method  which 
waa  used  in  the  ori^nal  oonstrnotion  of  the  roadway.  If  the  praotioe  of 
Ftanch  enginem  in  ndng  largenrise  stone  varying  from  1  to  in  in  longest 
dimensions  for  ttie  top  course  of  a  broken  stone  road  is  followed,  and  the 
■tone  is  hard  and  tough,  the  desired  surfaoe  can  be  easily  secured.  The 
surfaces  of  the  large  stones  in  such  a  roadway  are  easily  cleaned  by  brushing 
without  the  dislodgment  of  stones  in  the  surface.  A  clean  mosaic  surface  is 
of  the  utmost  importance  from  the  standpoint  of  the  formation  of  a  satis- 
factory bond  between  the  broken  stone  and  the  bituminous  material.  The 
maintenance  of  Intuminous  surfaces  on  wearing  coiuwes  of  large  broken  stone 
1»  eoonomical,  since  after  the  bituminous  surfaoe  wears  aws^  in  spots,  the 
meehanioaUy  interlocked  large  stones  will  of  titemaelves  generally  have 
sufficient  stability  to  withstand  the  effects  of  traffic  until  retreated. 

On  the  other  hand,  if  the  top  course  of  a  broken  stone  road  has  been  con- 
struetod  of  a  product  varying  in  size  from  }i  to  1  }^-in  material,  it  will  be 
very  difficult,  if  not  impossible,  in  the  esse  of  soft  stone,  to  secure  an  even, 
dcut  surfaoe.  Even  after  thoro  brushing,  a  film  of  impalpable  dust  usually 
covers  the  surface  of  the  roadway.  During  hard  brushing  small  depressions 
will  iwobably  be  formed  by  the  di^ilacement  of  pockets  of  dust  and  the 
smaUar  alses  of  stone.  Furthennore,  the  wheels  of  vohldfls  may  adhere 
to  the  Mtumhunu  material  ana  thus  tear  up  the  small  mineral  matter 
adhering  to  it.  A«  soon  as  the  Intuminous  surfaoe  wears  out  m  spots,  rapid 
dfanntegration  <A  the  exposed  broken  stone  or  gravel  surface,  wi^  tlw  con- 
sequent formation  of  pot-holes,  is  apt  to  occur. 

Dry  and  Damp  Roadway  Surfaces.  When  the  bituminous  materisl  is 
applied  the  roadway  surface  should  be  bone  dry.  If  the  surface  is  damp 
it  will  be  difficult  to  secure  a  good  bond.  If  the  surface  is  slightly  damp 
when  Bsphaltic  oils  or  tars  are  applied  without  being  heated,  some  enf^neers 
believe  that  better  results  may  ensue  becaxise,  in  their  opinion,  a  more 
even  distribution  and  adhesion  of  the  material  aro  obtained  than  wbcn  the 
surfaoe  Is  dry. 

Wehsrdson  (18e)  dUn  the  tolloiriac  esptaaatloB  la  siqiport  of  the  cottteotlaa 
tfcst  <dl  sdhsns  better  to  the  surfMe  of  a  wattied  msawlafn  road  than  to  a  dry  road. 
"Tbsn  is  aiwsys  a  sUffat  eoating  of  dost  adbaring  to  the  surfsoe  ston^  whloh  pn- 
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TWta  wUwriaa.  If,  however,  the  euriace  to  apriokled  before  the  q>plintion  of  the 
oil,  it  converts  thii  dust  into  a  paste.  The  dust  i>  the  detritiu  <rf  the  rock,  and,  like 
day,  It  b  more  or  leM  colloidal.  The  result  Is  that  the  dust  in  this  condition  wiS 
emulsify  wtth  the  oil  when  the  latter  is  applied  to  the  surface  and  will  mix  with  It  so 
readily  that  the  bitumen  will  come  in  contact  with  the  rode,  and,  after  the  evaporattoB 
of  the  water,  will  adhere  perfectly.  Clay  and  water  will  mix  wi^  any  kind  of  aaphaltk 
oil,  and  with  th«  greatest  facility.  A  great  deal  of  it  has  been  ueed  on  rcMids  in  Ger- 
many for  diatributinc  oil  as  an  amukioD.  The  clay  and  water  are  mixed  with  the  oil, 
pat  into  the  watering-eart,  and  sprayed  on  the  road." 

Coachudoa,  An.  Soc.  C.  B.  Spec  Com.  Hat  Road  Com.  (160-  "The  succen  oT 
surface  applloations  is  proportionate  to  the  adhtaion  obtained  by  the  bituminous 
material  to  the  old  roadway  surface,  and  such  degree  of  cleanliness  of  the  latter  roust 
be  had,  by  means  of  sweeping  or  other  methods,  as  will  insure  a  proper  degree  of  ad- 
hesion. The  roadway  surface  should  be  dry  when  the  bituminous  material  is  applied." 

Method*  of  AppUcfttioii  of  Bitutninous  Materials.  DiBtribution  of  the 
bituiiiinous  material  is  accomplished  by  two  niethoda.  Flow  gravity 
is  utilised  in  one  method  and  mechaninal  pressure  in  the  other.  The  use 
of  gravity  diatributora  has  not  been  developed  to  ita  fullest  extent  in  America, 
in  that  the  use  of  mechanical  bniBhes  or  the  bniahing  of  the  material  into 
the  road  by  hand  brooming  has  never  been  adopted  extensively.  By  brush- 
ing after  gravity  distribution,  it  is  possible  to  distribute  uniformly  Vt  to 
gal  per  sq  yd  of  many  of  the  bituminous  materials  used  for  the  construction 
of  bituminous  surfaces.  In  some  cases,  when  the  distribution  is  accom- 
plished by  hand  brooming,  the  adhesion  of  the  material  to  the  road  metal  is  as 
good  as  when  the  material  is  applied  under  pressure.  The  advantages 
eUumedfor  pressure  distributors  are:  Aid  in  deaning  the  surface  of  the  road- 
way, even  application,  distribution  of  small  amounts  per  square  ytad, 
satisfactory  adhesion  obtained  between  the  bituminous  material  and  the 
surface  of  a  clean,  dry  roadway,  and  rapid  and  economical  distribution. 

CoBclvsiao,  Am.  Soc  C.  E.  Spec.  Com.  Uat.  Road  Cons.  (16g).  "The  Uttuaiaow 
materia],  In  all  esses,  should  be  applied  by  a  prsosure  dittributor  deaignad  ao  that  the 
material  wiO  be  qiread  unltonnly  and  with  a  prossure  of  not  lea  than  80  or  mm 
than  76  lb  per  sq  in." 

Folweiler  (16e)  has  presented  the  following  diaeussioQ  relative  to  pressure  distrt- 
butim:  "If  a  heavy  pressure  is  used,  it  will  apparently  atomize  ihe  bituminous 
material,  and  when  this  happens,  it  ceases  to  strike  the  road  with  that  necessary,  diree- 
tional  velocity  which  blows  the  dust  away  as  the  material  Is  distributed.  The  noailaa 
of  the  machine  with  which  the  speaker  is  most  familiar  are  similar  to  the  flat  top  Bray 
burners  used  for  illuminating  gas.  As  they  leave  this  noszle  the  two  streams  of 
material  impinge  on  each  other  and  form  a  flat  sheet  or  spray  of  material  at  right 
angles  to  the  original  plans  of  the  two  streams.  The  amount  of  pressure  used  modifies 
the  shape  of  the  spray.  As  the  pressure  is  increased  the  sheet  of  mat«ial  strikes 
the  road  with  Increasing  force,  and  blows  the  dust  from  the  surface  very  effectively. 
If  the  pressure  la  inereaaed  still  further,  a  point  will  be  reached  that  irill  causa  the 
lower  edges  of  the  spray  to  opn  or  separate,  and  at  this  point  the  material  has  bseona 
atombed.  From  this  p<rint  a  further  inoaaae  in  prcmre  will  mm  oonmletely  atoain 
the  material  until  Anally  it  is  all  in  that  condition  as  it  leaves  the  noszle  and  raaclMa 
Uie  road  in  minute  drops  rather  than  a  solid  sheet,  actually  defeating  the  desired 
scrubbing  action  on  the  surface." 

Cnsbir  (16c)  states  that  "The  adhesion  of  a  bitumhious  material  to  a  stMie  or  ooo- 
crete  surface  may  be  Increased  by  the  use  of  a  pressure  distributor.  The  preasure 
machine  seems  to  act  like  the  ceraent  gun  when  used  on  dirty  steel,  because  the  sand 
blown  thru  the  gun  against  the  steel  cleans  off  the  dirt  and  allows  a  good  adberion 
of  the  cement.  In  the  same  way,  the  pressure  distributor  seems  to  oblltwate  the 
dust  film,  betweu  the  stone  or  concrete  and  the  pitch,  which  nulliflea  the  adbastveoesa 

the  latter;  at  least,  where  it  baa  often  been  difficult  to  obtain  adhesivenesa  usdv 
a  gravis  amiUeatlon,  the  results  have  been  entirely  satisfactory  iriteie  tba  saiDS 
matarUs  have  been  applied  mdw  pressure." 
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Amotuit  of  Bltuminoni  Material.  As  a  genwal  rule  tnaa  ^  to  H  gal 
per  sq  yd  ia  used  for  the  first  treatment,  preferably  in  two  appUcatioiia. 
The  amount  applied  per  treatment  depends  upon  the  kind  of  bitununous 
material,  the  character  and  condition  of  tiic  surface,  and  the  details  of  the 
method  of  application.  For  example:  A  smooth  surface  composed  of  large 
sixed,  tough,  hard  stone  and  well  compacted  by  traffic,  would  require  from 
0.25  to  0.35  gal;  for  a  somewhat  tough  surface  of  stone  having  a  medium 
toughness  and  hardness  and  reoently  resurfaced,  it  would  be  necessary  to  use 
from  0.35  to  0.5  gal  per  sq  yd  to  f<Hm  a  satisfactory  thin  bituminous  surface. 

Penn.  State  Highway  Dept.  Practice  by  Biles  (17).  "The  foUowlnf  lajntendad  aa  a 
guide  for  the  amount  to  be  uaed  under  vuioua  craditioDs:  If  the  vurface  of  the  road  is 
made  up  of  pieces  of  ballast  sise  stone  &  to  S^)  from  which  traffic  bu  removed  all 
tiia  flue  matetial,  leaving  krgeauifaee  voids  betwem  the  Btaam,  mougfa  of  Hie  bltaiid- 
nons  material  most  be  applied  so  tbat  It  wUl  fhuh  up  level  to  the  top  of  the  large  {deeaa 
of  stone  and  firmly  Uod  in  the  chips  and  gravel  which  will  lay  in  Uie  crevfcee  between 
the  atones.  If,  on  the  other  hand,  the  suifnce  of  the  road  ia  equally  dean,  but  traffic 
has  not  removed  the  fine  partidea  between  these  stones  to  the  aame  extait  and  the 
erevfees  between  them  are  eonsequottly  smaller,  then  a  somewhat  smaller  amount 
of  bftumlnouB  material  should  be  used,  since  an  exoees  will  again  flow  off  the  rood. 
In  treating  a  road  which  has  recently  been  resurfaced,  it  will  be  found  often  that  evw 
after  all  the  sereenings  and  fine  materials  have  been  sw^  from  the  top  of  the  road 
leaving  the  large  stones  bare,  there  irill  still  be  a  certain  amount  of  dust  and  fine  material 
between  the  stones  which  had  not  yet  been  compacted  thoroly  by  traffic  and  whid) 
will  absorb  the  bituminous  UAterial  like  a  blotter,  leaving  only  a  brown  stain  in  tfasM 
■paeea.  In  such  essee,  the  amount  of  application  must  be  increased  until  this  fine 
material  b  weD  sstumted  and  there  Is  enou^  of  the  bituminous  msttfisl  nsar  the 
surface  of  the  road  to  Und  thoroly  the  covering  of  the  chips  or  pea  gravd." 

Fnlweller  (16c)  states  that  "When  the  steel-tire  traffic  becomes  pronounced  on  a  road 
or  street,  tiie  tUnneat  pcesible  surface  treatment  seems  to  give  the  best  results.  If 
it  is  attempted  to  an>ty  a  cold  material  with  a  gravity  dist.  Ibutor,  it  is  very  difficult 
to  put  on  mud)  km  tlum  M  gal  pw  sq  yd.  If  a  pressure  distributor  k  used,  a  very 
mndi  emaUer  qoantt^  can  be  applied.  If  a  total  of  about  H  per  eq  yd  li  put  on 
in  three  separate  applieatioas.  the  result  Is  anwreatly  quite  as  deBiiable  as  with  the 
single  appHcatioD  of  H  gal  with  the  grsvity  qtrinkler,  and  It  is  much  more  unlfmn. 
In  this  way.  If  a  ^>ot  is  missed  on  the  first  application,  the  second  treatment  covers 
It,  or  if  It  k  missed  on  the  second  treatment,  tbe  third  treatment  covera  it.  By  applying 
three  coats  and  by  allowing  8  or  10  hr  for  each  coat  to  set,  the  best  results  are  obtained, 
and  gal  per  sq  yd  k  saved.  It  does  not  cost  any  more  to  apply  the  mateilal  in  ihk 
way;  it  riraply  means  thst  tbe  distribute-  Is  driven  over  a  grea>«r  distance,  and  the 
actoal  time  emsunwd  In  applying  tbe  material  k  not  tbe  important  fqctor.  The  tints 
Is  lest  msin^  in  loa^ng  the  dktributor,  hauling  it  to  the  road,  and  getting  It  nady 
for  work." 

Application  of  Top  Dressing.  Tbe  superficial  coat  of  bituminous  ma- 
terial is  usually  covered  with  either  coarse  sand,  fine  gravel,  or  stone  chips 
varying  from  }^  to  }^  in  in  longest  dimensions.  Material  containing  day 
should  not  be  used  as  disintegration  may  result  by  the  emulsifying  of  the 
clay  and  water  on  the  bitimiioous  surface.  The  amount  of  sand,  stone  chips, 
or  gravel  tiaed  per  square  yard  flepends  upon  the  quantity  and  kind  of  the 
bituminous  material,  and  the  diaracter  of  the  surface  of  the  roadway. 
From  5  to  22  lb  per  sq  yd  have  been  used  satisfactorily  for  thin  bituminous 
surfaces :  5  to  1 2  lb  for  from  0. 1  to  0.25  gal  per  sq  yd  of  bituminous  material ; 
10  to  17  lb  for  0.25  to  0.35  gal;  and  15  to  22  lb  for  from  0.35  to  0.5  gal. 

Top  dreasing  is  distributed  by  hand  and  machine  methods.  In  the 
machines  employed  for  this  purpose,  the  mineral  matter  falls  on  a  revolving 
cone  beneath  the  body  of  the  wagon  and  is  thus  uniformly  spread  over  the 
surface.  If  the  covering  is  distributed  by  hand,  the  material  should  be 
idaoed  in  pilee  frmn  2&  to  60  ft  apart  »i™gF""  the  roadway  prior  to  the 
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applicatioD  of  the  bituminoiu  material.  A  gang  •t  10  spreaden  working 
etficiently  can  cover  from  12  000  to  20  000  sq  yd  per  day  of  8  hr. 

Vma.  Stat*  Hlghwar  Dopt  Spwiflcations  (or  CoTsring  MatacU  (17).  "Pm  gravel 
ifaall  tw  ooQipoMd  of  hard,  tough,  durable  pebbles,  free  {rom  loam.  lUl^  claj  or  otfaer 
torelfn  subMaaoaa,  and  100%  shall  pus  thru  a  >i-b  ecraan:  SS  to  60%  ahall  pam 
thiu  a  ^-in  screen;  10  to  20%  shall  pass  thru  a  >i-in  acreen;  and  not  over  10%  shall 
paM  thru  a  lO-meeh  sieve. 

"8ton«  chips  shall  consist  of  trap  rock  or  other  approved  stone  equally  aa  hard, 
too^  and  danlde,  nairiy  brdnn,  with  sharp  adgM,  and  of  imlform  ipiaHty  tfamout, 
free  from  dirt  or  dlslntesT«t«d  atone  or  ei  iMiiihip  or  other  foreign  matter.  They  shall 
be  of  such  wbu  as  to  paM  a  }f-In  ecraen,  vlth  the  larger  aizea  predominating,  and  afaall 
be  free  from  duat." 

Condaaion  Am.  Soc.  C.  E.  Spec  Com.  Hat  Road  Cona.  <16g).  "Afto-  the  Uta- 
mlnoua  material  is  applied  It  should  be  covered  imiaedlately  with  the  tougbeet  grit 
obtainable  that  will  pass  thru  a  screen  with  apoAag^  not  Imb  than  H  in  aor  graatar 
than  H  in,  just  enough  <rf  Midi  material  being  ttsed  to  cover  the  bitundnoua  material. 
It  i>  advantageous,  but  not  entMy  nacMaiy,  to  toU  with  a  steam  roUw  aftar  tba 
an>lleatioB  of  the  pit." 

Trvneh  Ptactlee  of  Coutractbiff  Tar  SufuM  on  Kokea  Ston*  Roadi 
(58),  as  reported  to  the  3rd  Int.  Road  Cong.,  is  an  follows: 

It  eonslsta  of  spraying  during  dry  and  hot  weather  the  previously  dean-swept  road 
with  fluid  tar  heated  to  70"  C  (168°  F)  at  least,  or  with  a  heavy  tar  oil  from  coal.  The 
tar  peoetrates  Into  the  Joints  of  the  stone  and  incorporates  Itself  with  the  road  to  a 
dq>th  not  exeeeding  2  to  8  on  (0.8  to  1.2  in).  The  diesslng  of  tar  per  sq  m  varies 
fnnn  0.8  to  1.6  kg  (1.84  to  2.6  lb  per  sq  yd)  or  even  more,  up  to  2.6  kg  (4.2  lb)  in  cer- 
tain CMOS,  the  beavlar  drceaing  bdng  in  the  case  of  original  tarring,  and  the  ligbtor  in 
the  ease  of  aubseqvent  maintenance. 

Britiah  Practice  of  Conitntcting  Tar  Stufaces  on  Broken  Stone  Roads 
is  fully  covered  in  the  apedfications  (see  Art.  8)  adopted  by  Uie  Road 
Board  of  England. 

Connaeticat  Practice  in  Oie  Conatnietton  at  Aapbaltie  Oil  Caipeta  on 
Gravel  Roada  by  C.  J.  Bennett,  Biebyray  Commisaioner.  "  Bituminous 
oarpeta  on  gravel  roads  are  of  two  dasees,  applied  cold  or  hot.  It  may  be, 
however,  assumed  that  for  a  gravel  road  carefully  built,  a  cold  treatment 
either  of  oU  or  tar  will  give  better  resulte  than  the  hot  treatment,  since 
the  treatments  may  be  more  frequently  renewed  and  a  great  number  can 
be  made  before  the  road  needs  reconstruction.  On  the  other  hand,  a  hot 
carpet  is  of  itself  more  stable  and  will  last  a  considerable  length  of  time. 
Any  of  the  bituminoua  carpets,  however,  are  liable  to  roll  up  and  mud  up 
in  wet  weather  and  should  be  only  used  with  great  care,  particularly  as 
to  the  character  and  amount  of  material  applied  and  the  method  of  apidica- 
tion.  In  no  ease,  should  the  amount  exceed  H  gal  per  sq  yd  of  surface 
treated  per  application.  It  ia  far  better  to  make  repeated  appUcationa  than 
to  put  on  too  much  at  once.  These  carpets  should  be  covered  with  proper 
clean  covering  material,  either  sand,  coarse  sand,  gravel  or  stone  chips  In 
such  a  manner  as  to  completely  cover  the  surface  of  the  road  and  to  pro- 
vide sufficient  material  so  that  the  bituminoua  material  contained  in  the 
carpet  should  not  exceed  15%  by  weight  of  the  tot^  carpet  covering. 
Care  should  be  taken  that  a  proper  bond  is  formed  between  the  carpet 
and  the  road  body.    Tbaa  may  be  done  by  sweeping  exceeding  dean." 

If  as*,  mghway  Comm.  Sand  and  011  Layer  Method  of  conatrucfiDg  a 
bitumiaoua  surface  on  a  roadway  of  sand  is  described  In  detail  in  the  sped- 
ficatione  contained  in  Art.  8. 

Tlia  Commlsdon  states  (43)  that  "these  can  be  used  only  where  a  sand  of  the 
right  quali^  Is  available,  and  under  present  methor^  can  be  used  only  where  the 
trafBe  is  mostly  ll|^t  teams  and  automoUka;  thqr  will  not  stand  vp  If  thay  an  tMd 
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by  otany  bMvIly  loaded  teuiu  every  day.  Th«  layer  rowla  are  more  eaaily  rutted 
1^  tMuna  than  are  the  mixed  roads,  for  two  reaaona:  FIrat,  one  cannot  uae  aa  heavy  a 
quality  of  aaphaltlc  oil  becauae  it  cannot  be  made  to  mix  with  tha  cold  aand;  aacood, 
becauaa  by  the  layer  method  one  can  never  aacura  aa  avan  a  mixture  of  the  Hud  and 
oil  OB  ervwy  part  of  the  road. 

"The  tralBc  that  baa  been  carried  MicGeaatuIly  aa  ahown  by  the  traffic  cenana  taken  fai 
1909, 1912  and  1916  k  about  aa  followa,  the  flguraa  beinc  the  average  diily  traffle:  Eaat- 
ham,  1906  road,  layer  method;  20  heavy  teama,  17  light  teuMi  and  268  automobUea." 

Muyluid  Method  of  Constructing  Lugs  MUenge  Under  One  Contract,  ob 
described  hy  Fulweiler  (16e),  is  as  follows: 

"In  the  organiiation  for  re-auifadng,  where  a  considerable  amount  of  thla  worlc 
la  to  be  d<me,  att«ntion  ia  called  to  a  plan  by  which  a  very  larse  amount  of  such  work 
baa  been  done  on  the  SUte  roada  in  Uaryland.  Under  this  plan  the  SUta  fumiaiMa 
and  appliea  the  neceaaary  atone  ooverinK,  purchaains  the  abMie  and  havlnf  it  delivered 
In  pilea  along  the  road^da  in  the  early  apring,  whoo  the  price  of  teama  ia  quite  low. 
Tima  a  schedule  prepared  by  tite  State  engineeia,  ahowing  the  location  <rf  the  Foada 
to  be  treated,  a  prtce  la  agreed  oa,  and  a  contnut  drawn  up  whereby  the  manufacturer 
of  the  mattfial  agreea,  for  a  unit  prlee  per  square  yard,  to  sweep  eurfacee  which  have 
been  previously  treated  with  bituminous  material,  and  also  surfsoes  which  have  not 
been  tfaos  treated,  and  a  unit  price  per  gall<m  for  applying  the  material,  at  the  a|>> 
pnndBuite  rate  shown  on  the  schedule,  bt  the  contract  for  1913,  it  was  apedHed  that 
an  work  abould  be  completed  brfore  July  31,  with  a  poialty  clause  of  ^6  per  day  (or 
every  day  that  this  time  was  exceeded.  There  was  a  further  clause  in  which  the  com- 
pany agreed  to  pay  the  State  926  per  day  for  every  day  that  It  was  ddayad  thru  break- 
downs or  the  failure  of  material  to  arrive,  and  the  State  agreed  to  pay  the  company  the 
aame  amount  for  every  day  that  It  delayed  the  application  ctf  the  material  thru  in- 
ability to  cover  [t.  This  contract  involved  some  S4  pleoea  of  road  in  nine  countiea  of 
the  eastern  shore  of  Maryland,  amounting  to  about  118  miles,  and  containing  976  071 
aqyd.  On  thia  Was  applied  342  786  gal  of  material,  at  a  rate  varying  from  H  toHgal 
per  aq  yd,  and  averaging  0.866  gal  per  sq  yd.  This  was  covered  with  stone  chips 
averai^g  12  lb  per  sq  yd. 

"Two  motor  trucks  were  used  in  this  work,  and  they  arrived  about  Uay  26th,  altho, 
owing  to  bad  weather  and  aome  delay  in  organising  the  ganga,  worit  waa  not  coas- 
meneed  until  May  28th.  One  truck  finished  practically  half  of  the  work  on  July  18th, 
and  the  other  fltidied  on  July  80th. '  The  State  maintained  two  gan^  of  12  men 
each,  each  under  an  Inspector,  for  applying  the  stone  chipa,  the  company  sweeping 
the  roads  and  funiishing  and  applying  the  binder. 

"Fraeticatly  this  same  form  of  contract  had  been  in  force  during  1912,  but  during 
that  year  the  work  was  not  laid  out  according  to  adiedule,  and  the  trudn  frequently 
bad  to  make  long  jumps  between  the  dUtarent  pieces  of  work.  This  caused  conridv 
able  loeB  of  time,  which  was  furthermore  augmented  by  difficulty  in  securing  proper 
labcff.  As  the  result  of  the  experience  of  1912,  the  work  wss  laid  out  more  system' 
atlcally  in  1918,  and  men  composing  the  covering  gang  in  one  caae  were  held  thru  cut 
the  seaaoB.  The  effect  of  having  experienced  men  for  covering  ia  well  brought  out  in 
the  foUmring  table,  which  summariiea  the  oftmUooB  of  the  2  years,  the  time  bdng 
given  In  tiudk-daya.  In  1918  the  decreaae  hi  time  lost  In  tratult,  repain,  and  delays,  is 
quite  striking,  aa  is  the  average  Increase  In  the  quantity  qipllad  per  day."   Sea  Art.  8. 


1912 


1918 


Sunday  and  holidays 
Repairs  and  delays. . 

RamT  

Transit  


21 
22 
fi 
34 

57 


20 
6 
9 
18 
72 


Percentage  of  days  material  applied  

Average  number  of  E&llons  applied  per  day  

Average  number  of  square  yards  treated  per  day. 
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8.   ^^Miflutioiu  tot  CMUtruction 


Am.  Soc.  Hun.  Imp.  191T  Spedflcatioiii  for  Bot  Tar  Surface  TreatmeBta, 

are  aa  follows: 

"  DMcriptioD  of  Bitumiiuius  Sorfacc.  The  Mtumlnoiw  surface  ahall  conriat  of  tan 
application  of  refined  tar  covered  with  a  layer  of  No.  1  broken  stone  (pumbig  thru 
H-in  and  over  >i-in  screen)  constructed  as  hereinafter  ipedfled. 

*'  Refined  Tar.  Refined  tar  used  in  the  construction  of  the  bitutninoua  auifaea  thai* 
conform  with  either  one  of  the  qiedfieatlons  coverinc  the  chemical  and  pfayaical  profH 
ertiea  of  reflned  taia  Induded  under  the  item  entitled  '  Refined  Tan  for  Surface  Treat- 
ments.'  See  Art.  5. 

"  Heating  Relkied  Tar.  The  refined  tar  shall  be  heated  in  kettles  or  tanks  so  de- 
signed as  to  admit  of  even  heating  of  the  entire  man,  with  an  efficient  and  positive 
control  of  the  heat  at  all  times.  It  shall  be  heated  as  directed  by  the  Engineer  to  a 
temperature  between  98°  C  (200"  F)  and  121°  C  ^60"  F).  All  refined  tar  heated 
beyond  121"  C  (260»  F)  shall  ba  rejeetad.  No  tar  shaO  be  heated  in  kettla  or  tanks 
containing  any  oil  or  aqdialt  cement.  Before  changing  from  one  type  to  anotber, 
kettles  or  tanks  shall  be  scrupulously  cleaned  In  order  to  avoid  mixtures  of  the  two. 
Any  mixtures  of  diflferent  Mnds  of  bituminous  materials  shall  be  rejected. 

"  Thermometers  Fumiahed  by  Contractor*.  The  Contractor  diall  provide  «  niffl- 
dnt  number  of  accurate,  eflldent,  stationary  tbermometem  for  deteindnins  tiie 
tamparature  of  the  refined  tar  in  kettUa  or  tanks. 

"  Preparationof  SniCace  of  Road.  Prior  to  the  application  of  the  refined  tar.  the  sorf  see 
of  the  broken  stone  road,  when  thoroly  dry,  shall  be  swept  clean  of  all  dust,  dirt  or  other 
loose  material  with  horse  or  power-drawn  brooms  and  bass  or  other  fine  fiber  brooms,  or 
withstiflflber  band  brooms  and  base  or  other  fine  fiber  brooms,  a^  directed  by  the  Engi- 
neer, When  the  cleaning  is  completed  the  upper  surface  of  the  No.  8  broken  stone  (pw 
ing  over  IK-In  and  thru  2^-in  screen)  sbatl  be  exposed,  forming  a  dean  mosaic  surface. 

"Application  of  Refined  Tar.  After  the  surface  shall  have  been  cleaned  to  the 
satisfaction  of  the  Engineer,  and  when  thoroly  dry,  the  refined  tar  shall  be  uniformly 
applied  over  the  prepared  surface  of  the  road  by  means  of  a  pressure  distributor  as 
hereinafter  specified  (see  Art.  6)  and  in  accordanee  with  the  directionB  of  the  Engineer. 
The  refined  tar,  when  applied,  shall  have  a  temperature  between  98°  C  (200°  F)  and 
121°  C  CS60°P).  The  total  amount  of  refined  Ur  to  be  used  in  the  construction  of  the 
Utumlnoua  surtece  shall  be  applied  in  one  application  and  shall  not  be  leas  than  ^  nor 
more  than       gal  per  sq  yd,  the  precise  quantity  being  determined  by  the  Engineer. 

"Application  of  No.  1  Broken  Stone.  Immediately  after  the  applicatifni  of  the 
refined  tar,  a  layer  of  dry  No.  1  broken  stone,  4iot  to  exceed  ^  in  in  Uucknoe,  shaB 
ha  qnnad  and  broomed  aa  directed  by  Engineer  over  the  surface  of  the  refined 
tar  and  shall  be  at  once.roBed  as  directed  by  the  Engineer  with  a  roller  weighing  be- 
tween 8  and  16  tons. 

"  Seasonal  and  Weather  Limitations.  No  refined  tar  shall  be  applied  when  the  air 
temperature  in  the  shade  is  below  10°  C  (60°  F),  except  by  the  written  peimlarion  of 
Uie  Engineer. 

<*  Measurement  and  Payment.  The  quantity  of  broken  stone  road  with  biCumiooua 
surface  to  be  p^d  for  under  this  Item  shall  be  the  number  of  square  yards,  measured 
horizontally,  satiBfactorily  completed  in  accordance  with  the  spedfications.  The  price 
stipulated  in  this  item  shall  Indude  the  furnishing,  crushing  and  screening  of  the 
different  sizes  of  broken  stone,  the  placing,  rolling  and  watering  of  the  brokoi  ateoe. 
the  heating  and  distributing  the  refined  tar.  and  all  materiaiB,  work  and  expensw 
inddental  to  the  completion  of  the  broken  stone  road  with  bituminous  surface  except 
the  furnishing  of  the  refined  tar,  which  will  be  hichtded  tor  payment  under  the  Item 
entitled  'Refined  Tars  for  Surface  Treatments.' " 

Tho  Genanl  DlrectUuiB  and  Spadflcationa  Kaladiig  to  Hot  Tor  Treatmont 
of  Roads,  Adoptod  by  tho  Road  Board  of  Engbtnd,  are  as  follows: 

"I.  Surface  tarring  may  be  advantageously  applied  dther  to  an  old  road  surface 
in  good  condlticm  or  to  a  new  surfsce  after  It  has  been  consolidated  and  dried,  but  the 
tarring  should  never  be  carried  out  unless  the  road  is  thoroly  dry.  If  there  are  any 
depreaaioiis,  pot-holes,  waves,  grooves,  or  other  irregularities,  theae  should,  as  far  as 
practicable,  be  mada  good  befoca  tarting  ia  commenced,  ao  u  to  provide  an  avan  saifaca. 
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2.  Painting  uid  spnying  msehiiies  gst  thru  the  work  of  tarring;  more  rapidly  than 
application  by  hand,  and  conaequenUy  are  to  be  rseommanded,  but  hand  work  ^vaa 
mtHfaetory  reanlta,  and  the  aelectkm  ot  tbe  meUiod  to  bt  aniriayad  mnat  be  larieir 
determined  by  the  available  supply  of  «ad«nt  labor. 

8.  If  it  it  intended  to  tar  an  old  aurfaee  it  ia  adviiable  to  take  advantage  oT  the 
early  montha  of  the  year  to  scrape  or  bnuh  tbe  road  during  wet  weather  as  a  prepara- 
tion for  aubeequent  tarring,  and  eepecially  to  keep  the  road  free  from  cakod  mud. 

4.  If  the  cruat  of  a  road  )■  thin  at  tbe  ndea,  but  adequate  in  the  center,  tbe  tUm 
eboold  be  strengthened  and  consolidated  before  appUcatjon  of  tar  to  the  aurfaoa. 

5.  In  resurfacing  any  road  tbe  nirface  of  which  is  afterwards  to  be  tarred,  stone 
chipplngs,  and  not  fine  material,  should  be  uaed  for  binding. 

6.  The  road  whilst  being  tarred  should  be  closed  to  traffic  over  half  its  width,  or 
where  practicable,  over  its  whole  widtlu 

7.  The  road  should  be  tbwoly  brushed  and  deaned  before  application  of  tbe  tar. 
Wet  brushing  should  be  used  sometime  previous  to  dry  bruahing.  If  there  is  any  calwd 
mod.  Any  method  of  brushing  nmy  be  used  wUek  will  scour  and  dean  tha  tmi 
thoroly,  the  beet  being  horae  brushing,  followed  by  hand  brushing. 

8.  Tar  should  be  used  for  surface  tarring  which  complies  with  either  Road  Board 
Spedflcation  for  Tar  No.  1  or  Road  Board  Spedfleation  for  Tar  No.  2,  but  if  the  heavier 
gride  of  the  tar  is  used,  care  should  be  taken  to  apply  it  cmly  when  tbe  read  is  dry  and 
wen  wanned  by  the  aun'a  r^s,  otberwne  it  will  not  Sow  fredy.   Bee  Art.  6. 

9.  TbetarshonldbetMAtedtottrboOlngpt^atcaDvenkBtpodtloiiacatlieworiEs, 
and  should  be  applied  as  hot  as  po8dble,ao  that  It  may  flow  freely.  The  desired  tempera- 
ture will  be  generally  found  in  practice  to  lie  between  104°  and  116°  C  (229*  «ad  240° 
F)  for  Tar  No.  1,  and  between  127'  and  13«°  C  (260*  and  280°  F)  for  Tar  No.  2. 

10.  In  order  that  the  tar  should  be  applied  to  the  road  as  hot  as  poedble,  it  is 
advisable  if  the  method  of  appUeadon  is  1^  hand,  to  use  flexible  pipes  to  convey  tba 
tar  from  the  boUer  to  the  point  <rf  application.  If  these  are  not  available  It  wilt  be 
found  conveni«it  in  case  of  hand  pouring,  to  use  8-gal  cans  specially  constructed  for 
the  purpose,  fitted  with  spouts  leading  direct  from  the  botton  ot  tbe  cans,  and  bdng 
not  lesa  than  IJ^  in  in  dlsineter  at  the  orifice. 

11.  Immediately  on  application,  the  liquid  tar  dtoold  be  tendtad  so  far  ss  neces- 
sary to  ensure  regularity  in  thidmeas  ot  tbs  coating. 

12.  The  quantity  ot  tar  required  wOl  wy  aceonding  to  die  lAydca]  oonditioQB 
of  the  road,  but  generally,  fn  tbe  ease  ot  a  road  to  be  treated  witii  tar  tta  the  flnt 
time,  the  quantity  should  be  1  gal  to  coat  from  6  to  7  sq  yd. 

13.  If  tbe  road  must  be  opened  tor  trafBc  before  the  tar  has  set  hard,  grit  should 
be  spread  oa  tbe  surface  to  prevent  the  tar  from  adhering  to  tbe  wheels  of  vo hides, 
but  gritting  sboidd  bo  ddayed  as  long  m  poedbla,  and  the  quantity  ot  gritttng  a»taial 
to  be  spread  should  be  DO  nuntt  than  sufficient  to  prsvent  the  tar  from  adhering  to 
wheels.  Stone  dilpplngs,  crushed  gravel,  coarse  sand,  or  other  approved  material, 
free  from  dust,  not  larger  than  will  pass  thru  a  H-ia  square  meah  should  be  used  for 
gritting,  in  quantity  not  exceeding  1  ten  for  800  to  860  aq  yd  If  grit  is  osed,  and  1 
ton  for  200  to  260  sq  yd  if  coafse  eand  Is  used. 

14.  Preeaatlona  should  be  takm  to  prevent  Uquid  tar  paadng  directly  thru  drain- 
age giatinp  or  outleta. 

16.  For  the  safe^  of  the  public  precautions  should  be  taken  by  lighting,  watching, 
and  warning.  Notice  boards  should  be  placed  in  suitable  positions.  It  is  spedalty 
desirable  to  place  warning  notices  at  pt^ta  in  the  ndghborhood  ot  the  work  iritsra 
other  roads  Join  or  eroes  the  road  being  tarred,  to  enable  motorists  and  cycUsts  to 
SToid  the  obstnteted  road  by  taking  any  available  alternative  route. 

16b  On  lM«i41y  traOeked  roads  It  ii  advisable  to  appiy  a  aecond  coat  to  dtber 
the  whole  width  or  from  9  to  12  tt  erf  tlw  center  ot  the  road  in  quantity  ot  1  gal.to 
eoat  from  8  to  10  sq  yd  about  2  to  8  months  after  the  first  application. 

17.  Surface  tarring  should  be  renewed  annually  on  all  Important  roads,  and  as 
roquired  on  roada  with  Ught  tnfiic.  On  such  re^oatincs  the  quanttty  of  tar  to  be 
applied  will  vary  with  the  extant  to  wldch  the  previous  coating  of  tar  has  been  removed 
by  weather  or  by  tnMe. 

18.  Two  or  more  samples  of  the  tar  used  should  In  all  cases  be  kept  in  quart  tin 
cans,  and  be  carefully  labelled,  induding  particulars  fixing  the  locali^  or  lutgth  <A 
the  road  on  which  tbe  tar  waa  used.   Tbe  Road  Board  will  arrange  with  the  National 
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Fhydcal  I^bontory  to  nibmlt  a  MtocUon  of  thaia  nmptaa  to  a  aHl«  ol  "fc^^  -1 
snd  phyricMl  testa  with  ■  view  to  th»  nmlti  tMfnf  ncordMl  tot  fotiira  nrfenno*,  and 
Burvcyon  wUI  from  ttOM  to  time  be  inT{t«d  to  Mnd  umplM  for  tba  pmpoM. 

19.  In  all  OHM  careful  racorddiould  bo  Inptol  the  oaadHfMi  of  the  road  sorboMfei 
winter  and  aiiBHtMr,  both  before  and  after  tairlnc.  the  quantity  and  quality  of  tsr  oaed. 
the  Riperfldal  area  covered,  the  state  of  the  weather  when  the  woric  ia  bebic  d<nM, 
the  tioM  oacnpiad  in  actual  work,  and  in  watting  whlkt  work  la  atopped  owinc  to  wet 
weather,  the  number  of  men  employed,  and  full  detafk  of  the  eoat  cf  labor  and  mataciaL 

n.  JSonrqron  are  Invited  to  end  raeordi  to  the  Road  Board  to  badaariAed  and  pnk 
Ikhed  Tor  g«ieral  biformatlon.   Forme  for  theee  records  will  be  eoppUed  by  the  Board. 

SI,  Surveyoro  are  rectmimeDded  to  have  eamplea  of  the  tar  mj^BtA  to  tfeM  VoAtt 
eosbacta  properly  teated  by  a  qoaUfled  analytical  fhewifati" 

Md.  State  Roads  Comm.  1917  Spedfleatiuu  for  Tir  and  OD  for  Cold  Ap- 
plication are  as  foUowH: 

"  Swooping  The  road  auifaoe  ahall  be  awept  with  a  rotary  rattan  broom  drawn 
dther  by  horae  or  motor  power  in  auch  a  mannn  as  to  mnore  from  the  surfaoe  all 
dirt  or  other  forrign  materlala,  and  should  the  rotary  ewoepcj  not  remove  all  the  dirt 
or  fordgn  material,  giving  a  dean  auifaee,  then  the  contractor  will  be  required  to 
scrape  the  fordgn  material  from  the  eurfaee  with  hoee  or  other  tools,  and  deanly  sweep 
it  with  rattan  brooms  by  hand. 

"Applying  the  HateriaL  No  matetlal  shall  be  distributad  vuept  by  a  motor- 
drawn  pwure  diataributor  of  a  tsiM  satleiaettHjr  to  ttte  eagMtear,  and  no  Bartarial 
ahall  b«  apiriled  when  tha  aorfaoe  la  vat,  froa^,  oriAiea,  (n  the  ofdafam  of  the  tn^Metor 
it  !■  unlit  to  reealTC  the  ividieatl<m.  AD  matwial  will  be  qiplled  at  the  rate  ■priV 
by  the  hispector,  but  in  no  case  la  more  than  Htaloi  matMlal  to  the  equare  yard  to 
be  applied  to  the  eurfaee  in  one  apidieatdon  and  where  H  gal  per  sq  yd  Is  applied,  it 
shall  be  put  on  in  two  applies  tkina.  When  two  applkatloon  are  spedfled.  aU  the  stone 
chips  shall  be  eranly  and  uniformly  distributed  over  the  eurfaoe  as  berefarander  apad- 
ftad,  alter  tba  firat  appUeatioB  of  oQ  or  tar  haa  been  made,  and  thai  the  aaoood  I4>> 
plication  shall  be  made,  but  hi  no  ease  dtall  mwe  than  24  hr  dapae  between  the  flrd 
and  aecood  application  of  the  dl  or  tar.  In  order  that  the  traveling  public  may  be 
accommodated  aa  mudi  as  poMible,  tba  eontraetor  wOl  amtly  tba  oH  to  one^iaU  of  the 
road  amfaoe  at  a  time,  snd  aa  soon  aa  one  truck  toad  Is  appUed  to  one  side  of  the  road 
It  win  be  covered  with  chips  by  the  oontaetor  or  the  State,  as  the  eon  tract  provides. 

"The  contractor  will  ao  arrange  hie  work  that  the  distributor  will  be  on  the  road 
ready  to  spread  oQ  or  tar  by  not  lata-  than  el^t  o'dock  In  the  morning,  and  should 
the  contractor  at  any  time  rduse  or  neglect  to  be  ready  to  spread  oil  w  tar  by  eight 
o'dock  in  the  morning,  when  the  spreading  of  the  sttme  chipa  la  bdng  done  by  the  State 
Roads  Comm.,  Xhaa  the  contractor  is  to  pay  the  State  Roads  Coram.  tS  per  hr  er 
fncthw  thereof  for  all  delaya  due  to  this  cause.  Should  the  State  Roads  ComuL, 
on  account  of  not  having  mffldent  men  to  spread  the  stone  chipa,  dday  the  contractor 
in  spreading  oil  after  eight  o'dock  in  the  morning,  then  the  State  Roads  Comm.  wiD 
pay  the  contractor  $3  per  hr  or  a  fraction  tlkereaf ,  for  all  time  due  to  euch  ddaya,  but 
it  ia  clearly  understood  that  the  contractor  will  ao  arrange  his  work  that  the  dl  or  tar 
applied  can  be  covered  with  atone  ch^  by  the  doee  of  the  woridng  day  in  that  loealiCf 
unieai  otherwise  authorised  by  the  inspector. 

**  Spreading  Stone  Chips.  The  stone  chips  or  gravd  required  to  be  spread  on  the  rood 
after  tbe  ^iplication  of  the  60  by  the  contractor  will  be  dqiodted  along  the  road  on  one 
dda  or  the  other  in  approximately  even  pOea,  at  regular  Intervals  of  26  ft.  These  chips  or 
gravd  wiU  be  ftmiahed  in  thcae  i^ee  by  the  CommlMiMi  irithoutaspotsa  to  thaooBtraetar. 
iM>progdnatdy  80  hma  will  be  need  to  a  mile  of  14  ft  amfadng  to  bo  treated.  Tbm  eon- 
tractor  will  Ud  a  |»1eepw  ton  for  the  diips  spread  on  tbe  road  from  tiiapftaa.  Railroad 
wdghts  win  be  used  aa  a  bads  of  payment  In  all  casea  nhere  tbe  material  is  hauled 
on  tlte  railroad  and  quarry  wdghte  when  iiauled  direct  from  the  quarry  to  the  road. 

"The  contractor  -wHl  be  required  to  aprMd  these  diipa  or  gravd  evenly  and  uni- 
formly over  the  surface  of  the  road  tmmedlatety  alKr  tbe  ofl  is  applied  and  fiH  Id  aU 
holes  or  Inequalltiea,  and  in  no  caae  must  more  than  2  br  dapae  between  the  sppUea- 
tlon  of  the  d1  and  the  complete  covering  ol  the  surface  with  chips  or  gravel,  and  under 
no  drcumstnneea  will  work  be  permitted  to  remain  uncovered  during  the  night,  and  the 
contractor  mueteo  arrange  tbe  applieaUtm  of  the  oil  ao  that  aU  the  aurtaee  can  be  com- 
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plttebr  ctmnd  with  chip*  or  gmvel  daring  the  worUng  day.  The  term  'imilji  mhI  oni- 
fcmly'  BbsU  be  conBtnied  to  roeen  thaE  each  end  every  equue  yard  of  auiCectng  ■hall 
hsTe  the  aune  amount  aa  each  other  square  yard  within  a  variation  of  not  more  than 
10%,  except  In  aucfa  plaCM  as  the  Inspector  may  direct  to  flU  deprsHiona  or  hoka." 

Tbm  Los  Ang^i  U17  Spedflcationi  for  Oio  Coitstraetion  of  an  Oil  Cupot 
oa  Stroot  Roodwayt  are  as  foUows: 

"Whva  there  are  csraent  or  brick  gntten,  a  amall  trendi  not  more  than  1  In  In 
depth  at  the  outer  edge  of  the  gutter,  ahall  be  trimmed  out  to  meet  the  eurfoce  at  a 
point  not  more  than  6  in  from  the  edge  of  the  gutter,  and  a  amall  ridge  of  aand  or 
■mwntng  ahall  be  maintained  on  tiM  outa  edge  ol  the  gutto-  to  keep  dl  from  nmnlnc 
on  tlw  gutter.    Thla  ridge  ihall  be  removed  after  tiM  olUng  ia  completed. 

"Oil  shall  then  be  evenly  dtatrlbuted  over  ttte  entire  surface  of  the  roadmy  In  a 
v<dume  equal  to  1  gal  by  measure  per  aq  yd  of  eurfaoe.  After  a  lapee  of  not  lem  than 
24  br.  sand  of  a  quaU^  hereinafter  spedlled,  shall  be  uniformly  spread  upon  the  oUed 
awface  in  such  quanU^  as  will  abeorb  all  anrplua  ollL  Tin  roadway  ahall  then  bo 
brought  to  a  smooth  and  even  surface  by  usa  of  hand  bramns  or  raloea,  sad  aU  sujdua 
material  shall  be  swept  from  the  atraat 

"OO  shall  again  be  dtstHbutsd  ow  the  surface  as  before  In  a  vohnae  equal  to  ^  gal 
by  measure  per  aq  yd  o(  smfase.  After  a  lapse  of  not  less  tbu  24  hr  ssnd  shall  again 
be  qnead  upon  the  oHed  surface  and  the  road-bed  brought  to  an  even  surface,  as  here- 
inbefore spedfled.  The  surface  shall  then  be  rolled  with  a  roller  having  a  compresdoa 
of  at  least  200  lb  per  In  width  of  tin,  untD  it  has  received  the  utmost  eompreeaita 
pondbis  and  is  uniformly  smooth  and  free  from  bumpe,  aags  or  loose  spots.  The 
sorfaes  of  the  road  during  roIHng  shall  be  sanded  and  swept  whenever  nesesssiy  to 
nenre  a  uniform  coatliv  of  dl  and  sand,  and  on  eompletloD  ot  the  rolling  the  street 
shaO  ^Mw  no  stiddnasB. 

"  The  total  asKNut  of  (A  used  shall  not  be  lem'tluu)  l^j  gal  persq  yd  of  the  roadway  snr- 
(aeed.  In  the  process  of  (dlmg  care  must  be  taken  not  to  soil  the  eurfaa  or  walks.  After 
the  ofnngot  a  roadway  has  commenced,  It  shall  be  carried  on  diligently  toltacomplettcai. 
Oil  ehall  not  be  applied  to  the  surface  of  a  roadway  while  it  fat  In  a  wet  condition. 

"After  the  final  rolling,  the  road-bed  ehall  be  trimmed  wherever  necessary  and  aand 
staaD  be  distributed  tberecm  and  brought  to  a  smooth  and  even  surface  1  in  in  thidb> 
Bess  by  1^  use  of  hand  brooma  or  rakes. 

"OO  ahall  be  ^>ptied  In  «  uniform  abeet  by  meana  ot  pressure  distributing  spraya 
only  and  shaD  be  at  aneh  temperature  within  the  Umlta  hereinafter  apedfied  as  Is 
determined  by  the  inspector  to  be  desirable.  The  preasure  eprays  shall  be  operated 
at  a  unifMm  pressure  of  not  less  than  20  lb  per  sq  In.  Oil  wagons  or  trades  shall 
ba  provided  with  tires  of  such  width  that  the  preaaure  on  aald  tinea  ihaQ 

not  exceed  400  lb  per  sq  In  of  tire." 

Mass.  State  Highway  Comm.  Spedflcatlons  for  .Sand  and  Oil  Laysr 
Work  (30b)  are  as  follows: 

w  Onidlng.  The  road  ahsll  be  graded  for  a  width  of  21  ft  In  cuts  and  2S  ft  on  flita. 
The  alopca  outride  the  graded  roadway  ahall  be  left  in  a  neat  condition. 

"  Sabgnds.  Any  clay  or  other  material  in  the  subgrade  which.  If  left,  would  cause 
frost  action  detrimental  totheroadsurfaee,8hallberemoved  to  the  depth  ordered  by  the 
WHliMirr  and  replaced  with  suitable  material,  and  any  aandy  places  shall  be  hardened  as 
ordsred.  For  this  purpose,  sandy  loam  or  c^iy  may  be  used,  but  If  uaed,  only  enough  erf 
IIjmu  Ilia  tnri  sin  nhill  hfirlTid  nn  the  subgrade  to  carry  the  travel  iridle  the  surface  Is  being 
foraMd,  and  In  no  case  shall  the  depth  of  such  hardening  material  exceed  8  In  after 
ndHog.  The  snbgrade  shaD  be  shaped  to  correapond  with  the  im^Msed  croee  eectlon 
<tf  tfas  ftaiWMd  road  and  ahaU  be  ndM  witii  a  hwae  nOar,  untaaa  otberwbe  otdnad. 

xAppUcaUoa  of  <M1.  On  the  roadbed  prepared  as  hereinbefore  described,  aq>haltie 
oil  ahall  be  sppQed  for  a  iridth  ot  16  ft,  unlem  otherwlK  ordered.  The  oil  ahall  be 
■hipped  to  the  nenreat  railroad  freight  station  in  tank  cars  and  tnuui>orted  to  the 
work  in  suitable  dletributor  carta.  It  ahall  be  heated  In  the  tank  cara  or  diatrlbutor 
carts,  so  that  when  appHed  it  shaU  have  a  temperature  of  not  leas  than  82°  C  (180*  Fi 
nor  more  than  121°  C  (260°  F).  The  oil  shall  be  applied  to  the  road  by  a  prceaure 
distribute  which  will  spread  It  evenly  over  the  surface,  leaving  no  spota  or  atreaka 
nocovered,  and  no  overlapping  will  be  allowed.  The  diatributor  shall  be  so  arranged 
that  the  operator  can  otmtrol  tiie  flow  and  can  cut  out  aectiona  so  as  to  vary  the  width 
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of  the  road  covered.  If  2  fsl  of  oil  per  iq  yd  are  to  be  UMd  in  lormiBf  tba  mmfme^ 
Uh  oU  ahsU  be  dirtributed  In  8  appBotioiM  of  aivradowtdy  H  gil  pa  wn  If 
1)4  ^  mre  omiI,  Uwre  ■hall  be  two  H-W^  sppUoBtloBi. 

"  CoBftncdoa  of  8ud  and  Oil  Lajwv.  Immedhtely  atta  the  crfl  la  applied,  a 
uniform  layer  of  sand  ahall  be  spre*d  over  It,  the  depth  of  the  aand  to  be  appnndnutair 
l}i  in  for  the  ^-gal  application,  and  la  for  the  K-B>1  application.  Ead  layer 
of  nnd  and  oil  aball  be  rolled  with  «  horse  roUw,  aod  if  ordered,  tbe  road,  before  ila 
aeMptuee^  dhaU  be  roHad  with  a  ateam  ndlar.  Durinf  tba  roUbg,  nnd  alwD  ba  m>- 
pUadtoabaorbaaroilfltwhfnrtotbeBiutece.  Eadi  layer  of  aaad  and  fiilahailbaaDound 
to  stand  a  auffldatt  length  of  time  oo  the  oil  will  mix  with  the  sand,  and  tbere  ahall  be 
no  aurphis  eand  or  free  oil  on  the  surface  whoi  the  next  applicaticm  ctf      ta  made. 

"  Hateriala.  Tbe  aipbaltic  oil  used  shall  be  a>  ordered,  but  in  no  case  alkali  oQ  with 
a  viscodty  of  lees  than  260  sec,  or  more  than  600  sec,  Lawrence  viscoaimeter  at  100*  C 
(212°  F),  be  used.  The  sand  used  shall  be  clean,  sharp  and  free  from  adventitioiB 
materials  of  all  kinds,  but  if  so  orderad  may  contain  not  orer  6%  ol  clay  or  loam. 
It  shall  eontaln  no  atooea  larger  than  >j  In  la  thdr  Bongeat  dimMalai%  or  man  tim 
80%  paadng  a  60-niesb  sieve. 

"  Blnlaliiag  and  Acceptance.  If  at  any  time  before  the  acceptance  of  the  work  aay 
•oft  or  imperfect  places  develop,  the  material  at  tbeae  places  shall  be  removed  and 
legdaeed  with  new  material  and  rolled  until  tboroly  compacted  and  until  tba  Jolata 
betiroea  tbe  new  and  old  work  become  invldbla.  Any  InaquaUtlga  in  tbe  anrfua  ahall 
be  removed  by  scraping  with  a  road  madiine,  or  oUmt  suitable  aeraper.  After  tba 
surface  haa  been  completed  to  the  satiafactitHi  of  the  engineer,  and  before  tba  accep- 
tance of  ttw  work,  a  light  covering  of  sand  shall  bo  spread  evenly  over  the  Hufaeat 
The  surface  of  the  road  when  completed  shall  have  a  crown  (rf  H  in  to  tba  ft. 

*'  Climatic  and  Weather  Condttlons.  No  bituminous  work  shall  bo  done  duriag 
rainy  weather,  nor  wbui  the  weather  condlticna  aa  to  tempera  ton  or  otherwiae  an 
un  favoraUe  for  obtaining  satiafaetory  reeults." 

9.  Constrnction  Cost  Data 

The  ooet  of  construetioB  thin  bituminouB  mufaeea  on  broken  stone  and 
grave]  roads  variea  from  2  to  10  cents  per  sq  yd.  The  ezamplos  cited  give 
averaffe  data  covering  the  detaib  of  conatniction. 

PliiladetiAia  (24c).  Table  I  g^ytm  tbe  cost  of  labor  and  materiak  ueed  from  191S 
to  1916  In  the  constmctloo  of  bituminous  surfaoea  with  refined  tars  and  aaphalt  cut- 
back.  Table  II  gina  tt»  datailad  costs  of  conatniction  and  ratreatBUBts  In  1916. 

TaUe  I 


Labob  and  UAmtlAI. 


Unit  Com 


IBIS 

1916 

1914 

1913 

12.10 

$2.03 

$2.14 

12. SO 

2.02 

1.94 

2.90 

2.80 

0.086 

0.086 

0.086 

0.085 

0.07 

0.0692 

0.07 

0.07 

0,08 

0.08 

0.09 

0.09 

0.064 

0.06 

0.08 

0.08 

0.1408 

O.OTSl 

0.U7 

0.12 

0.0796 

0.0791 

0.0588 

0.0484 

0.0628 

2.00 

2.00 

2.00 

2.00 

4.00 

4.00 

4.00 

4.00 

3.00 

8.00 

3.00 

3.00 

4.80 

4.48 

4.76 

6.20 

Torpedo  gravel,  per  2000  lb,  delivered 
on  the  road  

Trap  rock  chips,  per  2000  lb,  delivered 
oo  the  road  

Tarvia  A,  per  gallon  applied  

Tarvia  B,  per  gallon  applied  

Ugito  hot.  per  gallon  applied  

Ugite  cola,  per  gallon  applied  

Asphalt  cut-back,  per  gallon  applied. . . 

Asphalt.  160  penetration,  per  gallon 
applied  

Aspbaltic  road  oil,  per  gallon  applied. . . 

lAborers.  per  8  hr  day  

Foremen,  per  8  hr  day  

Asst.  foreman,  per  8  hr  day  

Teams,  pes  8  hr  day  


Average  labor  eoat,  per  aq  yd,  for  hand  and  machine  aammliiiL  chipping  and 

clean-up  during  1916   $0.0106 

Average  ubor  cost,  per  sq  yd.  for  lund  and  aweai'l'H.  Aiindng  and 
dean<up  during  1916   0.0114 

  D>qiti;M  by  Google 
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Charactbb  op 
Trkatment 
UaibuauUsbd 


AVBRAGB 

Mati»-  AvBBAoa  Ladok  Cobtb  J 
SqYd 


AVBRAOB 

MAimu<u.  Com 
■wSq  Yd 


R«fla»d  coal  tar*.. 
Refined  coal  Ur*. . 
Refined  coal  tert.. 
Refined  oo«l  tor  .. 
Refined  ooal  tu-  .. 
RedhiMl  aoal  Urf.. 
Reflned  mter«u 

tw*  

Refined  water-gu 

tai*  

Refined  mter-Eu 

Urt  

Refiiwd  water-cai 

tart  

Reflned  watar-cu 

Urt  

Reflned  water^u 

tart  

Aapbalt  cut-back. . 
Aipbalt  cut-back. . 
Asphalt  cut-back.. 
Asphalt  eutteek.. 


029G 
.0246 
0209 
.0209 
01S8 
.0168 

,0278 

,0266 

.0274 

,0193 

,0201 

,0128 
.0880 
.0686 
.0471 
.0461 


.0187  .0482, 
.01681.0414 
.01801.0479 
.  0168.0377 
.0163  .0351 
.0164  .0832 


.0187j 

.oi<;i' 

,  0 1  HII 
,U16uj 

.0168 

.0166 
.0178 
.0162 
.0181 
,0181 


.04S6 
.0420 
.0454 
.o:iE8 
.0359 
.0298 


.0666 
.0582 
.0689 
.0477 
.0461 
.0427 

.0639 

.0607 

.0614 

.0488 

.0410 

.0826 


.0668  .0661 
.0748  .0879 
.0682  .0744 
.0688  .0712 


*Hot  applieattoii,    tC<U  application. 


"Asplialtic  .OH  Siufae*  on  Orarel  Road,  Cairo,  111.  (46).  The  folloiring  flcurw 
do  not  in  dude  eontraetor^  profit  or  overhead  uKpaiiui  Total  length  ot  road  treated, 
8200  ft;  total  aq  yd  of  road-treated,  16  400;  condition  of  old  gnvet  road,  fair;  kind 
of  bituminDui  material  used,  Axtec  liquid  asphalt;  amount  of  Utuminous  material 
used,  ^  gal  per  sq  yd;  amount  of  torpedo  gravel  or  stone  chips,  sand,  0.006  tons  per 
■q  yd;  avenge  Iragth  of  haul,  H  mile;  general  conditioD  of  weather,  fair;  rate  ot 
pay  for  labor,  16  cents  per  hr;  teams,  40  cente  per  hr. 

Table  tn.— Itemized  Cost  of  Work 


Total 

Coat 

Cost  per 
Sq  Yd 

Bituminous  material,  8184  nl  at  0.047  eaats,  f .  o.  b.  sidinc 
Torpedo  gravel  and  stone  chips,  VSH  cu  yd  at  0.69  cents 

)  34.20 
884.86 

39.25 
51.86 
61.56 

6.60 

• 

88  .SO 
«666.80 

$0.0021 
.0034 

.0024 
.0032 
.0031 
.00034 
• 

.0064 
$0.0899 

Heating  and  applying  bituminous  material,  demiirra|*>  te . . 

'Indicates  paid  or  fumlahed  by  the  III.  State  Highway  Dept. 
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"AiglMUe  (M  SuffKM  In  Haw  JWMT  (S9>-  By  Ugfat  R»d  oQ  faineuit s  iwd  oO 
wiU)  an  aqilial^  ban  wMeb  can  be  anrtted  at  an  atnuMpharie  tomparatura  of  Si"  C 

(70°  F)  and  by  tbe  use  of  the  wordi  beavy  oU  la  meant  an  aqibaltic  oil  which  can  ba 
applied  only  alter  heatins  to  a  temperature  of  approximatdy  idS*  C  (270°  P>.  Ob 
a  road  auifaee  which  ia  in  good  condition  and  where  the  travel  is  light  and  modermte, 
Ugbt  oil  ia  applied  and  covered  with  sand.  Where  the  road  b  in  idinilar  cmditioa  but 
la  lubialtted  to  heavy  thru  travel  or  extra-heavy  local  travel,  heavy  oil  and  yi-in 
ataae  ia  spread  on  the  application  and  rolled.  Wliere  the  roads  are  in  poor  cooditioaiT 
heavy  oil  and  a  mixture  of  60%  of  5i-iD  atone  and  60%  of  >i-in  stone  are  applied  and 
rolled.  Roads  badly  rutted  or  containing  hoka  are  first  patched  by  either  heavy 
bituminous  Under  and  I^-ib  stone  or  by  cold  bituminous  binder  and  stona.  The 
eounty  fuiniahee  the  oik,  the  contractor  unloads  same  and  appliea  them,  after  first 
deaning  the  road.  Tbe  coun^  then  coven  them  with  auitable  materials,  and]in  case 
ot  atone  compacts  the  eovarinc  by  rolling.  The  county's  work  b  done  by  day  tabor. 
The  tollowing  are  unit  coata  which  prevailed  during  the  year  1916,  the  units  givcm 
bdng  per  square  yard  of  surface  treated. 

"LiobtOilTrhatment:    28  lb  of  sand  delivered  is  wagons  at  %1  per  ton  coat  f0.014; 

gal  <rf  eill.  o.  b.  tank  car  R.R.  siding,  coat  t0.02M6;  apj^Uca  cost  $0,007;  cteas- 
Ing  ooat  |0.0(S6;  and  qwaadiag  aand  coat  $0.0020;  maUnc  a  total  coat  par  aq  yd 
oC  10.05096. 

"  Hbavy  On.  TBSATifSNT:  48  lb  of  broken  stone  alongride  <rf  road,  at  $2  per  ton, 
coat  $0,048:  H  sal  of  oil  f .  o.  b.  tank  cars  R.R.  aiding,  coat  $0.0175;  spreading  gal 
of  coat  $0.0087E;  cleaning  road  cost  $0.0025;  spreading  stone,  $0.0025,  and  roUfsg 
atone,  $0,002;  mak^  a  total  coat  per  sq  yd  of  $0.08126." 

Uaasachusetts  Asfdialtic  Oil  Surface.  Dean  (16c)  states  that  "The  average  cost 
during  1910  was  a  little  leaa  than  $0.08  per  sq  yd,  and,  during  x911,  a  little  more  than 
that  price,  with  labor  ooaUng  from  $1.75  to  $2.00  per  8-hr  day,  and  aaphaltie  ml  coating 
$0.06  per  gal  dallvaiad  in  tank  am.  Tbe  detidled  eoat  im  an  aveiaga  nad  is  as  foUova: 


Cleaninc  and  swseirinc     t0.0066 

Patching  old  surtaea   0.0016 

Cost  of  oil   O.OSU 

Heatingoil   O.OOSl 

Delivering  Ml   0.0038 

Distributing  oil   0.0029 

Famishing  sand  beaide  road   0.0166 

Spreading  sand   0.007S 

Watering   0.0012 

Rolling   O.O002 

SupervMon     O.OQZS 


Total  «0.07«t 


"The  road  mentkmed  was  treated  wiib  !^  gal  of  heavy  aaphaltie  <dl  in  two  M-fa1 
applications.  The  average  hatil  was  2  mllea  for  the  oil  and  2ii  mllca  tor  the  sand. 
No  allowance  is  made  in  the  foregoing  detailed  statement  for  rental  or  depreciation 
of  machinery,  or  for  profita  to  contractor,  the  work  being  done  by  labor  force  account." 


TaUe  IT.— Coft  U  AqhaUle  OU  Traatmnita  at  Portland,  Maine,  in  lUS  <20} 


Street 

SqYd 

Cost  per 
SqYd 

Gal  per 

SqYd 

'to" 

1  874 

$0.0222 

0.23 

Broken  stone 

6  364 

0.0866 

0.61 

Brolnst  atone 

12  434  ' 

0.0196 

0.30 

Gravel 

Pine  

2  230  " 

0.0284 

0.86 

Gravel 

8  186 

0.0262 

O.SS 

Broken  stone 

W«t  

2  461 

0.0272 

0.88 

Gravel  . 

9  968 

0.0142 

0.19 

Broken  atone 

Woodfotd  

6  896 

0.0248 

0.80 

BnAenatoBa 

L.ooQle 
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Wtiiirliiiinni  Bud  uid  Oil  RotO*  Cmrtraetod  hr  tha  U»r  iUOtoA  (48}. 
"  Twenty-flv»  ud  cue-half  mDM  have  been  built  by  the  ComznlMkm  rinea  1905.  The 
nufaoe  of  tbeee  roade  has  cost  from  21  to  S8  enta  per  aq  yd,  the  ataraca  coat  heinc 
26  oenta  per  sq  yd.  For  a  road  18  ft  wide  thia  would  be  9S7B0  a  mile,  to  wtaldi  ihould 
be  mddad  the  cost  of  cntdinc.  culverts,  etc" 

^  Tlig  coat  of  atufaoe  tarring  wiea  from  1.26  centa  per  aq  yd  for  emde  tar 
obtidiiad  loeally  in  eonntry  dlatrleta,  wbwe  wagee  are  low.  to  8  aad  4  centa  ed>ere  dla- 
tfUed  tar  im  uied  aad  prioes  genermlly  ere  higher.  The  averege  coat  of  eonBtructing 
2  308  000  sq  yd  of  tar  surface  in  Birmingham  in  1S17  was  2  centi  per  aq  yd. 

Fnsca.   ^Rie  avwage  coet  trf  tar  auifaee  treetmenta  in  1914  waa  2  centa  per  iq  yd. 


The  causee  of  faflure  of  tutuminouB  aurfaoes  are  numerous.  Tbey  may 
be  oonaidered  from  the  standpoint  of  the  condition  and  oharacter  of  the 
otiginal  aurfooe,  the  material  used,  the  method  of  oonatnietion,  and  local 
oonditiona. 

Condition  of  Surface.  The  failure  of  biiuminoua  Burfacea  from  the 
standiwint  of  the  character  of  the  ori^al  surface  is  many  timea  due  to 
failure  on  the  part  of  those  iu  charge  to  place  the  surface  in  satisfactory 
condition  before  the  application  of  the  bituminous  material.  Many  caaes 
are  noted  where  bituminous  materiala  are  applied  over  a  surface  in  which 
are  found  many  pot-holes  and  ruts,  or  which  ia  dirty,  due  either  to  accumu- 
lated dust  and  dirt  or  to  the  original  metitod  of  conatruction.  In  many 
caaea  a  damp  condition  of  the  surface  or  subsurface  baa  reeulted  in  failure. 

Effect  of  Subsurface  Uolature  on  Blttunisoua  StirficeB.  Adler  (14b)  and  (14e) 
etatee  that  "  All  bituminous  luterisla  will  deteriorate  to  tome  degree  on  mpcmm  to 
the  air  and  weather.  Well-drained  mai-ndaTn  road  cruato  having  a  complete  bltumi- 
ooua  aeal,  have  been  found  to  contain  a  very  appreciable  amount  of  moiBture  during  the 
early  spring,  drawn  undoubtedly  from  the  subgrade  and  adjacent  earth  thoulden. 
This  moiatura  in  the  body  of  the  road,  under  freezing  temperature,  does  mcne  damage 
to  Utundnoua  aurface  filma  than  any  othw  natural  agot^.  Aa  a  further  Qlustration 
of  the  importance  of  f  roat  action.  It  b  iqxirted  Uiat  in  extreme  Sonfltem  States  it  la 
possible  to  Tfntn^y*"  Utumlnoua  treated  gravel  roads  as  a  pemuuMnt  form  irf  con- 
struction, in  so  far  of  course  as  this  type  can  be  called  permanent;  wUle  In  certain  New 
England  Statea,  with  careful  attention  to  drainage.  It  is  found  impoadble  to  hold  the 
impwloua  Utnroinoua  eurfaoe  mi  gravel  roada  subjected  to  the  heaving  and  ecMue- 
qtwDt  aettUng  of  the  ai^ng  braak-up. 

"The  aetioa  of  water  beneath  the  nufaca  treatment  ia  perhapa  even  more  deatmctlvo 
than  when  above  the  surface.  Even  a  well-drained  macadam  road,  ccmtauUng  the 
Bdnimum  amount  of  screeaings  and  fine  material  in  its  body,  and  with  an  unbroken 
bituroinous  seal  on  its  surface,  will  show  mc^tura  in  the  road  oust  drawn  up  thru  the 
capiUary  qwces,  during  the  winter  or  at  the  end  of  any  protracted  wet  spell.  A  good, 
live  film  of  bitumen  clinging  to  the  surface  of  the  dght^  locked  atonee  will  withstand 
the  action  of  this  water  providing  the  road  itself  remains  aolid.  If,  however,  the  film  of 
bitumen  is  lying  on  even  a  thin  mat  of  stone  screenings  instead  of  bong  attached  directly 
to  solid  atone,  and  if  the  situation  Is  further  complicated  by  poor  dr^nage  conditions 
OB  the  road.  It  will  be  found  almost  Invariably  that  moiiture  will  arise  thru  the  body 
of  the  road  and  he  held  blotter-like,  by  the  fine  acreenings,  which  In  cold  weather  will 
frecse,  aapand,  and  lift  the  Utumitioua  flhn  from  the  rrad  aurfaoe.  This  results  in  a 
breaking  of  the  seal,  and  tnquen^  in  the  complete  destruction  of  tiie  noCua  tnat- 

DWUt." 

Bituminous  Material.  From  the  standpoint  of  the  phy«cal  and  chemical 
properties  of  the  material,  many  instances  may  be  cited  in  which  failure 
is  due  to  materials  not  having  the  proper  characteristics  for  the  conditions 
under  which  they  are  employed,    The  large  percentage  of  volatile  con- 
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Htituenta  oontaioed  in  certain  uphaltitfoib  haa  xendered  surfaem  oonBtmcted 
with  them  unBatUf»ctory  because  erf  the  long  period  required  for  tbeee 
surfaces  to  set  up  so  that  the  bituminoua  material  will  not  track  or  the 
raipet  thus  formed  will  not  creep  and  form  waves  and  humps.  In  oertain 
cases  the  use  of  light  oils  on  tar  or  asphalt  surfaces  has  aoftened  the  oriiEiiial 
bituminous  surface  to  such  an  extent  as  to  render  the  road  or  pavsment 
unsatisfactory  for  use.      See  Art.  4. 

Construction  Methods.  From  the  standpoint  of  construction,  failures 
are  due  both  to  the  use  of  too  small  an  amount  of  the  bituminous  material 
and  to  an  excess  of  material.  Improper  application,  resulting  in  uneven 
distribution,  is  accountable  for  many  faQuree  of  tntuminous  surfaces.  A 
lack  of  sufficient  covering  of  stone  chips  or  material  of  a  similar  character 
has  rendered  the  surface  stic^  and  mushy.  An  excess  of  covering  has 
caused  the  formation  of  a  mat  of  varying  thickness. 

ITnsuitability.  There  are  numerous  instances  where  bituminoua  surfaces 
have  been  adopted  under  conditions  which  call  for  the  construction  of 
bituminous  concrete  pavements  or  even  some  type  of  block  pavements. 
A  mat  type  of  construction,  which  baa  been  employed  to  a  considerable 
extent,  has  i»oved  inefficadous  in  cases  where  tJie  amount  <rf  motor-car 
traffic  was  not  sufficient  to  iron  out  satisfactorily  the  calk  hdea  caused 
by  the  horae-drawn  vehicle  traffic.    See  Art.  3. 


Patching.  Continuous  repairing  methods  are  essential  in  order  to  keep 
the  surface  of  the  roadway  in  satisfactory  condition  and  to  reduce  the 
annual  cost  of  surface  treatments  to  a  minimum.  Methods  of  patching 
should  be  employed  which  will  prevent  the  road  metal  in  patches  from 
being  displaced  by  traffic.  For  filling  small  depressions  and  ruts  of  ^  in 
or  less  in  depth,  a  very  adhesive  quick  setting  bituminous  material  should 
be  painted  over  the  surface  and  the  depresaions  filled  with  tamped  road 
metal  which  will  pass  over  a  H-in  screen  and  is  free  from  dust.  Pot-h(des, 
and  ruts  having  a  depth  greater  than  H  in,  should  be  cut  out  with  varticsl 
sides  to  ihe  full  depth  of  the  depression  and  then  filled  with  tamped  t^tu- 
minous  concrete  (see  Sect.  16),  which  may  be  mixed  by  using  cither  heated 
road  metal  and  hot  bituminoua  cement  or  imheated  road  metal  and  bitu- 
minous cement  especially  prepared  to  set  up  quickly  after  being  mixed 
with  unheated  road  metal. 

Coamecticut  Practice  hi  Pa^Ung  Gravel  Roada  by  C.  J.  Bennett,  Highway  Com- 
miarf(»er.  "Bepain  to  roads  of  this  character  should  be  made  with  same  material 
nsetl  lor  the  niperfldal  coat  and  preferably  by  mixinK  the  material  with  the  gravel 
or  nnd  in  maldBg  patches.  In  either  type  of  hot  or  cold  treatment,  small  patches 
wUA  an  only  snperfldal  in  their  depth  can  be  treated  by  paintInK  the  deprenioDs 
^th  bitominoua  material  and  adding  screenings  or  gravel  to  cover,  but  in  deeper 
deprearions,  the  bituminous  material  should  be  mixed  with  the  aggregate  and  placed 
Id  the  patdica.  If  the  patchea  are  of  some  extent  or  depth,  the  edges  should  be  cut 
back  In  order  to  give  a  shoulder  lor  the  patching  material  to  rest  agidnat.  Great  can 
■hould  ha  taken  to  aea  that  too  inudb  bitumfaous  material  Is  not  added  to  tiuSe  patdn^ 
otherwise,  they  will  roll  or  bundi  up  above  the  average  surfaoe.  In  other  words,  the 
patches  should  be  of  the  same  con^tency  as  the  road  surface  Itaelf  and  piefraably 
left  slightly  below  the  average." 

Patching  Methods  0sed  in  MontcUir,  N.  J.  <28).  "The  patdilng  thia  year 
<1916)  is  done  with  stone  mixed  with  bitandnous  oemnt  at  a  central  point  and  de- 
livered OD  the  street  where  needed.  For  conent,  H.  G.  R.  Na  1  was  used,  obtained 
from  the  Headlqr  Good  Roada  Company,  eoatdag  6H  eeats  per  gal.  f.  o.  b.  PUladolphia 
in  tank  ears.   The  atone  used  was  trap,  H-ln  with  S-ln  added  for  deep  hotek  Fifty 
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plIoM  (rf  the  Under  mra  mixed  hand  with  7000  lb  of  trmp  (tone;  the  atcoe 
befog  spTMd  out  level,  the  bindw  poiued  cai  by  hand,  and  tbe  stonw  tbeo  turned  over 
by  ahoveL  Machine  mixing  would  pn^wbly  be  cfawper,  and  will  be  uaed  during  1916. 
In  inlying  the  at«M  thua  praparad,  tbe  1m  dwnad  of  dirt  and  Ioqn  material,  the 
prepared  atone  spread,  and  rolled.  In  some  caaea  tbe  depreerion  baa  worn  ao  huge 
that  tbe  patch  extendi  the  full  width  of  the  paved  atrip  of  the  roadway,  which  to 
generally  18  ft.  Inchiding  cost  of  material!  and  an  average  haul  of  2  mltea  to  the 
atreet,  thia  coats  about  (7  for  the  amount  above  deacribed.  Fifty-ooe  thouaand  galktM 
at  binder  were  uaed  thii  year  in  preparing  patching  material  in  thla  way.  Thia  material 
aeema  to  be  juat  about  aa  durable  aa  the  clay-bound  roaradam  which  it  la  uaed  to 
patch,  and  therefore  doea  not  either  riae  in  hum  pa  above  the  pavement  aa  the  macadam 
wewa  down,  cr  wear  more  rapidly  and  produce  holea  again." 

Britiah  ftactieo  in  PatcUng  Tex  Suifacea  (49).  "To  take  out  pot^holea,  nita, 
and  rimilar  irregularitlea  in  the  aorface,  peck  round  them  and  remove  the  worn  granite 
and  other  material  to  a  dq>th  of  IH  to  2  in  to  secure  an  ample  key  and  body  to  the 
patdi;  carefully  bmah  the  bdia  ow  with  hot  tar  and  fill  In  with  praviotuly  tamd 
IX  to  a-bi  graded  matvfad,  naing  the  greateat  care  to  ram  aoUd.  The  patch  ahould 
be  ao  fbddied  that  it  la  not  more  than  ^  in  higher  than  the  adjacent  aurtaoe  of  the 
road,  to  allow  for  ehrinkage  and  further  consoUdatioii  under  traffic  If  thia  coune 
la  carefully  followed  the  patch  quickly  beoomea  level  with  the  aurroundlng  aurfaoa. 
if  a  patch  ia  flniahed  ao  that  It  aeta  above  tiie  aurrounding  levd  the  fact  that  it  ia 
bardar  than  the  road  itaeU  caoaea  tratte  to  bump  upon  It  both  ways;  axoeadv*  wear 
takaa  place  on  both  aidca  aa  a  oaoaeqaanca;  other  ho  lee  form  around  it,  and  the  rand 
becomea  so  bumpy  aa  to  be  ahnoat  unrideable.  If  the  patch  is  i*^"*™*  below  the 
surrounding  level,  traffic  quickly  wears  down  the  edgee  of  the  road  around  Itt  the 
tar  painting  brealca  away  and  aBowa  Um  penetration  (d  water." 

KattMtments.  The  life  of  a  bituminous  surface  uid  its  economical 
use  depend  primarily  upon  traffic  conditions,  the  method  of  ocmstiuotion, 
and  the  nature  of  the  bituminous  material  used.  With  the  heavier  grades 
of  Utuminous  materials  adaptable  for  this  vork,  if  the  road  is  subjected 
to  a  normal  traffic  for  which  the  method  and  material  are  economicid 
and  suitable,  retreatment  is  necessary  every  1  or  2  years.  Under  traffic 
conditions  demanding  some  other  type  of  construction,  it  may  be  necessary 
to  retreat  the  road  twice  each  year,  as  is  done  in  the  case  of  the  Avenue 
du  Bois  de  Boulogne  in  Paris.  A  retrei^ment  can  generally  be  accomplished 
by  luins  a  smaller  amount  of  bituminous  material  than  was  used  in  tbe 
first  treatment  (see  Art.  9,  Tablb  II).  The  same  care  should  be  taken  in 
preparing  the  road  surface  aa  is  used  in  the  original  treatoieut.  It  is  es- 
sential, in  the  case  of  blankets  that  bare  spots  should  be  painted  first  and 
then  the  entire  surface  covered  with  as  light  an  application  as  practicable. 
If  an  amount,  sufficient  for  the  formation  of  the  blanket  over  tbe  bore  spots, 
is  applied  for  the  entire  surface,  an  excess  of  bituminous  material  will  exist 
over  much  of  the  roadway  and  the  usual  result  will  be  the  formation  of  a  soft, 
imeiwn,  mobile  mat,  which  will  soon  be  displaced  by  heavy  weight  teaffic. 

PMIadelpbia  Practice  in  Retreatment  of  Tar  and  Cut-Back  Aaphah  Snrfacea.  See 
Art.  9  for  amounts  of  materiala  used  and  coata  per  square  yard. 

MaaoachnaettB  Practice  in  Retreatment  of  Tar  and  Aapbaltie  Oil  Blankets  (SOc). 
"For  the  first  treatment  is  used  about  gal  of  oil,  with  a  viscosity  of  between  40 
and  50  sec,  Lawrence  viscoatmeter,  at  100°  C  (212°  F),  followed  in  the  second  s^taon 
with  about  H  gal  of  oil  with  a  vtacodty  of  about  100  sec,  and  the  third  aeaaon  from 
l4to  X  galot  similar  oi).  After  that  not  ever  H  Sol  obould  be  needed,  and  retreat- 
ment will  probably  not  be  necemary  every  year.  After  the  aecoad  or  third  year  oil 
with  a  viaooaity  up  to  SOD  aec  can  be  uaed  to  good  advantage." 

Maine  Practice  In  Retreatment  of  Tar  Sttrfacea  on  Gravel  Rooda.  Sargent  (60) 
citea  aa  aa  example  a  gravel  road  which  earriee  for  4  months  in  the  year  an  average 
tralBe  of  over  1200  vehicles  per  day  and  on  Sundays  and  holidays  a  traffic  running  from 
SOOO  to  SBOO.  Since  1916  this  road  has  baeo  maintained  by  early  patching  and  drag- 
ging. Mid  ahapinc  wlUi  graveL   This  work  baa  beoi  started  as  aoco  as  the  riow  baa 
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Mt  th«  gmmd  and  the  stufaoe  of  the  road  bagan  to  toft«D  up,  which  autUy  was  about 
tbe  mUdle  of  AprU.  Moat  of  the  mirface  treated  Eravel  bnaka  up  after  trMsins  and 
thawing  bagiu  in  the  fall.  After  the  mww  havw  la  the  sprinx  the  tar  crust  bnaka 
up  tnto  MBlaa  of  parh^w  K  to  H  1b  l>>  thidmri  and  In  aaettoiiB  having  ■  suifaea  am 
•nywhen  fnat  1  aq  ia  to  1  aq  f  t. 

"In  1916  the  Ant  retreatmant  witii  Tarvia^B  waa  made  io  June,  uatag  0^  gal  per  aq 
yd.  About  the  middle  of  August,  a  Mcond  application  waa  made,  using  0^  gal  per 
aq  yd.  In  1»16  and  1917,  abaat  Hay  SO,  or  aa  aoon  thereafter  aa  the  weather  wm 
warm  and  tha  roadway  dry,  the  ■urfaoa  waa  praparad  by  awaaplag  irith  a  hofw  awmiiif 
and  hand  braoma  to  remove  any  loom  partidea  of  dirt  or  duirt.  The  tar  waa  appHed 
at  tha  rate  of  04  gal  per  sq  yd  of  nirfaee.  The  suifaee  traatment  waa  16  ft  wide,  the 
aame  width  aa  the  gravel  Burface.  the  appUcatioD  being  made  with  automoUle  trucks 
fitted  with  qiray  bare  covering  8  ft.  The  tar  euifue  waa  coverad  with  atone  Jidag 
about  1  «u  yd  to  100  aq  yd. 

"If  thara  are  any  poeketa  of  duat  or  aolt  ptacca  in  the  gravd,  the  tar  auiface  will 
break  up,  and  auch  plaoea  have  to  be  immediately  attmded  to  by  the  patrolman. 
Patching  la  done  in  two  ways,  either  by  mixing  nnd  and  Tarvia-B  together  in  the  pro- 
portion oflgaloftartolcuftof  aand  and  putting  that  in  tite  hole  and  then  patting  it 
down  with  a  ahovel,  or,  if  the  bndcsn  plaee  ia  found  soon  enough,  the  patrolman  aimply 
givaa  ft  a  Uttle  brush  of  tar  with  aa  old  broom.  Sometimea  a  light  aprinkle  <tf  aand 
ta  thrown  over  the  tar.  The  edges  of  tha  tar  treatmant  ar»  inclined  to  crumUa  oft  as  a 
result  of  trafBe  turning  out  ever  them  and  a  goad  deal  ol  Ae  patrotanaa'a  tine  la  taka 
up  with  f^jhiwj  the  edges  with  the  adxture  ol  Tarvia-B  sad  sand. 

"Tba  eoat  of  mahttenaDee  on  the  ahova  aaetton  was  as  foUowa: 

191S  1916  1917 

Fatrtrfraan'a  wagM                                            $  209.81  $  S29.1B  f  417. 6S 

Extra  help                                                                91.28  624.67  460.69 

Material                                                          1086.99  1809.49  1260.68 


11888.08   IS868.S8  $2118.80 
Inspection   26 . 10       1S2 .  OS       176 . 00 


ToUloost   61363.18    $2446.26  |2298.80 

Cost  per  square  yard   $0 . 06S       |0 . 095       fO .  08" 

Repair  ud  Removal  of  Bitumlnoiu  Snifacea.  In  the  case  of  thin  auper- 
fldat  treatmeata  with  refined  coal  taia,  water-gas  tara  and  out-back  asphalta, 
re  treatments  may  be  employed  for  many  years,  if  the  work  ia  properly 
done  as  in  the  case  of  tba  bituminoiu  siufaoe  treatments  in  Philadriphia 
referred  to  in  Art.  10.  European  tnvctice  gives  instances  where  tar  retreat- 
ments  have  been  eucceasful  for  over  10  years.  When  carpets  of  over 
i4  in  in  thickness  are  employed,  there  is  a  marked  tendency  under  horse- 
drawn  vehicle  traffic  for  the  surface  to  be  displaced  by  the  blows  of  horses' 
hoofs,  and,  when  the  roadway  is  subject  to  heavy  weight  traffic,  waves 
and  other  irregularities  of  the  surface  soon  appear.  While  it  is  practicable 
in  some  oaaea  to  smooth  out  uneven  carpets  by  the  use  of  planers  and  other 
special  devices,  it  is  usually  impracticaUe  to  maintain  carpets,  under  the 
traffic  noted,  in  satirfactory  condition  for  more  than  1  to  fi  years.  When 
the  carpet  is  in  such  condition  that  retreatments  uid  repair  methods  are 
inefficient,  the  removal  of  the  bituminous  surface  is  the  only  economic^ 
solution.  This  may  be  accomplished  by  scarifying  or  by  the  use  of  picks 
and  shovels. 

Mass.  HiUtway  Coram.  Practice  in  Reconatmction  of  Bitomlnons  Snifaeea,  as  da- 
acribed  by  Fsrrington  (80c),  fa  as  follows:  "Any  water-bound  macadam  or gravd sur- 
face maintained  with  oil  or  tar  will  have  to  be  reconstructed  or  reshaped  oceasioBaUy. 
With  macadam.  If  not  to  be  reconstructed,  the  usual  custom  ia  to  break  up  the  aurface, 
remove  the  tar  or  dl  if  necessary  and  raahape.  The  roller  iridm,  or  a  scariaar,  or  both, 
are  used  for  braaUag  up,  followed  by  a  tboio  harrowing,  prefetmbly  udng  both  the 
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■tnlfbt  tooth  and  curved  wring-tooth  hurowi.  Th*  t<ama  UtatplatM  the  bnakfiif 
np  umI  the  latter  brings  the  ooereer  pwtidea  <4  roed  metal  to  the  top.  Unally  etnne 
new  stooe  le  added  and  it  may  be  neoemary  to  uae  aome  aaad  ot  other  material,  ma  the 
voida  nrast  be  filled  to  near  the  Burfaoa;  but  ordinarily  there  will  be  ndBdeat  Oat  ma- 
terial In  the  <dd  atone.  To  obtain  (ood  reaolts  there  mnat  be  no  nnd  or  other  fine 
naterbloatbami&eaaiidtheatonaoB  toprntathedMHi.  but  the  voM*  anrt  be  flUad 
BO  the  UtumlBOiia  material  will  not  paoatnte  tar  bdow  the  rarfaea.  TUm  le  niinnji. 
not  only  to  avoid  the  oee  of  an  exceaelve  auonnt  at  Utnmlnoae  matMtal  and  hmee 
inereaee  the  eoet,  bat  abo  becatae  with  the  grade  need  any  Burphn  Utaninoiia  mtiri^l 
in  the  voUa  will  eventuaUy  work  up  and  cause  the  aurface  to  rolL 

"  Abont  gal  of  oU  per  aq  yd  should  be  put  en  in  two  appttcattona  with  a  eovainc 
of  nnd  or  other  grit  after  each  application.  Before  applying  the  UtominoiB  material 
the  road  »hould  be  rolled  with  a  steam  roller,  and  much  ot  the  wnwei  ot  this  work  de- 
pends on  a  thoro  rolling.  A  final  roDtDg  after  the  bituminous  materia]  has  been  appUed 
and  covered  la  advisable. 

"The  method  wed  in  forming  oU  or  tar  Uanketi  tm  (nt«d  and  Aa  method!  tt 
mslntenanee  are  rimUar  to  thoae  for  broken  stone,  except  that  for  the  flrat  appHcatlan 
it  is  seeential  fliat  the  (ril  or  tar  used  be  Ught  enough  to  penetrate  somewhat  and  thus 
iaim  a  thoro  bond  with  the  gtaveL  In  reshaping  gravel  it  is  necessary  to  looeen  the 
eurfaee  only  enough  to  ahape  with  a  road  machine  unleaa  there  is  a  thidc  blanket  of  oil 
or  tar,  in  which  cae*  this  must  be  removed  or  thotoly  brokm  up  and  mixed  with  the 
gravel  hy  haii  owing." 

CooMeticat  Practice  in  Reconatncllon  ot  Bituminona  Carpets  on  Orarel  Roadt, 
by  C.  J.  Bennett,  Highway  CommJsalonw.  "  Reconstruction  of  roads  treated  with  a 
superficial  Utominoua  material  Is  a  aomewliat  difficult  matter.  If  much  <d  the  matmla] 
remains  upon  the  surface  of  the  road,  it  should  be  entirely  removed.  In  fact,  the 
neoemity  f<^  reconstructliHi  generally  arisee  from  the  unevtoMae  of  the  surface  due  to 
the  faet  that  loaie  of  the  Utuminoun  surface  has  been  worn  out  or  has  bunched  np  into 
rtdls  giving  the  well-known  washboard  effect.  There  are  several  methods  of  recon- 
•tmetlott,  the  moat  radial  of  which  cmsiBts  in  removing  ttie  Utuminoua  material, 
aeuityiat  and  reeuifadng  the  road.  Good  reeulta  may  sometimes  be  obtained  by 
tranting  the  rdlad  Utumlnous  carpet  with  a  light  applicatl(»i  of  ntm-asphaltlc  oU  wldch 
win  tend  to  soften  up  the  surface.  After  the  ssphaltic  oU  has  been  applied  for  a  sbMt 
length  of  time,  a  planer  or  heavy  road  drag  may  be  dragged  over  the  road  back  and 
forth  until  the  surikee  beeomea  even,  after  whldi  it  may  be  partially  covered  with  new 
Una  gravel  or  stone  cfalpa,  and  the  patching  and  maistcstance  continued  as  outlined 
above." 

Caaneeticst  Bene  or  Planar.  Ulridi  (66)  atatea  that  "The  dgaag  hone  is  «»Btrticted 
of  baavy  oak  plank  reinforced  by  metal  straps  and  >^-In  metal  cutting  edges,  which  are 
slotted  to  give  neoawsry  adjuatmenta.   The  sigzag  feature  moves  the  material  out 

from  the  h^  pcrfnts,  and  distributes  It  in  the  hollows.  The  rear  blade  Is  a  solid  di»- 
tributing  blade,  and  a  hole  b  cut  in  the  side  member,  just  in  front  of  this  blade,  to  allow 
any  exceas  material  to  pass  out  to  the  side  of  the  road  and  not  pile  up  In  front  of  the 
blade.  This  bone  is  about  8  ft  wide  and  10  ft  lon|f.  Should  the  surface  prove  too 
hard  to  yield  to  this  hone,  a  modification  ttf  the  Hedley  planer  is  employed.  This 
plane  has  been  built  of  heavier  diannels,  with  an  improved  method  of  holding  the  teeth 
wMch  allows  s  quick  adjustm«it  whenever  necessary.  The  spacing  of  the  channels 
carrying  the  teeth  has  been  changed,  and  a  bole  cut  In  the  dde  channel,  just  forward  ot 
the  rear  distributing  blade,  to  allow  excess  material  to  pass  out,  as  Is  the  case  in  the 
alfMC  hate." 

Asphaltic  on  Carpets  Smoothed  with  Scarifier  and  Scraper  In  Riverside,  CaL 
(29).  "EzpwlaientB  were  made  with  tiarrows,  or  toothed  acarifleia,  but  altho  they 
gave  a  measure  of  sueoees  the  teeth  were  found  to  wear  exceerively  and  did  not  permit 
of  a  snfBdently  flexlbte  controL  Further  experiment  applying  the  rotary  disk  idea 
met  with  greater  success,  and  for  several  years  now  scarifiers  have  been  In  service 
with  which  roogfaened  pavementa  have  been  dfeetlvely  restored  to  a  high  degree  of 
amooth— i,  Tha  dUa  are  IB  in  In  djaneter  and  ate  Mpmi.  1  In  apart  by  cast-iron 
apnadefs.  The  asts  are  so  adjusted  that  the  outer  disk  on  each  set  is  oSsst  I  in  from 
tha  trade  <rf  the  near  disk  on  the  praeedlng  aat.  The  axlea  of  the  dUc  seta  are  not 
qntta  panlM  to  the  main  aidea  at  the  MuUsr,  as  tt  has  bean  toond  that  a  aUi^t  In- 
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dbuiUoo  M»  in  turning  th*  looMaed  mattvia]  out  ct  tb*  cuU.  Thb  incHiiKUoa  is 
usually  Mich  that  with  80  diaka  all  ipMad  1  In  apart  tha  actual  effeetivo  cattinc  width 
b  28  in.  Thla  iaclinatltm  b  kept  cdnatant  for  all  diak  aeta  and  can  be  ebanced  by 
•djuatiBC  a  ptit  of  bolta  on  the  frama.  The  entir*  net  of  diaks  ia  sUftad  ri^t  or  Mt. 
liftad  or  depirawcd,  by  hand  wheels  oo  the  operator's  platform. 

"The  method  la  to  looaeo  the  surteea  of  the  hlfh  spota  with  the  aearlfler  and  follow 
with  a  road  grader,  which  cleanly  senqNB  off  the  looaoied  material  and  leaves  it  in 
eoBvmlent  shape  to  be  gathered  and  hauled  to  the  yard.  These  scrapUigs  are  kept 
free  from  forsign  tnataiU  by  aweeping  the  pavemeat  with  a  rotary  brurii  jtvt  before 
scarifying  it.  After  having  cut  the  surface  down  to  grade,  the  depresdona  are  swept 
by  band,  painted  with  heavy  base  crude  petroleum  and  the  requirite  amount  of  the 
loose  material  or  scrapings  is  filled  ia  and  tamped.  Depresdona  so  filled  have  given 
satisfactory  aervice  for  B  years.  It  Is  not,  bowaw,  inteadad  to  use  this  method  when 
actual  patddng  oS  the  anrfaca  la  raquirad;  only  deprosrinaa  Icsa  thaa  1  In  ia  depth 
are  treated  Id  this  way. 

"Scarifying  and  acra|dng  are  done  only  In  the  aftemocaiB  during  warm  weath». 
The  Bcraplngs  after  being  delivered  in  a  winrow  along  the  gutter  by  the  road  grader, 
are  left  until  the  following  morning,  whm  they  can  be  handled  more  conveniently  than 
wh«i  the  tmperatun  is  Ugh.  The  umal  road  erew  on  thia  work  conalsta  at  2  4-hMae 
aeariflen  aad  1  road  grader,  each  with  I  driver  and  I  cqieratar.  Where  the  surteoe  is 
rough,  iwogrgsB  Is  at  the  rate  of  about  M  mile  of  60-ft  atraat  par  day;  but  up  to  1  mile 
per  iuy  has  bean  made  whan  th«  roughming  had  devrioped  to  a  leaer  degraa." 
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GENERAL  DATA 
1.   Description  and  Definitions 

Definition.  A  Bituminous  Macadau  Pavbicbnt  is  one  having  a  wear- 
ing course  of  macadam  with  the  interetioea  filled  penetratioD  methods 
with  a  bituminous  binder.  Adopted  in  1916  by  Uie  Bpee.  Com.  Mat. 
Road  Cons..  Am.  Soc.  C.  E. 

nstorical  Dsrslopmont  trf  th«  Pwhatloo  id  BttmBlnoM  Hacadaib.  In  Anuriei, 
prior  to  the  general  use  of  penelntltio  methods  fat  the  conotracdon  of  bituminoua 
imvemente,  the  tenn  Utuminous  macadun  mm  widely  used  to  d«Mribe  Utnnlnous 
pavemeDts  constnicted  bjr  the  nlziiif  method.  In  1902,  Fnd  J.  Warm,  la  dbeusring 
Bitutithic  psveannts,  made  the  following  statement  (S6):  "The  name  bituminoua 
macadam  may  be  conaideKd  too  nearly  deacriptivB  to  be  controlled  by  any  one  intereet 
or  to  be  a  tzade  name  but,  so  far  as  the  writer  is  aware.  It  was  coined  for  uae  In  con- 
nection with  lettos  pwtent  governing  metiioda  and  proporttuu  of  mixing  various  ilsa 
ndneral  Ingredients  with  Utumen,  for  paring  purpoaas.  and  In  noting  the  davdopmcnt 
the  writer  wiH  confine  UmseU  to  the  ezperieneesof  Warren  Brothwa  Co.,  who  emtrol 
these  patents." 

Wben  bituminoua  pavements  coDstructed  by  penetration  niethoda  were  used  In  the 
United  States,  the  term,  bituminotu  macadam,  waa  applied  to  them.  The  term  then 
bwame  indtrflnite  as  it  was  used  with  reference  to  two  types  of  bituminoua  pavements 
whieb  differed  fundameatally  In  their  methods  of  construction.  Tlie  genual  mis- 
inter^tatlMi  of  spedflcatlons,  articles  in  the  technical  preaa  and  cost  data  resahed  in  a 
reconsideration  of  deflnilitma  of  bltumfnous  pavemsnta  In  the  eonstruedon  of  whidi 
broken  fUjoe  was  uaed. 
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Thb  Am.  STANiMaraiNa  Pavino  SFwancATtow  In  1913  adoptMl  a  vadfiortioD  for 
a  ntundnow  Macadam  Pavenmit,  the  deacrlptkm  of  the  marine  coune  being  aa  fol- 
knn:  "Upon  the  foundation  shall  be  evenly  xprmd  stone,  which  aball  past  a  2>j-in 
revolving  screen  and  be  retained  upon  a  l^n  revolving  screen,  to  a  finished  depth  ol 
ZH  in.  Tliis  coiuse  shall  be  dry-rolled  with  a  road  roller  weighing  not  less  than  10  toos 
until  ttM  individual  fragments  have  keyed  together  the  turfaee,  while  ev«&  and  coa- 
tormlBg  to  the  required  crown,  being  left  open  or  porous  in  ordw  to  allow  the  penetra- 
tion Id  tbn  hot  bituminous  binder."  In  Its  Report,  the  Committee,  recommending  tlie 
■iMve  i^iecificaticms,  stated  that  "In  order  to  avoid  oonfusion  we  ask  tikat  this  type 
of  road  be  known  ss  bituminous  macadam  pavement,  and  would  suggest  that  pave- 
ments laid  by  the  mixing  method  be  referred  to  as  bitiuninou  eonerate." 

Tub  Spec  Com.  Mat.  Road  Conb.,  Am.  Soc.  C.  £.,  In  Its  19U  and  subsequent 
reports  rastricted  tha  one  of  Uturaiuoua  macadam  to  tdtumiiiaui  pavnanita  eonatiactad 
by  peaetrati<n  ntsthods. 

Thb  Ah.  Soo.  Mok.  Imp.  in  1914  ad<qited  a  spedficadon  for  a  l>itumiooua  pave- 
mmt  constructed  by  a  penetration  method,  deaignsting  It  a  Bituminous  Macadam 
FavemMit;  and  In  1916  adtqited  a  spedflcation  for  a  tdtuminous  pavemest  having  a 
wearing  course  composed  of  one  product  of  a  stone  crastting  plant  mixed  with  bitu- 
nlnoni  onunt,  derfgtuitinc  It  a  Bltuminoua  CoBcteta  FavemeBt. 

U.  S.  O.  P.  R.  Prior  to  1816  the  U.  ^  O.  P.  R.,  bi  its  pubUeadona,  used  the  phrwa, 
"bltuminoua  macadam  by  the  penetration  method,"  and,  "bitumlncua 
by  the  mixing  method."  In  1916  it  ad<^ted  tlie  terms  "bltmnlnoua  macadam"  and 
"bituminous  gravel"  to  designate  Utumlnoua  pavemmte  constructed  by  pcnatratioD 
methods  using  retqiectively  broken  stone  and  gravel  for  the  road  metal,  and  the  term 
"Utuminous  concrete"  to  deslgnata  bituminous  pavements  constructed  by  tlie  mixing 
method  in  whldi  the  mineral  aggregate  was  composed  id  broksn  rtcne,  brolcan  ahi^ 
gravel,  or  slnUar  matwial,  either  alone  or  In  comlilnatioB  with  other  non-Uttunfaicaa 
materials. 

Status  in  1917  (35).  "The  terms  'Utumlnoua  macadam'  and  'Utandnooa  con- 
crete '.are  now  gcnetally  recognised  ss  tha  proper  design stiona  for  tlie  two  genml  daans 
of  pavanenta  of  rdatively  ooame  mineral  aggregate  bound  with  Utumhwus  laateriaL 
By  the  usage  of  thoaa  moet  eooveraant  with  road-fauildbig  tanafauilaiy  the  fomar  la 
appUed  to  Utondnoua  pavements,  built  by  the  penetration  method  and  the  latter  to 
IrituminouB  pavements  built  by  the  mixing  method.  According  to  the  preeent  under- 
standing of  the  terms  in  question,  a  bituminous  pavement  built  by  the  mixing  method 
is  not  a  macadam  road  at  all,  but  a  concrete  pavement.  It  diould,  therefore,  ba 
designated  as  audi,  irfth  tha  term  'bltuminoua'  to  dlatlngnah  It  from  a  oamcBt- 
oonerate  pavonant.  It  Is  gratifying  to  note  that  the  Office  of  PubHe  Roads  has  aatn 
fit  to  conform  to  the  usage  Good  Roads  has  so  long  advocated  and  that  lias  been  so 
generally  followed  elsewhere.  There  would  seem  to  be  no  good  reason  for  uring  any 
different  nommelatuie  at  praaent  and  it  is  to  t>e  hoped  tlmt  the  example  of  tbe  Office 
of  PubUo  Roads  will  be  folk>wed  by  writers  who  stiil  cUng  to  the  oider  snd  more  dumsy 
fflnBS." 

3.   HiBtorical  Development 

ffiitory  of  Bituminona  Macadam  PaTementi  in  Franca.  Lieut.  H.  W. 
Halleok,  U.  S.  Engineer  Corpa,  atat«d  in  1840  (30a)  that  "  for  30  to  50 
years,  mineral  tar,  in  combination  with  sand  and  calcareous  matter,  has 
been  used  in  Bordeaux  and  its  vicinity  for  roads,  paTemonts,  floors  and 
the  roofing  of  houses.  It  was  first  used,  with  sand  only,  in  the  repair  of 
roads  near  Bayonno,  and  being  found  to  answer  this  purpose,  it  came 
afterward  to  bo  employed  by  builders,  in  its  combined  form,  in  preference 
even  to  slato  and  stone;  and  many  houses  at  Bordeaux  arc  now  roofed 
with  it.  Regarding  the  use  of  bitumen  on  macadam  roads,  Lieut.  Halleck 
described  the  now  so-catied  penetration  method  as  follows: 

"  'The  ami  la  first  removed  to  a  depth  of  about  S  In,  according  to  the  thickneas  to 
be  given  to  the  road  covering,  and  tbe  earth  well  ramtned;  to  make  It  atfll  man  Ann, 
am^  broken  stones,  about  I  cu  In  In  alae,  may  bo  driven  In.  A  laarer,.aboat  4  In 
tUdi  of  broken  atone  fmn  X  to  1  In  in  diamatar  Is  qmad        and  amoothad  off  ao 
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M  to  c^vs  the  surface  a  alight  eurratim.  Over  thb  fa  poored  a  vary  hot  and  liquid 
mixture,  of  coal  tar,  H  pulverized  asphaltic  atone,  of  an  inferior  quality,  and  H  fine 
■md.  A  sufficient  quantity  ahould  be  put  on  to  penetrate  all  the  crevaasM  of  the 
Btone  and  form  a  solid  mass.  After  this  has  become  cold,  a  layer  of  good  bituminous 
mastJe,  about  I  In  thick  is  applied,  and,  while  still  hot,  Is  covered  with  a  layer  of  broken 
atonea  about  IH  in  In  diameter,  placed  dose  together,  but  without  touching  and  prcased 
into  the  mastic  by  an  iron  roller.  The  tUekneH  of  this  covering  may  be  varied, 
aeeording  to  the  wear  and  tear  It  will  have  to  reslat.'  " 

Hietory  of  Bitaminous  Macadam  Pavements  in  Ba^and.  In  1820  a 
bituminous  mncadam  pavement,  constructed  with  a  tar  cement,  was  laid 
in  London.  Church  (24)  states  that  "  The  principle  of  constructing  a 
broken  stone  road,  having  a  binder  composed  of  soft  pitch  and  sand,  was 
the  subject  of  a  patent  4  years  earlier  than  the  invention  of  creoeoting 
timber  in  1838,  with  which  date  the  active  beginning  of  the  industry  of 
tar  diatiUinfc  ia  uaually  associated.  In  fact,  John  Heniy  Caaaell  aecured 
hia  patent  in  1834,  only  22  years  after  gas  was  first  made  in  London,  so 
that  instead  of  being  one  of  the  latest  developments  in  the  industry,  this 
method,  so  far  as  it  relates  to  the  use  of  coal  tar  pitch  and  sand,  is  really 
one  of  the  oldest."  In  1901,  John  A.  Brodie  constructed  the  first  section 
of  Pitchmac  on  Princes  Ave.,  Liverpool. 

Development  in  the  United  States.  The  penetration  method  of  con- 
structing bituminous  pavements  has  been  uaed  extensively  in  the  United 
States  since  1008  in  building  roads  and  residential  streets,  due  to  Its  low 
first  cost  and  the  re^ndity  with  which  it  may  be  eonatrueted  with  proper 
plant  eqttipment  and  under  favorable  climatic  conditions.  The  funda- 
mental reasons  for  the  adoption  of  bittumnous  macadam  pavements  by 
many  municipal  engineers  are  given  aa  follows  in  the  introduction  of  Hm 
1912  Rep.  of  the  Com.  Macadam  Paving  Specifications,  Asan.  Standardizing 
Paving  Specifications. 

"  Members  of  this  Committee  unanlmouaty  agree  that  water-bound  maTfulam  pave- 
mat  is  not  a  proper  psmanent  pavamant  to  Iqr,  for  the  ff^mrfng  reaeona:  (1)  Snea 
tbe  Introduction  of  tlie  automobile  thb  pavanent  will  not  withstand  automobile  traflle; 
(2)  that  Utuminona  macadam  can  be  laid  to  withstand  this  traffic  at  a  coat  equal  to 
water-bound  macadam  when  the  maintenance  b  taken  into  oonsideratloD;  (8)  that  a 
water-bouad  macadam  pavemeot  on  rcaldantial  strseta,  unices  properb^  sprinkled 
ritber  with  oil  or  water,  is  an  objectltmable  pavement  on  account  of  dust  for  the  abutting 
property  owners,  and  unless  a  great  deal  et  care  ia  taken  in  apriakllng  water,  tbe  road 
is  tajond  to  a  large  extant,  and  if  (dl  It  used  it  can  batter  be  done  by  origfaal  eaBstme- 
tkn  odng  a  pnatratkn  netbod." 


Advantages.  The  advantages  incident  to  the  construction  of  bituminous 
rarfacea  on  broken  stone  and  gravel  roads  enumerated  in  Sect.  14  are  also 
characteristic  of  bituminous  macadam  and  bituminous  gravel  pavements. 
Many  bituminous  pavements  constructed  by  penetration  methods  possess 
the  following  advantages:  Suitability  for  horse-drawn  as  well  as  moto^«ar 
travel;  freedom  from  dust  when  in  exposed  localities;  low  external  and 
intonal  wear  of  road  metal;  tow  cost  of  cleaning,  watering,  and  in  many 
caaee,  of  repairs;  imperviousncss  and  a  certain  degree  of  density  of  the 
wearing  course;  noiselessnees  and  low  traction  with  certain  types  of  bitu- 
minous materi^;  very  good  sanitary  qualities;  low  cost  of  plant  equip- 
ment for  methods  of  coostruetion  commonly  used  in  the  United  States. 

Diaadrantaces.  Among  the  disadvantasea  attendant  upon  tbe  use  of 
Utumiooua  macadam  and  gravel  pavementa  are  the  folUnving:  Increoae 
in  oost  over  bitumuKras  suifaees  on  txoinn  stom  and  gravel  mads;  slippori- 
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Qesa  when  some  trituininoui!  binders  are  used  on  certain  Kradep;  dependence 
upon  climatic  conditions  in  order  to  carry  on  construction  properly;  vari- 
ability in  results  and  lack  of  uniformity  in  composition  of  wearing  courao 
secured,  due  to  uneven  penetration  and  uneven  distribution  of  the  bitu- 
minoui  bindcff.  mad  segregation  of  tmkI  metot;  unstable  wearing  ooutbb  due 
to  lack  of  compaction  of  the  road  metaL 

Conclnaitms  of  IS.  Hifhway  Comm.  (40a).  "Ezperitmoe  Indicates  that  tittt  itm 
of  coastruction  ia  adapted  to  moderate  trafflc  roada,  that  is,  where  there  is  no  laree 
amount  of  extra  heavy  haulinf.  Where  the  traiBe  !■  composed  <A  automolules  and 
farm  loads  not  to  exceed  2  tons,  this  form  of  oonstnietton  will  prove  satisfactory,  althe 
poHdbly  not  as  durable  as  either  concrete  or  bride  Where  trafflc  naiaista  of  heavier 
loads,  wholesale  tnidcs,  heavy  coal  hauling,  and  loads  reschlng  to  fi  and  6  tons,  it  is 
believed  this  form  of  constructioB  is  not  at  all  suitable.  It  preeeoti  a  pleasinK  ap- 
pearance and  is  well  adapted  to  horse-drawn  trafllc  as  wrii  as  automobile  tialBc,  but 
requires  doee  attention  for  maintenance,  and  there  (s  some  evidence  that  during 
warm  weather  whoi  the  bitumen  ii  least  stable  there  is  a  ttodency  for  the  surface  to 
ereep  and  undulations  develop.  Bituminous  imwadsm  Is  <rf  doubtful  vahie  on  those 
sections  of  roads  so  situated  that  considerable  quantltlee  of  mud  wlU  be  tradwd  on 
them  from  adjoining  roads." 

Conclusions  Based  oa  N.  T.  State  Highway  Comm.  Practice  by  Breed  (81).  "Bi- 
tuminous macadams  in  general  are  not  wholly  satisfactory.  When  built  on  hills  it 
is  not  safe  to  Mpply  a  flush  coat;  CMisequently  the  road  is  far  from  being  watwt^wif 
whm  first  eoBstnietsd.  This  dslsct  k  remedied  by  the  baAe,  which  griads  up  the 
stone  and  forces  ft  into  the  voids,  but  the  lads  vt  imitennltv  In  the  flnlAed  reauha  of 
these  roads  has  many  times  been  discouraging.  In  Indlding  the  bituminlus 
It  is  Impoadble  to  get  full  consolidation,  and  consolidation  by  trafflc  afterwards  makes 
this  type  ridgy.  As  yet  the  tendency  of  this  type  of  pavement  to  creep  under  trafflc 
has  not  been  correeted.  Wonderful  examples  where  this  condititm  has  almoat  been 
eliminated  liave  occurred,  but  under  similar  conditions  (me  road  may  he  a  RJceen  fa 
tliis  respect  and  another  a  neaMailure.  Oftentimes  roads  built  by  the  same  coDtractor, 
under  the  iniperviaion  of  the  same  engineers,  using  the  same  care  and  inspeetloai  at 
materials,  will  stand  well  in  one  eaae,  and  in  another  loee  shape  and  diidntegrate  in  spots 
within  s  shtfft  time.  Among  the  disadvantages  of  this  type  of  conrtniction  are  that 
it  is  aSppery,  has  a  fairly  hi^  cost  of  maintenance,  «493  per  mile  (16  ft  wide)  durfaif 
1916  and  9412  during  1&17,  and  that  during  repairs  the  road  most  be  dosed  to  motor- 
ists lest  it  cover  their  cars  with  oil  and  tar.  Thaae  roada  have  the  advantage  of  being 
iliistliaB  and  easily  repaired  when  street  openings  are  made  or  wbm  deprsseiona  oeenr." 


In  Sect.  8,  Arte.  10  to  21,  inc.,  the  oharaoteriatics  and  Boitabili^  of  all 
methods  of  auiface  and  subsurface  drainage,  and  all  typea  of  foundations 

are  discussed. 

Broken  Stone  Foundationa.  Usually  bituminous  macadam  pavements 
are  constructed  on  broken  stone  foundations  nmilar  to  the  types  described 
in  Art.  10  in  connection  with  methods  of  conBtraotion  and  in  the  variouB 
specifications  contained  in  Art.  11. 

Ohio  Stat*  HW>wa7  Dept.  ftactiee  by  Sharp  (48).  "On  aeeount  of  the  greodr 
Ineressed  loads  now  (1917)  being  carried  over  Improved  roads.  It  Is  thought  best  that 
the  foundation  course  be  &  In  at  the  center  and  4  In  at  the  oubddcs.  If  a  thidcer  couiae 
than  ttiis  is  required,  it  will  be  necessary  to  lay  the  foundation  in  two  counes  since  it 
is  not  practicable  to  attempt  to  fill  a  course  o(  greater  tiildmeas  than  this.  RolUng 
should  begin  wiUi  the  outside  driver  covering  equal  parts  of  the  metal  and  shoulder. 
When  tiie  shoulders  and  aidea  of  the  metal  are  tiuffoly  rolled,  the  rolling  should  progress 
gradually  toward  the  center  from  each  side  until  the  entire  course  has  been  tboraly 
keyed  and  the  intenticea  of  the  metal  reduced  to  a  minimum  and  all  settlement  has 
ceased.  All  low  places  developed  during  the  rolling  should  be  looened,  reshaped  ^th 
suitable  material  and  again  eoneoUdated  by  rolling.  During  the  process  of  n^Ung  tme 
axpsrioMed  in  this  Idnd  of  work  can  by  careful  atttsrtlon  rearrange  the  metal  in  thesnr- 
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iftee  to  tbt  extent  of  etirainatinc  much  ol  the  umvoineM  and  wavy  rarface  oaodiUouL 
8menii>p  that  pan  a  H-i^  openinc  and  not  more  than  40%  pafldnc  a  K-in  opanlsg, 
■bould  be  applied  durins  the  finishing  procen  of  diy  roUing  In  such  an  amount  as  wlU 
eompfetely  fill  the  interaticea.  The  screeninp  should  not  under  any  dreumstanoea  be 
dumped  upon  the  surface  of  the  stone,  but  should  be  cast  thinly  iritfa  a  aiHwtding 
motion  of  the  shovel  from  pilee  at  the  roadside.  If  men  are  not  experimced  in  the 
knack  of  whii^ing  the  screening  Icon  the  end  of  the  ahovela,  during  the  process 
flOfng,  it  [a  likely  that  the  surface  wUl  be  bridged  In  places  by  the  sorsenings  and  com- 
plete fllUng  not  secured.  It  ts  very  important  that  this  be  guarded  agalnBt  and  the 
work  be  done  under  supervisloii  erf  some  one  with  an  understanding  of  the  proper 
method  of  carrylDg  on  this  part  of  the  work.  The  rolling  should  con  tin  as  while  the 
MneningB  are  being  spread  so  that  the  jarring  effect  ei  tlw  roller  irill  aid  in  settUng 
dien  to  the  bottom.  The  roller  should  pam  over  the  entire  aurbea  of  the  road  «ttw 
mA  application  of  rfrmintn  In  all  probability,  aa  the  courae  Is  bdng  compaetedt 
It  wiU  be  neeiimary  to  sweep  the  surface  with  a  rattan  or  steel  broom  tn  c^der  to 
efleet  a  uniform  distribution  of  the  screenings  and  completely  fill  all  voids.  No 
excesH  of  screenings  should  be  used  before  applying  water.  SofBdent  water  should 
be  applied  to  fauure  a  dense  surface  and  oomplet^  fUl  all  intandoas,  the  rolling 
to  continue  and  screenings  added  until  the  metal  ceases  to  sink  under  or  move  In  front 
of  the  roller." 

Cement-Concrete  Foundationt.  In  casea  where  traffic  conditiona  require 
tisid  foundationa  or  where  materials  satisfactory  for  cement-ooncrete 
be  secured  at  a  much  lower  coot  than  broken  stone,  cement-concrete  founda- 
tions have  been  used  and  have  been  found  to  be  satiefactory  and  economical. 
The  more  general  use  of  cement-ooncrete  foundations  is  advisable  on  trunk 
or  other  highways  where  traffic  la  liable  to  increase  rapidly,  both  in  amount 
and  weight.  When  it  is  neceaaaiy  to  oonstruct  a  more  durable  ^rpe  of 
wearing  course  than  bituminoiu  "'"■^ft*",  the  oement-ooncrete  foundation 
previoualy  conBtnicted  provea  a  valuable  asset  and  allows  reconstruction 
to  be  accomplished  eoonomically  provided  that  proper  foresight  was 
exercised  in  placing  the  surface  of  the  cement-concrete  foundation  at 
auch  an  elevation  as  will  permit  the  construction  of  other  forma  of  pave- 
menta  thraeon.  This  remark  apphee  particularly  to  curbed  roadways  in 
munieipalitiea. 

For  a  diseuBsion  of  the  relative  advantages  and  cost  of  using  broken 
Btone  and  cement-concrete  foundations  see  Art.  10,  MiriHOD  E  and  (22). 

Concfaukma  of  Third  Int  Road  Cong.,  London,  ItU  (52).  "Cooflrmlng  the  con* 
dusloBs  adopted  in  1910  by  the  Second  Congress,  which  called  attention  to  the  ad- 
VBBtagai  ot  a  dry  foundatloa  and  a  sound  subaoil,  the  Congrces  aspedally  insista 
opon  the  grant  hnportaace  of  eOkient  foundationa  in  the  case  of  road  ousts  bound  «ritt 
Utnminoua  binders  tar  the  following  reasons: 

1.  The  road  cnist  bsing  aipsnivB,  it  Is  Important  to  ^ve  it  a  baas  whldi  wDl  in- 
erense  its  life. 

2.  Aa  the  wdght,  speed  and  intensity  of  the  traffic  continually  tend  to  Increase  on 
roads  considered  wM-diy  of  such  a  crust,  It  Is  best  to  provide  a  foundation  which  has 
been  so  constructed  as  to  secure  for  the  crust  the  best  posrible  c^mdldoos  of  rcelstance 
to  wear. 

CoDcbHleas  of  Spec  Com.  Hat  Koad  Cons..  Am.  Soc  C.  S.  (I6e).  "The  uae 
tt  nay  ftmn  of  a  Utimdaoua  pavement  or  bituminous  surface  doa  not  preclude  the 
nsessrity  for  the  eonstruction  of  a  well-drained,  thoroly  compacted,  and  adequate 
foundation,  tn  fact,  such  Improvement  of  the  highway  frequently  attracts  hMvter 
traffic,  and  thus  Increases  the  stresses  on  the  subgrade." 

CocciusiooB  of  m.  Highway  Comm.  (40a).  "The  results  of  the  experience  so  far 
griaed  seem  to  show  the  neoeerity  In  this  form  of  eonatntetitm  for  as  suble  a  fomida- 
tion  eoume  as  possible,  and  that  probably  the  best  method  would  be  to  lay  the  first 
course  of  the  road  aa  water-bound  macadam,  applying  the  Utumiaooa  top  about  8  In 
thick  the  following  season  when  the  foundatian  course  bad  become  thoroly  well 
eompacted." 
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Sect.  15 


MATERIALS 


5.   Non-Bituminous  MaterUs 


Pliyuical  Qualities.  In  selectinK  and  specifying  rock  and  slag  to  be 
used  in  the  construction  of  bituminous  macadam  pavements,  toughnees, 
resistance  to  abrasion,  shape,  and  character  and  cleanliness  of  surface 
should  be  carefully  considered. 

TouoHKBBS  AND  Rebistancb  TO  ABRASION.  See  Seot.  11,  Arts.4aDd5. 
The  weight  to  be  given  to  these  properties  depends  primarily  upon 
the  traffic  to  which  the  pavement  will  be  subjected  and  the  details  (rf 
the  method  of  construction  adopted.  For  example,  for  many  highways 
serving  as  feeders  to  state  trunk  routes,  a  rock  having  a  toughnesa  of  not 
less  than  6  and  an  abrasion  loss  of  not  more  than  6%  would  prove  economical 
and  satisfactory;  but  if  used  on  state  trunk  highways  subjected  to  horse- 
drawn  or  motor-trucks,  rock  having  a  toughness  of  not  less  than  13  and  an 
abrasion  loss  of  not  more  than  3.5%  should  be  employed.  In  cases  wbere 
rock  with  suitable  toughness  and  wearing  quality  is  not  locally  available, 
satisfactory  results  may  be  obtained  by  importing  the  broken  stone  for 
the  surface  of  the  pavement  and  using  local  rock  for  the  lower  part  of  the 
crust. 

Sbaps.  In  order  that  road  metal  should  interlock  during  compaction 
and  thus  provide  a  stable  wearing  course,  a  proper  angularity  ia  an  im- 
portant prerequisite.  The  provision,  often  found  in  specifications,  that 
broken  stone  should  be  cubical  in  shape  ia  intended  to  cover  this  desirable 
quality  of  road  metal.  Cubes  of  rook  or  slag  are  not  obtainable  in  practice, 
but  the  road  metal  meeting  such  a  specification  should  not  contain  over 
5%  of  particles  having  small  acute  angles,  nor  should  the  product  contain 
^vers.  Road  metal  with  long  acute  angles  and  slivers  is  liable  to  rapidly 
fracture  and  crush  under  truck  traffic. 

Chabactss  of  Surface.  Road  metal  which  has  a  rough  or  coarse 
grain  or  pitted  surface  is  preferable  to  material  with  smooth  or  glassy 
surfaces  as  the  bituminous  cement  adheres  more  satisfactorily  to  the  former 
than  to  the  latter. 

Cleanukess  is  an  essential  quality  of  road  metal  for  the  wearing 
course  of  bituminous  macadam  pavements.  Many  failures  have  occurred 
from  the  use  of  dirty  stone.  It  is  difficult  and  usually  impossitde  to  secure 
a  good  adhesion  of  the  bituminous  cement  to  road  metal  which  is  not  dean. 

The  Sizes  of  broken  stone  and  slag  used  in  bituminous  macadam  pave- 
ments vary  primarily  with  the  method  of  construction  employed  and  the 
qualities  of  toughness  and  resistance  to  wear  which  the  road  metal  possesses. 
As  explained  in  Art.  10,  covering  methods  of  conatructioQ,  and  as  illustrated 
by  specifications  contained  in  Arts.  6  and  II,  the  products  used  for  wearing 
courses  vary  from  one  ha\'ing  road  metal  passing  1  J^-in  and  retained  on 
a  y^'ia  screen  to  one  in  which  the  particles  pass  a  4H-iu  and  are  retained 
on  a  3-in  screen.  The  proper  kind  and  siie  of  material  to  be  used  as  a  filler 
wiU  depend  primarily  upon  the  product  used  for  the  body  of  the  wearing 
courses.    For  filler  used  in  different  methods,  see  Arts.  10  and  11. 

From  the  standpoint  of  physical  qualities,  a  safe  rule  is  to  increase  the 
siie  of  road  metal  as  the  toughness  decreases  or  the  loss  by  abrasion 
iocreasea. 

In  using  products,  the  particles  of  which  are  about  the  same  siie,  special 
care  must  be  taken  in  filling  the  voids  of  the  wearing  course  in  order  that 
no  rocking  of  the  stone  occurs.    With  bard,  tough  rocks  there  is  more  danger 
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of  failure  from  this  cause  than  when  rocks  or  slags  low  in  toughoesB  and 
with  a  high  loss  on  abrasion  are  used.  The  use  of  the  trap  rock  product,  the 
analysia  of  which  follows,  was  the  principal  cause  of  one  failure:  Pasaiug 
1  ^-in  screen,  37.5% ;  passing  I  K->Q  screen,  S9.5% ;  passing  I-in  screen,  and 
retained  on  H-in  Kreen,  3.0%.' 

Masiachutrtls  Practice  Relative  to  Ssm  and  Qnalltiei  at  Stone  (81).  "The  alw 
ol  ■taoe  iD  the  top  coam  Is  regarded  as  a  matter  of  vital  importance  in  the  coDstructioii 
at  a  road  by  the  penetraUon  method.  The  Maaa.  Highway  Comm.  employ*  atone 
ranging  from  1 H  to  2M  in  in  iixe.  The  large  atone,  it  has  bem  found,  binds  together 
more  firmly  than  smaller  atone  and  conaequently  ia  aubject  to  len  wear  from  the  grind- 
ing oi  one  fragment  against  another  In  the  body  of  the  pavement  due  to  the  passage 
of  vehiclce  over  the  road  surface.  Small-eized  stcme  tends  to  Iooseh  quickly  under 
tUs  grinding  action,  and  if  the  bitumlnoui  binder  loses  its  life  and  ia  not  speedily 
renewed  the  road  quickly  goes  to  plecee.  With  atone  of  large  dze  no  such  result 
may  be  expected.  It  1b  true  that  with  the  larger  stone  the  voids  are  greater  and  con,- 
aequently  a  larger  amount  of  bituminous  material  muat  be  uaed  to  fill  tbem,  the  exeeos 
b^g  generally  about  H  per  in  depth  of  top  course  for  the  large  stone  type  of 
ooosbuetlaii.  Tbtm  a  srnaU  attme  pavemttit  with  tar  as  a  binder  and  a  2-ln  top  eonrse 
would  cost  about  6  eenta  leas  a  square  yard  than  the  large  stone  type  of  pavement. 
In'^ite  of  this  slight  increase  In  ooet,  the  use  of  the  large  atone  ia  beUeved  to  be  amply 
justified.  With  small  stone  it  Is  practically  Impossible  to  secure  any  great  depth  at 
penetration  with  a  single  appUcatioo  of  bituminoua  materiaL  It  becOTies  neceaaary, 
tkenttee,  ft  small  Ae  stoo*  is  used,  to  btdtd  the  top  course  in  sevml  layers  and  andy 
the  Under  to  each,  obvieualy  a  more  oostly  procedure  than  tin  dfstrlbutfon  at  the 
binder  In  a  single  operation  aa  Is  feasible  when  large  stone  ia  used. 

"As  to  the  quality  of  the  stone  in  the  top  oourne,  this  depends  to  a  large  extent 
upon  the  character  of  the  traffic  to  be  handled.  For  very  heavy  teaming  the  Mass. 
Comm.  believea  that  the  beet  restilts  can  be  secured  with  trap  rock  and  a  high  grade 
aq>lialt.  Witb  a  tar  binder,  instead  of  aaidialt,  a  softer  grade  of  rock  fa  peradsaible, 
fw  tile  tan  detoiorate  more  quiddy  than  do  the  vqthalta.  Asphalts  are  preferred 
because  of  their  greater  csmantiag  vahw  and  thslr  higher  nalstanea  to  dlalntegratlan 
by  rarabtuie." 

DL  Highway  Comm.  ConclnsioBa  Relative  to  Sizes  and  QnaUty  of  Stone  (4Da). 
"Durable  material  In  the  bituminoua  top  should  be  used,  and  where,  under  the  condi- 
ttoaa  that  odat  in  IlUntds,  Umesbme  alone  Is  available,  the  material  used  for  Ailing  the 
Tolda  and  dresring  tiie  surfaoe  at  the  bttominous  Uym  as  they  are  apidied,  shtmld 
be  (rf  washed  gravel  and  torpedo  sand.  The  partidea  at  the  gravel  are  made  up  for  tlia 
most  part  of  dlidous  material,  which  b  the  hardest  material  available,  but  where  the 
rode  (rf  whidi  the  road  is  made  is  tough  and  hard,  then  rode  chips  could  be  substituted. 
The  siie  of  stone  in  the  Utumfnons  htyw  should  tange  from  2H  to  K  hi  where  hme- 
stoM  is  used.  When  trap  rode  or  other  equally  hard  material  k  available,  atone  should 
not  exceed  E  in  in  Ae;  die  chips  for  filling  the  stone  not  to  exceed  H  In  and  the  grit 
for  Uie  top  dreedng  not  to  exceed  }i  in,  and  all  of  the  materials  to  be  free  from  dust." 

Condnaioas  on  ^es  of  Stone  for  Pilling  Voids  by  Hubbard  (S8a).  "Immediately 
after  application  of  the  bituminous  material  a  light  layer  of  clean,  dry,  brokm  stone, 
wfaidi  will  pass  a  ^in  but  be  retained  upon  a  J^-in  screen,  should  be  evoily  apread 
over  the  road  and  at  once  rolled  Into  the  aurface  vtrida.  Frequchtly  a  larger  das  ot 
broken  stone  is  used  for  this  purpose,  that  is,  atone  as  Isrge  as  H-in  diameter.  This  la 
bad  practice  for  the  reason  that  if  the  top  coume  has  been  properly  CMistnicted  and 
niBed  the  surface  voids  are  not  sufilcientiy  large  to  accommodate  K-ln  stone.  Under 
the  action  ot  the  roller  they  mil  therefore  eitb«-  be  crushed  or  it  of  very  bard  rock 
win  project  into  the  finiahed  surface.  In  the  flrat  case  so  much  dust  Is  produced  as  to 
prevent  proper  penetraticm  and  adhedon  of  the  seal  coat  of  Utuminoua  matolal  which 
b  afterwards  applied.  In  the  second  case  the  atone  Is  of  sneh  else  as  to  be  aum  or  less 
readily  caught  and  pried  out  by  traffic,  espedally  ttorse-drawn  traflle.  On  tlie  otiwr 
hand,  if  the  atone  above  recommended  ia  used,  the  surface  vcuda  of  the  properly  com- 
pacted top  course  may  be  evenly  filled  and  a  minimum  amount  of  crushing  will  be 
produced  by  the  roller.  In  addition,  satiafaetory  surface  ccwaolidation  is  more  readily 
obtained  m  thars  are  no  waOXend  Idgh  pdnts  for  the  roller  to  pass  over  and  the  weight 
ot  the  ndler  is  thus  more  evenly  disMbated  over  the  entire  anrfkce." 
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8.  Spedflcations  for  Non-Bitumiziotis  Materials 

The  most  Batiafactory  form  of  specificatioos  covering  nsea  of  broken 
stone  is  that  recoimnended  by  Com.  D-4,  Standard  Trats  for  Road  Materials, 
Am.  Soo.  Test.  Mat.  and  the  Spec.  Com.  Mat.  Road  Cons.,  Am.  See.  C.  E. 
(see  Art  7,  Sect.  11). 

The  Form  of  Spedflcation  for  broken  stooe  for  bituminous  ""t^****",  as 
adopted  at  the  first  conference  of  State  Highway  Testing  Engineers  and 
Chemists  held  at  the  U.  S.  O.  P.  R.  in  Feb.,  1917  (53  b)  was  as  follows: 

"  General.    The  broken  stone  shsU  eonsiat  of  angular  IngBMntB  of  (inaert  typaa  et 
allowable),  of  unUorm  quality  thruout,  free  (roia  thin  or  elongated  plecs,  soft  or 
dldnteKTated  atone,  dirt,  or  other  objectionable  matttf  oecurrinK  dther  free  or  ae  a 
eoatinE  on  the  atone. 
"  Pbraical  Properties.   The  stone  shall  meet  the  following  requlremnts: 

Perc^t  of  wear  not  more  than  

(or  French  eoelBclent)  not  leaa  than  

^Toughness  not  lent  than  

•Hardneaa  not  lass  than  

*Ab«orption  not  more  than  

**  Chips  or  No.  , . .  Stone.  That  portion  of^tba  produ^  of  the  enisber  which,  when 
tested  by  means  of  laboratory  acreena,  irill  meet  the  following  raquliementa: 

Paaslng  Inch  screen  100%, 

Totel  f   hich  screen  %  to  %. 

Retained  on  Indi  screen   100% . 

"  Top  Conrse  or  Ifo.  . . .  Stone.  That  portion  of  the  product  <^  tlie  miaber  whldi. 
when  tested  by  meana  of  laboratory  screens,  wlD  meet  tha  following  requirements: 

PaasinK  inch  acreoi  100%. 

Total  paasinK  inch  screen  %  to  %. 

Retained  on  Inch  screen  100%, 

*'  Bottom  Conrse  or  Ho.  ,  .  .  Stone.  That  portion  of  the  product  of  the  cruaher  which, 
when  tested  by  means  of  laboratory  screens,  will  meet  the  foUowing  requirement: 

Passhig  inch  acreen  100%. 

Total  passhig   .inch  screen  %to  %. 

Retained  on  inch  screen  100%." 

Am.  Soc.  Mun,  Imp.  1917  Speciflcationa  for  Broken  Stone  are  as  followa: 
"  Qnslity  of  Broken  Stone.   All  broken  atone  shall  be  dean,  roo^  smfaeed  and 
sharp  angled,  of  compact  texture  and  uniform  grain. 

**  Teals  for  Bnkan  Stone.  The  broken  stone  shall  be  subjected  to  abrasion  terta 
and  tiiinliiinss  tarts  cmiducted  by  the  Engineer  in  accordance  with  methods  adapted 
by  the  Am.  Soc.  Test.  Mat.,  Aug.  15, 1908.  The  broken  stone  used  for  the  constractioa 
of  the  first  and  second  coursea  shall  show  a  French  coeffldent  of  wear  of  not  less  than 
7.0  and  Its  toughness  shall  be  not  less  than  6.0.  The  brokoi  stone  used  for  the  con- 
struction of  the  third  course  and  for  tlw  first  and  second  applications  of  No.  1  bnrinn 
staMw  shall  show  a  French  coefficient  et  wear  of  not  less  than  Il.O  and  its  trniiTinies 
shall  not  be  lass  than  18.0." 

Sixes  of  Broken  Stone.  For  speciflcationa  covering  the  siaea  to  which  referenos 
is  made  in  the  spedflcatlmis  for  construction  contained  in  Art  11,  see  Art.  7,  Sect.  11. 
JJ.  S.  O.  P.  R.  1918  Spedflcationa  for  Broken  Stone  are  as  follows: 
"  General.  The  broken  stone  shall  oonmst  of  angular  fragmenU  of  rock  excluding 
schist,  shale  and  state,  of  uniform  quality  thruout,  free  from  thin  or  elongated  jtleam, 
soft  or  disintegrated  stone,  dirt  or  Other  ohJeetlaaalde  matter  occurring  either  free  or 
as  a  coating  on  the  stone. 

"  Physiail  Properties,  The  stone  ahall  meet  tha  tolloiring  requirements:  Frcndi 
coefficient  of  wear,  not  leas  than  T. 

Chips.  That  portion  of  the  product  d  tha  erusher  which,  whan  tested  by  means 
of  lalwntoiy  screens,  will  meet  tba  following  raqnlramnts: 

*Teats  reoommended  by  the  conference  which  It  may  be  ''■^'■V"  to  omit  In  soma 
instances. 
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Pwring  l-ia  tama,  not  Wm  th«n  96 

RatilDwl  OB  yi-tn  aeraea,  not  tea  thu   86 

"  CouM  StODs.  That  portion  of  the  product  o(  tlw  cniilMr  wUMi,  whan  tasted  by 
iDMiu  of  labontory  ■croetw.  will  meet  the  faUowinc  wqiihimite 

Pumnt 

PMrinf  24ik  ■eteen,  not  lew  than  96 

Totd pMfaic IM^n aoMn  ....SB  to  76 

Satataied  OB  1'4b  screen,  not  Ian  than  86 

*'  HeOods  oi  Tssthic.  Tests  ot  the  physical  properties  of  tha  rock  and  ol  the 
oIzM  of  broken  stone  products  shall  be  nuda  In  accordance  with  the  (oUoiring  mathodat 

1.  French  Coefficient  oi  Wear:  V.  S.         Agr.  BuL  847,  p.  6. 

8.          U.  S.  Dvt.  Agr.  BnL  666,  p.  32. 

''Rotea;  Th»  qiaciaGatlon  covai*  stone  to  be  iiaad  la  tha  aoDstroeUon  at  a  UtuBd- 
noua  brokni  stoos  wssring  coiuse  In  which  tlie  Utuminotis  material  fs  spiled  by  tha 
penetiati<«  method.  The  m«T<iTniTn  liae  of  2  in  spedfled  for  the  wearing  ooune  b  on 
the  basis  of  a  course  2^  to  3  in  in  tfaiekness  after  consolidation.  The  chips  should  be 
used  to  fill  the  sorface  v<dda  after  tha  first  application  of  Mtuminous  nuterial  has  bass 
made  and  also  ss  a  cover  for  the  second  application  or  seal  coat." 

Ohio  State  Highway  Dept.  Sp«dficationB  for  Road  Metal  are  aa  foBowa 
(46): 

"  Ihnsitone  tot  Vonndatloa  Coofss.   The  broken  stone  shall  be  dean,  sevad,  duiw 
ami  of  iinifitr™  Quality.   It  ahaU  not  Ihs  than        of  mlHnn  carhoaa^ 

azoapt  la  tha  caaa  ot  a  dolomltic  llmaabine,  whan  the  aiun  of  the  pwceataaa  ot  eakfana 
cnrboaate  and  nacseriam  carbonate  shall  be  not  less  than  60%.  The  atone  shall 
^ow  in  the  abrasion  teat  a  loss  of  not  mora  than  12%,  a  bctor  of  hardnns  at  not  IcH 
than  10  and  a  toughncos  of  not  lees  than  4. 

"  SUf  for  Foundation  Course.  The  eUg  shall  be  clean,  sound,  dursble  and  of  ubI-> 
form  quality  and  shall  contain  not  less  than  30%  of  silica  and  not  more  than  46%  of 
ealdnm  oxide  and  not  more  than  1.6%  o(  sulphur.  The  slag  shsll  show  In  the  abradon 
teat  a  low  of  not  more  than  12%,  a  factm'  fd  hardaaas  of  not  leaa  than  14  and  a  tongh- 
ncaa  of  not  leaa  than  6. 

"  Sandstone  for  FoundaScn  Conise.  The  aandstona  ahaU  be  dean,  sound  and  dur. 
able  and  of  uniform  quality.  Tha  atone  shall  show  In  tha  abiadan  test  a  loM  at  not 
more  than  26%  and  a  toughnsaa  at  not  Um  than  3. 

"XJawatone  for  Tearing  Couse.  The  stme  shall  be  dean,  smad,  durable,  oI 
uniform  quality  and  free  bom  thin,  flat  and  ahalay  faeces.  It  shall  entbdn  not  leas 
than  66%  of  caldum  carlKHWte,  except  In  esses  of  dolomltic  limestone,  when  tha 
■om  of  tb»  percentsge  ot  caldum  carbonate  and  magnesium  cnrbonste  shsll  be  not 
leas  than  70%.  Tha  stone  should  show  in  the  abrasion  test  a  loss  ot  not  mora  tlian 
6%,  a  tafltor  of  hardneaa  of  not  leas  than  16  and  a  toaghnea  ot  not  leaa  than  8. 

**  Bbg  lor  Wearing  Comae.  Hie  brokn  alag  ahaO  be  dean,  sound,  durabla  and  of 
onltorm  quality  and  shall  contain  not  less  thsn  82%  at  dHca  and  not  more  than  26% 
of  caldum  oxide  and  not  more  than  114%  ot  sulphur.  Slag  shall  show  in  the  abrsaloa 
tost  a  loss  of  not  more  than  10%,  a  hardneaa  (rf  not  lev  than  16  and  a  toughness  of 
not  IsH  than  6.    Slag  aggragatss  shaU         not  lass  than  76  lb  per  on  ft." 

OaUand,  Cat,  SpecUlcatloni  for  Broken  Stone  ol  the  Wearing  Coam. 
For  method  of  uae,  see  Art,  1!,  Minsoo  G. 

**  Broken  Stone  for  the  Top  Coiuse  shaU  be  sound,  hard,  tough  and  have  Irregular 
daavage.  It  shall  be  free  from  lumps  of  day,  loam,  or  other  toie^  matarUs,  and 
mbaJl  haie  dean,  fraeh  suiCaoss.  It  shall  be  of  audi  dae  that  all  win  paaa  a  acrsan 
Iwvteg  drcnlar  openfaigs  2Vi  In  In  diameter;  at  bast  90%  irill  pass  a  sersen  having 
dreular  openings  2  In  in  diameter,  and  St  least  86%  will  be  retained  on  a  acreen  having 
circular  openings  ■/<  in  in  diameter,  and  at  least  75%  shsU  be  the  run  of  the  crusher 
between  said  2-in  and  1-In  sixes.  Not  more  than  1%  may  pass  a  screen  having  Vu- 
in  dreular  opMilngs.  The  stone  shall  all  be  of  such  quality  that  It  will  not  kas  by 
ataasi<m  more  thui  28%  of  its  original  wd^t  in  the  rattiv  test. 

"  Screenings  for  the  Top  Courae  shsll  be  of  sudi  stae  that  all  will  pass  a  screen 
having  dreular  openings  >/,  In  in  diameter  and  at  least  96%  be  retained  on  a  screen 
having  >/iHn  circular  openings,  and  shall  bs  Uie  run  of  the  crushsr  between  ssld 
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rn-  ScreeningB  shall  be  broken  from  rtxJc  of  the  quali^  herein  specified  for  the 
top  course,  eicepting  that  all  screeninss  used  after  the  taat  ctUng  shall  be  from  rock 
that  ndl  loM  not  mora  than  20%  cf  Ita  origtatal  wd^t  in  the  nttin  txtt  pnacribed 
brtap-oouimhrtkm  stone. 

"  Rattler  Teat  The  aforesaid  ntOex  teats  ihall  be  oondocted  in  the  rattler  used 
for  this  purpose  in  the  laboratory  maintained  by  the  Street  Departmait  <rf  the  CStj 
of  OaUand.  Samples  for  this  test  shall  be  selected  by  ahovelinc  broken  stone  fron 
A*  atreet,  seraaDinc  aa  hefetnaftw  deaeribed,  and  rovolvinc  100  lb  cf  the  Imken  ateae 
in  the  rattler  at  •  rate  of  not  leas  than  28  nor  more  than  SO  rev  ptr  tain,  tor 
tba  base  eonrae  the  sample  shall  be  shak«i  on  two  hand  screens  having  circular  apf^ 
InfB  retpectively  4  tn  and  m  in  in  diameter  until  100  lb  Is  obtained  that  paaaea  the 
larger  so«en  and  is  ret^ned  on  the  smaller;  and  the  revolutions  of  the  rattler  shall 
eootlnae  until  it  baa  revolved  1500  timee.  For  the  top  eouraa  the  sample  shall  be 
dnkoi  on  two  hand  screens  iiaving  circular  opcnisga  nspacUvely  2  in  and  1  In  In 
diameter  until  100  lb  la  obtained  that  pamea  the  larger  screen  and  is  retained  en  the 
smaller;  and  the  revohitloiH  of  die  rattler  shall  ccntinae  mtfl  it  has  revolved  fiOOO 
timea." 

7.  Bitumlnmu  Materials 

The  Utuminous  materials  which  have  been  used  successfully  in  the 
oonstouction  of  bittuninous  pavemeuts  built  by  peuetration  methods,  in- 
clude asphalts,  refined  water-gas  tan,  refined  coal-gas  tan,  oombinationa 
of  refined  tars,  and  combinations  of  refined  tan  and  asphalts. 

Conclnsiona  on  Suitable  Bituminous  Materials  by  Hubbard  (S8a).  "The  bitumi- 
nous material  used  in  the  construction  of  a  bituminous  macadam  pavement  is  the  same 
tor  both  applicationa.  It  may  be  a  comparatively  soft  petroleum  aaiihalt.  Bund 
native  asphalt,  or  a  heavy  refined  tar.  The  function  of  a  Uton^oua  eanent  fn  the 
UtunlnouB  macadam  is  not  so  much  to  hold  the  wearing  course  up  ss  to  keep  the 
large  stone  fragments  down  under  traffic  The  keyed  stone  itself  has  sufficient  be«rii« 
quality  or  med>anleal  stability  to  carry  traffic  and  it  is  therefore  pomfble  to  tise  a 
much  softer  cement  than  for  the  same  thickness  of  fine  ^gregates  which  Isdc  inhennt 
mechanical  stsMDty.  The  oaments  most  advantsgeously  tued  are,  howsver,  moA 
neam  aoHd  comlsteBcy  then  those  which  It  Is  paafble  to  use  fai  the  erastmetion  of 
a  bituminous  carpet  alone.  In  general,  it  la  advbable  to  use  a  softer  tar  product  than 
petroleum  or  asphalt  product." 

Forms  of  Reports  for  bituminous  materials,  as  followB.  were  adopted  at 
the  fint  conference  of  State  Highway  Testing  Engtneen  uad  Chemists,  htU 
at  the  U.  S.  O.  P.      in  Feb.,  1817  (53b). 

"  Report  ca  Sample  of  Tar.   ^Sssdfleatlaa  naae  of  natofat). 

U>oratoiy  No   (Date  Reported)  191. . . . 

Trade  name  

Identification  marks  

Submitted  by  Title  Addrms  

Sampled  191. . . .    Reerfved  ,  191. . 

Sampled  from  

Quantity  represented  

Uanulactured  by  

Location  med  or  to  be  used.  

Esamlnsd  for  ,  

rasr  BBBULTS 

Goteral  characteristics  

Water  

Spedfle  gravity  28°  C  C  

Sped^  vtsGoalty  Engler  at  "C   

Float  teat  •  C  time  "  C  time  

Mdtlngptdat  "C  

SofcjWMty  la  carbon  dkulpUde  


Google 
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Peroentage 
by 
Volunw 

Percentage 

170°  C  

170°  C  to  285°  C  

286°  C  to  270"  C  

Z?©*"  C  to  800"  C  

RMidtu  

Spedflc  gravity  of  dbUlUte  26"  C  flS"  C  

Malting  point  of  roddue  "  C  

Insoluble  in  dimathyl  sulphate,  percent  of  fraction  C  to  "  C  " 

Raport  on'Sanqla  of  Asphalt  ProdncU.    (ClaaalflcatioB  name  ol  nuterlal.) 

Laboratory  No.   (Date  Rworted)  ,  191  

Trade  Name  

Idantifleatioa  marka  

Submitted  by  "Htle  Addrea  

Sampled  191....    ReodviKi  ,191.... 

Sampled  from  

Quanttty  repfewntad  

llainiraetared  by  

Loeatton  vaad  or  to  be  uaad  

Ezwdned  for  

TBBT  lUBUUn 

General  charsetralBtics    

Spedflc  gravity  26"  C/26'  C  

Flaah  point,  "  C  

Specific  viscoeity  Engler  at  "  C  

Float  teat  "  C  eec  ;   <*  C  see  

Penetration  25°  C,    100  g.  6  aeo  

Penetration  W  C,    200e,  Maee  

PflfMtraltoi  46.1° C,  SOg,  Saee  

Melting  pcdnt,  •  C  

Ductility  »C  MB...  "C  em. 

Losat  106°  C,  5  hr  

Laa>«tlS8°  C.  8hr  

Chuaeteriatlei  of  residua  

Panetmdoa  26°  C,  100  g,  6  sec  

Consktency  ot  reddue  

Float  test  "  C  aec.  ;   °  C  aec  

Total  bitumen,  saluble  in  CSi  ,  

Organic  matter  insoluble  

Inorganic  matter  insoluble  

Percent  of  total  bitumen  insoluble  in  86°  B  naphtha  

Fixed  carbon  

Reaidue  of  penetration.  

Soiicee*.  M attDfaetore,  Phyilcal  and  Chemical  Properties.  Tests,  Trani^ 
fortBti«B»  Stones  aad  laspeetion  of  KtnBiiunis  Materials.  See  Sect.  12. 

8.   Spedflcations  for  Bituminous  Materials 

Closed,  Blanket  and  Alternate  Type  Spedflcatiens  for  tdtumioous  ma- 
toiala  are  fully  disouRSed  in  Sect.  12,  Arts.  40  and  60.  In  this  article,  the 
qwdficationa  of  the  Am.  Soo.  Mun.  Imp.  well  illustrate  the  alternate  type 
^mcificatioDS.    The  Peon.  State  Highway  Dept.  specification  for  asphalt 
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oement  is  a  modification  of  a  ^i>ical  blanket  Bpecification,  aa  altcoiiate  re- 
qulrementa  for  different  kinds  of  asphalt  cement  are  given  in  the  aectioDs 
oovmng  penetration  and  solubility  in  carbon  disulphide. 

The  Form  of  Specification  for  Asphalt  Cement  for  bitiuninous  macadam 
pavements  adopted  at  the  first  conference  of  State  Highway  Engmeers  and 
Chemists  held  at  the  U.  S.  O.  P.  R.  in  Feb.,  1917  C53b),  was  as  follows: 

"OenenL  The  uphalt  cment  ihall  tm  hcnaogawous,  free  from  water,  ahaD 
not  foBin  when  heated  to  **  C  (  °  P). 

"Pbytical  and  Chemical  PiopertiM.   It  slwU  meat  tha  foUovlnc  reqntraiBHita: 

1.  Spedfic  gravity  26°/  26°  C  (77° AT*  F)  ti>_  

2.  Flashpoint.  Dotknthsa  "C  (  

«.  MddaK point  'CI  'F)!©  *V% 

or  Ductility  at  "  C  (  "  F),  not  lew  than  en,  or  cm 

to  cm. 

4.  Peoetration  at  26°  C*  (77°  F],  100  g,  5  aee,  to  

6.  LoM  at  163°  C  (326°  P).  6  hr  not  ov«  

Penetration  of  ra8idueat25°C  (77°  F),  100     6wc  notion  than.  

6.  Total  bitumen,  aolubte  in  carbon  dlsulphide,  not  len  than  %• 

a.  Organic  matter  inaohible  not  over  %. 

h.  IncHganIc  matter  inaohible  not  ovn-  or  %  to  .'.%. 

"Method  «i  Teating.  Tests  ot  the  physical  and  chemical  prcqiertiea  of  the  a^ihalt 
cemmt  ahall  be  made  in  accordance  with  the  methods  deacribvd,  or  rciened  to  on 
page  of  theee  Bpedfications,  test  Mob.  . .  >  

"Nons.  '  1.  In  some  instaacea  it  may  be  eonddeied  derirahle  to  includa  an  86°  B 
naphtha  aolnhlUly  clause,  in  which  ease  the  wording  ahonldlM:  Pmtnt  ot  total  bitu- 
men Inaolubleln  86°  B  naphtha  %  to  %. 

2.  Is  some  inatances  it  may  be  conaldered  desirable  to  htchlde  a  fixed  carbon  teat. 
In  which  caae  the  wording  should  be:    Fixed  carbon  %  to  %. 

a.  In  certain  cases  the  IncltuioD  at  all  the  teata  Bated  or  noted  may  not  be  dsdrabta^. 
but  it  is  neceeBary  to  use  certain  comUnations  (rf  the  tests  fai  order  to  seeore  a  matwisl 
suitable  for  a  spedfled  purpose." 

Am.  Soc.  Hun.  Imp.  1917  SpecificatiosB  for  Aqthalt  Cemanti  and 
Refined  Tars  for  Bituminons  Macadam  Pavements: 

"  Prerioos  Service.  The  Contractor  wtn  be  rsqidrsd  to  riiow,  to  the  sstisftietlon 
cf  the  Engineer,  that  the  Company  maanfoctarlng  the  aqihalt  eament  or  refined  tar 
be  proposes  to  use  under  a  given  spedflcatlon  has,  for  a  period  of  at  Isaat  2  yean, 
manufacturad  asphalt  cement  or  r^ned  tar  in  a  thoroly  equipped  plant,  and  that 
asphalt  cement  or  refined  tar  manufactured  of  bitununous  material  obtained  from 
a  similar  source  to  that  which  be  proposes  to  use,  ihsll  ba-re  been  In  ccmdnuous  and 
Bucceeaful  use  In  bituminoua  pavements  constructed  by  the  mixing  method  or  tn 
bituminous  macadam  pavements  for  a  period  ot  at  least  2  years  prevlons  to  the  data 
of  the  letting  in  which  his  proposal  was  submitted.  , 

"AsiAslt  Cement  A  optional  with  asphalt  cements  B,  C,  D  and  refined  tars  fi 
and  F. 

1.  Asphalt  cement  A  shall  be  honogaieouB,  free  from  wat«  and  ahall  not  fosm 
when  heated  to  177°  C  (860°  F). 

2.  It  shall  show  a  flash  pdnt  of  not  leas  than  205"  C  (400°  F)  what  tested  In  the 
New  York  State  Board  of  Health  Closed  OU  Tvber. 

3.  Its  apedfic  gravity,  at  a  temperature  of  26°  C  {IT  F),  shall  be  not  less  than  O.MO 
nor  more  than  1.000. 

4.  When  tested  with  a  standard  No.  2  needle  by  means  of  a  standard  penetrometer. 
It  shall  show  penetrations  within  the  folloiring  limits  for  the  eoadltions  stated,  ttw 
penetrations  bdng  expressed  In  hnndredths  of  a  centimeter,  100  g  load,  6  sec^  at  26"  C 
(TT  T),  from  100  to  120;  200  g  load.  1  min.  at  4°  C  (38°  F),  not  1^  thsn  50. 

*In  some  Instances  it  may  he  desirable  to  insert  a  requirement  for  penetration  at  the 
temperatures  of  0°C  (32°fO  and  46.1°  C  (115°F}  in  wHch  cases  the  dsaseswogldnad 
as  ftdlows: 

PenetrstionatO°C(32<-F),200c,60sec  to  or  not  1m  than  

Penetratton  at  46.1°  C  (IIS*  F),  SO  g,  6  sec,  to  or  not  over. . ,  , 
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S.  Its  BMld«  pdBt  M  dctomlBSd  hy  tha  aOm  nwdtod  ihaD  b*  BOt  Im  tiott  W 

C  (XWW). 

<■  When  50  g  (tf  tb«  materU  la  maintained  at  a  anifonn  tempentara  irf  168'  C 
(825°  F)  f or  B  liT  in  an  open  cylindrical  tin  diah  cm  (about  2^  in)  in  diameter, 
with  vertical  ddea  meaniTing  aiq>rozimately  8H  cm  (about  IJ^  in)  in  depth,  the  loat 
in  welgUt  diaU  not  exceed  2%  of  the  OTiginai  wright  of  the  Bample.  The  penetratltni 
cl  the  raddue,  when  tested  as  deacribed'ln  Clauae  4  with  a  atandard  No.  2  needle 
note  «  load  of  100  g,  for  S  see  at  26°  C  (77°  F)  aball  be  not  loa  than  one-half  the 
pMMtntko  of  the  original  material  twtad  under  the  aame  conditioo. 

7.  Iti  bitumen  aa  determined  by  ita  aohiUUty  fn  dmnieally  pore  caAon  diaulphlde 
at  room  t«nperatore,  aball  be  not  lees  than  99.6%. 

8.  It  ahall  be  aoluble  in  chemically  pure  carbon  tetradiloride  at  room  teniprenture, 
to  the  extent  of  not  leaa  than  99^%  of  Its  bitunten  aa  determined  by  Clauae  7. 

5.  It  diall  be  aohiUa  In  86?  to  88"  B  paiafBn  naiditha,  of  whidi  at  Iwat  86%  dWIk 
be*wMB-86°  and  65°  C  (06°  and  1490  F),  to  the  axtnt  o(  not  toaa  Utni  76%  nor  mora 
than  85%  ot  its  bitupien  as  determined  by  Clauae  7. 

10.  It  ahall  yield  not  leaa  than  8%  nor  more  than  12%  of  fixed  carbon. 
"Asphalt  .  Camatd  B  opdooal  with  asphalt  cemuts  A,  C,  D,  and  refined  tan  B 
andF. 

1.  Asphalt  cement  B  ahall  be  homogeneous,  free  from  water  and  shall  not  foam 
wheal  baatMl  to  177°  C  (360°  F). 

Z.  It  shall  show  a  flash  point  of  not  kee  than  205"  C  (400*  F)  irim  tested  In  the 
New  York  State  Board  of  Health  Cloeed  Oil  Teeter. 

8.  Ita  spedfic  gravity,  at  a  temperature  of  25°  C  (77*  F),  shall  be  not  len  than  1.000 
nor  more  ttisn  1.080. 

'  4.  When  tested  with  a  standard  No.  2  needle  by  meana  (rf  a  standard  penetrometer. 
It  ahall  show  penetiattona  withfai  the  foUoirii«  limits  for  the  condltlona  sUted,  the 
penetrations  being  aapraMid  In  fanndredtha  of  a  centlaMtar,  100  g  load,  5  sec,  at  26°  G 
(77°  F),  from  M  to  110;  80O  g  lowl,  1  uta.  at  f  C  CBS"  V),  not  Im  than  16. 

6.  Its  nteltiag  point  aa  determined  by  the  cabe  method  shall  be  not  lem  than  S0°  C 
<8«°F). 

&  WlMingof  thamatnliaiBin^tafaMdatsmilfoiBitainpsntimaf  lesoc  (825° 
F)  f or  S  hr  In  aa  open  cylindrical  tin  diah  5>j  cm  (about  2H  In)  in  diametari  with 
▼erdcal  sfdea  measuring  approximately  8K  cm  (about  IH  in)  In  depth,  the  loae  In  we^t 
ahall  not  exceed  2.0%  erf  the  original  wright  of  the  sample.  The  penetration  of  the 
residue,  when  testad  aa  described  in  Clauae  4  with  a  atandard  No.  2  needle  ilbder  a 
load  (rf  100  g  for  5  see  at  26°  C  (77°  F),  shall  be  notlcM  than  one-half  the  penetradon 
(rf  the  original  material  tested  under  the  aame  ctmditionB. 

7.  Its  bitumen,  as  determined  by  ita  solubility  In  chemically  pure  carbon  dlsulphlde 
at  room  temperature,  shall  be  not  leaa  than  99.6%. 

8.  It  ahall  be  aolubte  In  chemically  pure  carbon  tebachloride  at  room  temperature, 
to  the  extent  of  not  leai  than  99.5%  of  ita  bitumen  aa  determined  by  Clauae  7. 

9.  It  aball  be  soluble  In  86°  to  88°  B  paraffin  naphtha,  of  which  at  least  86%  diatills 
batwaen  85°  and  66°  C  (96°  and  149°  F),  to  the  extent  of  not  len  than  75%  nor  mora 
than  85%  of  ita  bitumen  aa  determined  by  Clause  7. 

10.  It  shall  yield  not  lew  than  9%  nor  mora  than  18%  at  fkad  carbon. 
"Asphalt  Cement  C  optional  with  a^hah  eamnta  A.  B,  D,  and  raflnad  tan  B  and  F. 
1.  Aq>halt  cement  C  shall  be  homagmaoini,  free  from  wat«  and  shall  not  foam 

when  heated  to  17r  C  (860°  Fi. 

C.  It  dudi  Aow  a  fiaah  pdbit  of  not  Ism  dun  tOS°  C  (400"  F)  yAm  tMtad  In  Ae 
N«w  Toric  Stat*  Board  ot  Health  aoead  Oil  TMter. 

8.  ItaqieeUegravitar,  ata  tempwatura  of  26°C  (77*  F)  shall  be  not  lev  than  1.026 
nor  mora  than  1.046. 

4.  When  tested  with  a  standard  No.  2  needle  by  means  of  a  standard  penetrometer. 
It  shall  show  penetrationa  within  the  following  Umlts  for  the  conditions  stated,  the 
panatntions  being  expreaaed  fai  bundradths  <4  a  oaitlmetM:  100  g  load,  6  sec,  at 
26°  C  (77°  F),  from  110  to  180;  200  g  load,  1  mbi,  at  4°  C  (89°  F)  not  Imb  than  80. 

5.  Its  melting  point  aa  detmnfawd  Iqr  the  eabe  method  diall  ba  not  len  than  40°  C 
(I«°  F). 

6.  Whao  to  t  at  the  malarial  b  maintnfned  at  a  imlltem  tanpgratora  of  168°  C 
F)  for  6  hr  in  an        cyUndiical  tin  dish  6HI  era  (libout      in)     diiuiMter,  with 
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vertiol  aides  meawirini  *ppfoxlm»t«ly  8>{  em  CBboutlHlB)iiidvtii.UM  h— iniw^t 
■hall  not  anead  2%  of  tha  ori^n^  wolglit  of  Um  nmple.  Tba  pvtMndon  of  the 
reridne,  wbn  tmUd  u  daacribed  In  Ckue  4  with  ft  studud  No.  Z  seedla  under  a 
load  of  100  K  for  5aec  at  26°  C  (7r*F),  ahall  be  not  1m  than  one-hall  the  paietiatioD 
of  the  original  material  teated  under  tlie  Bame  candiUooa. 

7.  Its  UtunMOi  aa  determined  by  it*  aolubility  in  chemically  pure  caihon  diaulpfalde 
at  room  tmpemture,  ohaU  be  not  Ina  than  99.6%. 

8.  It  ahall  be  aohible  in  eh«micaUy  pure  carbot  tetrachloride  at  room  terapemtnn, 
to  tba  extent  of  not  len  than  99.S%  of  ita  bitumen  aa  determned  by  Clauae  7. 

5.  It  ahall  be  wluble  in  86°  to  SS"  B  paraffin  naphtha,  of  which  at  leaat  8S%  dktiUa 
betwe«o  36°  and  66°  C  (96°  and  149°  F)  to  the  extent  of  not  kea  than  70%  nor  nam 
than  80%  (A  ita  bitumen  aa  determined  by  Clauae  7. 

10.  It  shall  yield  not  leas  than  12%  nor  more  than  17%  of  Oxed  carbon. 

"Aaphalt  Cement  D  optional  with  a«d>alt  eementa  A,  B,  C,  and  reOned  tan  E  and  F. 

1.  Asphalt  cement  D  shall  be  honwcenMMU,  fne  from  water  and  ahall  not  foam 
when  heated  to  177°  C  (860°  F}. 

2.  It  shall  show  a  flash  point  of  not  leas  than  163°  C  (826°  F)  when  tested  in  the 
Kew  York  SUte  Board  of  Health  Closed  Oil  Teeter. 

8.  ItaQ>ecUcKravity.atat«np«ratureid2fi°C(77"F)ihallbenotleaathaa  1:0SS 
nor  mora  than  1.060. 

4.  When  tested  with  a  atandard  No.  2  needle  by  means  of  «  atandard  peaetrometer. 
it  shall  show  penetrations  within  the  following  Hmila  for  the  conditioiis  stated,  tba 
penetratians  being  expressed  in  hundredths  ot  a  centimeter:  100  g  load,  6  eec,  at 
26°  C  (77°  F).  from  180  to  160;  200  g  load,  1  min  at  4°  C  (89°  F),  not  Isa  than  80. 

B.  When  teated  by  means  of  the  New  York  Teadng  Laboratory  Float  Apparatua 
the  float  ahaU  not  afaik  la  wat«  malatabied  at  66°  C  (ISOfi  F)  hi  len  than  120  see  nor 
more  than  ISO  esc 

6.  When  60  g  of  the  material  is  maintained  at  a  uniform  temperature  of  188°  C 
(826°  F)  for  6  hr  in  an  open  cylindrical  tin  dish  6H  cm  (about  Z'i  in)  in  diameter, 
with  vertical  aidee  measuring  approximately  S^j  cm  (about  IK  in)  in  depth,  the  kaa 
In  weight  diall  not  exceed  3%  of  the  orlgiiial  weight  of  the  sample.  The  penetrmtioa 
of  the  reaidue,  when  teated  as  described  in  ClaUM  4  with  a  atandard  No.  2  needle 
under  a  load  ot  100  g.  tor  5  aec  at  26°  C  (77"  F),  riiall  be  not  tea  than  oae-half  the 
penetratfon  of  tba  ori^nal  material  teated  under  the  same  cooditiaas. 

7.  Its  bitumen,  as  determined  by  ita  solubility  in  chemically  pure  carbon  diaulphlda 
at  rooai  temperature,  shall  be  not  less  than  94%  nor  more  than  98%. 

8.  It  shall  be  acduble  in  ehemically  pure  carbon  tetrachloride  at  room  temperature 
to  tte  extent  of  not  hsa  than  98.6%  of  ita  bitumen  aa  datenniacd  by  Clauae  7. 

9.  It  ahaU  bo  aohible  hi  86°  to  88°  B  paralBn  naphtha,  of  wUdi  at  hast  86%  dkUDe 
between  86°  and  66°  C  (95°  and  149°  F)  to  the  extent  of  not  lese  than  75%  nor  more 
than  86%  of  its  bitumen  as  determined  by  Clauae  7. 

10.  It  shall  yield  not  less  than  11%  nor  more  than  14%  at  fixed  carbon. 
11-  Upon  ipiitlon  it  ahall  yidd  not  less  than  1%  nor  more  than  8%  of  ash. 
**  Reflned  Xar  B  optional  with  aaphalt  cements  A,  B,  C,  D,  and  refined  tar  F. 

1.  Refined  tar  E  idiall  be  homogeneous,  free  from  water,  and  aliall  not  foam  when 
heated  to  121*  0  (^60°  F). 

2.  Ita  spedfic  grsvity  at  a  temperature  of  26°  C  (77^  F>  shall  be  not  lesa  than  1.160 
nor  more  than  1.200. 

3.  When  tested  by  means  of  the  New  York  Testing  Laboratory  Float  Appaiatm^ 
the  float  ahall  not  sink  in  water  maintained  at  60°  C  (122°  F)  hi  lesa  than  120  nor  more 
than  160  am^ 

4.  Its  Mtumen  as  determined  by  ita  solubility  in  ehanlcalty  pure  carbon  dieolphide 
at  room  temperature,  shall  be  not  less  than  96%,  and  It  shall  show  not  more  than 
0.2%  aah  upon  ignition  of  the  material  insoluble  in  carbcm  disulphide. 

6.  WIten  distilled  according  to  the  tentative  method  recommended  by  Com.  D-4, 
Am.  Soo.  TmL  Mat.  in  1911,  it  shall  yield  not  mora  than  0.6%  dlatlUate  at  a  tM^ier. 
atarak>werthaBl70°C  (888°  F);  not  more  than  12%  shall  dktUl  below  270°  C  (618*  F) 
and  not  more  than  26%  shaU  disiill  below  300°  C  (672°  F). 

6.  The  total  distillate  from  the  test  made  In  accordance  with  Clause  6  ahall  ban 
a  specific  gravity  at  a  temperature  of  26°  0  (77°  F)  of  not  lesa  than  0.980  nor  more 
than  IJSO. 
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It  Tba  meltkig  point,  as  detflnnined  la  wmter  by  the  cube  matbod,  ol  tba  fttA 
mUue  nmainiiiK  sftw  dfatiUation  to  800°  C  (672^  F)  In  ucordum  vltii  tba  test 
demaribed  In  CUuae  6,  ihaU  b«  not  mora  thui  TS"  C  (167°  F). 

"  Eflflned  Tmi  P  optional  with  Mphalt  eemwts  A,  B.  C,  D,  and  refined  tar  B. 

1.  Refined  tar  F  shall  be  bomoseneoas,  free  from  wator,  and  dull  not  iMun  when 
heated  to  121»  C  {260»  P). 

2.  Its  spedflc  gravity  at  a  t«npentuTe  of  £6'  C  (77°  F)  diaU  be  not  Itm  tiuui  1.180 
nor  more  than  UOO. 

8.  When  tested  by  meam  of  the  New  Yorfe  Teatlnc  Labontoiy  noat  Appumtus, 
the  float  shall  not  rink  fai  water  maintained  at  50"  C  (121°  F)  In  kaa  than  160  nor 
mora  than  180  sec. 

4.  Its  bttumen  as  determined  by  Urn  sotuUlity  lit  chemically  pure  carbon  diauIpMde 
at  room  tempentui*.  ihall  be  not  leas  than  80%  nor  more  than  95%,  and  It  shall 
■how  not  more  than  0.2%  aril  upon  Ipiltion  of  the  material  insohible  in  carbon 
dbulphlde. 

5.  When  distlUed  according  to  the  tentative  method  raeommeaded  by  Com.  D-4 
of  die  Am.  Soc.  TM.  UaL  in  1911.  It  riwll  yield  aot  more  than  0.6%  distillate  at  ■ 
temperatore  lower  than  170°  C  (SS8*  F);  not  more  than  10%  shall  distill  below  270°  C 
(518°  F),  and  not  more  than  20%  shall  distill  below  aOO"  G  (572°  F). 

6.  The  total  distillate  from  the  test  made  in  accordance  with  Clause  6  shaU  have 
a  specific  rravlty  at  a  tempwature  ol  26°  C  (77°  F)  fA  not  tese  than  1.020. 

7.  The  melting  point,  as  determined  in  water  by  the  cube  method,  of  the  |rftch 
residue  remaining  after  diatillatloa  to  300°  C  (572°  F)  In  accordance  wifli  the  test 
described  in  Clause  G,  shall  be  not  more  than  76°  C  (167°  F). 

Nom:  Asphalt  cemoits  can  be  manufactxired  from  Gllsonite  and  asphaltic  oil 
to  meet  epedficatioB  A;  from  Tens  and  California  asphaltic  tdls  to  meet  speciflcation 
B:  from  Mexican  asphsltic  oils  to  meet  speciflcaticHi  C;  from  aiiihaltic  material  from 
Bermudez  to  meet  specification  D.  Refined  tan  con  be  manufactured  from  watm^ges 
tar  to  meet  speeiflcatioa  £;  and  from  coal  tar  or  a  eomUnation  of  coal  tar  and  waters 
gas  tar  to  meet  spedflentlon  P. 

*'  D^Tery.  The  a^dialt  cnnent  or  refined  tar  shall  be  delivered  in  suitable  vm- 
tainers,  far  enough  In  advance  of  its  use  in  the  work  to  permit  the  neceesary  tests 
to  be  made.  Each  container  shall  be  plainly  labelled  with  the  trade  name  of  the 
asphalt  ceiiient  or  refined  tar,  name  of  manufacturer,  gross  weight  and  net  weight. 
Each  shipment  and  each  carioad  riiall  be  kept  iepaiate. 

"  Bills  of  Lading.  The  oontractor  shall  furnish  tlie  Engineer  on  or  before  the 
arrival  of  each  shipment  at  or  near  the  site  of  the  work,  bills  of  lading,  or  rarrset  copies 
thereof,  which  shall  ststa  the  trade  name  of  the  asphalt  cement  or  refined  tar,  and  the 
name  and  address  ot  the  company  manufacturing  and  suppling  It. 

"  Samples  will  be  taken  by  the  Engineer  from  each  carload  of  asphalt  conent  or 
refined  tar  when  delivered  at  the  work,  unless  satisfactory  arrangements  can  be  made 
for  sampling  t>eforB  shipment.  Such  samples  shall  be  analyxed  by  the  Engineer  to 
ssNUe  Uw  delivery  of  sn  asphalt  cement  or  refined  tar  <rf  the  qieafled  qonllty  and 
lo  determine)  for  purpose  of  payment,  the  quantity  of  bitumen. 

"  Work  Inclnded.   Under  tUs  item  the  contractor  shall  furnish  and  deliver  on  the  . 
worir  at  such  points  as  directed  an  asphalt  cement  or  refined  tar  which  conforms  with 
the  specifics tions  of  any  one  of  Ute  asphalt  cements  or  refined  tars  given  above. 

"  HeasaremsBl  and  PafnunL  The  quantity  of  Utuami  hi  the  esphalt  cement 
or  refined  tar.  to  be  paid  for  under  this  item,  riiaU  be  the  number  of  tons,  determined 
in  accordance  with  the  paragraph  headed  SAHPLn,  contained  in  the  asphalt  cement 
or  refined  tar  placed  in  the  pavement  in  accordsnce  with  the  specifications  and  require- 
ments, or  used  as  directed  for  other  puipoeea.  The  p^xentai^  of  bitumen  determined 
by  an  averafe  trf  the  analyses  of  the  seeaptaUe  samples  taken  by  the  Engineer  during 
a  i^ven  month  riull  be  used  ss  the  bssis  tor  paymsnt  for  the  asphalt  cement  or  refined 
tar  used  dtuing  that  month.  Asphalt  cement  or  refined  tar  that  is  wasted  shall  not 
be  included  in  the  measurement  under  this  item.  The  price  stipulated  in  this  item  shall 
lachide  tbe  cost  tA  furnishing,  hauling  and  delivering  the  asphalt  cement  or  refined  tar 
at  the  woric,  and  all  ntpsneas  inridantal  thereto." 

Ohio  State  Highvay  Dept.  Spedfleationi  for  A«phalt  Cement  (46)  an 
BM  foUows: 

"1.  It  rimll  be  homoisnaons  In  charaetw. 
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2.  It  ■hftll  hsTa  s  qwdfic  iravity  at  26°  C  (77°  F)  of  not  len  than  0.980. 

3.  Its  acdubility  at  air  tampermtun  is  cbunlimlb'  PVK  carbon  dinilphide  for  Jm 
following  roatcrials,  or  materials  rimilar  thervto,  Amll  be  at  least  99.G%  for  pure  btto- 
mec  products,  96%  for  Berroudei  products,  81%  for  Cuban  products  and  66%  for 
Trinidad  products. 

4.  It  ahall  contain  not  Ims  than  16%  nor  more  than  28%,  of  Utumen  inaohiUa  bi 
86°  B  parafflB  oaphtba. 

6.  The  penetradoD  for  pure  bitumen  products  shall  be  betwaen  9  and  12  mn  and 
for  fluxed  native  asphalts  batwem  12  and  16  mm  when  tested  for  6  sec  at  26°  C  (77*  F) 
with  a  No.  2  needle  weiched  with  100  (. 

6.  When  20  K  of  the  matoial  are  heated  for  6  hr  in  a  cylindrical  tin  dish  ^tpnat* 
natdy  2^  in  is  dlametw  by  ^  in  Ugh  «t  a  tempanitiDe  of  168"  C  (826°  F)  Um  km 
la  ip«i|bt  shall  not  exceed  6%.  The  penetratioa,  6  sec,  26"  C  (77"  F),  No.  t  nainiii, 
100  c  wdcht.  fd  this  raddue  ahaU  be  at  least  50%  of  the  original  penetration. 

7.  Its  fixed  carbon  shall  be  not  leea  than  8%  nor  more  than  16%. 

8.  It  shall  have  a  ductiUty  at  26''  C  (77"  F)  of  not  kaa  than  80  cm,  Dow  mold. 

9.  Of  the  total  bitumen  not  more  than  1%  by  weight  shall  be  insohible  in  dtnit 
eally  pure  carbon  tetndiloride. 

10.  The  flash  point  In  open  cup  shall  be  not  len  than  180"  C  (866°  F). 

11.  It  ahaU  be  free  from  water  and  shall  not  foam  whan  hasted  to  177"  C  (860"  F>. 

12.  All  Utuminous  material  used  In  a  givm  uuuaLiuction  ahall  be  uniform  in  duu^ 
Mter,  appearance  and  viscoeitr." 

OaUaad,  Cal.,  Specilkatioiu  for  Asplialtle  OIL  For  method  of  lue,  aee 
Art.  11,  Mribod  G. 

"  The  Oil  used  shall  be  a  natural  oil  of  an  aq>ha]tlc  baest  treated  to  remove  water 
or  sediment,  or  the  reaiduum  of  such  sn  oil  from  which  the  volatile  material  has  be« 
removed  by  disdllatlon.  It  roust  not  have  been  injured  by  overheating,  and  it  muat 
not  be  a  mixture  of  solid  aqthalt  and  l^hter  oils  or  distillatea. 

"AqlMtt.  The  oil  shall  contain  not  less  than  88  %  of  asphalt  havlnc,  at  a  temperature 
of  26"  C  (77"  F),  a  penetimtlon  of  80  District  of  Columbia  Standard.  The  amount  af 
aqihalt  In  Um  irfJ  dull  be  determined  by  besting  26  g  of  add  oO  or  residuum  In  a 
cylindrical  metal  dish  in  an  oven,  first  at  a  temperatuie  of  121"  C  (250°  F)  to  a  eon- 
stant  weight,  and  thm  at  a  temperature  of  204°  C  (400°  P)  until  it  has  reecbed  the 
proper  Goasisteney  when  the  reddue  shall  be  wel^ted.  The  metal  dish  qiedfled  In 
this  test  shall  be  between  2H  and      in  la  diametar,  and  bMwean  M  ud  1  bi  fa  dqtth. 

"Coiuistener  and  Volatill^.  When  bnra^t  iip«i  die  street,  the  oil  riiall  have  ■ 
penetration  of  not  kee  than  200  District  of  Columbia  Standard.  Hie  oU  shall  loss 
not  more  than  1>^%  (rf  volatile  matter  whra  heated,  as  above  deaeribed,  at  a  tem- 
perature of  121°  C  (260°  F)  to  a  conataot  weight.  The  residue  in  the  &th,  titer  bdng 
heated,  as  above  described,  at  a  temperature  of  121°  C  (260"  F)  to  a  constant  wdght, 
■hall  be  further  heated  at  a  temperature  of  168°  C  (326°  F)  for  6  hr.  The  penetraticD 
of  the  reaidue  after  such  heating  shall  sot  be  lem  than  100  nor  more  than  400  District 
of  Columbia  Standard. 

'^ixed  Carbon.  The  oil  shall  yield  not  lees  than  8%  nor  more  than  12%  oi  fixed 
carbon. 

"Or^nic  Impurities.  The  oil  shsD  contain  not  more  than  0.2%  of  Utuminooa 
matter  insoluble  in  carlxm  tetmchloride  at  temperatures  between  16"  and  21"  C  (60* 
and  70"  F).   It  shall  oontaln  no  tree  csiImb  aad  shall  be  fna  from  the  odor  of  tar. 

"Adheslfenesa.  The  ofl  shall  show  an  adhesive  etrengtfa  of  not  lass  than  160  see 
per  rev  when  tasted  at  a  temperatara  of  86"  C  (77"  F)  on  Uw  Osbome  Adherivn  Tnl 
Apparatus  in  the  laboratory  maintained  by  the  Street  Department  of  tbe  City  of 
Oakluid." 

British  Standard  Spedficatioa  for  Pitch,  baaed  on  spwcificatioDa  of  the 
Road  Board  of  England  and  adopted  in  1916  by  the  En^eering  Stasdarda 
Com.  of  Great  Britain  (12). 

"1.  General.  This  pitch  is suiuble  for  irfteh-grouttnc.  SeeBoadBoUdoCEnghBd 
General  Directions  tor  Pitch-Grouting,  Art  11. 

"  2.  Consistency.  The  pitch  is  obtained  of  the  required  consistency  most  cai»- 
venienUy  by  running  it  off  from  tar  stills  in  which  the  distiUatioa  of  the  tar  has  been 
■ttqiped  at  the  point  at  which  the  residual  pitch  will  giv*  a  penetration  of  7(^  or  such 


D>qiti;e<J  by 


Art.0 


Meohanioal  Ap^iaiaoeB 


ether  peaetnidaa  M  may  be  apedfied  to  laJt  dimatlc  or  loesl  condltlofia,  when  t«tsd 
ftt  tEf  C  (T7°  F)  on  a  peaetrometer.  Harder  pitefa  may  be  softened  or  cut  back,  in 
the  itill  or  ifl  a  mixer  at  tbe  tar  works,  to  the  extent  neceaaary  (or  it  to  give  this  pene- 
tratioa,  by  the  addition  of  tar  oil  <rf  the  grade  apedflad  below  in  Clauaea  7  to  10.  Where 
pitA  at  the  required  condateocar  ia  not  thua  directly  procurable.  It  may  be  prepared 
by  Mftantaig  eomnianial  aott  p4tdi,  as  ^Mcifled  bdow  In  Clauaea  4  to  6,  by  the  additioB  . 
of  tar  M  Tf^'M  bdow  In  ClaUMa  7  to  10.  In  prq;>aring  the  aoftened  jAtA  fa 
this  manntf  tbe  tar  oQ  la  added  to  the  |dtdi  In  the  mannn-  deacribed  undo-  Inatructloaa 
for  Melting  the  Fltefa  in  the  Road  Board  Genual  Directic»s  for  Surfachig  with  Pltdi' 
O routed  Macadam,  in  auch  proportlooa  that  the  naiiltut  softctted  pitch  will  give  a 
pwMtratfoB  of  TO,  or  aoch  other  penatntloai  aa  may  be  q™*'*"'  to  aidt  dbnatie  or 
local  eoodltfona.  wbao  teatad  at  £5°  C  (77°  on  a  penetromet«r,  with  «  No.  2  naedla 
weighed  to  100  g  for  6  aac 

"  >.  Prepared  Pitch  from  Tsr  DistOlariea.  Genkbal  CHARAcmisncB.  Fitch 
which  haa  been  procured  of  the  required  coudatency  directly  from  a  tar  distHleiy 
needs  only  to  be  thoroly  melted  In  the  pitch  beaters  or  twilers,  but  aa  a  precautiae 
againat  burning,  1  to  2%  of  tar  oil  may  advantageously  be  put  into  the  tKtilen  with 
tbe  pitch.  Pitch  which  has  been  procured  of  the  required  consiatency  directly  from 
a  tar  diatllieiy  ahall  not  yield  more  than  1%  of  distillate  below  270°  C  (618°  F)  on 
tUstillation  aa  described  in  Clause  6,  and  shall  contain  not  leaa  than  16%  and  not 
more  than  28%  of  free  carbon,  as  defined  below  In  Clause  6. 

"  4.  Commercial  Soft  Piteb.  The  pitch  shall  be  derived  wholly  from  tar  produced  in 
the  carbonlaation  of  coal,  except  that  it  may  contain  not  more  than  8S%  of  pltdt 
derived  tnm  tar  prodnead  fa  tbe  manufacture  of  earburetted  water-gas. 

"6.  niACnoiUTON.  On' distillation  fa  a  litre  traetionatlnc  fiaak,  a  '*h*f'*f**«» 
Oask  without  apedal  fractionating  column,  H  ^  H  AUed,  the  pitch  shall  yield  the 
proportions  by  weight  ot  diatillataB  stated  below:  tiie  tempoutures  of  distillati<n 
being  read  on  a  tfaennometer  ot  which  the  bulb  ia  oppcdte  the  side  tuba  of  the  fladc: 
Bdow  £70°  G  (6180  F),  not  more  than  1%  of  dlatillata;  betwan  STV  and  SIS"  C 
(filS"  and  EM°  F)  not  Imb  than  2%  and  not  more  than  6%  ol  dlatillata. 

"  6.  Pub  CuiaoN.  Tbe  pitdi  shall  contain  not  Use  than  18%  and  not  more  than 
91%  by  wei^t  of  free  carbon.  The  free  carbon  is  to  be  determined  by  the  weight  o( 
tbe  residue  after  complete  extraetitMi  ot  all  matter  soluble  fa  benxol  or  disnlphlde  of 
carbon.  The  extraction  la  beet  carried  out  fa  a  Sozhlet  or  similar  apparatus  by 
dfaailpbide  of  carbon  followed  by  benzol. 

"  T.  TW  Ofl.  SOUMCS  or  Tab  Oil.  The  tar  <rfl  to  be  used  is  prafoably  a  filtered 
green  or  anthracene  all.  and  shall  be  derived  wholly  from  tar  produced  in  the  earbcml- 
aation  ol  eoal  or  frmn  sndi  tar  mind  wiOi  not  mora  tlian  £5%  of  its  votame  ol  tar 
produced  fa  tbe  manufacture  of  earburetted  wate>gae. 

"8.  Sncmc  Graviiy.   The  tpaeUe  gnvity  ot  the  tar  oO  at  £0°  C  CW  P)  ahall 
Ue  between  1.065  and  1.08B. 

"fl.  FranxHi  watM  Nafbthaunb  amd  Ahthruxnm.  The  tar  tO  aftw  standing 
tar  yihrttHB^C  (68^  F)  shall  ramain  dear  and  tnm  from  aoHd  matter,  naphthakne, 
antbiacane,  etc 

"  10.  FmACTTONATioN.  The  tar  oil  shall  be  commerdally  free  from  Hght  oQs  and 
water.  On  diatinatitm  fa  a  litre  fraetionatfag  flask,  a  diatUlatioa  flaak  without  special 
baeUonatfag  column,  H  to  H  filled,  the  tar  oil  shall  yield  the  pn^portions  Iqr  wdgjit 
ol  dlatillatcH  stated  below;  the  temperatures  of  distillation  being  read  <m  a  thermometer 
of  which  the  bulb  Is  opposite  the  side  tube  ot  the  flaak:  Below  170°  C  (338°  F),  not  more 
than  1%  ot  dlstmato,  Ugbt  ofla  and  water,  if  any;  below  270°  C  (618°  F).  not 
mora  than  80%  ot  dhtillate,  middle  oils,  and  Ught  oib  and  water,  it  any;  below  880°  C 
(e£S°  P),  not  hsa  ttan  96%  cf  dIstlUate,  Iwavy  tdls,  mlddla  oQs,  and  Oi^t  eila  and 
watar,  ft  any." 


In  the  various  methods  of  ooDstruoting  the  wearing  oourae,  the  bttiH 
nnnous  matwial  is  dietributed  by  hand-pouring  applieatunu,  gravis  dia- 
tributora  and  praaaura  distributors.    For  deeoriptioDS  and  factors  governing 
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■eleotitm  of  vehicular  distributom,  see  Sect.  14,  Art.  6.  It  is  evident  tbat 
uniform  application  of  the  tntuminoufl  matoial  will  depend  upon  ihe 
auitability  and  the  careful  manipulation  of  the  method  of  disbibution 
employed.  In  using  vehicular  distributors,  one  cause  of  uneven  distri- 
bution of  the  bituminous  material  is  overlapping  of  applications.  The  um 
of  strips  ot  tar  or  wrapping  paper,  from  3  to  5  ft  in  width,  placed  at  the 
edge  of  an  application  has  prevented  sections  of  the  wearing  course  re- 
ceiving double  the  amount  of  bituminous  cement  specified. 

Pouring  cans  have  been  used  extensively,  and  in  some  cases  remnrkably 
successful  results  have  been  secured.  Their  satisfactory  use  requires  expert 
and  painstaking  supervision.  Where  the  oopstniotion  work  is  done  by  well- 
trained  labfu-  of  a  highway  department  and  under  the  direction  of  an  ex- 
perienced cttigineer,  it  is  pomible  to  effieienUy  xue  this  metWl  of  distribution; 
as  examples,  the  Pitchmac  pavements  of  Liverpool  (see  Art.  10}  and  Utumi- 
nouB  macadam  pavements  of  Alexandria,  Va.  (see  Arts.  9  and  12)  may  be 
cited.  Due  to  the  extreme  variability  in  the  experience  and  quality  of 
work  of  tabor  and  contractors,  the  hand-pouiing  method  should  not  be 
used  on  work  covered  by  the  usual  type  of  contract  (without  qualification 
requirements)  used  in  the  United  States.  The  same  comments  apply  to  the 
use  of  hand-drawn  preemire  diatributora  and  all  types  of  gravity  distributon. 

Pressure  distributon  vary  in  many  details  of  oonstnietion  and  operation. 
It  is  essential,  therefore,  in  connection  with  contract  yrosk  to  include  in 
specifications  definite  requirements  covering  the  variable  factors.  Un- 
essential details  should  not  be  included  as  competition  on  contract  work 
will  thereby  bo  curtailed.  The  specification  should,  however,  include  re- 
quirements which  will  insure  the  tise  of  machines  suitable  for  the  method 
and  the  typos  and  grades  of  bituminous  materials  employed,  the  prevention 
of  formation  of  ruts  and  the  disturbance  of  the  wearing  course,  and  ease  in 
manipulation  and  supervision.  As  an  example  of  a  good  general  specifica- 
tion, that  of  the  Am.  Soe.  Mun.  Imp.  is  cited.  Most  typos  of  pressure  dis- 
tributors which  are  drawn  1^  road  roUens  or  tractors  or  are  mounted  on 
motor  truck  chassis,  have  been  employed  bx  the  construction  of  bituminous 
nutcadam  pavements  as  well  as  for  the  construction  and  maintenance  of 
bituminous  surfaces  (see  Sect.  14,  Art.  6).  Some  machines,  howex-er,  have 
been  especially  designed  for  penetration  work;  as  for  example,  a  distributor 
having  its  bituminous  material  tank  and  distributing  apparatus  mounted 
on  a  sectional  roller,  the  pressure  being  furnished  by  an  air  compressor 
attached  to  a  steam  road  roller  or  tractor. 

Am.  Soc  Uun.  Imp.  Spsdficatiott  (or  Pnaaan  Distributor.  To  ■acura  unifonn 
distribution  and  to  provide  for  audi  details  sa  means  of  control  ot  proper  pnmm 
uid  temperatm  and  pravmtion  of  ruttiof  of  the  wearing  eourae  during  ooostnictioD, 
the  Am.  Soc  Mun.  Imp.  prescribed  in  ita  1917  spedficationa  the  following  rsquiremenlB: 
"The  preaaure  diatributor  employed  shall  be  so  designed  and  operated  aa  to  distribute 
the  bitumlnoua  materials  specified  uniformly  under  a  preaaure  of  not  leaa  than  20  lb 
nor  more  than  76  lb  per  aq  in  in  the  amount  and  between  the  limita  of  temperature 
spaeiAed.  It  shall  be  supplied  with  an  accurate  atattonary  thwmcaneter  in  the  tank 
GODtalnlng  the  bitumfnoui  material  and  with  mn  accurate  prsMura  langa  so  located, 
as  to  be  easily  observed  by  the  Enginew  while  waUdng  bedde  the  dlstrfbutor.  It 
ahall  be  ao  operated  that,  at  the  termination  of  each  run,  the  Utumfnous  material 
will  be  at  cmce  shut  off.  It  ihall  be  ao  designed  that  the  normal  width  of  appUcatiMi 
shall  be  not  leaa  than  6  ft  and  ao  that  it  vrill  be  poodble  on  dther  dde  of  the  '"■'■^piiiT 
to  apply  widths  <d  not  more  than  2  ft.  The  dbtributor  dull  be  provUed  irith  wheris 
having  tltea  eadi  of  whldi  shall  not  be  leas  than  18  In  in  wtdth,  tite  allowed  Mwiinfn 
pnasuie  p«  sq  in  el  tire  bdng  depHtdent  iq>oa  the  following  relatlaasUp  betwei  the 
lionmU  pnmm  and  the  dlamstw  oC  Oa  iriisd:  For  a  1-ft  dbnHtw  whsd,  SH  lb 
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dudl  be  the  mexlnaum  pnmun  per  Un  in  of  width  of  tire  per  wheel,  an  addltlaaal 
pnMn  <rf  20  lb  per  in  being  sUowed  tor  eadi  wldltionml  8  in  In  dfametsr." 

BfBciBnt  Method  of  0>ini  Pooling  Can*  in  Aleruutria,  Te.,  u  deecribed  by  E.  C. 
Dunn,  City  Engineer  (28).  For  detaib  of  coat  of  constnietion  in  1916,  aee  Art.  12. 
"The  etmndard  work  la  built  S  in  thifJc,  the  bue  bdng  6  in  of  locomotive  dnder  con- 
crete, end  the  top  8  in  of  brolcen  atone  end  aephelt.  The  etone  herein  celled  IK-ln 
■tone  b  tliBCnisher  product  between  IJ^  and  2>24n:  Ji-ln  stone  Is  the  sueher  product 
between  H  ud  Hi-ia;  and  attne  efaipa    the  orBsher  product  betwsBD  H  and 

"For  tiie  eonerete  a  rather  poor  ndxtore  i>  used,  sboat  liiHiS,  Am  feat  aa  Um 
concrete  is  laid,  it  la  nnlformiy  covered  with  about  50  lb  per  aq  yd  of  l>j<fn  aton^ 
and  ranuned  to  a  generally  uniform  eurface,  but  not  a  smooth  one,  the  object  iMing 
to  imbed  the  etiMie,  and  yet  leave  a  rough  flnlah.  Tlie  general  plane  of  the  rammed 
eonerete  la  8  in  below  the  flnialied  grade  irith  the  atone  projecting. 

"The  Hiet  courH  of  IJ^^n  atone  ia  hanled  over  the  ooncrata,  dumped  en  ahaat  iron 
platea,  and  aboveled  into  place  and  raked  to  the  ivproxininta  ftailahad  grade  and  anr- 
faee.  The  amonnt  ot  stone  in  tids  cooiae  amngH  220  lb  per  aq  yd.  Tboro  roIUi^ 
and  the  eliminatlan  of  aor&oe  ineqinHtiea  la  eonddend  neeManry  brfore  the  wpbnlt 
ie  poured. 

"The  tint  coat  ot  aq>halt,  from  60  to  67%  Of  ttw  total  amovnt  naed,  la  poured  into 
the  flrat  eoat  of  atone,  dlagratally  aerom  the  road  from  8-fn  qMNit  pota,  in  measured 
lengtha  calculated  to  uniformly  take  Um  contents  of  a  pot  aa  averagely  filled  at  the 
heating  kettle.  In  pouring  wider  apaeea  than  the  ordinary  the  tape  1^  is  held  for 
each  pot,  but  always  eadi  pouring  b  In  the  oppodte  directien  from  the  adjtrining  me. 
Two  men  do  the  pouring,  one  starting  at  one  ^de  of  the  road  and  the  other  itarting  at 
the  othn,  and  a  third  man,  using  a  pot  with  qiout  opening  about  S/i«  by  1  in,  fills  in 
any  place  not  covered  by  the  other  two.  Constant  cbeA  b  kept  on  the  distance. 
Effort  le  made  to  keep  the  asphalt  at  the  temperature  at  whidi  It  llowa  freriy  without 
objeedimable  spattering.  Wth  the  asphalt  In  this  condition  the  nun  pour  a  more 
uniform  width  without  lapping  or  leaving  streaks;  keep  a  more  uniform  rate  of  speed 
aeroaa  the  road,  and  a  thldcer  coating  ia  held  on  the  stone  In  the  uppw  porUui  <rf  the 
course  than  when  the  asphalt  b  at  a  higlier  temperature;  and  the  penetration  b  aulB- 
dent.  Tba  pouren  quickly  learn  the  knadc  of  walking  faster  when  starting  witti 
the  pot  full  and  slowing  up  when  It  b  emptied  so  that  the  rate  of  dstribution  is  prac- 
tically uniform. 

"Progreesively  with  the  pouring  an  average  of  50  lb  per  sq  yd  of  H-^  stone  is 
spread  as  uniformly  as  possible  tai  the  asphalt  immediately  after  it  b  poured.  Hen 
with  street  brtMMns  follow  the  etone  spreaders,  smoothing  out  the  stone  when  lumped, 
and  covering  any  omitted  qiaee  and  the  roller  keeps  up  aa  doee  aa  possible  in  order 
to  TO&  in  the  stone  while  the  asphalt  b  hot  The  rolUng  to  continued  until  the  stone 
mithf  nhaa  the  entire  surface  b  lighUy  broomed  and  then  it  ia  rolled  again.  The 
operation  b  repeated  one  or  more  times  until  the  resulting  surface  preeents  a  uni- 
formity of  smaller  stone  than  that  (uriglnally  ^read,  the  surface  voids  in  the  under- 
lying course  of  stone  apparency  filled  and  the  asphalt  surface  apparently  covered. 
Some  iudgmeut  should  be  enerdsed  according  to  the  materlat  used;  excesdva  atiA- 
iac  tending  to  produce  an  impervious  sut&ce  over  the  underlying  work.  UsnaOy  no 
brooming  b  done  after  the  last  rolling  of  tbta  coat. 

"The  seoond  coat  of  asphalt,  from  40  to  S3%  of  the  total  amount  used,  fa  poured 
Into  the  second  course  of  stone  in  the  same  manner  described  for  the  first  coat,  except 
that  the  distance  diag4»al  measured  bUid  out  across  the  road  for  one  half  a  pot  and  in 
a  (Bnetfasi  to  ctoss  the  pouring  lines  of  the  first  coat,  and  the  poorera  cross  the  road 
and  ratnm  In  pouring  the  full  pot,  and  both  poorers  start  from  the  same  ride. 

"Tbm  finished  coat  of  cUpe,  averaging  SO  lb  per  sq  yd,  b  spread,  rolled,  broosoed 
and  terolled  as  deacribed  for  the  second  course  of  st^Mie.  The  completed  road  ta  flit- 
ished  H  In  higher  than  grade  and  the  ultimately  compreesed  surface. 

"Tb»  general  results  (of  the  1916  and  1916  work)  have  been  good  to  the  preeent 
tinw  (1917).  No  raveb,  ruts  or  waves  have  developed  and  no  bleeding  suiQcient  to 
require  sanding,  and  nothing  has  been  spent  for  repairs  on  any  section  in  which  asphalt 
was  used.  The  eurface  texture  has  become  smoother  each  year  and  only  a  minimum 
ol  bugs  stme  show  on  the  oldest  sections.  However,  bi  comparison  with  the  higher 
class  pavements,  the  roads  fall  short  of  perfect  conformity  to  grade  and  section.  The 
sHght  InaqnaUtiaa  seem  hard  to  overcome  with  any  JustUabb  expense,  and  are  prob- 
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ably  due  to  OM  or  m  eombiintion  of  the  following:  The  MperatloD  of  the  lufar  from 
the  amaUM-  rtma  In  Um  flrat  oouim;  the  uDyielding  concreta  ban  with  Um  smal 
avaikble  roU«r  vaai;  sad  tamlBdant  em  ftt  tintai  In  pladnc  and  ipraMUng  the 
■tofM.  An  objeedonal  fenton  !■  that  umally  the  work  doea  not  amooth  oat  until 
tto  aammw  after  tba  irork  la  laid.  In  the  Interbn  than  an  tha  anianDt  bmbkI^, 
and  the  tamptatlaD  to  ivply  a  auif aea  traatntoit,  but  a>  yat  this  has  oot  bwa  dona  on 
moj  aaphalt  work. 

"It  haa  baan  found  that  can  for  tba  ftdlowlng  pointa  tend  to  bettor  unlfonni^  fa 
the  mfc.  and  iridla  adf-evldaatlir  nietaaaiy  *n  tpt  to  hmn  faanffldHit  attanHoQ, 
^Tf**"?  in  rnah  woric:  A  antfOTmly  luteced  concnte,  the  ipreadfnc  of  tha  firat 
coune  fd  atone  with  ahovda  and  the  aUmination  of  inequaHtiei  in  thb  eonrae,  tba 
lapping  or  the  not  joining  of  the  main  pouring  widtha,  the  eonstaat  check  on  the  distance 
poured,  the  neglect  <d  the  potinn  to  ewity  All  tiia  entirely  enip^  pots  and  tlia  in- 
judidoUB  or  exoeaive  uae  of  tba  apoutad  pot  In  filling  in  omlaBione.  The  men  spreading 
the  ii'in  attme  and  efaipe  ahoiild  be  partleolarly  expwt.  Ordinary  broadeaatinc  ia 
not  altoirad.  To  thsaa  may  be  added  tiie  prompt  ^reading  and  rolUng  of  atone  on  the 
iqiliatt  Ttiati      tin  fwijTiiaifam  and  espvt  fa^actloB  ot  tha  aaoond  atflna  eouiMb" 

10.   Hetiiods  of  Constmctioo 

General  Cooaldenitioni.  In  the  ooostruction  of  bitumiiunu  macadam 
pavements  it  is  desired  to  secure,  (1)  a  stable  wearing  course  consisting  of 
broken  stone  or  similar  material  thoroly  rolled  so  that  it  will  be  well  com- 
pacted and  keyed  together  aod  with  the  aeveral  siaes  of  material  unifonnly 
distributed,  and  (2)  a  uniform  distribution  and  penetration  of  the  faitu- 
minous  material  within  the  upper  I  !^  to  3  in  of  the  crust.  Several  methods 
of  construction  have  been  devised  with  a  view  to  meeting  the  above  pre- 
requisites.  Careful  supervision,  based  on  experience,  is  necessary  to  prevent 
non-uniformity  in  the  density  of  the  wearing  course  of  broken  atone  and 
in  the  amount  of  bituminous  material  applied  per  square  yard. 

Some  bituminous  macadam  pavements  are  designed  with  the  intent  of 
constructing  a  pavement  which,  in  durability,  will  lie  between  a  water- 
bound  brokian  stone  road  with  a  bituminous  auiface  and  a  bituminous 
concrete.  In  this  class,  a  penetration  of  the  bituminous  oement  into  a 
thoroly  rolled  wearing  cotirse  to  a  maximum  depth  of  is  desired. 

This  type,  when  finished  with  a  seal  coat,  has  proved  eQ>eoially  efiicient. 
In  other  types,  the  object  is  to  secure  a  bituminous  coating  on  all  particles 
of  road  metal  comprising  the  wearing  course  or  for  at  least  a  depth  of  2  to 
2i^~m.  There  are  many  examples  of  excellent  pavements  constructed  hy 
this  method.  Pitchmac,  as  built  in  Liverpool,  is  one  of  the  beet  types 
designed  with  Uie  idea  of  constructing,  by  penetration  methods,  a  bituminous 
wearing  course  whioh  will  have  the  oharacteristios  of  a  properly  eoostrueted- 
bituminous  concrete  having  'a  mineral  aggregate  of  broken  stone,  that  is, 
all  particles  uniformly  coated  and  thoroly  keyed  together.  Due  to  the 
fact  that  light  rolling  of  the  broken  stone  prior  to  the  application  of  the 
bituminous  cement  is  often  specified  in  these  types,  many  failures  have 
occurred  due  to  hick  of  stability  of  the  wearing  course. 

The  pavement  is  generally  built  in  2  or  3  courses,  the  foundation  course 
or  courses  being  from  4  to  8  in  thick  after  rolling,  and  the  top  course  from 
2  to  3  in  after  rolling.  A  foundation  of  broken  stone  ia  usually  composed 
of  the  product  of  a  crudier  which  passes  over  a  screen  with  IH-^n  rimilor 
holes  and  thru  a  screen  with  2^-in  circular  holes,  or  over  a  2M-in  and 
thru  a  3M-in  screen,  or  over  and  thru  screens  haWng  openings  of  similar 
dimensions.  The  foundation  should  be  thoroly  compacted  with  a  10  to 
16-ton  roller  prior  to  the  construction  of  the  wearing  course.  Th»  manner 
of  flnishiQR  this  course  varies  in  the  several  methods,  as  will  be  noted  \a*n. 
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Hw  erown  of  bMuminoufl  imtcadm  paTementi  dioold  not  wCBttA  K  fa 

ft. 

CondosioiM.  Spoc  Com.  Hat.  Road.  Cooa.,  Am.  Soc  C  E.  (10).  "Tha  erown 
■hould  not  exceed  H  In  pc 't  and  ahould  never  be  Im  than  H  In  pet  ft. 

"The  prindpka  ralaUns  to  thidmen  applicable  to  a  broken  atmie  road  are  likewise 
apidicable  to  Mtuminoua  macadam  pavaraenta,  and  thoro  rolling,  Indudlng  the  rolling 
<^  the  upper  coune,  both  before  and  after  tlie  appUeatitH]  oi  the  t>ltuminoaa  material, 
b  abo  iiiiiiiHmijr  Aa  it  is  deeired  to  bind  only  the  upper  eouiae  with  bituminoua 
raatwial,  it  la  newsary,  in  order  to  prevent  waste  by  penetration,  that  there  ahould 
be  no  apsmdabla  Ttrida  in  the  next  lower  eoune.  It  b  not  nie— ary,  however,  to 
ftnah  tha  flUer  or  binder  In  thb  eoune  to  the  same  eitait  aa  b  neceasary  in  Undlnx  the 
top  coaiaa  of  a  water-bound  road,  and  It  b  abaohitely  owential  that  bo  Under  ahould 
cover  the  atonea  of  the  lower  course  wbcn  the  top  course  b  spread. 

"  The  quantity  of  bituminoua  material  uaed  ahould  be  only  suffldent  to  penatnte 
thm  1^  upper  eoune.  The  quantity  per  aquare  yard  oannot  be  pieacflbed  abao- 
Intdyt  dwendtnc  In  acma  degraa  on  tba  hardn—  and  of  atone  uaad,  but.  In  taneral 
the  application  of  1  gal  or  lea  to  the  square  yard  for  each  inch  In  tUdmeas  of  the 
finished  iq>per  eouiae  b  adequate. 

"The  use  of  a  <Ustributar  in  applying  the  bituminous  material  b  rasifiiitisl.  and  the 
dbtrlbutor  should  be  of  sudi  type  that  abaohitely  uniform  appHeation  may  be  ao- 
comptiflhed,  and  that  no  ruta  an  fonned  In  the  aorfaea  by  the  wbeeb  supporting  the 
diatrlbutor.  The  bituminoua  material  ahould  be  applied  at  such  a  temperature  that 
it  win  flow  freely,  and,  to  insure  proper  penetration,  the  stooe  should  be  dry  and  dean, 
and  the  air  temperature  a  ould  not  be  lower  than  10°  C  (W  F)  during  application. 

"In  order  to  secure  a  proper  surfaee,  the  covering  matoial  should  preferably  emidat 
of  the  eruaber  product  passing  over  a  H-io  soeen  and  thru  a  H-ia  acresn.  nnar 
material,  however,  may  be  used  for  covering )(  a  slippery  surface  ia  not  objeotlanable 
but  tlie  use  of  material  pasdng  thru  a  lO-mean  sieve  should  be  avtrided. 

"The  use  of  a  bituminous  material  by  no  means  justifleB  any  bck  of  care  In  the 
ordinary  detaifa  to  be  followed,  Init  rather  increases  the  need  for  thorooees  and  akined 
aapervWaa.  The  main  prindples  underlying  good  eonatruetion  in  water-bound  roads 
laniaiB  In  full  foroa  when  aoeh  roada  are  treated  with  Mtuminoua  nutoial." 

CoiWhiAu  on  Amorat  asd  Method  o(  Dbtribotba  of  BlttuniiMna  Hatifbl  HL 
BigbwirConn.  (40a).  "ItbnoeenaijrthattheUtiunlnouBblndvbovraadBoaBto 
present  aa  uniform  a  surface  an  possible.  Thb  may  not  neeaasarily  mean  the  uniform 
distribution  of  the  binder  aa  the  texture  of  the  surface  at  the  macadam  before  the 
applicatjcm  of  the  binder  may  itaelf  not  be  quite  uniform.  Thravfore,  the  more  finely 
divided  form  In  iridch  the  aaphaU  can  be  wUed,  the  bMa  the  eoatrol  irf  its  db- 
trUmtkn.  Ti»  torn  of  the  appUeadon  wbanify  the  niatrtial  b  ^wd  Igr  a  }at  of 
steam  hsa  given  excellent  reaulta.  Too  mudi  Under  ahould  not  be  used  aa  it  will 
result  1b  a  less  stable  Uyer  of  bituminoua  maradam  than  If  suffldent  binda-  b  used 
only  to  fill  the  voids  in  the  stoAe.  It  b  essentUI  that  the  surface  of  the  road  have  very 
doMB  taxture  and  that  usually  thb  can  not  be  seeuted  in  less  than  three  aiq>lications 
•xeept  hy  an  socessive  amount  of  binder.  The  moat  economical  and  beat  resulta 
can  be  wcured  iriien  the  binder  b  put  on  in  three  applicatlona." 

Conclnaiona  on  RoIUng,  by  Hubbard  (SSa).  "It  afaould  be  thoroly  compacted  by 
rolling  until  the  fragments  <^  broken  stone  have  just  keyed  together.  It  b  generally 
believed  tiiat  an  excess  of  rolling  shotUd  be  avdded  in  order  not  to  cloee  up  the  surface 
to  audi  an  extent  that  satiafact<«y  panetratlott  oi  the  bituminous  material  wHI  be 
prevented.  While  this  b  true,  the  general  tendency  b  to  go  to  the  other  extreme  and 
the  almoat  fatal  mbtake  b  made  of  not  rolling  enough.  It  ta  a  (act  but  Uttle  appre- 
ciated that  almoat  all  of  tha  compaction  of  the  huge  atone  bi  tlie  wearing  comae  b 
obtained  prior  to  application  of  the  Uturainoua  material  It  b  therefore  ezeeed- 
Ingly  poor  practice  to  merely  smooth  out  the  top  couiae  of  stone  before  applying  the 
bituminous  material,  aa  b  required  by  some  spedfleatlona.  The  rapid  deteriora- 
tloo  and  unaatisfaetoiy  ccoidition  of  many  Utumfaunis  macadam  pavamants  are  fat 
large  mesanre  doe  to  lack  of  rolling  during  the  initial  stagca  of  ooBStmetkm,  which 
mi&aa  It  dUBenlt.  If  not  hnpcadble^  to  propariy  cooaoUdate  the  road  after  ivi^ieatfoit 
at  the  bttaaditaua  matarlaL  A  r^d  eooHng  of  tha  Utnmiuow  matwlal  tnkaa  pbee 
after  apldleBtloti,  whldi  Malta  in  a  Uae  aet  of  the  eovne  of  top  stoBe,  If  It  baa  not 
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previously  baeo  keyed  together  by  rolUnc.  In  even  moderately  cool  weather  and 
eapedaUy  mftar  sppHcatloD  of  a  layer  o(  finer  atonc^  tUa  Um  aet  la  difficult  to  com- 
pletely break  down  by  ordinary  roBi&g.  Moreover,  if  brokot,  a  true  aet  wQl  be  aeklora 
obtained  because  oT  the  thickneaa  of  the  coatdns  of  bitumiooua  material  on  the  stona 
frapnenta  which,  under  preeaure  of  the  roller,  tend  to  elide  about  rather  than  to  key 
tflttetber.  The  prindplea  here  involved  are  commonly  recogniaad  la  the  cuiatructiaa 
of  the  Mdinary  types  of  bftuminoaa  eonoato  pavementa  where  comprceaion  is  onty 
attempted  oa  well-mixed  and  uaually  preiMBted  bltuminoua  agsn^tM  canyinc  ear^ 
fully  controlled  percentagee  of  bituminous  materiaL  I«cIe  of  initial  roUiiiK  In  a 
bituminous  macadam  Is  almost  invariably  followed  fay  wavineaa  and  ruta  produced  by 
traffic  It  may  usually  be  detected  by  the  comparative  ease  with  irilidi  the  top 
course  may  be  pried  up  with  a  screw  driver  or  other  hand  tool." 

Sharpies  (47)  states  that  "The  ETeateat  of  care  must  be  need  in  roOlnc  thfa 
eourae.  The  surface  must  be  well  knit  together,  amootb  and  firm.  At  the  same 
time  it  must  be  open  enough  to  admit  the  bituminous  materiaL  The  enxineer  must 
wattA  the  atone  carefully  to  see  that  it  it  not  crushed  too  much,  as  in  this  ease  the 
door  wilt  be  closed  to  the  entrance  of  the  bituminous  material  and  it  will  be  left 
as  a  mat  on  the  surface  instead  of  mterinf  betwem  the  stones  to  bind  them  together. 
On  the  other  hand  the  stone  must  not  be  too  open,  as  In  that  case  the  binder  will  run 
thru  to  the  bottom  of  the  course.  If  the  atone  h  very  haid.  it  may  be  advisable  to  add 
a  amall  quantity  of  H-in  stone  just  pre^oni  to  the  last  rotUng,  to  reduce  the  void  apmee. 
After  the  rolling  is  finished,  the  stone  should  be  2^  in  in  depth." 

Conclusions  on  Crown  by  Meeker  (16a).  "In  building  some  of  the  first  bituminous 
roads  in  New  Jera^,  it  was  found  that  if  a  crown  of  H  or  1  In  pw  ft  waa  used,  the 
Burfaee  would  be  slU>peiy.  Tha  tfatisa  believes  tiiat  no  road  with  a  Utumlnow 
surface  should  Iwve  a  crown  of  more  than  ^  in  per  It,  or,  if  the  road  Is  wide,  H  in  per 
ft  is  ample.  If  a  proper  crown  is  used,  the  objection  of  alipperinees  can  be  prevented 
by  Immediately  covering  any  bituminous  application  with  a  layer  of  stone  Bi  iwnhip 
M  sharp  sand,  and  in  thh  way  a  fairly  gritty  surface  may  be  obtained." 

Method  A.  In  this  method,  the  rmd  metal  of  the  wearing  ccnine,  wlucli 
is  laid  on  a  foundation  course  as  described  above,  oonmsts  of  one  product  of 
broken  atone,  ranging  in  size  from  a  product  whose  particles  vaiy  from 
ly^  to  H-in  in  longest  dimensions  to  a  product  passing  over  a  and 
thru  a  2H->n  screen,  or  similar  thereto.  A  typical  mechanical  analyiDB  of 
a  product,  the  use  of  which  has  given  satisfactory  results,  follows: 

Passing   M-iii  screen,  trace 

Passing    H-in  screen,  18.9% 

Paesing  screen,  43. 1% 

Passing     l-in  screen,  34.4% 

Passing  l^-in  screen,  3.6% 
After  the  wearinK  oourse  is  laid  the  bituminous  material  is  applied,  either 
before  or  after  the  broken  stone  is  rolled,  some  engineers  preferring  the 
former  method  because  of  the  greater  depth  of  penetration  securoH.  To 
secure  the  best  results,  the  wearing  counse  should  Ik  thoroly  rolled  prior 
to  the  application  of  the  bituminous  material  in  order  to  secure  a  well 
compacted  and  stable  coiirse  of  broken  stone,  mechanically  interlocked 
and  bound  together.  If  the  rolling  is  postponed  until  after  the  application 
of  tlie  bituminous  material,  wheels  of  the  roller  may  have  to  be  wet  or 
oiled  to  avoid  picking  up  the  surface.  After  the  applicatioo  of  the 
bituminous  material,  a  coat  of  mineral  matter  should  be  spread  over  the 
surface  of  the  course  and  rolled.  The  total  amount  of  bituminous  material 
used  in  this  method  varies  from  H  to  2^4  gal  per  sq  yd.  For  specificationfl, 
see  Art.  11,  Metbod  A. 

Method  B.  In  case  the  metalling  of  the  wearing  course  is  a  uniform 
product  of  about  1  or  IJ^-in  in  size  or  a  product  similar  to  or  larger  than 
one  passing  over  a  IH-in  and  thru  a  2H-in  screen,  usually  the  voids  in  the 
upper  part  of  the  wearing  course  are  filled  after  the  bitiuninous  cement  is 
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applied.  Practice  Tariea  with  teferenoe  to  the  amount  of  rolling  of  the 
wearing  course  prior  to  the  application  of  the  bituminous  cement.  For 
traffic,  medium  or  heavy  in  weight  and  amount,  the  best  results  have  been 
secured  by  tfaoroly  rolling  the  road  metal  and  thus  securing  maximum 
interiookiug  of  the  particles  and  thereby  obtaining  the  highest  degree  of 
stabili^  practicable  by  this  method.  The  bituminouB  cement  is  applied 
ID  an  amount  varying  from  IH  to  2  gal  p«-  sq  yd,  after  which  H>in  stone 
chips  or  B  product  similar  to  one  passing  a  H-in  and  thru  a  1-in  ecreen 
is  spread  and  thoroly  rolled.  Usually  the  surface  is  then  broomed  with 
stiif  brooms,  removing  the  exoosQ  loose  broken  atone,  and  another  coat  of 
bituminous  cement,  from  H  to  1  gal  per  sq  yd,  is  applied,  covered  with  a 
layer  of  stone  chips  or  pea  gravel  and  rolled.    For  qwdfioaUons,  see  Art.  11, 

MCIHOD  B. 

Stnog  (ftl),  when  eonstnicting  a  wMiing  eouiM  eS  lirokn  stone  wUch  is  Itsi 
than  2^i-in  tad  graater  than  *nd  empkqdng  br<teD  sbme  Ices  than  IH-in  ind 

greater  than  H-in  for  the  filler  after  the  flnt  appUcatiao  of  Che  bituminous  cemsnt 
b  deposited,  uses  the  following  nilee  for  the  total  amount  of  bitumlnouB  cemciit  to 
be  used,  dependent  upon  the  physical  propertiee  of  the  broken  stone  employed.  In 
eases  where  the  atone  is  of  low  erushing  and  abntdve  Btrragth,  a  total  of  0.9  gal  is 
used  for  each  inch  in  depth  of  the  compacted  wearing  course.  In  cases  whwe  tlw 
■tone  is  of  better  material  such  as  trsp,  0.S2  gal  ia  used  for  each  Inch  in  depth  of  com- 
paetad  weaiing  rauns.  The  total  amoont  of  Utumlnous  eemtnt  Is  appUed  fat  two 
vplieatioiis,  li»  flnt  to  be  H  of  the  total  amount  and  the  second,  awUed  sfter  tin 
filler  is  spread,  rolled  snd  the  surplus  removed,  }i  of  the  total  amount.  It  is  insisted 
that  the  appUcaticats  of  bituminous  cement  should  be  made  with  presure  distributors. 
If  hand  pouring  is  used  It  Is  dangerous  to  attempt  to  use  the  above  quaatttin  as  un- 
even ^trifautlon  of  the  Under,  which  b  unavddabl^  Invariably  leads  to  the  develop* 
ment  cl  fat  spots. 

Method  C.  This  method  is  often  used  when  the  road  metal  composing 
the  wearing  course  varies  from  2  to  3H-in  or  from  to  4ria.  After 
lightly  roiling  the  wearing  course,  coarse  sand,  stone  chips  or  pea  gravel 
is  spread  and  broomed  until  the  voids  of  the  metalling  are  partially  filled. 
Usually  the  road  metal  is  again  lightly  rolled  and  any  surplus  material  ia 
broomed  off  the  surface.  The  bituminous  cement  is  then  appUed,  using 
from  1  >^  to  2  gal  per  sq  yd.  This  coat  is  covered  with  a  layer  of  pea  gravel, 
■oieened  stone  chips  or  larger  broken  stone  and  thoroly  rolled.  SomeUmea 
a  teal  coat  of  from  }^  to  1  gnl  of  bituminous  cement  is  used  with  this 
method.    For  specifications,  see  Art.  11,  Method  C. 

Ohio  State  Highway  DepL  Method  Using  Soft  Stone  (30b}.  "The  usual  Bped&cm- 
tioBB  tor  bituminous  macadam  pavements  limit  the  sise  of  the  stones  composing  the 
surfadng  niat«ial  to  a  mazlmura  that  will  psss  a  Z^-in  ring.  Theee  spedficaticHts 
have  iJven  saUsfaction  with  trap  rodk  and  granite,  but  with  softer  varieties  of  rock 
such  aa  limestone  there  is  a  tendency  for  the  stone  to  powder  and  crush  under  the 
roller  and  to  wear  under  traffic,  whi^  makes  a  Unger  sized  aggregate  dedrable.  To 
meet  these  conditions  the  Ohio  State  Highway  D^t.  has  been  experimenting  with 
the  OH  of  a  surfadng  stone  that  wUl  pass  a  4^  ring  and  be  retabod  aa  a  ring. 
The  voUs  in  this  material  an  partly  filled  with  ssnd,  stone  dust  and  altho 
tiiaro  rolHnc  ordinarily  breaks  up  onough  of  the  material  to  make  a  fairly  compact 
layer. 

"The  method  of  oonstructiat  Is  to  aptmd  and  harrow  the  stone  as  for  a  water4>oUBd 
macadam  road.  As  sooq  as  the  atone  is  partly  eoaqjacted,  stone  dilps  and  atone 
dust  are  spraad  into  the  vtdds  with  shovels.  RoUIng  and  the  appUcattoi  nt  sereenlagB 
are  continued  until  Ute  layer  of  stone  is  titoroly  compacted  and  the  voids  sufllden^ 
filled  so  thst  tiie  amount  of  bltumbioas  material  to  be  used  will  produce  a  dense  mix- 
ture. The  bituminous  binder  Is  appHad  by  the  penetratioa  method  with  any  approved 
fom  of  ivparatDs.  After  the  appUeatlon  of  the  Utnminaas  Under  the  suifaoe  <rf 
tt^  paveBMQt  fs  wptmd  with  seroensd  wariied  gtanl  M  to  1  in  In  rise.   After  ndHiw 
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the  gnvtl  tn,  k  bmI  coat  ol  the  aama  bitamlaoaa  mBtarisl  !■  aiipllad  and  man  cnvri 
Is  addad,  (cJkiwad  by  more  rollins.  A  total  appUeatton  of  ^wat  2  fml  per  tq  yd  for 
a  8-in  depth  of  roUed  itoDB  glvea  exeelkait  rasulta.  Washed  iravel  Inatead  ot  llme- 
■tme  chips  is  used,  as  the  available  gravel  is  usually  harder  and  tougher  than  ordiaarr 
limestone  and  tha  eoat  la  about  the  same.  A  finer  gimvel.  H  to  H^n.  ts  preferable 
for  the  seal  coat.  War  a  4-ln  road  the  amotmt  of  Utnmlnoaa  faiBdsr  reqidrBd  ia  about 
2yi  fal  per  sq  yd.  It  is  reported  that  these  paTements  have  given  miidt  better  sktie- 
tactloa  than  the  older  ones  that  vera  coostnicted  with  the  SH-^  stcne  as  agfrefatsu" 
Mathod  D.  A  bttumiuous  macadam  pavement  called  Pitohmao  by  its 
inventor  J.  A.  Brodie,  City  Engineer  of  Liverpool,  has  been  used  to  a 
considerable  extent  in- England  and  haa  been  adopted  aa  a  standard 
type  by  the  Road  Board  of  England.  It  is  coaatiuctcd  on  a  foundation  of 
stone.  The  wearing  cotirse  of  broken  atone  varies  from  2  to  4  H  in  in 
depth,  d^>endent  upon  traffic  oouditionB.   If  the  wearing  course  is  froon 

2  to  3  in  in  thickness,  it  is  constructed  in  1  layer,  and  if  from  4  to  4H  in. 
in  2  Uyora.  The  single  layer  and,  in  the  case  of  2  layers,  the  upper  layer 
is  composed  of  broken  stone  ranging  in  sise  from  1 K  to  2^3  in.  After 
thoro  rolling  the  1»tuminou8  material  is  applied  to  the  single  layer  or  to 
each  of  the  layers  of  the  2-layer  wearing  course.  The  bituminoua  com- 
pound used  in  England  consiats  of  hot  sand  mixed  with  tar  pitch.  From 
1 K  to  2  gal  per  sq  yd  are  used  for  the  1-layer  wearing  course  and  from 

3  to  3  >^  gal  for  two  layers.  To  assist  in  completely  filling  the  voids, 
chips  varying  in  siae  from  to  ^  in  are  applied  during  the  rolling 
the  bituminous  grouted  l&yer.  This  type  of  pavement  has  been  used  to  a 
limited  extent  in  Massachusetts,  see  (24).  For  specificationa  for  the 
bituminous  mastie  used  in  Eln^uid,  see  Art.  7,  and  for  the  construction 
specificationa  of  the  Road  Board  of  Eni^d  and  Massadnisetts,  see  Art.  11. 

Xivarpool  Practice.  Brodie  states  (6)  that  "jrftcfa  grouted  TM™t»wt  hM  iMeo 
found  to  i^ve  moat  satisfactory  results  in  streets  of  medium  and  li^t  tnJBi^  and  fs 
BOW  being  largely  used  in  place  of  ordinary  macadam,  and  also  of  more  expeiuiv« 
pavements.  It  is  laid  to  a  depth  of  from  8<^  to  43^  in,  in  two  layers.  WeUi  grsuite 
iwaTadH"'  is  used,  broken  to  s  2>^4n  gauge  for  the  lower  layer  and  to  lH-in  tor  the 
top  surface.  Each  layer  ia  put  down  dry  and  condnuslly  rolled  before  and  after  ttte 
grouting  ot  pitdi  and  sand  mixture  haa  been  applied,  until  the  surface  Is  thoroly  eett- 
aoBdated.  The  toundati<m  is  goierally  of  hand-pitched  rode,  10  in  deep  ss  for  ordinary 
macadam,  but  in  some  cases  a  bed  of  6^  etmcrete  has  been  used  00  main  roads. 
Pib^  ms<Tid^'^  ia  also  being  much  used  as  a  surface  covering  for  old  bouldw  pan- 
mcDts,  many  ot  which  atill  exist  In  Liverpool  in  old  streets  where  the  traffic  ia  very 
smalL  The  eoat  of  pltdi  w.bm.i^w  tnay  be  taken  at  Is  Q4  eaifeO  par  sq  ]d  par  fa 
of  depth. 

"The  oldest  sample  of  pitch  macadam  In  liverpool  was  laid  In  Frineeaa  Ave.  In  1901, 
near  the  aid  ot  Eversley  St.,  and  has  been  in  continuous  use  ever  since  without  repair. 
Other  lengths  trf  jAtdt  macadam  In  thia  avenue  were  laid  at  various  dates  betwaai 
1906  and  1908.  This  avenue  earrlca  a  large  vohune  of  light  motor  and  carriage  tiaOk, 
as  well  as  anna  ot  a  heavier  dwraeter,  trafBe  amounting  to  120  000  tons  per  yd 
addtb  per  amum." 

Uethod  E.  When  the  metalling  of  the  wearing  course  is  of  a  large  and 
uniform  siae,  another  method  employed  ia  to  place  a  layer  of  sand  5^  in 
thick  on  the  bottom  course,  the  voids  of  which  have  been  filled.  The  bitu- 
minous cement  is  then  distributed  on  this  layer,  using  about  1  gal  per 
sq  yd.  The  upper  course  of  metalling  ia  immediately  placed  on  the  mastic 
and  rolled.  Continued  rolling  forces  the  material  of  the  upper  course  down 
and  draws  the  bituminous  mastic  up  into  the  voids.  A  coat  of  bituminous 
oement,  uung  about  1  ^  gal  per  sq  yd,  is  then  apiriied  to  the  surface  of  the 
upper  course.  A  layw  of  H-m  stone,  H  to  in  thick,  is  spread  over  this 
and  rolled.   The  work  may  stop  here  or  may  be  carried  on  a  stop  further 
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by  brotuniiig  off  the  vxDeaa  H-in  stone,  afterwards  appbrins  another  «wt 
of  bituminoufl  oement,  H-Bb1  per  sq  yd,  adding  a  layer  of  sGreened  atone 
ohipe  and  rolling  the  same.  The  Gladwell  Bystem,  as  used  to  a  limited 
extent  in  England,  is  eeeentially  the  same  in  principle  except  that  a  course 
of  screened  stone  chips  mixed  vith  bituminiouB  material  is  substituted  for 
the  sand  layer  and  its  coat  of  bituminous  materiaL  For  specifica turns,  see 
Art.  11,  Method  E. 

BleflrodB  Oiod  wftha  Cemsflt-CcBcrsteFoiiadstiflttMdBenibsd  by  Bri^iam  IfS). 
"The  top-coune  Bpedfieatloiu  called  for  deuiliiK  the  eooentot  ahn  whldi  Ug^ 
cftrboD  binder  tar  waa  applied  at  the  rate  of  ^  gal  per  sq  yd.  The  tar  waa  heated 
to  about  121°  C  (260°  F>  In  the  tank  cara  in  which  it  vftB  shipped,  and  appUed  at 
from  40  to  60  lb  preMun.  The  preaeure  dlatrlbutor  was  hauled  by  a  tzaetor,  iMdi 
also  fiunUied  steaia  to  nm  the  aii  imaiiini  pump.  Immediatdy  after  apidj4ng  die 
tar,  Ji-to  atone  waa  spnad,  only  enoccfa  bring  used  to  kesp  the  tar  from  plekfaig  op  wbSk 
bring  rolled.  A  lO-ton  roller  waa  then  started,  and  the  roIUng  and  spreading  conttBoad 
together  imtU  about  1-in,  loose  measure,  of  H-ia  stone  waa  appUed.  Enough  Ot  this 
ifae  st4Mie  waa  used  ao  that  no  tar  came  to  the  surface,  yet  each  Bt<me  waa  bedded 
in  tar-  A  second  application  of  tar,  H  tal  per  sq  yd,  was  distributed  as  described, 
and  this  was  covered  at  once  with  a  thin  layer  of  screeolngs.  Aa  before,  the  rolling 
and  spreading  of  the  stone  were  carried  on  dmultanaously.  It  required  about  K  In, 
loose  measure,  of  acreenlngs  to  prevent  the  pavement  from  bleeding.  In  building 
this  top  course  it  waa  found  that  the  first  layer  of  atone  could  be  rolled  too  much, 
faming  a  thin  layer  of  dust  to  which  It  was  hard  to  make  the  second  coatiiig  of  tar 
bind,  but  thoro  rolling  of  the  second  appUcatlon  improved  the  pavement.  With  an 
avenge  of  6  men  sweeping  and  16  men  spreading  stone,  the  progress  was  about  1600 
Hn  ft  ef  finished  wearing  course  a  day. 

"^le  cost  per  square  yard  td  the  pavemsnt  was  as  follows:  1 :  :  K  eonoeta 
foundattoQ.  5  In  thick,  f0.708;  top  counN,  including  atone  and  tar,  in  place,  complete, 
10.2226;  total  cost  of  pavement.  $0.9S06. 

"For  comparison  there  are  listed  below  the  average  costs  per  square  yard  of  sevetal 
of  the  ^rpas  of  pamnent  buUt  la  tUs  seeUon  of  New  York  Stats  toA  cod- 

idlad  fnm  data  In  the  191B  BoDetlB  at  the  Hli^way  Comm.:  WatM<-boand  macadam, 
15  roads,  fO.TST;  watsr^bound  nmcadam  with  hot  or  cold  oO  surfacing,  18  roads, 
$0.8108;  grouted  bituminous  macadam,  28  roads,  $0,946;  concrete  pavement,  27 
roads,  |1.117;  1 :  2H  :  6  concrete  foundatl<m  with  open  mix  bituminous  concrete 
top  eouna,  T  roads.  $1,886. 

"It  Is  readily  seen  from  the  foregoing  data  that  In  flnt  cost  the  tar-macadam  top 
course  on  a  concrete  foundation  is  nearly  the  same  as  the  grouted  bttumlnoua  macadam 
and  conriderably  leas  than  conoete  pavement.  In  regard  to  these  three  competing 
types  of  medium-priced  pavements,  the  composite  type  haa  many  diatinct  advantages. 
Practically  all  fallurca  of  macadam  roads  can  be  traced  to  poor  foundation.  The  stone 
of  the  lower  courses  Btnks  into  any  soft  apota  In  the  subgrade  and  the  top  course  follows. 
TUs  forms  a  pot-hole  which  is  a  source  of  constsnt  trouble  and  maintenance  "T"*? 
and  mkm  a  rough  toad  tor  tha  traveling  public.  In  a  pavment  with  a  concreta 
foundatioat  the  emerets  bildgca  over  these  weak  printa  In  the  subgrade,  thus  rilml- 
nating  one  of  the  worst  feature*  of  an  all  atone  pavement.  Concrete  pavement,  whOe 
a  type  requiring  little  maintenance,  la  high  in  flrat  ccet,  needs  care  in  construction 
and  In  the  duAce  of  the  materials  used  aa  Ingredients,  and  is  i^pptiry  and  hard  for 
horse  tnifBe.  No  eqisnrioB  Jolata  are  needed  In  the  composlta  type  of  pavsmnt, 
as  the  bituminous  r-n^'^""  mat  keeps  mriston  and  temperature  conditions  constant 
in  the  slab,  thus  protecting  it  from  estieme  changes  resuItLig  In  eracklng  and  ffi^tlace- 
ment.  Should  the  base  crack,  as  It  Is  not  expoeed  to  ttafiic,  it  requires  no  maintenance. 
The  only  maintenance  nerweiry  for  this  pavement,  thwefore,  is  to  patch  the  wearing 
course  aa  weak  q>ots  develop  and  to  clean  ditches  and  culverts.  Foaribly  every  8  or 
4  years  a  aU  dtonld  ha  ^tpUad  to  enUvcn  the  old  bituminous  material.  This 
leaves  the  comporite  type  of  pavement  with  the  f<dIowlng  advantages:  Low  first  coat; 
low  annual  maintenance  dar^;  rimple  to  construct;  less  care  in  sriectlng  the  mate- 
rials entering  Into  its  structure;  permanent  base  on  which  to  build  sny  type  of  sur> 
facfag,  dionld  the  oil|^nsl  wear  out;  and  smooth  and  naUsnt  surface  for  automoUUsti 
and  hatssnHa,* 
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Method  E.  GUdwell  Syatem  u  described  by  Gladwell  mad  Mumtng  (Ji- 
BITUMIN0U5I  RiNDEB.  "The  bituminous  binder  or  matrix  used  under  this  system 
is  compuAod  of  clean,  thoroly  dried  gnnite  chippingi,  free  from  dust,  and  such  as 
will  pan  thru  a  ^-mesh  sieve.  The  procedure  to  be  followed  In  the  manufacture  cf 
the  binder  is  to  dry  the  chipplngB  In  ac  ordinary  hot  plate  or  portable  sand  drier, 
and,  when  still  warm,  but  at  a  teroperatuiv  not  exceeding  ftS"  C  (100°  P),  mix  with  a 
refined  tar.  The  composition  is  be«ted  to  about  79°  C  (176°  F)  and  is  then  thoroly 
incorporated  with  the  chippinjm,  by  applying  the  liquid  gradually,  and  turning  th« 
mui  until  the  whole  forma  a  lively,  ptutic,  bittuninous  matrix  or  lender.  A  miztnre 
condsdng  of  16  gal  ol  eompoMaa  per  1  eu  yd  <rf  dilpidngs  la  a  inaetiGal  avenge 
GomjMridca. 

Laying  tbb  AoQiBaAm  "Upea  the  foundatiim  already  pr^ared  and  cleaned, 
lay  a  cushioo  of  the  prepared  matrix  or  lub-Uttder,  say  about  6  ft  in  length  and  to  the 
half  width  of  the  nwd,  using  1  cu  yd  of  nib-blnder  tor  each  46  sq  yd  of  surface,  or 
thereabouts;  this  should  be  spread  evraly  and  lightly,  and  on  do  account  should  It  be 
tramped  oo  or  consolidated  until  the  aggregate  Is  q>reitd  as  hereunder  deacribed.  This 
atone  ihouU  be  dean  and  true  to  gauge,  preferably  2-ia  to  ZH-ia-  The  averaBe 
road  stone  broken  to  2^  gauge  will  cover  11  to  12  aq  yd  pa  ton  aa  a  twtxtone  coat. 
Spread  the  same  as  doeely  and  evenly  as  poMdble,  giving  a  two-stone  ooat,  and  uang 
ordinary  stone  forks,  so  aa  to  leave  the  smaller  flaky  pieces  of  stone,  aa  well  as  all 
dust  and  rubbish,  behind  aa  waste.  By  adopting  and  repeating  this  method  the  men 
will  be  enabled  to  lay  both  sub-binder  and  aggregate  without  trampling  on  either. 
Talce  care  that  a  raw  edge  of  sub-binder  and  aggregate  is  always  left  at  the  half-way 
width  of  the  road,  to  ensure  a  satiefaetory  joint  when  the  remaining  half-way  width 
is  re-surfaced. 

RoLUNG  THB  AaOBBOATB.  "Rolling  should  be  commoiced  aa  soon  as  a  section 
of  about  26  or  SO  yd  In  length  has  been  laid,  the  metalling  gang  bdng  kept  as  bualy 
employed  as  possible  in  laying  a  further  length  of  materials.  The  best  results  under 
this  system  will  be  found  to  accrue  from  the  use  of  a  fairly  ti^t  roller,  the  object 
bring  to  gently  pnos  the  aggregate  down  Into  the  sub-binder,  and  at  the  same  time  to 
entice  the  lattw  in  an  upward  direction  so  aa  to  fill  the  vtAia  in  the  aggregate.  Tlie 
roller  should  be  driven  aver  the  newly-laid  materials  at  Its  lowest  speed,  and  after  a 
few  journeys  over  the  surface  it  will  be  found  that  the  sub-binder  is  working  up  be- 
tween the  voids  in  the  aggregate;  immediately  apply  to  the  newly-rolled  surface  by 
sprinkling,  not  entirely  covering,  some  of  the  same  material  as  has  already  been  referred 
to  as  the  auM>inder,  but  which  now  becomes  the  top  or  super-binder.  lightly  bruah 
this  super-binder  Into  the  surface  voids  In  the  aggregate  until  the  same  are  fairly 
well  filled,  and  continue  rolling  until  the  new  surface  of  the  road  is  solid. 

Sealing  the  Surfacb.  "The  suriaee  should  be  seeled,  which  is  carried  out  by 
either  one  or  other  of  the  foUomng  methods.  In  warm,  dry  weather,  a  considerable 
■uperfidal  area  of  road  may  be  surface  sealed  at  one  operation,  by  means  of  one  of  the 
mechanical  tar-spreading  machines.  If  a  mechanical  spreader  la  uaed,  it  will  be 
advisable  to  use  a  larger  percentage  of  the  supei^binder  than  when  hand-aeaHng  in 
resorted  to,  while  the  quantity  of  composition  necessary  wiD  be  somewhat  reduced, 
1  gal  being  considered  sufficient  for  6  or  7  sq  yd.  If  It  is  considered  preferable  to 
surface-seal  the  road  as  the  work  proceeds,  this  can  be  readily  done  by  hand  labor. 
The  qtumtity  of  tar  used  in  carrying  out  this  operation  varies  in  proportion  to  the 
quantity  of  super-binder  used  in  the  consolldatioa,  and  the  amount  of  rolKng  the 
road  has  received,  and  will  be  found  to  range  from  K  to  >j  gal  per  sq  yd.  One  too  of 
!^-in  gauge  granite  chipplags  will  be  found  suflldent  to  earily  cover  160  sq  yd  of  sealed 
surface.  After  the  chippings  are  spread,  the  road  ihoold  ha  well  rolled  and  thoroly 
compacted." 

Method  F.  Id  order  to  secure  unifonu  siaes  of  road  metal  in  the  course 
upoQ  which  is  to  be  applied  tho  first  application  of  bitumiaous  binder,  in 
some  casea  rc course  has  been  had  to  harrowing.  After  harrowing,  the  course 
is  shaped  and  thoroly  compacted  before  tho  bituminous  material  is  npplied- 
With  the  limestones  commonly  used  in  Illinois,  this  method  has  produced 
satisfactory  results  when  suitable  a.sphalt  or  tar  cements  have  been  properly 
used  in  accordance  with  tho  specification  of  the  111.  State  Highway  Dept. 
For  details  of  construction,  see  Art.  11.  MirtuoD  F. 
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Method  6.  In  some  cases,  when  heavy  aaphaltic  oil  has  been  used  for 
the  bituminous  cemeat,  the  following  method  haa  been  employed.  Upon 
a  course  of  broken  stone,  prior  to  rollinfc,  about  >^  gal  per  sq  yd  of  asphaltio 
oil  ia  distributed.  The  course  is  then  harrowed,  after  which  the  second 
application  of  about  }4  gal  per  sq  yd  is  made.  The  course  is  next  thoroly 
rolled  during  which  screeniiiBB  are  spread.  In  some  cases  the  pavement 
is  finished  by  a  third  application  of  M  gal  per  sq  yd  of  oil,  screened  and 
railed.  In  other  cases,  the  third  treatment  is  followed  by  a  fourth  using 
from  K  to  H  sal  per  sq  yd.  See  Oakland,  Cal.,  specifications,  Arts.  6,  8 
and  11. 

Bituminous  Gravel  Pavemsnts.  The  use  of  gravel  in  the  construction 
of  bitumiooua  pavements  by  penetration  methods  haa  been  usually  limited 
to  those  localities  where  broken  stone  costs  more  than  gravel.  It  is  self- 
evident  that  it  is  impracticable  to  secure  the  same  keying  effect  with  gravel 
as  can  generally  be  obtained  with  broken  stone. 

Ktaminous  Gravel  Pavemeat  in  Loagrlew,  Texas.  The  method  of  ctmstructlon  and 
the  conclusions  relative  thereto,  as  contained  in  the  following  abotractB  of  &  descrip- 
tion by  Green  (37),  are  typtctd  of  the  practice  of  many  engineer*  who  have  used 
giavel  in  this  olus  of  work. 

"Cniahed  limeetone  delivered  on  the  streeta  cost  about  93.25  per  yd,  and  even 
at  that  price  was  not  the  beet  material,  being  soft  and  dusty.  A  good  quality  of 
washed  gravel  was  available  at  a  price  delivered  on  the  street  of  about  $2.20  per  cu  yd. 
Gravel  is,  however,  rather  unsuitable  for  use  in  maldng  a  wearing  surface  which  de- 
penda  on  bituniinous  cement  for  its  bond.  The  reason  for  this  is  that  gravel,  bdng 
geoemlly  round  and  weather-worn,  does  not  lock  well  together,  and  the  strength  of 
the  wearing  surface  is  dependent  almost  entirely  on  the  bond  of  the  bituminous  cement. 
It  was  neeeasary,  however,  to  dedde  which  was  to  be  preferred  under  the  direumstancES. 
The  limeetone  bad  better  locking  qualities,  but  was  high  in  first  cost,  and  the  amount 
of  mimey  available  was  limited.  It  was  decided  therefore  to  use  the  gravel  and  make 
•very  effort  to  lock  or  bond  It  by  rolling. 

"It  was  speet&ed  that  the  gravel,  as  spread  on  the  street,  should  be  of  a  alse  that 
would  paH  a  ring  ctf  Z4a  diameter  and  be  held  on  a  ring  of  H4n  diameter.  Aftsr  a 
small  yardage  had  been  spread  under  these  spedflcations.  It  was  found  that  triers 
was  no  lock  at  all  between  the  stones,  and  that  when  filled  with  the  bituminous  cement 
but  little  strength  was  secured.  This  yardage  was  taken  up  and  the  gravel  afterwards 
used  was  still  further  screened  bo  as  to  eliminate  practically  all  pebbles  below  %  in 
in  size.  After  the  surface  had  been  rolled  to  the  satisfaction  of  the  inspector,  lyi  gal 
per  sq  yd  of  Texaco  asphatt  was  poured  over  the  pavement,  and,  immediately 
behind  the  asphalt,  pea-sise  gravel  was  lightly  spread  over  the  surface,  and  the 
whole  rolled  a^n.  Thb  was  then  covered  with  }^  to  ^  gal  per  sq  yd  of  asphalt 
cement,  and  over  thia  second  coat  of  cement  was  spread  coarse  sand,  and  the_whole 
again  rolled. 

"On  account  of  the  fact  that  so  much  esre  had  to  be  taken  with  the  gravel  used,  and 
that  it  an  had  to  be  screened  after  being  received  In  order  to  eliminate  small  pebbles 
wUeb  fweventad  the  locking  together  of  Individual  atones,  It  would  probab^  have 
been  cheaper  to  have  purchased  crushed  Umeatone  in  the  first  place.  Some  condumona 
may  be  drawn  as  to  this  method  of  construction.  They  are  as  fallows:  Gravel  can 
be  made  to  lock  and  bond  only  after  a  great  deal  of  labor  and  trouble  are  taken  with 
it  It  would  probably  be  economical  to  pay  twice  as  mud)  for  crushed  stone  as  for 
gimvel  to  get  equal  tesnlta.** 


The  fundamental  characteristics  of  methods  of  construction,  A  to  F, 
under  which  the  following  specifications  are  classified,  are  described  in 
Art.  10. 

Method  A.   The  1917  Dallae,  Tezat,  Spedfleatiens  are  as  follows: 
"Asphalt  Macadam  Veering  Sotfaee.   Upon  this  fbundatloB  crushed  Jadiboro 
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Imiitimfi Mi**  Nfallnte,dwntliaBlM««anlriprMdtoBiiditliIdtBWtlwtaftar 
tbonily  idltag  irith  a  KMon  foliar  it  ihall  eootonn  with  th«  grada  of  tha  eomidatad 
■tnat. 

"Aqifaaltt  hwtad  by  ntMuu  of  an  improvad  form  of  heatar,  to  a  temparatura  of 
not  Ion  than  US'  C  <300°  F}  and  not  more  than  2M<*  C  (400"  P),  Bhsll  than  be  applied 
by  meatia  of  an  approved  distributinc  device,  which  will  spread  the  uphalt  orer 
the  lurfaoe  in  the  proper  quanti^.  TweoQ^  pounds  of  uph&lt  Bhall  be  used  to  each 
aquara  yard  of  auHaca.  No  aqthalt  ihall  ba  appUad  to  the  street  surface  whra  tha 
atoBaia«M,BOr  whan  thetampanttuiaof  thaalrlslMB  than  IS'C  (SO"F). 

"Hot  onishsd  Jadnbcvo  Umsstona  dilps  ahall  thn  be  evenly  ^ead  over  tha  atreat 
surface,  rolled  until  oool  mod  the  entire  street  surface  eaotonns  to  the  tnie  crade  and 
CKMaeection  of  the  completed  street." 

Method  B.  Am.  Soc  Hun.  Imp.  1917  Spadfleatioas.  For  aeotion> 
covering  broken  atone,  see  Art.  B;  for  aectaona  oovering  bituminous  cements, 
aee  Art.  8. 

"  Oeneral  Deacrlptkm.  The  Utumfaioas  atacadan  pavemcsit  shall  aoodat  of  three 
now—  of  broken  stme,  separately  constructed,  laid  to  conform  to  the  required  gmdea 
and  eroes  sections,  and  constructed  as  hertinafter  spedfled  with  bituminous  matatial 
Incorporated  with  the  top  or  third  eourae- 

"  Fint  Course.  After  the  subcrade  or  subbeae  coune  shall  have  been  prepared  as 
qwdfied,  a  courss  of  No.  4  broken  atone  shall  be  evenly  spread  so  that  it  shaQ  have, 
after  rolling,  the  required  thickness  of  3>j  Id.  The  depth  of  loose  bndcea  stone  ahall 
be  gauged  by  the  use  of  strings  between  iron  stakes,  aa  directed.  The  spreading  of 
the  broken  stone  must  be  from  plica  dumped  on  boards  provided  for  the  putpone  or 
from  pilfla  dumped  alongside  the  road,  or  as  directed  by  the  Engineer.  Tliia  oouise 
■hall  be  thoroly  rolled  with  a  12  to  16-ton  road  roller.  The  initial  roUing  shall  begin 
at  the  sides  of  the  road  and  continue  towards  the  center  and  shall  be  kept  up  untO 
the  stone  Is  kqred  together  and  there  is  no  disturbance  of  the  stone  ahead  <tf  tha  roller. 
After  the  Arst  eouise  has  been  compacted,  it  shall  be  evenly  covered  with  a  thin  layer 
(rf  scroenings.  The  quantity  of  screenings  to  be  used  shall  ba  iust  snffldant  to  cover 
the  larger  stones  and  care  shall  be  exerdsed  to  avoid  the  use  of  an  excess  of  tbi  wcnea- 
ings.  This  covering  shall  then  be  rolled  as  heretofore  provided  exc^t  that  water 
ahall  be  used  in  connection  with  the  roUing  as  follows:  After  the  screenings  ahall . 
have  been  lightly  rolled,  water  ahall  be  sprinkled  on  tha  road  surface  Juat  ahead  of 
the  roller,  in  such  quantity  as  wU  prervoit  the  sdding  to  the  wheels  at  the  ndler  ot 
the  fine  material  on  the  surface,  and  the  combined  Q>readjng  of  scremlngs,  wat«iag 
and  rolling  shall  be  continued  until  the  voids  of  the  broken  stone  beccnne  so  filled 
with  the  finer  particles  as  to  result  in  a  wave  of  grout  being  pushed  along  the  road  sur- 
face by  the  front  wheel  of  the  roller.  After  the  completion  of  the  rolHng,  no  teaming 
other  than  that  necessary  for  bringing  on  the  broken  stone  for  the  next  course  shall 
be  allowed  over  the  rolled  broken  stone.  Should  It  be  apparent  after  the  rolling  of  the 
first  coume  that  the  subgrade  material  shall  have  become  churned  up  Into  qr  mixed 
with  the  broken  stooe  of  this  course,  whether  by  resson  of  the  rolling,  or  by  *>■  tiling 
over  the  broken  stone  or  otherwise,  the  contractor  shall  at  his  own  ejqpenee  remove 
and  replace  such  mixture  of  subgrade  material  and  brtriten  stone  with  dean  brctei 
stone  of  the  propn  sise  and  sliall  roll  the  material  to  produce  a  unlfonn,  Arm  and 
even  first  course  as  required. 

"  Second  Coarse.  On  the  completed  first  aourss  shall  be  spread,  in  tha  mannw 
qiadflad  in  the  preceding  paragraph,  No.  4  broken  atone  to  form  the  second  couise. 
This  broken  stone  shall  be  evenly  qiread  to  such  a  depth  that  It  shall  have,  after  rolling, 
the  laquifad  ttiidmeas  of  3H  in.  Tha  second  course  shall  be  compacted,  puddled 
with  screenings  and  water,  and  finished  under  the  same  proviriona  as  prescribed  (or 
the  fltst  couise.  When  the  rolling  shall  have  been  completed,  the  surface  of  the 
second  course  shall  be  firm,  even  and  true  to  the  lines,  gradsa  and  iiimw  ssillisii  U 
the  surface  is  not  slightly  rough  so  ss  to  afford  a  sulIUgBit  maefaaaiGal  bond  for  the 
third  course,  it  shall  be  broomed. 

"  Description  of  Top  Coorae.  The  top  coume  of  the  Utumlnons  macadam  pave- 
ment shall  consist  of  a  third  course  of  broken  stone  and  two  appUcatfaxn  of  bitumiomii 
material,  each  application  bdng  followed  by  the  distribution  of  a  layer  of  No.  1  broken 
stone,  constructed  as  hereinafter  specified. 
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"AKtfhalt  CamaDt  and  R«ftud  In,  Tba  wapbiaSb  tmant  or  ta6md  tar,  hmbaftar 
referred  to  mm  bHomlnoua  material,  oaad  In  tha  conatroctloo  of  tb«  tUrd  eonna  of  the 

tHtuminous  macadun  pavemmit  ihall  coofonn  with  ^tfaer  oos  of  the  ipadficBtioiia 
coveriDg  the  chemical  and  pliyalcait  propertiea  of  bitumioous  materliUs  included  under 
the  item  entitled  'A^thalt  Camanta  and  R^wd  Tare  for  BitumlBOua  Macadam 
FavenHBL'   See  Art.  8. 

"  Heatlnc  Bltnwhn—  ICateriala.  Bituminous  matariab  shall  be  heated  in  kettlaa 
or  tanka  lo  deairied  aa  to  admit  ot  even  heating  of  the  entire  maaa,  with  an  effldent 
and  poaitiva  control  of  the  beat  at  all  timea.  Asplialt  eement  ahall  be  heated  aa 
directed  by  the  Engineer  to  a  temperature  between  136°  C  (2TE°  F)  and  177"  C  (860" 
P).  AD  asphalt  eement  heated  beyond  177"  C  (860"  F)  shall  be  rejected.  Rsflned 
tar  riiaU  be  heated  aa  directed  by  the  Engineer  to  a  temperattuv  betweui  98°  C  (200°  P) 
and  121°  C  (260"  F).  All  refined  tar  heated  beyond  121"  C  @60"  F)  abaU  be  rajeetad. 
No  tar  shall  be  heated  in  kettles  or  tanks  containing  any  oil  or  aaplialt  cenMut.  Befof* 
flanging  from  one  type  of  material  to  another,  kettles  or  tanks  shall  he  senipoloasly 
cleaned  in  order  to  avoid  mixtures  of  the  two.  Any  mlxtoree  of  diffwent  kinds  oif 
Utominoua  materials  shall  be  rejected. 

*'  Tkwmoiiuteca  Furnished  by  Contracton.  The  contractor  sltall  provide  a  snlB- 
ektit  number  of  accurate,  efficient,  statlonaiy  thwmomatara  for  dstsrminiBC  the 
tomperatnre  of  the  Utnniinoaa  material  in  Icettles  or  tanks. 

Third  Course  of  Broken  Stone.  On  the  completed  second  eourae,  when  thoroty 
dry,  ahall  be  spread,  in  the  manner  above  spedfled  for  the  Aist  course,  diy  No.  8  broken 
■tone  to  form  the  third  course.  This  brokra  stone  shall  be  evenly  spread  to  such  a 
depth  that  It  will  have,  after  rolliac,  the  required  thickness  of  2H  la.  Tha  third 
course  shall  be  thoroly  compacted  by  dry  roUiiw  ontfl  tha  fragments  ei  broken  stooe 
have  keyed  together  in  accordance  with  the  aame  provisions  covering  roUing  as  pre- 
scribed for  the  'First  Course.' 

"  Victt  Appticatkm  ol  Bltumlnons  UateriaL  After  the  third  oonne  of  bndcsn  stona 
shall  have  been  thoroly  compacted  as  spedfled  and  when  dean  and  thoroly  dry,  the 
UtnmbUNH  material  aliall  be  uniformly  applied  over  the  prepared  surface  of  the  third 
course  by  msMM  of  a  proMroro  distributor  as  hereinafter  qwdfled.  Tlie  a^thalt  ceaaent, 
wfasn  aivBed.  ahall  have  a  temperature  between  1S6°  C  (276°  P)  and  17T>  C  ^SQ^  P). 
The  reflned  tar,  when  applied,  shall  have  a  tcnperatare  between  iv  C  (200"  F)  and 
121"  C  (250"  F).  The  total  amount  of  bituminous  material  to  be  used  in  the  Aist 
application  riiall  not  be  less  than  1^  gal  nor  more  than  IJ^  gal  par  sq  yd,  the  prsdss 
quantl^  being  determined  by  tha  Engineer. 
Praaure  DIatrlbator.   See  Art  9. 

"Ffrst  Application  of  Vo.  1  Broken  Stone.  Immediately  after  the  applicatioa  of 
the  bituminous  material,  a  layer  of  dry  No.  1  broken  atcme,  not  to  exceed  ^  in  la 
thicknesB,  shall  be  spread  as  directed  by  the  Engineer  over  the  surface  of  the  bituminous 
material  and  shall  be  at  once  rolled  as  directed  by  the  Engineer  with  a  roller  wdghlng 
between  12  and  15  ttHis.  During  the  rolBng  proceea,  aJilfrinMl  Ko.  1  brokn  stoos 
ahall  be  applied  and  broomed  until  the  voids  In  the  upper  p<Htion  OC  ttw  third  eooisa 
are  filled  to  the  satisfaction  of  the  Engineer. 

"  Second  Application  of  Bitnminous  Material.  Prior  to  the  second  application  of  Utu- 
mlnoos  material,  all  looee  No.  1  brolcen  stone  shall  be  swept  from  the  surface  of  the 
pavement.  V/hm  thoroly  dean  and  dry,  a  second  application  of  Utumlnous  material 
^tUbe  uniformly  applied  over  the  surface  by  means  of  a  prenure  distributor  as 
qtedfled  above.  When  qiplled  tha  asphalt  cement  shall  have  a  temperature  b»- 
tween  136°  C  n  and  ITT  C  060"  F).  When  applied  the  refined  tar  shall 
have  a  temperattm  betpaan  M'  C  ifOV  F)  and  121"  C  (260"  F).  The  total 
■moont  of  UtmiAioas  material  to  be  used  In  the  second  appBcatian  shall  not  be  Um 
thsn  gal  nor  more  tiuu  K  gal  per  aq  yd,  the  ptedsa  cpiantitir  bebig  datemdned  by 
thtEng^en-. 

"  Saeond  AivUMtfoa  of  No.  1  Bnikan.  Stone.  ImmecBatelr  after  the  soeond  qipU- 
tatioa  ol  Utumlnous  materia],  a  Uyv  of  dry  No.  1  bndnn  stone,  not  to  exceed  H  I>> 
in  thidcneH,  shall  be  spread  and  broomed  as  directed  by  the  Engineer  over  the  eurfsce 
of  the  Utuminous  material  and  thereafter  at  once  rolled  as  directed  by  the  Engineer 
irith  a  roller  wrigiiing  between  13  and  16  tons.  The  rolling  ahall  be  continued  and 
■ddltiaiml  No.  1  bn^cn  atoiie  shall  ba  appUsd  until  a  smoo^  uniform  surlaoe  la 
prodnosd  to  the  satisfaction  of  the  Engfaisar. 
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"  Seasonal  uid  WeathM  lisiHatiofui.  No  bltumlnoua  matMU  >hmll  ha  appVmi 
when  the  air  tempentura  In  the  ihada  !■  below  10°  C  (BO*  F),  WtcBpt  by  the  written 
perminum  of  the  Engineer. 

"  Mewaieinmt  and  PijiimbL  The  quantity  of  bituminous  mttcsdam  pKvemnit 
to  be  pkld  for  under  this  Iton  shall  be  the  number  ctf  square  yards,  roesBUTed  horizon- 
tatly,  satisfactorily  completed  In  accordsJice  with  the  specifications.  The  price  stipu- 
lated in  this  item  shall  include  the  furnishing,  crushing  and  sereeninf  of  the  diffmnt 
iiiea  of  broken  atone,  the  heating  and  diatributInK  of  the  bituminous  material,  and  all 
materiala,  work  and  expenses  inddontal  to  the  eoapletlan  of  the  bhuminoos  autcadam 
pavement  otcqit  the  furnishing  of  the  bitumlnaua  material,  whidi  will  be  Indoded 
for  pi^mflBt  under  the  item  entitled  Asphalt  Cements  and  Refined  Tsis  for  Bltuminoua 
Macadam  Pavements."    See  Art.  8. 

Method  B.  The  1917  Pens.  State  Highway  Dept.  SpeciflcatlonH  are  as 
follows: 

"  Cruahed  Stone.  The  stone  shall  be  first  quality,  cubical  crushed  rock,  free  from 
dirt,  dust  and  foreign  materials  and  of  such  size  as  shall  pass  a  S4n  revolving  asMn 
and  be  retained  on  a  I-iti  screen.  No  Intermediate  sixea  ahall  be  removed.  Tbe 
French  coefficient  of  wear  shall  be  not  tees  than  10.  For  filling  the  surface  voids  in 
the  above  described  stone  after  the  bituminous  material  has  been  applied,  hard,  tough 
cruahed  rock,  free  from  dirt,  dust  and  foreign  materials,  passing  a  1-in  revolving  screen 
and  b«ng  retained  on  a  7^-in  screen'  and  having  a  French  coefficient  of  wear  of  not 
less  than  16,  shall  be  used.    This  stone  is  known  aa  ^-In  material. 

**  Stone  Oiipt.  The  stone  chips  shall  be  <rf  tbe  best  quality  rock  and  <d  such  sisea 
aa  ahaU  paaa  a  Bcreai,  with  the  larger  riiea  predorobmting  and  aball  be  free  Irom 
dirt,  doat  and  forrign  materials.  The  French  coefficient  of  wmt  ahaU  be  not  lasa 
than  IG. 

"  Placing.  The  broken  stone  shall  be  spread  upon  the  base  course,  with  ahovels, 
from  piles  alongside  the  roadway  or  from  a  dumping  board.  In  no  case  shall  tbe 
broken  stone  be  dumped  directly  upon  tbe  base  course.  The  depth  of  the  aurfaca 
course  shall  be  not  less  than  3  In  at  any  point  after  final  compresdon.  If  a  greatn 
depth  b  Uid  by  the  contractor  no  extra  allowance  for  such  additional  depth  will  be 
made. 

"  Rolling.  After  the  broken  stone  for  the  surface  course  has  been  laid  true  to 
line,  grade  and  croan  aeetion,  it  aball  be  rolled  with  a  power  roller,  wci^ilag  not 
leas  than  10  toaa,  until  tbe  stone  ia  rnniprraarii  to  a  firm,  even  surface,  but  not  to  final 
compremltm. 

"BituninonB  Application.  Alter  the  rolling  has  been  completed  as  above  there 
shall  be  spread  evenly  over  the  surface  a  quantity  of  approved  bitumlnooa  binder, 
not  leM  than  1^  nor  more  than  l>j  gal,  as  directed,  to  each  aq  yd  of  surface  area. 
The  Ulumittous  material  shall  be  heated  to  and  applied  at  a  temperature  of  not  leea 
than  107*  C  (226*  F)  nor  more  than  163°  C  (325°  F),  if  an  asphalt,  and  not  teas  than 
79°  C  (ITS"  F),  nor  more  than  121'  C  (ZBQO  F),  it  a  tai^rodnct,  aa  may  be  directed. 
After  the  bituminous  binder  haa  been  apfriled,  there  shall  be  qmad  ■  layer  ot  9i-4n 
dry  cruahed  rode  free  from  dmt  and  In  audi  quantity  aa  juat  will  cover  the  autCaea 
and  fill  the  aoiface  vrada.  RoUing  then  ahall  continue  until  tlie  auifaea  la  bonded 
thoroly. 

"  Seal  Coat.   After  the  surface  haa  ben  prepared  as  above,  it  ahaJl  be  swept  dean 

of  all  loose  stone  and  an  application  of  bituminous  binder  of  approximatdy  to  H 
gal,  as  directed,  to  the  sq  yd  of  surface  area  shall  be  applied  evenly,  which  shall  be 
covered  immediately  with  a  thin  layer  of  dry  stone  chips  and  rolled  lightly.  The 
quantity  of  chipa  bHsII  be  sufficient  to  take  up  all  excess  tntuminous  material 
remaining  on  the  surface.  The  finished  surface  shall  m>nfonn  with  the  gisde  and 
croaa-secUons. 

"  Weather  Conditions.  No  bituminous  materials  shall  be  applied  unless  the  stooe 
surfacing  b  thoroly  dry  and  the  air  temperature  is  at  18°  C  (65°  F)  or  above." 

Method  G.  The  1917  Ohio  State  Highway  Oept  Specifications  are 
OS  follows: 

"  Sizes  of  Aggregate.  Ho.  1.  Material  paasiBg  thru  a  8>4-ln  and  ret^ned  oa  a 
2-in  opanbig.  No.  1  rise  for  atone  with  an  abrasion  loaa  of  greater  than  fl%,  dnil 
OMtsbt  of  material  paariug  thru  a  4^  and  retained  on  a  opening. 
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Ho.  2.  Uaterial  pvmtng  thni  a  2}i-in  and  nbdned  on  ■  lH-ta  openinc. 

No.  S.  Uaterial  pMing  thru  a  l^irin  and  ntainad  on  «  j^-fai  c^ieiiiiif. 

No.  4.  Grit.    Material  paaaing  thru  a  H-^  and  ratalnad  cm  a  H-in  opening. 

No.  6.  Grit.  Material  j— ""f  thru  a  )^in  opening  and  retained  on  a  >/i*^ 
cqtening  or  aquare  lacah. 

No.  7.  ScreeoinsK.  Material  paesing  thru  a  M-In  opening  or  square  mesh  and 
CUitaimng  not  more  than  30%  <rf  material  that  will  paae  a  lOO-mish  sieve." 

"  Size  of  Acgresato  for  Top  Conrsa.  II  the  thickneaa  of  the  completed  top  eouna 
ia  3  in  or  lem.  No.  2  aiie  aggiegate  aliall  be  uaed.  For  counea  <mr  3  in  la  dapth. 
No.  1  size  aggregata  ahall  be  uaed. 

"  Spreading  Coarse  Aggregate.  Upon  the  foundation,  prepared  aa  elsewhere  de- 
BcrilMd,  bIuUI  be  spread  a  coune  of  stone  or  slag,  of  sufllcient  depth  to  roll  to  the  flnished 
thIdmMB  shown  on  the  plans.  CnUcal  blodia  of  wood,  or  side  and  center  guide 
fenna  oT  proper  lise,  shall  be  uaed  to  fix  the  depth  of  the  loose  material.  In  spreading, 
care  must  be  taken  to  prceerre  the  grade  and  crown,  and  abo  to  prevent  a  wavy  surface. 
Alter  the  sbne  or  slag  IB  spread  upon  the  foundation,  it  shall  be  harrowed  to  aid  in 
producing  a  uniform  and  even  surface.  Any  thin,  flat  or  ovevize  stones  that  appear 
on  the  surface  at  any  time  during  the  procev  construction,  shall  be  pemoved  there- 
bom.  Whm  Bpnad,  the  material  shall  have  a  ui^onn  disMbution  of  idzea  thruout 
the  entire  course. 

"  Rolling.  The  top  course  shall  be  rolled  until  it  is  thoroly  compacted  and  the  sur- 
face is  smooth  and  conforms  to  the  established  grade  and  eToe»«ection.  The  rolling 
shall  begin  with  the  outside  driver  covering  equal  parts  of  the  metal  and  shoulder, 
and  the  roller..8kall  be  run  forward  and  backward  along  the  edge  of  the  metal  until 
the  ahoulder  and  metal  are  firmly  bound  together.  The  rolling  shall  then  progress 
^adually  from  each  side  toward  center  and  tUs  process  repeated  until  the  cntlva 
course  has  been  thoroly  rolled.  Any  low  pbcea  that  devalap  duriag  the  roDing  ahaD 
be  loosened  and  thai  reflDed  with  the  same  Idnd  of  material  as  that  of  iriildi  this  coarse 
is  constructed,  and  again  rolled,  as  required  above. 

"  Partial  Filling.  Where  this  top  course  is  to  be  thicker  than  3  In,  wb«o  com- 
pleted, Ute  bottom  voids  up  to  within  8  in  of  tlie  surface  shall  be  filled  with  dry  No.  7 
UmeatoM  or  slag  screenings  or  dry  aand.  The  acraenings  ahall  ba  qipHed  thinly  over 
the  snbce  dtirtng  the  process  of  dry  rolling..  The  stone  shall  be  so  treated  that  tbe 
upper  8  in  of  the  course  will  be  free  from  all  dtut  and  fine  material  when  the  bitumlnoua 
material  Is  applied.  During  the  finishing  process  o(  rolling  any  large  voids  In  this 
eoone  shall  ba  partially  filled  with  No.  8  stone  which  shall  be  whippy  into  the  voids 
witlt  ahovela  or  by  hand.  Rolling  shall  be  continued  during  the  application  of  tbe 
stone.  The  voids  In  tUs  top  course  shall  be  just  sufBdently  filled  so  that  the  amount 
of  bituminous  material  specified  will  fill  the  remaining  voids  and  produce  a  dense 
surface  when  tbe  road  ia  completed.  Any  dust  remaining  on  tbe  surface  stone  shall  be 
removed  by  sprinkling  with  water.  Sufficient  time  for  the  stone  to  dry  shall  ektpse 
before  any  bituminous  material  is  applied,  but  tliere  shall  be  no  more  than  1000  ft 
of  top  course  uncompleted  at  any  one  time. 

"  Applying  Bituminous  UateriaL  No  bituminous  material  shall  be  applied  when 
tbe  tempera  tuna  of  tbe  atmosphere  on  tiie  work  is  below  7°  C  {46°  F)  or  when  the 
atone  la  damp  or  wet.  '^thout  disturbing  the  stmie  or  grit  placed  and  rolled  as 
above  described,  the  bituminous  material,  of  the  quality  specked  in  the  estimate, 
shall  be  uniformly  applied  to  the  surface  by  means  of  approved  pressure  distributors 
or  hand  sprinkling  pots.  The  total  quantity  of  Utuminous  material  used,  incladlng 
the  seat  coat,  shall  be  aa  qwdflod  in  the  estimate.  Immediately  tStta  the  Utuminma 
binder  is  applied,  there  shall  be  evenly  spread  over  the  entire  surface,  hard,  clean. 
No.  4  grit  (rf  stone,  slag  or  gravel  in  amount  suffldent  to  fill  the  surface  vcdds.  Tbe 
grit  shall  be  evrai^  distributed  with  a  push  broom  to  insure  the  filling  of  the  vcdds. 
It  dull  be  so  applied  as  to  leave  a  mhiimum  amount  of  grit  on  the  surface.  The 
road  Aall  tlun  ba  thoroly  ndled  before  the  bituminous  material  stiffens  enough  to 
ptevent  tbe  grit  from  bring  readily  incorporated  with  it.  The  rolling  shall  continue 
until  n  firm  and  smooth  surface  reaults,  conforming  to  the  requirenenta  of  the  plana. 
Any  Burplna  loose  grit  not  held  by  the  bituminous  material  ahall  be  swept  off  sad 
tbe  surface  kept  dean  until  tiia  saal  ooat  is  an>lled. 


"  BRnndnsas  Saal  Coat  After  ttak  rolUng,  not  less  than  M  gal  a<  the  same  bitu- 
minous matorlal,  haatad  as  above,  ahall  ba  uidformly  aprmd  over  eadi  square  yard. 
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ud  the  lUffAGS  BCftIo  covered  with  No.  4  or  No.  S  (rit  kt  tfaa  nte  of  mbont  1  eu  jd  to 
70  aq  yd  of  lurface.  The  road  AM  then  be  roUed  imtil  thoroly  oompcxteL  A  wot' 
fldaot  amount  of  pit  Bhalt  be  left  on  the  eurfaee  to  protect  the  KmA  while  Miriht  iVh" 
Method  D.  The  Rotd  Board  of  En^nd  General  Diraclioiu  for  Svrtec- 
ios  vith  PHch-Grouted  Macadam  are  as  foUows: 

"1.  Any  road  irtdch  ii  to  be  enbcad  with  pitch-ported  macadam'  ■bould  lwi«  m 
pnqter  toundstion  ot  eab-enut  of  adequate  tMflm—  to  bear  the  MBo  Ukdy  to  «•  IL 

"2.  Before  layhig  a  new  ■urfece  of  pitch-grouted  macadam  the  thicknes  el  tht 
oU  crust,  ineludlnc  foundations,  should  be  aaoertained  by  opening  trial  liiin  Ixe  mt 
intervale  nveraging  about  160  yd  extending  from  the  haimch  of  tlte  road  to  the  canter, 
and  tnnahaa  to  be  made  alternately  on  opporite  aMea  of  the  road. 

**8.  The  tUdmeas  of  the  mjrfmce  coating  of  pltcb-grooted  i— I'^'inT  whan 
and  eoDBoUdated  by  roUng  ahould  be  2}^  to  S  in,  except  on  very        ttalBe  roa^ 
when  tlie  thkkneai  may  be  2  in  (or  aingle-pltdi-grouting,  and  frmn  4  to  4M  bt  for 
the  double-pltch-groutli^  hereafter  described.  ^ 

"4.  In  the  caae  of  naturally  hard  aubaolk,  not  materially  aoftsned  by  infiltrmtka 
o(  Burtace  water,  the  total  thickneai  of  the  road  cruat,  lududing  foundation.  If  aay, 
after  consolidation  by  rolling  of  the  new  pitdi-grouted  surface,  ahould  not  imdtf  onfr 
nary  drcumataneea  he  leas  than  6  in,  unlen  the  nibeoil  is  so  hard  as  In  iti^  to  act  as 
a  good  foundation.  In  whidi  case  the  thickneai  of  the  road  cnist  may  be  radvoed  to 
4  in.  In  the  ease  of  day  or  other  yielding  aubeoih  the  total  thicknen  ahould  not 
be  )«  than  II  fat. 

"5.  The  Anlshed  surtaea  ahould  have  a  enxaJall  of  about  1  In  82.,  It  tlte  eiwt 
la  not  aufflctotly  thick  at  the  crown  to  enable  this  erosa  fall  to  be  obtahMd  with  a  new 
coating  of  the  thiclawaa  above  mentioned,  then  the  old  aurface  should  be  left  Intact 
and  unsearifled,  and  the  thickneee  of  the  new  pttch-grouted  coating  inoeased  as 
tar  aa  may  be  neoeaaary.  If  the  crust  Is  al  sufficient  thidkneai  for  the  purpoae,  the 
legnlattai  of  the  cR»4all  should  be  canted  out  by  acarl^rlng  the  euifaee  ud  rmnmiat 
material  from  Uia  crown  to  the  aldea  prevlona  to  the  appHortlan  of  tba  new  ea^tat 
Material  loaomed  by  scarifying  should  be  acreened  and  all  material  flnar  than  X  ta 
dioald  be  thrown  aside. 

"6.  The  aggregate  of  bndien  stone  to  form  the  new  suifaee  of  jritch-grouted  meradar- 
Aoold  oontain  broken  stone  of  ap|»ovBd  quaU^  id  whidi  at  leMt  00%  must  be  brakw 
to  the  riM  or  2)j  In,  and  36%  to  dsat  witOaA  tm  to  IH  la.  In  addition  to  iMi 
6%  of  ddHifaiBi  <rf  the  same  aton^  vaqrinc  from  K  In  down  to  H  In,  ahoold  be  wid 
for  ekdng  after  the  grouting  with  melted  pitch. 

"7.  For  making  pitch-grouted  macadam,  the  pitch  used  should  «mM>ly  with  ths 
Road  Board  Spedflcatlon  for  Pitch  (see  Art.  8),  its  viscaslty  being  altered  to  suit 
climatic  and  local  conations  by  varying  the  qnaatllT'  of  the  tar  o<la  aa  specUM 
tbwrfn. 

"8.  It  b  important  that  the  jrfb^  abonld  aot  ha  pound  U  l3am  snifaaa  of  the  stsaa 
Is  weL  The  stone  may  be  protected  by  taipaaUiM,  or.  It  wat^  may  be  dried  te  jUa 
by  portable  blowen  or  oUter  mean. 

"B.  Tlte  quantity  of  [dtch  required  to  grout  a  single  coating  is  appraadmateiy,  for 
a  consolidated  thickneee  of  2  hi,  IJi  gal  per  yd  super,  for  2H  la,  IH  Kal  per  yd  ei^, 
and  tor  8  in,  2  gal  per  yd  super,  but  tbeee  quantitias  nay  vary  with  diffennt  materiali 
and  eare  muet  always  be  taken  to  OH  the  vtdds  adequatdy. 

"10.  The  aggregate  after  having  been  spread  and  levelled  muet  be  rolled  down 
dry  nntll  tho  surface  Is  fonned,  but  without  tlie  addition  of  any  email  material. 

"11.  The  pitch,  aft«r  being  carefully  melted  as  dmcrtbed  hi  Clanae  18,  must  be 
rataed  to  a  temperature  of  149°  C  000°  P).  dean,  sharp  sand  must  be  heated  oa 
sand  hsatan  to  a  tenwmture  of  204*  C  (400°  F).  A  dandy,  or  portaUe  mWi« 
veaeal,  Is  then  to  be  filled  with  eqnal  parte,  by  mMaarenMnt,  of  the  heated  fdtdi  Md 
the  hot  sand,  and  the  mixture,  hereafter  called  the  matrix.  Is  to  be  kept  well  atlned, 
while  it  is  being  emptied  from  the  dandy  or  portable  mixing  vemel  into  ponrlng  caM 
of  from  2  to  3  gal  capadty,  which  are  uaed  for  pouting  the  mateht  en  to  the  loi^ 
way.  Not  tmly  during  ttie  procem  at  ndaiag  bat  aftwwafdn,  f%kt  up  lo  the  time 
of  actual  pouring,  th»-  matrix  must  be  kept  wall  stirred.   The  SMrtrix  pKpnnd  with 

pitch  hi  thequantitiai^iacifledlaaaasaSibouUbaaBaaiwttoAlltfaa  veida  of  the 
W«»at» 
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"12.  The  Anal  raOhf  ■baaU  ba  oamBOieed  Immedtotriy  aftar  pCNobif  tha  plteb 
matrtz,  and  earrted  on  rapidly  baton  the  mafarlx  hai  time  to  aat.  Th«  6%  of  gnded 
ddpi^ngs  ihouM  be  spread  over  the  (routed  sorfaoe  in  part  prevlowly  to  and  tba 
remainder  during  the  proceee  of  rolling.  The  trafBe  may  be  allowed  on  to  the  "■IJmmI 
■urfaoe  aa  soon  aa  the  nirf ace  has  cooled  to  the  normal  tamperatura. 

"IS.  DonUe  Pitch-Groutinf.  When  tha  traffic  te  ao  heavy  that  a  conaoUdated 
thlcknw  tA  bom  4  to  4H  in  of  pitch^grouted  macadam  b  required,  it  la  derfrable.  In 
order  to  obtain  the  beet  and  meet  economical  renilta,  to  divide  the  coating  into  two 
layera,  the  bottom  lay«r  to  be  the  thicker  one  and  to  conabt  of  large  atoDeB,  the  two 
lay«a  being  rolled  down  and  grouted  acparately.  Any  local  ■t<me  which  can  be  pro- 
eived  dwaply  may,  if  auitable  in  qaahty  for  foundatioD  work,  be  uaed  for  the  bottom 
layer  graded  from  8-in  gauge  down  to  2-in  gauge.  No  chippings  an  required  for  flniah- 
ing  the  rolling  ol  the  bottom  li^er.  The  aggregate  for  the  upper  layer  ahoold  eoorat 
of  hard  road  stone  o(  approved  wearing  quality,  brolun  to  l>j-ln  gauge,  and  6%  of 
ehiroinge  of  the  same  at<ne  uaed  tor  the  upper  layer,  graded  from  ^-faidi  down  to 
}i-in,  should  be  added  Man  and  during  the  process  (A  roiling,  and  rolled  down  ao 

to  form  the  finished  surface  of  the  road. 

"14.  In  pouring  the  pitch  on  the  bottom  layer  tha  sorfaee  tit  the  pitch  should  not 
be  biM^  to  the  anrfaea  ol  tha  atone,  but  abonU  He  about  H  hi  below  muA  eorfaee. 
irith  Ota  object  of  provfdIi«  a  key  tor  the'upper  layer. 

"IB.  The  Btateriala  and  the  methods  of  groutfaig  and  layinc  down  in  the  caae  d 
dcMible-pitd»-groutiDg,  should,  ezo^t  when  othenriM  mimmty  itated,  enaform  to 
the  proiridcns  of  Chuiew  T,  8, 10,  11  and  12. 

"16.  Tha  cpiantlty  of  fritdi  raqidrad  for  dooble-iritcb-groutiog  Ii  ^iineadnatab', 
for  a  oooaoUdatad  thlrrkneee  of  i  In,  8K  gal  per  yd  nper,  and  for  4>{  In,  SH  per 
yd  super,  but  tbeae  qilastitlea  may  vary  with  different  mat«riak,  and  eaie  mnat  always 
ha  tahm  to  fill  the  vidds  in  the  surface  iH^ting  adequately. 

"17.  For  the  putpoae  of  aeourately  aaeertalnlng  the  propOTtiens  nnnianj  fw  the 
matrix,  it  is  ea—itial  that  port^ile  wei^ti,  aealm  and  meaaaras  ba  pnnrliled,  and  all 
materials  used  in  the  prepare tloo  of  the  matrix  ahould  be  aeamtdy  proportioned 
by  wei^t  or  measurement. 

"18.  Inatnctiona  for  UeUing  the  Pitch.  The  jAtdi  boHen  of  from  2  to  8  tona 
capad^  should  be  charged  with  pitch  and  about  one-half  of  the  pnq>er  proportitm 
of  tar  oik.  The  fire  should  thw  be  lighted,  and  thereafter  a  steady  fire,  with  fire 
doors  doeed,  ahould  be  maintained,  when.  In  from  4  to  5  hr,  the  piti^  ahould  be  thoroly 
mdted.  A  bright  fire  should  bo  kept  until  the  pitch  reacliea  a  temperature  of  148°  C 
(800"  F),  when  the  remainder  of  the  oils  should  be  added  and  the  mixture  thoroly 
stirred;  the  Hia-doora  should  then  be  openad  and  the  temperature  of  the  malted  pfteb 
permitted  to  fall  to  121°  or  132°  C  (250°  or  270°  F).  The  pitch  should  then  be  ready 
for  use  and  In  all  cases  should  be  thoroly  wdl  stirred  before  bring  drawn  off.  In  the 
•vent  of  bad  weather  stopping  the  work:  at  grouting  the  flre-door  should  be  Mt  open, 
tha  damper  ckaad,  and  tha  tampmtara  of  the  pitch  allowad  to  tall  to  98"  C  (200*  F). 
It  oaa  ba  kept  at  this  tanpetatura  for  l(»g  periods  with  hanked  Area  conauming 
alMiut  7  lb  <rf  coke  per  hr.  It  b  recommended  that  a  suitable  Fahrenheit  ther- 
mometer with  metal  protection  should  be  at  hand  to  indicate  tha  temperature  of 
the  melted  jAtA.  Whenever  the  weather  is  favorable  for  the  reoommeoeement 
of  the  woric  the  ^tch  must  be  agahi  raised  to  ISZ"  C  (270"  F)  by  eloshig  the  doors 
and  rimrp  firinf.  It  is  dcainble  that  the  boiler  AonU  ba  kept  air-tight  vboi  the 
pitch  b  bring  melted,  by  the  uae  of  alight  covers  properly  packed  ao  as  to  mske 
•A  air-tight  j<dnt." 

Hathod  D.  The  Hus.  Hishway  Comm.  Specifications  (24)  are  as 
(oIIowb: 

"Upc«i  the  lower  course  shall  be  spread  the  upper  course  of  stone,  which  shall 
eooslat  of  brolon  trap  rode  that  will  pass  thru  a  ring  2H  In  In  diameter  and  will  not 
peas  thru  a  ring  IJ^  in  In  diameter,  and  shall  be  2  in  in  thidmeas'after  rolling  with  a 
steam  roller,  and  evened  up  with  material  of  the  same  aise  and  quall^  as  has  been 
need  In  that  particular  eoume  and  to  the  satisfaction  of  the  Engineer. 


"TTpon  and  into  the  Intaratioea  of  tiM  upper  eoutae,  prepared  as  hereiotwfore  de- 
serfbad,  shall  ba  broonsd  and  poured  hot  tar  and  hot  sand  at  the  rate  of  2>j  gal  per 
eq  yd. 
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"The  pnqMrtlolu  ot  mad  uid  tar  fa  tbe  mixture  ahftO  be  equBl  la  vohuae,  thst  K 
the  mixture  abaSl  eoiudst  of  60%  hot  Mad  and  60%  hot  tar.  The  Mod  ahall  be  data 
ead  wbarp  «ad  free  from  loam,  day  aad  adventitioua  matter  of  all  kiads.  Tha  graiDa 
ti  Mod  ahall  pan  thru  a  tfr^neeb  aiew,  not  mora  than  20%  shall  pan  a  Iftfl  inch 
ifave,  not  more  than  6%  shall  pan  a  200-Buah  neve.  The  Mud  shall  be  heated  la 
a  manner  ntUactoiy  to  the  Engineer  to  approximately  149°  C  (800°  F),  and  after  heat^ 
lag,  the  Mnd  shall  be  mixed  immediately  with  the  tar,  in  such  manner  as  to  be  eatie- 
factory  to  the  Engineer,  and  bo  handled  that  when  it  ia  poured  into  the  road,  the 
eand  will  not  have  settled  to  the  bottom  of  the  tar,  but  shall  be  in  coraideta  — — rtrm-B 
Before  mixing,  the  tar  shall  have  been  heated  to  a  temperature  approximately  107°  C 

"Immediately  alter  the  tar  aad  nnd  mixtore  has  been  broomed  and  pound  into 
the  top  eoune  the  surface  shall  be  covered  with  a  thin  layer  of  pea  stone  and  ba- 
BMdiatciy  rolled  with  a  steam  roller  weighing  not  len  than  10  tons,  to  the  mtWaedon 
of  the  Engineer." 

Method  E.    SpcciAcatlon*  Baaed  upon  American  Practice. 

Base  Conrw.  The  lower  course  shall  consiBt  of  crashed  stone  which  shall  pan 
a  iyt-in  ring  and  be  retained  on  a  ring,  spread  to  a  O"'"*™*  daptti  o<  4  in,  but 

»yi  in  below  the  flnlshed  grade.  The  course  shall  be  filled  thoroly  with  sharp  aaad, 
gmvid,  stone  screenings  or  similar  filter  approved  by  the  iilinliumi .  and  rolled  until 
noeth  and  firm.   No  filler  shall  be  left  on  the  surface. 

Sand  Layw.  On  this  eotUM  of  stone  thus  prepared,  shall  be  spread  mimly  a  lagw 
of  sharp  sand  to  the  depth  of  not  len  than  H  ia,  nor  more  than  1  in. 

First  Coat  Tar.  Refined  tar,  hMtad  to  a  temperature  of  not  len  than  98*  C  (MO"  F) 
and  not  more  thaa  136°  C  (276°  F),  shall  then  be  spread  evmly  ovn  tiw  Miface  to 
the  amoont  ct  not  Ina  than  1  gal,  nor  more  than  1  }^  gal  per  stfyd. 

Wearing  Course.  The  wearing  ooatse  shaQ  be  placed  on  the  tar  mortar  aad  shaO 
eoaM  of  abyerorCTtMhedstmswUdiahail  pan  a  2y^^  acreen  and  be  retained  co  a 
lii-in  sereea  spread  to  a  finished  depth  of  not  len  thaa  2>4  ia.  This  slxe  ol  stine  is 
but  for  trap  rock  or  other  hard  rock  which  don  aot  break  uader  the  roller.  If  lime- 
stone or  other  soft  rock  ia  used  a  larger  sixed  stone  may  be  need  to  advantage.  This 
eoune  shall  aot  be  filled,  but  shall  be  keyed  thoroly  together  by  roUiag.  The  suzfaea 
shall  be  left  smooth  aad  ot  evea  firm  texture  dean  and  free  from  dirt,  clay,  atone 
dost  or  other  material  which  will  pieveat  the  easy  praetratitm  of  the  rtfaed  tar. 

Seoond  Coat  Tar.  Refiaed  tar,  hMted  to  a  temperature  of  not  len  than  9S°  C 
(200°  F)  and  aot  more  then  186°  C  (276°  F}  shall  be  spread  uniformly  over  the  aurfaoe 
nhftD  dry  to  the  wnount  of  aot  len  than  Ij^  gal,  nor  more  than  IH  S*l  pw  ■(!  yd. 

nree-Voorths  Inch  Stone.  As  soon  as  poeeible  after  spreading  the  refined  tar  H-^ 
crushed  stone  without  dust,  stone  which  shall  pan  a  l>i-in  acreen  and  be  retahtad  on 
a  yi4n  amen,  shall  be  spread  over  the  surface  filling  the  voids,  but  haihig  no  auiplua 
on  the  surface.    The  road  shall  then  be  rolled  until  firm. 

Seal  Coat.  The  road  shall  be  swept  free  from  any  partidn  of  stone  not  held 
by  the  tar.  Not  len  than  <^  nor  mora  thaa  H  1*1  of  rc^ed  tar  per  aq  yd,  heated 
to  a  temperature  of  not  len  than  9S°  C  (ZOQO  F)  nor  more  than  136"  C  (276°  F),  efaaU 
be  spread  over  the  surface  aad  covered  with  stone  sereentngs  or  sharp  sand.  The 
road  shall  than  be  rolled  ontll  eompaeted.  A  suffldent  amount  of  serMidncs  or  aanf 
shall  be  left  on  tha  surface  to  protect  the  road  while  setting  up. 


Method  F.   The  1917  Specificatiooa  of  tiie  m.  State  Wtlanj  Dapt  are 


as  follows: 

"  Teets  and  Sizes  of  Crushed  Stone.  Crushed  stone  should  be  of  sound  aad  durable 
material,  aad  shall  have  a  coefilcient  of  wear  according  to  the  Duval  test  of  not  len 
than  7.    The  sises  of  crushed  stone  that  shall  be  used  are  as  follows: 

1.  Uniformly  graded  and  broken  to  a  size  that  will  pan  over  a  2-in  ring  aad  will 
just  pan  thru  a  3-ia  ring,  which  size  will  hereinafter  be  referred  to  m  8-tn  stoae. 

2.  Uniformly  graded  and  broken  to  a  siie  that  will  pan  over  a  ii-in  square  nweb 
aad  will  just  pan  thru  a  H-in  ring,  which  size  will  ber^naf  ter  be  referred  to  as  chips. 
This  stone  shall  be  clean  and  entirely  free  from  dust. 

3.  Uniformly  graded  and  broken  to  a  sixe  that  will  just  pan  thru  a  H-ia  ring 
and  be  wnifonnly  graded  to  duet.  This  material  will  hereinafter  be  referred  to  aa 
ecreenlni^ 
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**  TliwillllH  Hnt  Copw  «(  Stone.  Tba  fint  eooraa  ol  atoiw  ahall  be  of  8-in  vtOM, 
q>f««d  to  Gonpact  ubat  ralKnt  to  the  diaiaiilons  Bbowa  ob  the  pluM.  The  atoM 
msy  be  dumped  directly  upon  the  roadbed,  but  \n  such  cue  tt  doM  be  dietrlbated 
oniformly  over  the  foundation. 

«  Burawfnc  Vint  Coone  of  Stout.  After  tite  lint  eoone  ot  stoae  baa  bean  ipfMd, 
it  aliall  be  tfaonriy  hamwwd  aevani  tfanaa  mat  vntn  a  mailmiiin  deiirftjr  Is  obCafaad 
and  all  Una  material  wbidi  may  bar*  bem  ndmd  with  S-ln  atone  baa  been  ahalnB  to 
tbe  bottwn  of  tbe  layer.  The  harrow  ahaH  be  of  the  stiff  tooth  type  and  ■ball  have 
metal  teeth  at  least  1  in  in  diameter  extending  6  in  below  tbe  harrow  frame.  Tbe 
placing  4rf  the  teeth  ^11  be  audi  aa  to  admit  the  free  inmatn  at  »U  stone  betwawi  them, 
and  yat  ao  dfaplaea  tbe  atone  aa  to  prodiwe  tbe  imdtf  dnlnd.  llw  Mgn  «f  the 
hamnr  alnll  provide  a  ««lcht  of  from  8  to  12  lb  upon  eadi  tooth. 

"  Rdlinc  nrat  Conne  of  Stone.  Aftw  the  atone  for  the  Ant  eoune  haa  been  quead 
to  the  required  depth,  harrowed,  and  then  shaped  to  tbe  proper  cross^eedon.  It  shall 
be  roQed  unUl  the  entire  aorfaee  b  covered  and  thoroly  eompaeted,  forming  a  firm 
•mootfa  surface.  Tbe  roUfatg  ahall  begin  at  the  ridca  and  work  toward  tbe  eenler,  at 
each  ralUng  allowliif  an  overiap  ot  on^-halt  of  the  width  of  one  of  the*  raar  wberis,  and 
theae  wheela  shall  cover  the  entire  metal  auifsce  thoroly.  The  speed  of  the  rollw 
shall  not  exceed  100  ft  per  min.  If  any  tuevemien  or  d^treadons  appear  during  i» 
after  rolling,  material  shall  be  added  and  rolled  until  there  has  been  foimed  a  Uioroly 
eooHweted  aad  unlf  orm  surface. 

"  Spraadinc  Screenlnga,  Watering  and  K<dling.  After  tbe  first  eourse  ot  stone  haa 
bean  pwyeriy  aluqwd  and  rolled  to  the  aatlsfacHon  of  the  mgineer,  the  scnanln^  or 
honiitng  gmvelt  Aall  be  qipHed  in  aevsnd  aucoeaslve  layen  and  tbe  surface  broomed 
and  roDad  bet  wet  aadi!applieati<n  until  the  v<dds  in  the  stone  are  practically  fUled^with 
dry  a*  let'nliigi.  Icreeninns  shall  be  qiread  uniformly  over  the  surface  of  the  road 
from  piks  akng  tbe  aide,  and  in  no  case  shall  screenings  be  dumped  directly  up<» 
the  atuteee  of  the  atone.  Aftw  tbe  vekis  have  been  filled  with  screeningi,  the  surface 
ahaO  be  ^»rfaihUd  anttl  aatnmtad,  the  nnlnHer  being  followed  by  the  roller,  an^  more 
Bcnenlnga  diaD  ba  added,  if  as  wary.  Tbe  sprinkling,  sweeping  and  rolling  shall 
continue  until  a  grout  luu  been  formed  that  will  fill  all  of  the  voids  and  will  form 
a  wave  ot  water  and  grout  before  the  wheels  of  the  roller.  The  entire  operation  of 
spreading  aerenlngi,  watering  and  rolling  shall  be  done  to  tbe  aaHsfactiot  of  tha 
Ulimr. 

"  ^reading  and  BurowlM:  Seoond  Course  at  Stom.  The  atone  tor  the  aeeaad 
eourse  shall  not  be  q>read  until  the  foundattm  or  flnt  eourae  has  been  completed 
and  sboulden  made  aa  heretn  specifled.  The  aeeond  course  shall  be  <rf  S-ln  stcne, 
and  shall  ba  spread  to*eompact  undw  rolling  to  the  lUmenriona  shown  on  tbe  plana. 
After  tbe  seoond  eourse  has  been  lyread  ft  ahall  be  harrowed  as  berdubefore  ^MdOed 
tor  the  first  eoune  of  stcne. 

u  Rolling  Second  Course  of  Stone.  After  tbe  stone  for  the  eeecmd  eourse  baa  been 
tpnmd  to  tbe  required  depth,  harrowed  and  shaped  to  the  proper  cross  sertlon,  it  shall 
be  rolled  until  it  b  compacted  and  tarma  a  ttiin,  smooth  surface.  The  rolling  shall 
begin  at  the  sides  of  the  pavement  and  work  towwd  the  center,  and,  when  completed, 
tbe  SBifaee  ot  the  shouldera,  and  of  the  aeCond  eome,  shall  be  smooth  and  true  to  the 
fTOsa  BSfrton  Aown  on  the  plsns.  If  any  UDevenneas  or  depneriona  aH»ear  during  or 
after  roIHnc  the  aaemtd  eoune,  dthe*  on  tbe  surface  of  the  ehoulden  or  stone,  ma- 
terial shall  ba  ramovad,  or  addltfamal  material  shall  be  added  to  owrect  all  sudi  un- 
evennsBs  or  d^ire^tma,  and  the  oitlre  surtaee  rolled  until  It  becomes  smooth  and 
uniform  in  character. 

"  Spreading  Pliat  Coat  «(  BHualiMHW  Binder.  Afttt  the  surface  has  been  pre- 
pucd  as  deacrtbed  aboramd  It  la  dry  and  tree  from  diMt,  tbe  bttunJnoua  bbidsr 
bsretolore  specified  diall  be  uniformly  dhtrlbnted  at  the  approzimato  nte  ot  l)j  gal 
per  sq  yd  surface.  It  shall  be  spread  at  tbe  temperature  hereinbefore  prescribed 
and  hi  a  manner  which  wilt  insure  a  uniform  appearance  to  all  parte  of  tbe  surface.  If 
tbe  surface  of  the  road  Is  opo)  and  the  stonee  an  not  tightly  keyed  att«  rolling  aa 
praserlbed  above,  the  suifaee  voids  ahcU  be  partiallr  flOad  wHli  ddpa  brfora  the 
tMainoua  Mi^Ur  is  appHed. 


Spraadiw  VirM  C«u»e  at  CUpa.  Aftsr  tha  first  eoons  of  Utnmlnoun  Undsr  hu 
bem  applM,  tlw  •vfua  voids  shaU  be  fined  with  cUpa  lAlcJi  rinll  be  lAtoad  into  the 
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surface  from  iboTClt.  ttw  quantity  bdaf  nefa  mm  wUI  jnat  flII  Um  mibn  veldt.  After 
the  chlpa  have  been  whipped  mad  broomed  into  the  surface  un  all  mrface  voids  filled, 
the  ezcesB  material  ramainitic  on  the  Kirfaee  shall  be  swept  off  the  paveaMut  and  the 
surface  rolled  once  aver  with  tlte  roller. 

"  Spreedinc  Second  Coat  of  Bituminous  Binder.  After  the  flnt  coune  <d  cfaipa 
his  been  q>read  and  brushed  into  the  surface  and  rolled  alii^tly,  a  second  coat  of  the 
bHuniiDous  binder  shall  be  spread  at  the  approximate  rate  of  H  Cal  per  eq  yd  of  ma- 
faee.  The  binder  shall  be  applied  hot  and  in  such  iMniwa-  as  will  insure  a  uniforts 
appearance  of  the  surfaee. 

"  Spreadini  Second  Coarse  of  Chips  or  Torpedo  Oravel.  After  the  seoood  coat 
of  MtumlnoUB  binder  has  been  applied,  there  shall  be  spread  a  thin  course  of  chips  or 
torpedo  gravel  which  shall  be  brushed  into  the  surface.  If  altw  these  voids  are  filled, 
tbeiv  is  any  euess  of  sttne  chips  or  torpedo  gravel  on  the  surface,  it  shall  be  brushed 
to  tlw  edge  <a  the  pavement.  The  surface  shaU  then  be  rolled  until  it  is  entirely  tree 
from  depnwslons,  waves,  etc,  the  wheels  bdng  wet  to  prevent  sticking.  After  the 
surface  has  been  rolled,  it  slull  be  allowed  to  stand  for  at  least  day  before  bei^ 
open  to  traffic  After  b^g  open  to  traffic,  if  during  the  first  80  days  the  Mtuminoue 
binder  exudes  gn  any  part  at  the  surface,  such  plaoas  shall  be  ooverad  with  torpedo 
gravel  or  chips  in  a  switlcUnt  quantity  to  ahawb  the  eacsss  biadsr." 

Mathod  G.  1917  Spedfleationi  of  OaUand,  CaL  For  Motions  coverinc 
broken  atone,  see  Art.  6;  for  eeotiona  covering  the  aaphaltio  oil  enjoyed, 
see  Art.  8. 

**  Wearing  Course.  Upon  the  base  course  shall  be  spread  a  course  of  broken  stone^ 
to  be  known  herein  as  the  top  course,  having  a  imlf  orm  depth  of  8  in,  measured  bef  ch« 
rolling.  This  top  course  shall  then  be  sprinkled  uniformly  with  oil  at  the  rate  of 
H  gal  per  eq  yd  of  street  surface  covered,  after  which  said  top  course  shall  be  hammed 
and  ai^in  sprinkled  uniformly  with  oil  at  the  rate  of  ^  gal  per  yd  of  surface  covered. 
This  oiled  surface  shall  then  be  thoroly  rolled  until  said  top  course  is  firm  and  uniform. 
Beremin^  being  spread  in  light  layers  on  said  top  course  during  the  rolling.  Aft*r 
the  top  course  has  been  so  prepared,  oil  shall  be  sprinkled  uniformly  over  the  surfaoe 
at  the  rate  of  H  K"!  per  sq  yd  street  surface  covered.  This  oU  shall  be  permitted 
to  penetrate  into  the  top  course,  after  which  the  roadway  shall  be  screened  and  rolled 
and  Bw^t  nntU  the  voids  are  filled  and  the  pavement  is  firm  and  uniform.  Thm  pave- 
ment shall  then  be  treated  with  another  application  of  oU  at  the  rate  ol  ^  gal  pw  sq  yd, 
then  screened,  roQed  and  swept  until  bH  of  the  oil  has  been  absorbed  and  the  surihca 
Is  uniform  and  firm. 

"  The  Rolling  herdn  specified  shall  be  done  with  a  self-propelled  roller  wetgfaing  at 
least  800  lb  per  lin  in  widUi  <rf  tread.  la  all  of  the  berdnabove  mentioned  rolling,  tbe 
rides  of  tbe  roadway  shall  be  rolled  first,  the  roller  gradually  wwldBg  toward  tbe 
center  of  tbe  roadway. 

"  Oil  tdiaO  be  appUed  to  tbe  pavenunt  under  prenmre  of  at  least  80  lb  per  sq  la. 
The  appliance  used  for  said  oiling  shall  be  capable  of  spraying  tbe  pavement  in  sMps 
at  least  8  ft  wide  and  shall,  in  addition  to  being  provided  with  the  necessary  nos^ea 
fw  spraying  such  strips,  be  abo  provided  with  a  hoee,  with  spraying  noczle  attached 
tliereto,  for  the  purpoae  of  spraying  portinui  of  the  pavement  Inaccessible  to  tlw 
regular  oiling  device.  All  oil  must  be  delivered  at  the  point  required  for  sprinkling 
at  a  temperature  of  not  less  than  IZI"  C  (260°  F).  All  of  the  above-mentioned  criting 
shall  be  done  while  the  atmospheiie  temperature  is  above  18°  C  (fiK"  F),  or  wfam 
tb»  sun  li  shining.  No  <^n(  shall  be  panalttad  when  the  layw  of  brohM  slana  w  the 
•ereeidnp  are  in  any  way  wet." 


The  cost  of  Utuminous  pavementa.  built  by  penetratiou  methods,  varies 
with  the  amount  and  kind  of  bituminous  material  and  road  metal  used, 
and  the  method  of  oonstniction  emplt^ed.  An  average  oost.  using  0  in 
of  compacted  broken  stone  and  a  total  2  to  2^  gal  of  Intuminous materia 
per  sq  yd,  vuies  from  26  to  40  cents  per  sq  yd  in  excess  of  Uie  cost  of 
water-bound  Iwoken  stone  roads,  or  from  70  cents  to  S1.25  per  sq  yd. 
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Table  I. — Coat  ol  Utnmlaoiu  Macadam  Parananti  in  IMS  In  Seratal 

Citlea 

From  BnfbuaHii§  oad  CmtracMv,  April  6,  191S 


Ctty 


Square 
YaidB 


Price* 
SqnanYard 


Total 
Thickoeoi 


Kind 

of 
BInte 


Bamington,  Vt  

Sp^wlddrHM.'. '. 
Providenca,  R.  I. . . 

Onraco,  N.  Y  

PiUriniTth,  Pa  

Cincinnati,  O  

Toledo,  O  

CUeaco,  m  

Uawai^,  Wia.  .  . 

St.  Paul,  Minn  

^rinKfi<^d.  Mo  

Durham,  N,  C  

Covincton,  Ky .  . .  . 
Port  Worth,  Ter . . . 
Rivertf de,  Cal  


1  280 
177  093 
96  907 
18  012 
16  882 
8  920 
6  10« 
6  489 
698  264 
8  890 

8  6D0 

9  966 
20  900 
16  000 

6  267 
36  860 


10.70 
0.7S 
0.89t 
1.27 
1.68 
1.66 
1.16 
1.40 
1.2It 
1.08+ 
1.2S 
1.06 
0.90t 
1.20 
1.27 
0.78 


« 

6 

I"* 

9 
10 

7 

e 

6 
10 
6 
4 


AaphaH 

Tar 

Tar 

Tat 

Asphalt 
Tar 
Tar 
Tar 

Aqiludt 

Tar 

Tar 

Asphalt 
Asphalt 
Tar 

AqdMlt 
Asphalt 


•Price  eonn  parBntent,  foundation,  and  (mUng. 
tDoea  not  fatgutda  xraduic, 

BitnndnoDa  Macadam  Pavement  Cost  Data  by  OL  Hlfharay  Comm.  (40b).  Lngd^ 
1600  ft;  aroa,  8600  sq  yd;  tldckmaa,  S  la;  laltor,  25  eanti  per  hr;  teaiH,  50  eiata 
per  hr;  areraga  haul,  }i  mile;  U- 

tomliMNis  tdnder,  2.64  gal  pw  aq  Coar  ov  Laan  amd  HatMLUa 

yd;  eoaatractad.  8«pt.  29  to  Nov.  pg, 
26,  1916.  aqaan 
Bttamlaaaa  Macadam  Pavoment  yard 

CoBitmcted  wldi  Pouring  C«n%  Supointanduca  and  InqMction  $0J)77 

Alnandria,  Ta.   Coat  Data  com-  Coat  ol  atone  and  gravd   0.489 

piled  bySt.'C.  Dunn,         Engt-  Coat  (rf  aand  and  dUpa  0.086 

near  (28).      Por  deaeriptlon   of  Coat  of  bituminous  binder  0.217 

aatbod  of  coDBtruetioD,  see  Art.  9.  Hauling  atone,  gravel  and  ehipa  0.210 

"The  float  for  an  avenge  aquaie  Spreading  stone  and  aeteeoinga  0.068 

yard  axduidve  o( grading  waa  tlXa  Rolling  and  ^trinkHng  0.0S9 

in  1916  and  In  1916,  the  Heating  and  applytagUtinnfaioiabindw..  0.060 

Affercnee  being  due  to  increased  Incidental  ezprna  0.019 

cost  of  material  in  1916.   The  de-   

tailB  of  the  avenge  eoat  per  Btiuare  Total  coat  {1.196 

yard  In  1916  wan  aa  foUowa: 


CoHCBcra  Bass 

Uateriab:  Canta  Canti 

Water  ;   0.26 

Sand  dallmad  1C6  lb  at  Vi  cent   8.26 

dndera,  on  aem,  Ht  eu  yd  at  16  Vt  cnta   2.28 

CaMat,oncan,ll/lNbUat$MT   1«.17 

Tooli.eCe   1.00  28.06 

Labor: 

On  coacrete  and  pladag  50  lb  stone   18.00 

Teams   4.00 

SupervWoa   0.60  17.60 

Total  ooat  of  concrete  base   46, 6S 

Google 


r 
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Top  Whuuno  Subfacb 

Miterittl:  Centa  GcbU 

StoiM  860  lb  trap  on  tmn  Kt  0.69  teafm   £4.16 

Ai^Alt,  2>i  i>l  on  can  mt  8.4  cnta   21.00 

Fud   0.80 

T<K^  etc   8.00  47.96 

Labor: 

Mao   12.50 

TauBB     COO 

SupwvWoD   1.60      20. M 


Total  cost  of  top  weulBf  Mirfios   67  .U 


Total  coat  of  coaerata  base  and  weariiv  coune  per  aquara  yard.  81.136. 

Wacea:  Forwaan,  26  eents  per  hr;  laborara,  IT  to  18  o«ila;  carta,  SO  centa.  and 
double  teama,  40  crata  per  hr:  haul,  0.95  mile,  averace.  Work  done  by  day  labor. 
City  Enslnoer't  waRM  not  included." 

BitnnliiOM  Onvel  PaTementt  LoagTiew.  Tana.  AoeMdlng  to  Green  ^7),  tba 
ooat  of  eupatrucling  the  UtnnliuMu  gravel  pavamaat  daacribed  In  Art  9  «m  $1.40 
par  aq  yd  einqdata,  datafli  bainc  givan  in  TWa  Ut 


Table  n 


Quantitte 

Grading, 
Including 

Rollini, 
1200 
Co  Yd 

Curb, 
Wood, 
2  by  12  In 
1916 
Lin  Ft 

f'oun- 
dationa, 
S  In  Looee, 
786 
CuYd 

Top  Coat, 
Gravd, 
404.8 
Cu  Yd 

Anbalt 
Sq  Yd 

Coat: 

Labor  

Labor,  per  unit, . . 

Mattfial  

Material,  per  unit. . , 

T«al  

Total,  per  unit . . . 

$687,130 
0.489 

$141,160 

0.074 
96.080 
0.060 

$434,010 

0.112 
1S93.600 
0.360 

$629,080 
0.162 
888. S80 
0.230 

$346,960 
0.090 

1111. 2S0 
0.287 

$687,130 
0.489 

$236,240 
0.124 

$1827.610 
0.482 

$1617.660 
0.392 

$1468.210 
0.377 

Wagea:  Foreman,  $6.60;  angfaeer,  $6  and  $8.60;  timdEaaper,  <3;  water  bqr.  H; 
BkUlad  labor,  $2.50;  labor,  $1.75;  taama,  $4.  Hateri^:  Cniabed  rock,  $1.60  par 
cu  ydi  graW  and  aand.  $1.87  pw  cu  yd;  aaphalt,  $20  per  ton;  lumbar,  $10  par  M. 


MAINTENANCE 
IS.   Causes  of  Failure 

The  causes  of  failure  of  bituminous  macadam  and  biturainouB  gravel 
pavements  may  be  considered  under  the  foUowiDg  heads,  bituminous 
material  and  methods  of  construction. 

Bituminoua  Material.  Unfortunately  many  are  the  instances  where  un- 
suitable bituminous  materials  have  been  employed.  Many  engineers  having 
charge  of  bituminous  work  do  not  appreciate  the  fact  that  different  types 
at  bituminoua  materials  have  entirab'  different  physical  properties  and 
require  entirely  different  treatment  in  use,  altho  they  may  have  been 
purchased  under  one  and  the  same  specification  covering  chemical  and 
physical  properties.  In  some  cases  entirely  unjastifiable  combinations  of 
materials  are  employed.  For  instance,  In  one  case  an  asphalt  of  excellent 
characteristics  was  used  for  the  first  application,  while  for  the  second 
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KppUestioQ  an  uphaltic  oil  having  decidedly  aolvent  and  fluxing  properties 
was  employed.  Overheating  of  the  material  has  likewise  proved  the  cause 
of  many  failures,  as  the  properties  of  the  materials  are  sometimes  changed 
and  in  many  cases  the  materials  are  ruined. 

Methods  of  Constmctioii.  Failure  of  the  wearing  course  usually  results  if 
the  foundation  is  poorly  constructed  or  is  inherently  deficient  in  the  strength 
required  to  carry  the  traffic  to  which  the  roadway  is  subjected,  or  if  the 
sub-drainage  is  poor.  Insufficient  rolling  of  the  wearing  course  has  caused 
many  failures.  Others  are  due  to  the  uneven  distribution  of  the  bitundnous 
material,  frequently  caused  by  the  improper  use  of  hand-pouring  pots  and 
hand-drawn  distributors.  Man>  unsatisfactory  bituminous  macadam  pave- 
ments result  from  the  use  of  the  uriproper  sizes  of  broken  stone.  The  use 
of  small  siies  of  soft  stone,  which  has  crushed  under  heavy  rolling,  baa  re- 
sulted* in  a  closed  surface,  thus  preventing  the  necessary  penetration  of  the 
tniider.  Failures  due  to  the  rapid  formation  of  fine  cracks  caused  by  the 
rocking  movement  of  the  individual  stones  under  traffic,  finally  resulting  in 
rwvdUng  and  general  disintegration,  are  of  common  occurrence.  Segrega- 
tion of  slsee  of  stone  preventing  uniform  penetration  results  in  lean  or  weak 
tpat»  in  some  cases  and  fat  spots  in  others.  In  certain  cases  after  a  rain  the 
construction  has  been  carried  on  before  the  broken  stone  immediately  below 
the  surface  has  dried  out.  Many  of  the  causes  attributed  to  the  failures 
of  bituminous  surfaces  m^  likewise  apply  to  bituminous  macadam  and 
bituminous  gravel  pavements. 

Paihirw  Due  to  Sobfiade  Conditions  by  Patteraon  (42).  "A  penetration  pave- 
ment b  more  ausceptible  to  failure  by  reason  of  mibsrmde  troublei  than  are  many 
othn  pavements.  The  reason  for  this  susceptibility  !a  explained  In  many  ways,  but 
it  seems  logical  to  attribute  it  to  the  inabili^  of  the  pavement  to  withstand  upward 
prasmre  loyally  applied  by  frast  action  and  to  tbe  unavtddable  large  percentage  of 
▼dds  which  have  a  weskeniof  effect  PenetntioD  woric  gives  tbe  best  results  when 
laid  over  a  freely  permeable  soil.  Sand  and  gravel  are  Ideal  nib-aolls.  A  heavy  soil 
of  low  permeability  ia  as  a  rule  diaastrous  to  penetration  work  In  New  England  lati- 
tudes unlw  qwdat  precautions  are  taken.  In  Rhode  Island  state  work,  an  insulating 
Isyw  td  mad  or  gravel  beneath  £be  pavement  Is  always  empliqred  when  the  existbig 
soli  ladn  the  reqiBalte  degree  of  permeability.  A  fill  of  wall  or  field  stone  b  substituted 
for  tbe  gravel  or  Mtnd  where  sub-drainage  and  foundadoni  are  both  required.  Drain- 
age ot  eertaln  soila  ia  not  as  a  rale  snffldent  in  penetration  work.  Replacing  of 
nodsriiable  soils,  for  a  depth  of  from  6  in  to  2  ft  below  the  pavstnent  propsr  with 
snd  or  grsTCl  appeara  to  ba  the  SMst  sstiifaetotr  method.** 


GeiMral  Comideratloiu.  The  maintenance  of  many  bituminous  macadam 
pavements  requires  covering  spots  with  sand,  gravel,  or  stone  chips,  where 
eifher  an  uneven  distribution  or  an  imeven  penetration  has  caused  an  excess 
of  bituminous  material  to  exude  on  tbe  surface.  Places  which  disintegrate 
should  be  cut  out  with  perpendicular  sides  and  refilled  with  either  a  mixed 
accregata  or  by  buildinii  the  hole  up  with  successive  layers  of  road  motal  and 
tntuminoua  material,  ibe  former  method,  however,  giving  the  betl«r  results. 
Light  oils  and  light  tars  should  new  be  used  for  repairing  holes,  as  the 
patches  thus  formed  will  not  be  stable  and  hence  will  soon  be  displaced  by 
traffic.  At  varied  intervals  it  is  economical  to  renew  the  tHtuminous  sur- 
face on  the  pavement  hy  using  from  ^  to  ^  bbI  per  aq  yd  of  the  proper  type 
of  bituminous  material. 

ContinaouB  Haintenance  Msthods  and  Equipment.  In  considering  the 
equipment  required  to  accomi^ish  continuous  maintenaoce  of  bituminous 
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macadam  pavements,  the  following  factors  and  princiidM  are  easentiato 

of  eooQomical  and  satisfactory  maintenance. 

1.  Small  failures  of  the  wearing  course,  and  the  wearing  away  of  tbe 
bituminouB  surface  on  comparatively  small  areas  should  be  repaired  im- 
mediately. Otherwise  the  rate  of  disintegration  will  be  materially  increased, 
the  anniwl  maintenance  charge  will  be  greater  than  neceaanry,  and  the  sur- 
face will  be  unsatisfactory  to  the  users  of  the  hi^way. 

2.  Continuous  maintenance  should  be  conducted  wo  that  the  hi^way  may 
be  at  once  opened  to  traffic  without  injury  resulting  to  the  repaired  sectkms. 
For  the  repair  of  pot-holes,  ruts,  and  other  boles  eat  defwendons,  this  impKce 
the  use  of  bituminous  materials  which  will  set  up  more  quickly  than  those 
which  have  been  used  in  many  cases.  If  practicable,  the  same  type  and 
grade  of  bituminous  binder  should  be  used  as  was  employed  in  the  original 
construction. 

3.  In  order  to  obtain  satisfactory  reeulta,  the  labor  should  be  eflSdeot  and 
should  be  under  the  supervision  of  an  engineer  expwienced  in  oonatruc- 
tkm  and  outlntenanoe  of  all  types  of  highways,  and  with  all  Idnda  of  bltami- 
nous  materiab  used  in  the  area  under  his  jurisdiction. 

4.  Tbe  intimate  relationship  between  the  methods  and  materials  used 
in  construction  and  the  character  of  the  maintenance  is  such  that,  to  ensure 
success,  the  construction  and  maintenance  of  highways  in  a  unit  of  area,  or  a 
certain  mileage,  should  be  under  the  supervision  of  one  engineer. 

To  accomplish  continuous  maintenance  economically  and  efficiently  under 
the  foregoing  conditions,  the  flying  squadron,  operated  under  the  direction 
of  an  engineer  in  charge  of  construction  and  niaintenauce  of  highways  in  the 
area  oovered,  appears  to  be  the  logical  solution.  The  equipment  of  such  a 
squadron  will  naturally  depend  on  local  conditions,  sudi  as  the  mileage  of 
highways  to  be  maintained,  th«r  rdative  location,  the  types  of  sutfaces  and 
pavements,  the  kinds  of  bituminous  material  used,  tiw  mileaee  under 
guaranty,  etfi. 

As  an  example  of  a  definite  problem  in  continuous  maintenance,  talra 
a  county  or  a  division  of  a  State  where  a  cooaiderable  mileage  of  bituminous 
surfaces  and  bituminous  pavements  has  been  constructed.  Granted  a  well- 
maintained  system,  tbe  work  to  be  accomplished  Iqr  a  flying  squadron  would 
consist,  first,  of  routine  repairs,  including  filling  all  holes,  ruts,  and  other  de- 
pressions with  bituminous  concrete,  using  a  ^pe  of  affiregato  and  bituminous 
material  suitable  to  each  case  (see  Sect.  16,  Art.  23),  and  second,  applying 
bituminous  materials  to  all  areas  which  gave  indicatk>n  of  being  in  stwh  cmi- 
dition  that  they  should  be  re~trcated  at  once  rather  than  wut  until  the  w))<^ 
surface  required  another  application.  It  will  he  practicable  in  many  cases 
for  the  fiying  squadron  to  repaint  guard-rails  and  perform  other  routine  Re- 
pair work.  Under  such  conditions,  it  is  Ix^lieved  that  the  use  of  a  motor 
truck  properly  equipped  will  prove  most  satisfactory. 

The  equipment  to  be  carried  by  the  motor  truck  for  the  special  repair 
wdrk  outlined  should  include  the  following  machinery  and  supplies:  A  atone 
heater  and  mixer;  two  heating  tanks;  a  surface  tieater;  a  hand  roller;  small 
barrels  of  bituminous  materials  of  different  types  and  grades;  storage 
boxes  of  small  tools  such  as  brushes,  squeegees,  tampers,  cutters,  pouring 
cans,  irons,  shovels,  picks,  and  hoes;  and  storage  compartments  for  paints 
for  guard-rails,  and  road  metal  of  several  dies.  Altho  a  storage  capacity  for 
road  metal  is  called  for  in  this  equipment,  it  should  be  noted  that  only  a  few 
cubic  feet  will  be  carried,  because  the  maintenance  work  performed  will  be 
coDfined  to  the  repair  of  small  patches.    Usually,  it  wilt  be  j»acticable  to 
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reload  a  tnick  each  flay.  The  fixtures  for  the  equipowot  dMcribed  Bhould 
be  arranced  eo  as  to  be  readily  removed,  thus  allowins  the  truck  to  bo 
utilised  for  general  faaoUiiK  purpone. 

The  equipment  reconuneaded  herein  could  be  carried  by  a  &-ton  truck, 
capable  of  traveling  12  miles  per  hr,  and  having  a  gasoline  storage  capacity 
for  a  run  of  100  miles.  A  clear  body  of  7  by  15  ft  would  be  available  for  the 
installation  of  the  equipment.  The  cost  of  operation  under  normal  condi- 
tions during  an  8-hr  day  would  vary  from  SIO  to  S20,  covering  wages  of 
chauffeur,  rent  of  garage,  interest  on  first  cost,  maintananee  diarsBB,  de- 
preciation, insurance,  tires,  gasoline,  oil,  and  grease. 

CoDdnsloiis  OB  Suitable  BttnnAKKis  Uaterials  for  HsiBtensnce  by  SharplM  (16d). 
**In  bulldliig  countiy  rosda,  it  hu  been  tbe  pnetice  in  many  cstcs  to  eonatzuct  a  t»r- 
bound  macadam  road,  and  coat  it  wltb  one  o(  the  heavy  aaphaltie  oils  or  Ught  asphalts 
put  on  hot.  This  ptmctice  has  given  excellent  rcautts  in  many  eases,  and  hsa  been  ee- 
tabUsbed  as  a  ntandard  q>edfleatIon  in  some  states,  notably  in  Coniiecticut.  Some 
very  good  work  has  been  done  in  this  way.  In  carryini  out  work  mider  a  speeifleation 
ol  this  kind.  If  is  very  Important  that  the  grade  of  <dl  or  idl-ssphalt  be  so  hesvy  that  It 
will  not  panetratc  tbe  tar^bouad  macadam,  but  will  stay  on  top  as  a  blanket  layer. 
An  dQ  B^t  enongb  to  panatnte  tbe  tar-bound  road  is  aim  to  gtve  bad  naults.  The 
ipeaker  knows  of  a  number  of  roads  td  this  t3i>e,  whidi  were  well  built  snd  tbn  trsated 
with  a  Ught  oil,  while  still  preaenting  a  porous  top.  Tliey  disintegrated  completely 
within  a  year  when  subjected  to  heavy  horse-drawn  trafBc,  altho  neighboring  sectlanB 
sealed  with  tar  prodneta  remained  In  good  ccmdition.  It,  howevw,  a  proper  grade  of 
aqihaltic  oU  Is  ussd,  tUs  disfaitsgntirai  will  not  occur. 

"VndV  dty  or  town  traffle  conditions,  the  tendency  of  sa  efl4q>bah  top  ovw  a  tar- 
bound  macadam  ia  to  mush  up  and  become  soft  under  horse-drawn  traffle  in  wet 
weathw,  due  to  tbe  emuUfytng  effect  of  the  water  and  organic  material  wliich  coUecta 
MI  the  aq>halt  top.  When  these  condltiona  are  to  be  provided  (or  it  is  important,  so 
far  as  present  experience  Indicates,  to  use  only  tar  aeal  eoata  on  top  of  tbe  taMKiuttd 
The  refined  tan  ussd  for  the  seal  coats  are  preferably  somewhat  s(rfter 
than  the  tar  used  in  the  tar-bound  macadam,  but  the  mibaequent  treatment  and  care 
of  the  road  modifies  somewhat  the  character  of  the  aeal  coat  required.  For  maln- 
tmianee  within  dty  and  town  Hmits,  where  tbe  horse-drawn  traffic  is  eoaslder^le.  It 
has  been  found  that  a  specially  prepared  tar,  iriiich  can  be  applied  cold,  gives  mudt 
better  lesnlto  than  tbs  heavier  tar  materials  put  on  hot. 

"Conridsr  the  l^t  dust-laying  and  th^  effeet  on  tar4>oand  macadam.  It  Is  a 
probhm  aUeh  affeets  dQr  and  town  conditions.  In  counter  piactiee^  tbe  eondltlons 
do  not  arise  wfam  an  oil  of  this  ^rpe  b  necessary.  On  dty  and  town  strsets,  a  touuble- 
some  dust  cttm  collects,  which  the  ordinary  seal  coat  of  tar  or  heavy  aq>ha1t  does  not 
keep  down.  In  applying  »  light  oil  over  a  tai^bound  macadam  to  keep  down  this 
superficial  dust,  It  is  essential  to  comply  with  oertain  oondltkms  if  tbe  tar-bouad 
b  not  to  be  mined.  It  is  the  utmost  folly  to  put  a  light  oQ  on  a  tar-boond 
macadam;  it  lhars  Is  tbe  least  chance  tor  Uw  oil  to  penettate  Hbe  macadam,  Ae  results 
are  sure  to  be  dfaastroua.  The  tar-bound  macadam  wlH  be  dUntegrated.  A  U^t  oU 
has  two  effects  tm  tbe  tar-bound  mscadam.  It  has  a  diemieal  effect  on  the  tar  which 
causes  its  dIdntegratiaD  and  makes  It  lose  its  binding  force.  It  also  has  a  phyrical 
effect  OB  the  macadam  atraeture.  The  oil  is  a  hibricant;  and  if  there  is  any  stone  loaee 
enough  to  move  in  the  tar  macadam,  the  tight  irfl  accelerates  the  movement,  and  a  hole 
is  sura  to  devefaq>.  Thb  dual  action  of  the  U^t  oil  can  be  observed  in  many  luge 
dtiea  at  tbe  preecnt  time,  and  many  streets  m^  be  seen  which  have  been  built  with  tarr 
bound  macadam,  tbe  Hfe  of  which  has  been  gradually  shortened  by  the  use  of  light  oil. 
The  effects  of  ths  light  oU  can  be  minimised  If  the  tai^^iound  macadam  Is  tboroly  sealed, 
dtber  thru  an  exeen  of  bituminous  mst«ial  in  the  first  place,  or  by  subsequent  a|^ 
pHeationB  of  refined  tar.  Certain  precantitms  most  be  taken  abo  in  applying  the  dl. 
An  SBoess  of  oil  should  never  be  used,  sad  it  should  be  sppHed  to  the  surfaee  only  hi 
sutHdent  quantity  to  take  up  the  looss  dust  which  ta  found  then.  A  very  small  fmo- 
tioB  of  a  gsHoQ  Is  sufficient.  If  more  than  thb  b  appHed,  the  oil  gradually  sinks  into 
the  tar-bound  macadam  and  In  the  end  will  rot  It." 


Mass.  Highway  Coaua.  Praetlee,  as  described  by  Dean  (16d^    "It  slight  depree- 
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Mod*  or  nruJl  boka  occur,  tbey  m  ufoally  due  to  tmperfectkiM  In  eamtniettoii  mod 
may  be  npaired  by  p*intin2  with  Mtumitioaa  raaterUl  and  flllfDE  with  chips  or  pea 
stone,  or  they  may  be  Ailed 'with  bitumlnoua  coated  itone,  and  tamped  or  roUsd. 
Tnffle  and  climate  govern  the  demands  for  more  exteOMve  maintananae.  With 
modanta  tnffic,  perfectioB  at  mubxa  Is  main  tain  ed  by'  apiayiag  the  mrlaes  about 
cmce  In  2  yenn  with  a  Sghter  fnde  <tf  tnr  or  asphalt.  The  process  consists  in  aweep- 
iag  thoroly  the  surface,  sprayiDg  at  the  rate  of  about  }i  to  ^tal  per  sq  yd,  and  cover- 
ing with  pea  stone.  If  the  aurfaoe  becomee  worn  too  much  for  such  treatment,  it 
may  be  restored  by  lightly  scarifying,  amoothlng  by  rakca  or  harrow,  adding  mon 
stone  and  roUlng  it  into  place,  snd  then  following  the  methods  used  for  new  eonatroe- 
tion.  This  fawt  method  of  reeurfadng,  piovidad  the  road  foundation  waa  orjgiaallr 
properly  oonstructed.  may  be  suboequently  repeated  aa  oft«k  as  naeaasaryt  thei^bf 
utilising  the  permanent  base  and  Rnt  course  and  maintaining  a  BeniH>an»aMBt 
surface  good  tor  any  except  extremely  heavy  vehicles." 

Pann.  State  Highway  Dept.  Practice  by  BUa  (19),  giving  reasons  for,  and  methoda 
of  npaiilng. 

"  1.  A  aeetion  of  road  the  surface  is  compoeed  ct  qtota  of  vutm  Uturainoos 

material  and  bare  or  lean  areaa  where  the  binder  is  laddng  in  quantity,  wliidi  eoodltioa 
results  in  a  short  time  in  a  raveling  or  breaking  up  of  the  road  surface.  This  oonditiati 
is  usually  caused  by  improper  distribution  or  by  incmporating  the  bitumlnoua  material 
when  the  atone  is  not  thoroly  dry.  The  flnt  case,  if  taken  in  tune,  can  be  repaired  by 
saaling  tbe  dry  or  lean  spots  in  Uie  surface  with  a  Ught,  Iteated  application  of  bitomk- 
nous  camoDt  of  the  binder  grade,  or  the  cold  Utuminous  surfaoe  treatment  materials  In 
quantlUsa  rangjag  Itam  O.X  to  0.8  gal  pn  aq  yd  of  auiface,  covered  with  cUpa  or  pea 
gravel,  udng  betwasn  15  and  20  lb  per  sq  yd.  Unlasi  the  surface  h  worn  badly,  rqi^ia 
of  this  character  will  even  up  tbe  surface  to  a  true  aom  section,  giving  added  life  to  the 
pavement. 

"2.  A  rough  surface  is  presented  where  the  stou  Is  kMaeoed  or  ravdad.  the  bindar 
showing  rapid  det«riwation,  generally  causing  a  seriea  of  pot-holaa.  This  may  be 
occasioned  by  Impropw  or  overheated  bituminous  material,  unsatisfactory  aggregate  or 
faulty  sub-drainage.  The  second  condition  calls  for  heroic  treatment,  if  of  any  great 
extent,  and  a  complete  Bcarifying  and  harrowing  of  the  surface  becomes  necessary. 
All  diidnt^rated  material  muat  be  removed  and  suffidoat  new  stone  added  to  give  tbe 
required  depth  before  tbe  surface  can  be  repenetrated  and  sealed  as  In  the  original 
construction.  If,  however,  the  affeetad  portitms  ars  only  oecastonal  and  do  not 
resent  the  greater  area,  they  may  be  cut  out,  deaned  thoroly  and  filled  with  new  atoiMh 
making  due  allowance  for  oomprenion,  then  peitetrated,  etc,  in  the  manner  herein- 
before mentioned.  If  drainage  conditions  are  responsible  for  the  failure  they  must  faa 
corrected  before  any  surface  repairs  are  taken  up. 

"3.  At  dmea  thus  ia  apparently  a  lifeless  surface  in  ao  far  as  tba  bitumen  is  con- 
cerned, but  upon  further  examinatkn  it  fa  found  to  contain  Mtombuas  binder  with 
eondderable  Hfe  a  alight  depth  below  the  sorCaea.  This  condition  is  due  in  many  eases 
to  an  inaufilciency  of  bitimunous  material.  The  condition  described  in  the  third  example 
may  be  treated  in  two  ways.  The  most  economical  bo  far  as  fint  cost  is  concerned 
would  be  to  give  the  pavement  a  treatment,  in  sufficient  quantity  to  fill  tbe  surface 
voids,  with  a  material  that  will  penetrate  and  eallvw  the  old  material.  foUowad  by  a 
covering  of  good,  hard  sbme  chipa,  udng  about  20  lb  per  sq  yd.  The  altenatlvie  would 
be  to  scarify  and  harrow  the  whole  surface,  supplying  additlcmal  new  stone  in  quan- 
tities as  the  rolling  would  indicate  to  be  required  to  give  the  proper  cn».aection,  and 
penetrating  the  surface  with  a  bituminous  binder,  sealing  again  as  in  tbe  original  con- 
struction. In  the  latter  method,  the  surface  must  firet  be  thoroly  cleaned,  and  ia 
scarifying  snd  harrowing,  the  remaining  bituminMis  material  in  the  road  must  be  di^ 
tributed  as  evenly  ss  possible.  If  the  material  found  in  the  pavement,  however,  does 
not  possess  life,  this  method  is  a  hazard. 

"4.  A  pavement  may  present  a  wavy  and  uneven  appearance  and  this  is  usually  due 
to  an  exceea  of  bituminous  material  or  is  caused  by  the  bituminoos  material  being  too 
soft  to  withstand  the  action  ot  traffic  In  the  wavy,  cornea  ted  surface,  where  tbara  ta 
found  to  be  an  excess  of  bituminous  material,  it  la  gsnwaUy  more  eeonomical  and  aati^ 
factory  to  scarify  and  reshape  the  surfaos,  adding  new  stone  in  order  to  take  up  tba 
aaeass  UfnmcB,  and  ngjua  sealing  tbe  surfaoe.  This  mow  method  ahould  be  foUowad 
when  wavea  have  been  caused  by  the  bituminous  material  bdng  toe  soft,  oaj^  ptthnpa 
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more  ttotM  would  be  raqolrad  in  the  rgconatnicUmi  and  It  would  be  i— iiillil  to  In- 
ooipcmts  k  huder  Utuminaue  Under  tb«n  wu  uead  In  the  oriflnal  eoBBtnietioB. 
Oce— iomd  waves  in  the  surface  may  be  takra  out  in  the  due  conne  of  onUaary  r»> 
pain  by  cattinc  off  the  high  placM  and  rwnaHai,  If  the  flimditiocw  are  TMy  pronouuOBd 
or  by  cutting  out  the  deprgrtcne  and  repladng  with  new  material. 

"5.  There  an  eurfaoee  which  conoiBt  of  ridgea  of  material  which  an  the  n«ult  of 
Irregular  or  Improper  pouring;  in  moat  eaoea,  carales  liaod  pouring.  A  aurfaw  of  tUa 
Idnd  auilm  qniekly  from  the  Impact  of  traffle  and  the  attack  of  the  elwaema,  and  early 
dhdntegratioD  la  the  rcaulL  A  surface  full  of  ridgea  due  to  Improper  pouring,  if  not  too 
imMMNmced,  may  be  aveBed  up  by  painting  between  the  rb^ees  with  bituminous  cement 
and  eovwing  with  ■tone  eUpa  or  graveL  Tlda  method  nay  be  eontlnuad  from  time  to 
ttaw  imtil  tb*  amfaoe  la  ntirely  evened  up.  This  euidilion  may  alao  be  corrected  by 
■earifying  the  aurlkca  with  the  object  of  obtaining  a  more  uniform  distribution  of  the 
oid  bituminous  material  and,  after  rolling  to  the  proper  shape,  by  applying  a  iurfaea 
tnutaent  of  a  eoU  Utundnoua  matoial  that  will  enliven  tlie  existlQc  matertel  and  aeal 
ttie  surfaca.  This  treatment  is  covered  with  atone  chips  in  the  manner  pnaoibad  for 
ragnlar  bitnminoas  surface  treatment  woric. 

"8.  TIm  case  of  a  fairly  well-ehaped,  uniform  iurfaea  bae(»ning  poroua.  This  eondl- 
tioB  ia  true  al  all  bituminous  tdghways  in  time,  as  it  repreeents  the  lM«lnning  of  the 
deterioration  of  the  bituminous  mateiiaL  In  the  last  case  then  is  a  properly  emi' 
atruct«d  bituminous  penetration  pavement,  but  the  bituminous  material  te  starttag  to 
daterionte.  This  can  be  enlivened  or  revived  by  cleaning  the  surface  and  ^>idying  a 
seal  coat  of  matvlal  in  quantitaee  dep^ding  upon  the  degree  of  disintegration.  C«h 
tiaa  should  be  exercised  to  avoid  appljring  an  ezcees  amount,  which  results  in  a  slippery 
eondidoo  and  very  objectionable  to  horae-drawn  traffic  Generally  0.1  to  0.2  gal  is 
used  and  bruahed  into  the  surface  wltb  hand  brooms.  The  surface  is  then  covered  with 
cMpe  or  gravel  approximating  20  lb  per  sq  yd.  In  the  use  of  certain  alow  drying  cold 
Utumlaoua  matariala  it  will  be  observed  that  the  new  matMial  aoftena  up  the  old 
Utnmea  auuiewluit,  giving  the  appaaraBce  at  first  of  an  excewi  apfrficatjon,  and,  having 
a  hard  suifao*  uadMnaath,  the  rend  becomes  quite  sUmMry,  but  this  etmdition  obtains 
tor  only  a  short  period  of  time.  To  insure  the  best  results,  one-half  of  the  road  abouM 
be  treated  at  a  time  in  order  that  the  traffic  may  use  the  other  portion  while  the 
Mtuminoua  oiaterial  is  setting  up.  This  method  has  become  quite  effective  and  renlli 
in  iaiiiairt  Ufa  to  tba  pavement. 

"In  the  repair  of  breaks,  depresdcns  and  local  defects,  which  may  occur  under  any  . 
one  of  the  general  conditions  previously  outlined,  it  ia  more  satjafactory  to  use  hot 
bituminous  btndars,  and  if  replaoementa  are  necessary  they  can  be  made  after  the  faab- 
ion  of  the  original  oonstmctltKi.  Thti  work  can  be  done  very  efficiently  in  this  manner 
wltli  Kttle  equipment  and  the  average  daaa  of  labor.  There  are  a  number  of  instaacea 
where  cold  Utundnoaa  compounds  can  and  are  bdng  uaed  iiiii  i  iiwfiillj  in  certain  seasons 
of  the  year  on  pavements  of  this  kind,  but  in  cold  weather  there  la  usually  di Acuity 
with  Borne  of  this  material,  owing  to  its  composition.  As  an  example,  the  emuUfled 
products  break  down  or  separate  and  their  adhesiveness  is  destroyed  at  low  temper 
turea.  Materials  that  are  cut-back  with  natural  aolvenla  can  be  used  later  and  give 
very  good  results.  The  mizturea  can  be  prepared  at  some  pt^t.  not  eq>osed  to  the 
weather,  but  convenient  to  the  work,  hauled  to  the  site  of  the  reiiairs,  and  deposited. 
TUm  is  aa  effective  metltod  in  ease  <rf  emwrgenor." 

v.  T.  State  Highway  Comm.  Practice  by  Sturdevant  (I6d).  "In  order  to  keep 
the  surfaca  of  a  road  in  smooth,  proper  condition,  it  should  be  under  constant  sur- 
veillance, and  receive  conatant  attention.  As  the  surface  becomes  worn  in  places,  and 
holee  and  nits  develop,  they  should  be  repaired  at  oo«e,  for  if  neglected  tbty  rapidly 
oortend  In  riM  and  depth  under  the  action  of  each  traveling  vehicle.  On  Utuminoua 
surfaces,  tite  best  rasuhB  are  obtained,  if  the  aaphalde  materials  are  flrat  mixed  with 
atone,  gravel,  or  other  sultable'ingredimta.  This  mixing  can  be  done  at  any  time,  and 
in  sufficient  quantities  to  last  for  several  months,  for  the  weather  will  not  cause  the 
mixed  matnial  to  detsriorate.  The  writer  has  med  material  which  had  been  miied 
during  the  previoua  summer  and  piled  by  the  roadside,  and  has  obtained  as  good  results 
as  wMi  fredi  materlds.  In  all  patAbig  work,  the  first  requisite  ia  to  see  that  the 
aurface  to  be  repaired  Is  well  cleaned  before  new  material  is  placed;  also,  in  repairing 
holes  and  ruta,  care  must  be  taken  not  to  use  too  much  aaphalde  material,  and  it  is  well 
not  to  have  the  new  patch  flush  with  the  surface,  for,  under  the  action  <rf  tl>e  sun,  tho 
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Mpbalt,  wfacthv  li|ht  or  hnvy,  win  oobm  to  the  nrfiee.  Tb«n  the  pMteh  wfll  Imoobb 
■d^  and  ia  likely  to  b*  pnUad  off  by  bMvy  iktw-tcAag  yMdtm.  To  pravant  tUs. 
mon  stoB*  and  fin*  material  muat  be  used  u  eovvrinc,  and  U  too  much  wu  used  orif- 
fnaUy*  a  hump  will  develc^  which  is  u  diBigrwhte  u  the  (wicioai  nit  or  hole.  Thiaia 
not  M  likely  to  occur  wben  the  material  haa  been  mixed  befon  placing,  as  when  the 
asphalt  is  placed  flnt  and  thm  covored." 

Halntenaue  Cost  Data  In  Portland,  He.,  by  Hunt  (89).  Tbe  data  (iven  In  tin 
foltowint  table  pertains  to  a  sectioo  of  UtuniiDoaa  m^j— rfam  2879  ft  in  lancth,  looatod 
on  Danforth  and  Vauffhan  Sts.,  batwMB  St.  John  and  Bowdola  Sts.,  constniebed  la 
1908  at  a  coat  of  $1.18  per  aq  yd. 


DM* 

Bepairs 

Sorfaoe 
Treatment 

Total 
Main- 

Main- 
tenance 
perSq  Yd 

  1  90.00 

$  00.00 

to. 0104 

806.88 

600.00 

0.0691 

248.04 

816.64 

0.0868 

  72.S8 

167.77 

280. IS 

0.0266 

  05.76 

06.06 

101.71 

o.om 

  08.10 

100.68 

196.71 

0.08S0 

  60.87 

106.00 

187. n 

O.0817 

105. 7S 

O.Oltt 
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GENERAL  DATA 
1.   Deflnitioiis,  CUssiflcation  and  Patent  Litigation 
Definition  Adopted  by  Spec.  Com.  Mat.  Road  Cons.,  Am.  Soc.  C.  B. 

(17e).  "  A  bituminous  concrete  is  one  composed  of  broken  stone,  broken 
slag,  gravel  or  ahell,  with  or  without  sand,  Portland  cement,  fine  inert 
material  or  combinations  thereof,  and  a  bituminous  cement  incorporated 
together  by  a  mixing  method."  For  an  account  of  the  derivation  of  the 
tenns,  bituminous  macadam  and  bituminous  concrete,  see  Sect.  15,  Art.  1. 

Clasrifieatlon.  Bituminous  concrete  pavements  may  generally  be 
grouped  in  three  classes.  The  Spec.  Com.  Mat.  Road  Cons.,  Am.  Soc, 
C.  E.  (17e},  has  defined  the  essential  characteristics  of  the  three  classes 
as  foUoin: 

847 
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"  CiMsa  A.  A  bitumiDOUS  concrete  pavement  h&ving  a  tninenl  agcr^stB 
compoaed  of  oDe  product  of  a  cnuhitig  or  Boreening  plant. 

"  Clabb  B.  a  bituminous  concrete  pavement  having  a  miner&l  ag- 
gregate composed  of  a  certain  number  of  parts  by  weight  or  volume  of 
one  product  of  a  cniflhing  or  screening  plant,  and  a  oertaia  number  of  parts 
by  weight  or  volume  of  aaad,  broken  stone  soreeningB  or  similar  mnt^riyl^ 
with  or  without  a  Gllw. 

"  Cuss  C.  A  bituminoua  oonerete  pavement  having  a  predetsnsitiKl 
meofaanioally  graded  aggregate  oomposed  of  broken  stone,  broken  aUg. 
gravel  or  shell,  with  or  without  sand,  Portland  cement,  fine  inert  material 
or  combinations  thereof." 

Patent  Litigation.  In  connection  with  the  design  or  selection  of  a  suit- 
able type  of  bituminous  concrete  pavement,  it  is  at  present  (1918)  necessary 
to  consider  the  possibility  of  an  infringement  suit  being  brought  by  one  of 
tlje  patentees  of  proprietary  pavements.  Highway  engineers  and  con- 
tractors are  primarily  interested  in  the  types  of  tutuminous  concrete  pave- 
ments which  may  be  oonatnioted  without  danger  of  litigation  ratiier  than  a 
TtduminouB  diaoiiBsion  of  the  probalnlities  of  sucoenfuUy  defending  infringe- 
ment suits. 

Class  A.  There  is  ample  evidence  at  hand  that  bituminoua  ct»icrete 
pavements  of  Class  A  may  be  constructed  without  danger  of  litigation 
proceedings. 

Class  B.  The  history  of  litigation  cases  indicates  that  the  ooustruction 
of  unpatented  bituminous  concrete  pavements  of  Class  B  on  a  large  scale 
will,  in  all  probability,  lead  to  an  infrineement  suit. 

Clabb  C.  With  Uie  exception  of  the  class  of  bituminous  concrete  pave- 
ments having  mineral  aggregates  similar  to  tiiat  covered  by  the  Topeka 
decree,  the  extensive  use  of  unpatented  Intuminous  concrete  pavements 
of  Class  C  will  usually  lead  to  litigation  proceedings. 

Peiob  Aht.  .  For  examples  of  early  literature  pertaining  to  mineral  ag- 
gregates of  the  several  classes  of  bituminous  concrete  ptfvements,  see  Art.  2. 

Patented  Paveubnts.  For  descriptions  of  the  mineral  aggregates 
of  patented  bituminous  concrete  pavements,  see  Arts.  6  and  7;  for  methods 
of  manufacture  and  construction,  see  Arts.  14  and  16;  and  for  specifications, 
see  Arts.  IS  and  17. 

IjIABIUTT  roK  limaxaTUzm  or  Patbmtb.  If  a  state,  county  or  mu- 
nicipal department  uses  a  specification  for  a  non-proprietary  bituminous 
concrete  pavement  of  Class  B  or  C,  it  generally  should  assume  reqmnsitHU^ 
in  case  a  suit  for  infringement  is  brought  by  a  patentee.  The  practice  of 
requiring  the  contractor  to  indemnify  the  party  of  the  first  part  should  not 
be  followed,  except  in  coses  when  spccificationB  are  used  which  have  been 
advocated  or  drawn  up  by  a  producing  company  or  a  contractor.  In  the 
cases  of  the  exceptions  noted,  the  use  of  the  following  clause,  or  one  similar 
thereto,  in  speoificatioira  is  iustifiable. 

"The  cmtraetor  ihsll  indemnify  and  save  hannlas  the  atf  agalnat  all  claim  lar 
say  infringement  of  patents  or  royalty  due  on  same  on  account  of  any  methods  or 
combtnatlMu  of  materials  used  cxi  the  herrin  specified  work,  or  for  use  of  any  tools, 
machinery,  appliances,  devicu,  or  materials  used  in  the  ctnstmctfon  and  comptetkm 
of  the  work,  and  hereby  i^refls  that  the  Director  of  Public  Swvtee  taxy  ratahi  oat 
of  the  moneys  which  may  be  due  or  beemne  due  said  conttaetar  uadtf  tUs  ooatraet 
a  sum  money  auffldent  to  cover  all  daimo  for  damages  or  royalty  as  above  moo- 
tioned,  and  to  retain  the  same  undl  the  said  claims  are  paid  or  Batisfactoriiy  adjusted." 

IT.  V.  State  Hi^way  Coram.  Method  of  Coatracttng  for  Patented  PaTSmaats  ss 
contained  in  its  specificatkms  for  BituUtUc  pavement. 


.  Art.  3 
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"WsTTSD  Brotben,  owner*  ct  the  pftteoti  uaed  in  the  cotutnicUon  (rf  Bitutitlile 
PKTenwBt,  have  filed  with  the  SUta  CommuBion  of  HiEhway*  a  properly  executed 
UiidingafreM&eattofuniiahanycontractordedrins  tA  bid  fortheworiiall  theneccwary 
■vfaee  material  mixed  and  raady  tor  uae,  aod  bltuminoua  flmli  '■"^^'"g  cement  necea- 
Hry  for  coatinf  the  wearing  aorlace,  delivered  on  waxone  of  the  con  tractor  at  the  mixing 
plant,  which  wHl  be  loeated  irithta  S  nUw  ei  tiu  point  of  uw,  at  a  itlfMilatad  prtea  par 
■quare  yard  tor  eaeh  eontraet.  Sndi  price  for  BltuHthie  pavetDMit  mixture  and  flndi 
coatinc  compoaltlon  will  include  a  lioenae  to  use  all  the  patents  required  In  the  con- 
BtractioD  of  the  pavement  aa  herdn  q>ecifled.  The  filing  of  a  bid  under  theae  MpedH- 
eatkne  will  be  oonatrued  an  acceptance  of  the  terma  of  tbe  Ucenae  agiaement  filed 
by  the  Warren  Brotben  Co.,  at  tbe  price  in  mid  airaement.  which  la  on  file  with  the 
Seoetary  of  the  CommMon.'* 

bdemnlty  Bond  for  Patented  Pavements  by  Warren  (Tie).  "It  ia  a  common  and 
good  preeaationary  custom  of  munldpaUties  in  casea  where  advance  arTaagemcnta 
havji  Dot  been  made  for  use  of  the  patent  to  stlpukte  In  the  ecntraet  and  eontractor** 
bond  that  tbm  eon  tractor  and  suraty  eball  indemnify  ttte  municipality  against  loss 
by  roasBB  the  fattringenMat  of  pateata  Involved  in  the  aonstnictj<».  Such  bonds 
should  be  In  a  sum  snfldent  to  cover  the  probable  royalty,  the  amount  erf  which  actually 
depends  on  the  sise  of  contract  and  In  addition  thereto  at  least  |B0  000,  regardleniof  the 
sisa  (rf  the  contract.  In  order  to  safely  cover  the  coat  of  delendinE  Utigation  and  ^e 
taxable  coata  to  eaoa  the  final  dedte  le  to  favor  of  the  pMntea  U  Htifathm  Is  tmiu^t 
by  tbe  patentee  agalnat  tbe  nrankdpallty  aa  an  Infringing  user." 


The  firat  bituminous  concrete  pavement  wu  probably  ootu  true  ted 
about  1840  in  Nottingham,  England,  while  in  the  United  States  the  first 
cDOBtruction  of  tliie  type  of  pavement  was  at  Knoxville,  Tenn.,  in  1866. 
From  1870  to  1875  there  were  about  70  000  sq  yd  of  bituminous  concrete 
pavements  laid  in  Washington,  D.  C,  eee  (23a).  From  1888  to  1803 
many  yards  of  ooal-tar  distillate  pavements  were  laid  in  Washington  because 
CoDKresa  liad  prohibited  the  use  of  sheet-asplialt  pavements  in  tbe  District 
of  Columbia.  From  1880  to  1891  several  sections  of  bituminous  concrete 
pavements,  uaing  ooal  tar  as  the  bituminous  cement,  were  laid  in  Ontario, 
Can.,  see  (47).  Another  early  bituminous  concrete  pavement  was  built 
in  Coooord,  N.  H.,  uid  Is  still  in  use  to-day.  During  the  olosinB  period 
of  the  nineteenth  eentury  attention  was  directed  in  England  to  the  details 
of  construction  of  bituminous  concrete  pavements  for  uae  on  highwaj's 
outside  of  built-up  districts.  In  the  United  States  at  the  opening  of  the 
twentieth  century,  Fred  J.  Warren  urged  the  use  of  bituminous  con- 
crete as  a  pavement  for  streets  in  competition  with  sheet-asphalt, 
wood  block,  and  brick  pavements.  Based  on  experimental  work  begun  in 
1906,  Rhode  Island  in  1909  was  the  first  state  to  adopt  the  bituminous  con- 
crete pavement  aa  a  standard  type  of  construction  for  use  on  state  highways;. 
Since  1910  there  has  been  a  rapidly  growing  appreciation  of  the  inherent 
value  of  the  many  different  types  of  bituminous  concrete  pavements  for  xise 
on  roads  and  streets.  Instances  of  development  in  this  field  of  construction 
will  be  cited  later,  in  connection  with  each  class  of  bituminous  concrete 
pavement. 

Oaas  A.  Pavements  of  this  type  have  been  constructed  of  one  or  more 
courses  of  bituminous  coated  metal  with  and  without  seal  coata  of  bitumi- 
nous materials.  During  tbe  period  from  1869  to  1875  many  patents  were 
granted  by  the  United  States  Qovemment  eoTering  tntuminous  ooncrete 
of  this  type. 


Patent  No.  114  172,  granted  to  F.  E.  Mathews  in  1871,  oontains  the 
foUowing  dsseription  of  a  two-liQrer  Utuminous  cmcrete  pavement: 
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"  When  laid  on  an  ordinary  foundation  the  concrete  should  be  laid  in- 
2  Layers  or  coats  and  should  be  from  6  to  8  in  thick  when  finished. 

"  For  the  first  laj^r  the  stone  used  in  making  the  concrete  may  be  audi 
as  would  pass  thru  a  Kreen  having  a  3-in  meeh;  about  6  measures  of  the 
stone  should  be  mixed  witii  I  measure  of  the  asphalt  mixture  and  this  layer 
should  be  about  4  in  thick. 

'*  For  the  second  layer  or  coat  the  stone  should  pass  thru  a  screen  having 
a  l>^-in  mesh,  and  be  mixed  with  the  asphalt  mixture  in  the  proporticm 
of  about  4  parts  of  the  former  to  1  part  of  the  latter,  and  the  second  layer 
should  be  from  2  to  3  in  thick. 

"  Fine  sand  or  any  suitable  fine  hard  substance  may  be  aiwiakled  over 
the  last  coat  just  before  or  after  rolling,  to  give  the  pavement  a  smooth 
compact  Burfaoe." 

Many  descriptions  of  old  pavements  of  this  type  nuur  be  found  in  twnhnical 
literature.  As  an  illustration  may  be  cited  the  flawing  specifications  used 
in  England  in  the  latter  part  ot  the  nineteenth  century:  "  The  hot  stone, 
when  ready  for  mixing,  is  screened  into  material  of  3  sixes,  1  to  2  in  for  the 
i>ody,  ^  to  1  in  for  the  intermediate  coat,  and  }i  to  H  io  'or  the  top  dreesinK. 
The  coarsest  material  is  used  in  a  layer  3  to  4  in  thick,  the  iutennediaU 
siie  forms  a  coat  of  about  %  in,  and  tlie  top  dresdng  is  used  in  the  thinnest 
layer  posnble,  with  a  view  to  filling  all  interstices.  Afterward  a  dreasing  of 
}i-in  and  smaller  granite  screenings  is  scattered  broadcast,  and  tiw  traflic 
at  once  allowed  on  the  road  to  work  this  top  dressing  into  the  tarred  ma- 
terial.   Each  of  the  layers  is  rolled  separately  with  a  10-toa  roller." 

Class  B.  This  type  has  been  described  many  times  in  early  technical 
literature.  For  example,  the  following  description  was  published  prior 
to  1885:  "  The  manner  of  preparing,  treating,  and  laying  the  asphalt  mass 
is  as  follows:  He  took  asphalt,  125  parts;  petroleum-oil,  25  parts.  These 
substances  were  melted  and  thoroly  incorporated  together,  and  to  this 
mixture  he  added,  in  a  heated  state,  sand  or  powdered  stone,  7fi0  parts,  and 
gravel  or  broken  stone,  also  heated,  1100  parts.  The  whole  was  then 
thoroly  mixed." 

n.  S.  O.  p.  R.  Report  on  Tar  Concrete  PSTemant  Laid  in  UTS  on  Highland  Tenaca, 
Wuhiiictoa,  D.  C.{  data  of  report,  Nov.  16,  1909.  "This  aampie  wm  taken  from  a 
section  of  about  2  aq  ft  cut  from  the  old  pavement  on  Highland  Tcnaea,  which  was 
laid  i&  1875.  The  section  wu  cut  under  the  supervisitm  eg  Hubbard  and  Reeve  from 
midway  between  the  center  and  gutter  on  the  souUi  side  of  the  atreet  near  the  middle 
of  the  square  and  a  little  to  the  right  of  the  German  Embaaay  when  fadng  it.  The 
general  appeaimnoe  shows  it  to  ctmnat  of  a  denae  aggretate  d  eruabed  rock  and  One 
nnd,  thmvly  Impregnated  and  bound  together  with  a  UtumiBoiia  esmant.  The  anr- 
faee  eonaisted  of  a  cushion  layer  of  aoroewhat  finer  material  than  the  bedy  of  the 
pavement,  approximately  K-in  thick,  but  the  presence  of  coaree  sttmee  was  notlee- 
able  thruout  the  surface.  This  layer  .was  so  well  incori>orated  mth  the  body  of  the 
pavement  that  it  could  not  be  separated,  and  the  determinatioiiB  were  made  uptm 
about  2800  g  of  recovered  mineral  matter.  Sand  was  not  noticeable  In  any  of  the 
porticsia  above  SO-mesh,  but  was  present  to  a  eonaideiable  extent  in  the  fine  portions. 

Bltamw  in  pavement   6.1% 

Uhteral  aggregate 

Stone  retained  on  S-mashaieve   8>.8% 

Stone  retained  on  1-ln  screen   l.S% 

Stbne  retained  on  fi-in  screen   6.1% 

Stone  retained  on  H-in  screen   35.7% 

Stone  retained  on  H-in  screen   41.6% 

Stmtepaasiog       >^-in  screen   16.0% 


100.0% 
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8toite«iidM&dpMriii|84UibaiaTO   17.2% 

ReUined  on  10-meah  siere   IS.0% 

Retained  on  20-m«Bh  neve   19. 5% 

Retained  on  SO-meeh  sieve   12.0% 

BetdnsdMi  40-inedi  aieve   IC.6% 

ReUined  on  StMaoahgleve   6.0% 

Retaloed  on  SO-meeta  rim   10. 

Retained  on  lOO-meah  aieve   S.6% 

Retained  on  200-DM«h  sieve   6.0% 

Pueing       aOO^MBh  sieve   11.0% 


100.0% 

ToUa  Id  mineral  aaregate     18.6% 

Bctafatadon  M-inscreen   70.8% 

Retained  en  lOO-meah  stevr   2S.7% 

RetUned  m  200-incah  aieve   1.0% 

Pasaliic       200-medb  rieve   2.0% 


100.0% 

Speciflcatlona  for  Waahington,  D.  C.  Coal  Tar  Distillate  Pavement,  aa  laid  in 
1887  (27d). 

"Tlie  base  will  be  eompoaed  at  dean,  broken  atooa  that  will  paM  thru  a  8-in  ring, 
well  nunnved  and  rolled  with  a  ateam  roDer  to  a  dcpth  of  4  ia,  and  thondy  Matad  with 
hot  paving  cement  composed  of  No.  4  ooal  tar  dlsttUate  In  Ae  prtvortlce  o(  aboot  1  la) 
to  1  sq  yd  of  pavement. 

"The  second  or  binder  coune  will  be  composed  of  clean,  broken  atone,  tboroty 
scMened,  not  ozceedlDg  IH  in  In  the  largest  dinenaion,  and  No.  4  ooal  tar  dlatiUate. 
Tba  atone  wQ!  be  heated  by  panring  thro  rorolving  heaters,  and  tboroly  mixed  by 
maddDsir  with  the  dlstillatB  In  the  proporttoB  i4  1  gal  of  disttUata  to  1  co  ft  of  stwte. 
The  bindar  will  be  hauled  to  the  mtk,  qwead  opon  the  base  eonrse  at  laaat  2  fai  tUdc, 
and  Immediately  rammed  and  rolled  with  hand  and  heavy  steam  roUan  while  In  a  hot 
and  plastic  condition. 

"The  wearing  surfaee  will  be  1^  in  thidi  iriien  emapmxbtd,  made  of  paving  cement, 
emnpoaed  of  26%  of  asphalt  and  T6%  of  coal  tar  distillate,  mixed  with  other  materials, 
as  follows:  Clean,  sluup  sand  will  be  mixed  with  pulverized  stone  of  such  dImeDrions 
aa  to  pass  thru  a  K-In  screen,  in  the  proportion  of  2  to  1.  To  21  cu  ft  of  the  above- 
Duned  mixture  will  be  added  1  peck  of  dry  bydfaulic  cement,  1  qtiart  of  flour  of  sulphur, 
and  2  quarts  of  aii>«laked  Iin».  To  this  ndxtore  will  be  added  S20  lb  of  paving  cemrat 
to  compose  the  wearing  surface. 

"The  material  wlU  be  beatwl  to  about  121°  C  (260°  F);  the  paving  oeraent  in  kettlea, 
the  sand,  stone,  etc.  In  revolvlnf  heaters.  Th^  will  he  tboroly  mixed  by  approved 
machinery,  and  the  mixture  carried  upon  the  work,  when  it  will  be  spread  upon  the 
binder  course  2  In  thick  with  hot  Iron  rakes  and  oUier  suitable  appliances  and  Imme- 
diately compacted  with  tamping  irons,  hand  and  ateam  rollers,  while  In  a  hot  and 
idastie  state.  Ttie  suifaee  wlU  be  finished  with  a  dusting  of  dry  hydraulic  cement 
mUad  In.  The  pavannt  so  eonatwicted  nnat  be  a  aaUd  mass  8  In  tUek,  and  will  be 
thcroty  rolled  and  cross  rolled  until  It  has  bemms  hard  and  soUd." 

Pavements  of  Claw  B  have  been  used  in  several  mumcipalities  since 
1900.  For  example,  in  Washington,  D.  C,  bituminous  concrete  pavements 
have  been  constructed  in  accordance  with  the  following  specifications 
covering  the  mineral  aggregate:  "  The  paving  material  shall  be  composed 
of  crushed  trap  rock  screenings,  concrete  sand,  and  mineral  dust  in  the 
following  proportions:  Trap  rock  Bcreenings,  2  parts;  concrete  sand,  1  part, 
and  mineral  dust,  at  least  5%  of  the  above  aggregate;  mixed  with  asphaltic 
cement."  The  trap  rock  screenings  referred  to  above  varied  in  sise  from 
1  in  to  screenings  and  were  devoid  of  duat.   See  Art.  6. 

Clug  C.  Spedficationa  for  pavements  of  ibis  type  call  for  predetermined 
meehaaically  graded  aaBregates.   From  a  historical  standpoint  refermioe 
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is  mode  to  the  description  of  the  Excelsior  Pavement,  as  it  includes  the 
characteristic  features  of  this  class,  namely,  that  "  several  siies  are  mixed 
to  form  a  close  mass  without  cavities."  This  deoeription  is  made  up  of 
pmtinent  abstracts  from  a  book  entitled  "  The  Excelsior  Paveiiientt" 
the  advertismnrat  of  which  is  dated  1871. 

*'  The  Excelsior  Pavement  conaista  of  a  broken  stone,  or  MoAdam  base, 
covered  witii  a  concrete  Buiiace,  which,  being  close,  smooth,  and  cohereDt, 
presents  but  little  resistance  to  travel,  and  permits  no  movement  among 
the  stones  that  compose  it;  therefore,  scarcely  any  dust  or  mud  is  formed; 
its  Bupoiori^  over  others  is  manifest. 

"  The  resisting  material  may  be  sand  for  the  surface,  aravel  or  broken 
stone  mixed  with  sand  for  the  middle,  and  larger  atone  ior  the  bottmn,  or 
bed;  broken  stone  alQne  is  {n«ferred,  uses  being  chosen  which  beat  form 
a  compact  structure,  smooth  on  top,  and  strong  thruout.  Small  fragmmits 
ore  not  generally  required.  Several  sizes  are  mixed  to  form  a  close  mass 
without  cavities,  the  coarser  stone  being  put  beneath.  This  material  should 
be  carefully  selected  for  its  stnogth  a^  tflolstance,  and  contain  no  diit 
or  other  foreign  matter. 

"  The  sand,  gravel,  or  broken  stone  of  different  degrees  of  coarseneos, 
as  laid  at  or  below  the  surface,  should  be  sharp,  dean  and  hard ;  the  cement 
should  be  unifonn,  fluid  and  adherent  during  mixture;  and  the  compound 
should  condense  and  harden  rapidly  under  manipulation,  being  composed 
of  the  greatest  amount  of  rock,  and  the  least  of  cement,  whidi  will  form 
a  mass  most  resembling  stone  itself." 

In  1907  the  author  discovered  a  printed  specification  in  the  litewy  of 
the  Am.  Soc.  C.  E.  entitled  "  Specifications  for  the  Excelsior  Pavement." 
The  following  excerpt  covers  the  description  of  the  mineral  aggregate: 

"  Broken  stones  are  preferred  for  the  whole  pavement,  and  shall  alone  be 
used  for  the  covering.  The  greatest  dimension  of  stones  for  ibe  base, 
except  as  hereinafter  noted,  shiUl  be  between  8  in  and  }4  in,  and  for  the 
covering  between  2  in  and  Jfa  of  an  in;  the  uses  shall  be  mixed  in  pro- 
portion,  varying  with  the  sise  to  form  a  dose  mass,  which,  when  diy  and- 
compact,  can  absorb  not  more  than  20%  of  water." 

BiTUUTHic  Bituminous  CoNCBmi  Pavbmgnt.  Since  the  beginning 
of  the  twentieth  ccnttuy  s  large  amount  of  a  proprietary  pavement  known 
as  "  Bitulithic  "  has  been  laid  in  the  United  States.  As  described  by 
Fred  J.  Warren,  the  wearing  surface,  which  usually  has  a  thickness  of  about 
2  in  after  compression,  is  constructed  as  follows:  "  The  mineral  or  stone 
part  IB  dried  and  heated  in  a  modern  drier  and  is  then  separated  by  screen- 
ing with  a  rotary  screen  into  its  sizes,  var>'ing  from  fine  dust,  which  is  len 
than  Km  of  an  in  in  diameter,  to  the  largest  nse  uaed.  The  se\'eral  siies 
of  stone  are  then  mixed  in  predetermined  proportions,  so  as  to  reduce  the 
voids  to  about  10%,  in  a  modem  twin  plug  steam  power  mixer,  and  the  hot 
bituminous  cement  is  added  in  the  mixer  in  sufficient  quantity  to  not 
only  coat  every  particle  and  fill  all  of  the  remaining  voids,  but  with  eaou^ 
surplus  to  furnish  to  the  mixture  after  oompreasion  a  rubbery  and  sUghtly 
flexible  condition."   See  Art.  7. 

TopKKA  BmimHOua  CoifcmrB  Patbuent.  SiocB  1911  many  tbou- 
eands  of  yards  of  pavement  of  Class  C  have  been  laid  under  the  so-caBed 
Topeka  specifications.  A  decree  was  signed  in  1010  by  certain  city  officials 
and  representatives  of  the  Warren  Brothers  Company  coyeiing  the  use 
of  the  Topeka  mineral  aggrpgnte.  The  following  quotation  is  from  the 
decree  to  which  reference  baa  been  made:  "  It  appeuing  to  the  eourt  that 
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of  (he  ndnraal  matter  used  in  the  pavements  aotually  conetnioted  in  tfaa 
cHiev  of  Topeka  and  EmpMia,  Kan.,  no  particles  ot  Btone  were  lued  that 
would  not  pasa  a  screen  with  openings  H  in  in  diameter,  and  that  lees  than 
10%  of  the  atone  or  coarse  sand  used  would  be  retained  upon  a  screen 
with  openings  ^  in  in  diameter,  and  the  remaining  mineral  matter  used 
being  finer  than  H  in;  and  it  further  appearing  that  pavements  con- 
structed by  the  use  of  mineral  particles  as  above  described  do  not  infringe 
the  claims  of  complainant's  patent  No.  727  505,  sued  upon  in  this  case;  .  .  . 
And  it  further  appearing  that  the  pavements  as  actually  constructed  in 
the  oitiet  of  Topeka  and  Emporia,  Kan.,  do  not  infringe  the  claims  of 
compUinant's  patent  No.  727  fi06,  sued  upon  in  this  case,  and  tiiat  any 
pavements  hereafter  constructed  in^substuktial  complianoe  with  the  f<dlowing 
fortnula,  to  wit: 

"Bitumen,  from  7%  to  11% 
Mineral  aggregate,  passing  200-mesli  screen,  from   5%  to  1 1  % 
Mineral  aggregate,  passing   40-me8h  screen,  from  18%  to  30% 
Mineral  aggregate,  passing    10-meah  screen,  from  25%  to  56% 
MinenU  aggregate,  passing    4-me8h  screen,  from  8%  to  22% 
Mineral  aggr^cate,  passins    S-mesh  screen,  less  tium  10% 
sieves  to  be  used  in  the  order  named,  would  not  infringe  the  daims  of  said 
patent."   Bee  Art.  7. 

Seal  Coats  on  Bitominons  Concrete  Pavements.  The  value  of  the  use 
of  seal  coats  of  bituminous  cements  was  appreciated  by  some  of  the  pioneers 
in  this  field  of  highway  improvement.  In  1876,  Abbot  (1)  presented 
the  following  pertinent  discussion  on  this  detail  of  construction: 

"  It  is  the  practice  of  most  of  the  concrete  pavement  men  to  finish  the 
surface  with  a  top  dressing  of  dry  sand,  rolled  into  the  surface;  or  of 
bydntulio  oement,  swept  in  witii  a  broom.  Z  became  early  satisfied  that 
some  better  i;jan  of  finishing  was  needed.  The  most  compact  ooneretes 
are  more  or  less  porous  on  the  surface;  and  tho  these  pores  are  filled  wiUi 
the  sand  or  cement  used  for  top  dresring,  neither  of  these  materials  being 
waterproof,  in  wet  weather  the  water  penetrates  the  pavement,  street  dirt 
mingles  with  the  water,  and  a  disintegrating  process  begins,  which  soon 
results  in  breaks  and  unevenness  of  surface.  In  winter,  particularly,  the 
moisture,  having  penetrated  the  pavement,  freeies  and  thaws,  and  decay 
is  hastened.  It  is  just  as  essential  tliat  a  concrete  pavement  should  be 
waterproof  as  th^  a  roof  riiould  not  lealc  My  experiments  in  tida  direc- 
tion resulted  in  what  is  known  as  the  Abbot  Grit  Surface,  which  was  pat- 
ented June  17,  1873.  This  improvement  consists  in  spreading  a  hot  liquid 
composition  over  the  surface  of  the  pavement  after  it  is  rolled,  into  which 
is  placed  clean,  dry  grit  or  sand.  This  sand  is  immediately  rolled  into  the 
surface  while  the  composition  is  warm,  and  a  tough  coating  is  thereby 
formed,  which  not  only  jnevents  the  pavement  from  being  slippery,  but 
effectually  doses  every  pore  in  the  surface,  and  makes  it  impossible  for 
moisture  to  penetrate." 

S.  Chancteristics 
Advantages.  AH  of  the  advantages  resulting  from  the  construction  of 
bituminous  surfaces  on  macadam  and  gravel  roads  (see  Sect.  14}  and  of 
Utuminous  macadam  pavements  {see  Sect.  IS),  KEcept  low  first  cost  and 
rsfndi^  <rf  oonstnieUou,  may  be  dted  verbatim  with  reference  to  bituminous 
ooncrate  pavements.  Bituminous  concrete  pavements  are  usually  more 
stable  and  durable  than  other  bituminous  pavements  constructed  with 
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Sect.  16 


broken  etone,  gravel,  or  twoken  slag.  The  methods  employed  in  the  oon- 
struction  of  bituminouB  concrete  pavements  permit  the  most  qiitable  kinds 
and  grades  of  tntuminouB  cements  to  be  uaed.  The  proper  use  of  mixing 
methods  insures  bomogeneous  wearing  courses  having  all  particles  of  the 
aggregates  uniformly  coated  with  bituminous  cement.  As  the  aggregate  is 
usually  heated  at  a  mixing  plant,  delays  of  ooustntcUon,  due  to  wet  weather. 
are  not  as  prolonged  as  in  the  case  of  bituioinous  nuu»dam'  pavemmtB. 
By  the  use  of  modem  mixing  plants,  it  is  prsctieaUe  to  lay  oMtain  types  ol 
bituminous  concrete  pavements  of  Class  A  as  economically  as  it  is  poaaiUe 
ordinarily  to  build  bituminous  macadam  pavements. 

Dliadnidagei.  I^ipperineas  irith  seal  coats  of  some  tntuminous  ma- 
terials may  occur  and  thus  prove  a  disadvantage.  Skilled  labor  is  required, 
and,  for  some  types,  expensive  plant  equipment  is  esseotiBl. 

4.  Dnliuge,  Snbgcadea,  Fonadatiau  and  BdsJngs 

Draiaage.  As  bituminous  concrete  pavements  are  impervious,  the 
utmost  care  must  be  taken  to  secure,  by  thoro  underdrainage,  dry  natural 
foundations.  If  the  road-bed  ia  not  properly  drained,  water  may  be  held 
in  contact  with  the  undersurface  of  the  wearing  course  and  cause  disintecra- 
tion;  in  other  cases  displacement  of  the  wearing  course  is  liable  to  take 
place  due  to  freezing  and  thawing  of  the  road-bed,  settlement  of  embank- 
ments, the  force  of  water  from  springs,  and  the  general  weakening  of  the 
natunl  fotmdation.  The  use  of  cemeat-ooncrete  foundatUm  or  tHx>ken 
stone  foundations  does  not  prevent  underground  water  iron  reaching  the 
bituminous  wearing  course  as  both  types  are  pervious  to  vat«.  For  s 
detailed  discussion  of  underdrainage,  see  Sect.  8,  Arts.  6  and  7. 

Subgrades.   For  methods  of  oonstructing  sut^ades,  see  Sect.  8,  Art.  3. 

Foundations.  For  all  classes  of  bituminous  concrete  pavements,  founda- 
tions of  gravel,  broken  stone  or  slag,  old  macadam,  bituminous  macadam 
and  concrete,  old  brick  and  stone-block  pavements,  and  cement-concrete 
have  been  used.  The  foundation  should  be  strong  enough  to  cany  the  traffic 
to  which  the  pavemeat  is  to  be  subjected.  Many  failures  have  occurred 
due  to  laying  bituminous  concrete  pavements  on  weak  foundations.  Satis- 
factory results  have  been  obtained  under  medium  traffic  with  thcar^ 
liUed  and  compacted  broken  stone,  and  bituminous  concrete  foundations. 
Cement-concrete  foundations  have  been  used  successfully  under  the  heaviest 
traiBo  for  which  the  several  classes  of  bituminous  concrete  are  suitable, 
especially  in  cases  where  the  road-beds  have  been  well  drained.  For  a 
discussion  of  the  relative  advantages  and  the  methods  of  oonstructiou  of  the 
different  kinds  of  foundations  see  Sect.  8,  Arts.  10  to  20  inc.,  and  Sect.  17, 
Art.  3. 

Pean.  Stats  Hi*hw»y  Dept  Practice  Relative  to  Fouadatlooa  1^  Uhkr  (66).  "Bi- 
tuminouB  concrete  and  sheet^aphalt' pavements  should  be  laid  on  a  eoncnte  baae, 
instead  of  on  the  old  existing  macadam  foundation,  which,  beretofore,  has  been  the 
generally  aocepted  practice  for  country  road*.  In  view  of  the  increased  amooat  and 
ehaage  bi  diaracter  of  traOle,  even  flio  aiy^tly  mora  eiqiendva,  it  is  adviwUe  ta  provide 
for  either  a  4  or  6-in  concrete  ban  on  top  of  the  broken  stone  or  tetford  base,  due  to 
the  tendency  of  macadam  to  shift  or  to  oonsoUdate  further  under  tnfllG  and  ponlble 
Bubgrade  trouble,  all  of  which  tend  to  bring  about  a  wavy  or  uneven  oonditim  of  the 
surface.  In  resurfacing  old  water-bound  macadam  roads,  whoe  the  bsee  cotwisls  tt 
elUier  t«lford  or  macadam,  the  broken  stone  surface  should  be  removed  to  a 
Buffldent  to  conform  to  the  required  cross  ■action  and  grade.  Where  the  teUord 
■urfaca  is  aipesed,  the  irregularities  are  broken  off  with  a  napidag  hammer  and  tlw 
depresriaai  filled  ia,  and  npon  this  prvared  sorfaee  Is  placed  a  44n  coeereta  bsa^ 
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■Bt»dfa  Um  praportion  of  1:8:6,  l&id  ao  u  to  aecun  »  vary  roufk  but  n^uUr  nrfMe 
to  form  a  bond  batWMi  tta«  oanentB  b«M  ud  th*  bituuinoua  top.  In  amjoDetloii 
iritk  tha  eoawto  bin  ft  ooncnta  haate  curb  rimuld  ba  flaestmetad  wrtaadiag  6  In 
bosrand  tha  find  ad|a  <a  Om  bttnmhHW  iNmBMOt  and  to  tbs  fInUiBd  cnda.  Aftor 
the  coDcrat*  baae  hM  developed  a  bard  Mt,  and  froni  1  to  2  dayi  prior  to  tba  placfaic 
of  the  UtmnliKna  woarlng  lorfaoa,  tha  baaa  should  be  cleaned  thoroly  of  looae  and 
foreign  nutolal,  by  eweeplng,  and  thai  eo'wed  with  an  ais>fa*ltie  cnt-baidc  mlztnra 
coMiating  of  oqual  parta,  by  vokaiat,  of  Mpbaltle  flonnit,  6I[  to  6B  penetrallon,  and 
conunerdal  naphtha,  62  to  65  gravid,  the  mixture  bdng  appUad  by  a  pwnra  dia- 
tribotorattherateoIHgalpereqyd.  The  ob}eet  of  thta  pabt  coat  Is  to  eeenn  a  better 
bond  bwtwwi  the  ootierete  baae  sod  the  bituminous  top." 

^•dflcatfans  for  Sabsrad*,  Snb-Dndaage  and  PoaadatUwia  Adopted  ia 
IMS  by  the  Am.  Sec  Maa.  Iinp.,  as  a  part  of  the  Bpeeificationa  for  Topeka 
and  Bitulitfaic  pavements. 

"  Sabgrade.  The  contractor  will  be  required  to  do  all  of  the  grmdtng  iitiiraMrj 
to  bring  the  surface  to  the  protwr  subgnde  u  determined  by  the  lines  and  grades 
giT8B  by  the  engineer.  If  the  material  at  sutagradt  b  of  ao  unatabls  dwiaetar  lad 
onllt  for  foundation,  the  eontiaetor  shall  make  such  additimal  eacavatlon  as  may  bo 
determined  by  the  en^neer  snd  refill  with  approved  matariaL  After  aU  aeeesaary 
grading  hu  been  dcMie  to  bring  this  surface  to  subgrade,  the  street  shall  be  thoroly 
rolled  with  an  approved  road  roller  weighing  not  Um  than  10  tons.  If  settlemait 
occurs  the  depressions  shall  be  filled  and  then  re^vUed  until  the  surface  Is  soUd,  unU 
lone  and  paraUal  with  the  grade  and  erom  section  ol  the  finished  pavemMit.  AH 
filling  shall  be  free  from  animal  or  Testable  matter  md  of  a  duuraeter  wprored  by 
the  engineer.  In  case  of  spongy  or  yielding  subgrade  some  other  means  besides  ordinary 
rolling  snd  sprlnlding  must  be  employed  to  obtain  satisfactory  compaction  of  the 
subgrade.  In  case  of  looee,  sandy  soils,  a  small  amount  of  cinders,  gravel  or  fine 
crushed  stone  spread  over  the  surface  will  often  put  it  in  a  condition  to  be  compacted 
under  the  roller.  In  the  esse  of  clay  soils  that  puddle  up  and  wave  or  creep  under 
continued  rolling.  It  is  bat  to  roll  as  dry  ss  possible  and  to  be  spaiing  fn  the  use  of 
water  when  rolling  the  first  layer  of  macadam,  dndars,  graTcl  or  atone'  sriwiilins 
sill  often  help  in  rolling  such  subgrades. 

"  Snb-Drainage.  When  the  soil  is  of  such  a  character  that  it  retains  an  excessive 
amount  of  moisture,  mich  as  clay,  subject  to  swelling  or  heaving  under  the  action  of 
froat,  or  sands  similar  to  quidcsand  that  do  not  afford  a  ready  natural  drainage,  suIh 
drains  should  ba  provided,  ^tese  nay  be  of  two  general  Unda:  (1)  TUe  dialna  of 
porona  material  or  o(  vitrified  tOe  laid  with  open  joints;  (2)  trendies  filled  with  broken 
atoae,  gravel ,  dndem  or  other  similar  matwial.  In  some  casta  it  may  be  suffldent 
to  oQOStruet  a  sub^lrain  on  each  side  of  the  roadway  at  or  near  the  lines  of  the  gutters, 
but  when  the  soil  Is  of  a  very  wet  nattm  it  may  be  advisable  to  lay  additional  lines 
ol  dnina  wUdi  may  bo  in  or  near  tha  middle  of  the  roadway.  This  aystem  of  drains 
may  be  varied  by  diagonal  lines  of  drains  running  from  near  the  trown  of  the  roadway 
to  tbs  gutters.  In  all  caaea  the  drains  should  have  ctmnections  with  the  existing  sewan, 
catdi-badns  or  inlets. 

**  Haw  Macadaa  Fouadattoa.  If  the  pavMnent  is  to  be  laid  on  a  new  macadam 
foaadatlosi  or  base,  the  bttar  dmQ  ba  built  as  follows:  The  total  thicknem  of  tbs 
baas  irill  vary  according  to  diaraetar  of  sdl,  drainage.  Idad  of  sttme  avail- 
able, etc  In  general,  Uie  macadam  base  should  be  constructed  of  broken.stone  which 
is  BOund,  hard  and  durable  under  trafflc  The  brokoi  stone  should  be  sepauated 
into  different  siaes  by  soeening,  the  smaller  sisea  with  tlie  dust  being  used  to  fill  and 
bead  togetbo-  the  larger  sisea.  The  thickneae  of  the  bsse  should  be  regulated  by 
•sperience  In  constructing  ordinary  water-bound  macadam  roads  in  similar  dtuations, 
tfae  total  thidoiess  <A  pavement,  inchiding  wearing  surfaes,  bdng  made  the  aama  or 
a  little  lees  ttum  weQ  constructed  macadam. 

"After  the  subgrade  has  been  carefully  prepared,  spread  a  layer  of  dean  stooe 
passing  a  S  to  3^ln  revolving  screen  and  held  on  a  2-fn  screen  to  a  depth  sufficient 
when  thoroly  rolled  to  form  about  9i  (rf  the  total  tbicknees  of  the  baae.  Tha  thicknem 
ol  this  layar  should  be  regulated  by  laying  oa  the  subgrade  at  proper  Intervlda.  cubical 
bkicka  al  wood  ot  the  proper  dimendons  to  give  the  daaired  thldmess.  Over  this 
hytt  of  atMN^  spraad,  with  shovels,  stone- aersMtingB  la  Buflldaat  qaaatl^  to  fill  the 
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void*  between  the  Urgsr  stone.  The  urecningB  ahould  be  apnsd  fndnallr  and  thondy 
loUed  vith  k  roul  roUer  welKhing  kt  tout  10  ta<w  during  the  proona  o(  ■pfnaiHwi 
tbe  11  mwiliif  As  the  MreaniBCi  ue  worked  into  the  couw  atooc  under  the  roller, 
mon  flhonld  be  kdded  here  end  there  where  voids  eppeer.  At  first  the  rolling  abmM 
be  done  dry  until  the  itooe  eppeen  to  be  well  filled,  theo  the  muhusa  should  be  well 
wrinkled  end  again  rolled,  the  railing  and  qxfnklfaig  emtinaed  ontU  the  layer  of 
■tone  is  thoroly  compacted  and  do  more  ecneninga  can  be  tweed  in.  Just  atough 
HT^Mintnp  shall  be  used  to  All  ud  bond  the  stone,  leaving  bo  surptu*  eo-eenin^  on 
th  top. 

"The  abovo  m^hod  majr  be  wied  by  uAic  the  mnber  run  ol  stone  withaot 
additioo  ti  aar  otiwr  filler  whsre  the  ■nail  daae  an  not  in  «um.  Abo  a  fill*  other 
than  atona  ft— f*"Fi  audi  aa  bank         or  nnd,  may  be  aed  in  sobm  eaaea  when 

axperioace  with  materials  available  shows  better  results  can  be  obtained.  Under  a<nae 
cooditioDfl  the  character  of  soil  and  Bt<»e  available  may  be  such  as  not  to  require 
the  use  of  any  filler  with  the  stone  of  the  flivt  course,  spedficatims  given,  how- 
ever, represent  the  best  average  practice  where  stone  with  b<niding  value,  audi  aa 
limeet(»te  or  trap  rock,  can  be  obtained, 

"Whu  the  first  layer  of  macadam  is  completed  as  specified,  q>read  a  second  lay« 
of  clean  stone  pamiog  a  2  or  2>^-in  »cr«en  and  held  on  a  1-tn  screen  to  a  d^th  sufildent 
when  thoroly  rolled  to  form  the  remaining  ^  of  the  total  thiekneas  of  the  baae.  Over 
this  layer  of  stone  qiread  evenly  with  Shovels  atone  screenings  and  roll  with  the  appli- 
cation of  water  by  spfinkllng.  The  sprinkling  and  rolling  shall  be  ccmtinued  until 
the  stone  Is  well  b<mded  and  until  no  mora  rnmprnsslnii  can  be  observed  under  the 
roller.  Just  enough  filler  dionid  be  need  to  accomplish  thie  purpoae  and  not  enoui^ 
to  frniB  a  layer  or  film  over  the  surface  of  the  stone.  It  is  better  not  to  fill  the  atom 
quite  flush,  leaving  the  coarse  partldea  trf  stone  slightly  proJectinE,  so  aa  to  have  a 
coarse,  grainy  base  upon  wfaldt  to  put  the  wearing  surface. 

"As  an  alternate  method  oi  eonatmction,  the  macadam  may  be  well  filled  irith 
screenings,  watered  and  rolled  untQ  fiuahed  up  smooth.  Over  the  surface  of  the 
macadam  base  thus  constructed  shall  be  spread  a  third  layer  of  clean  stotw  of  a  slxe 
to  psBB  a  Z-in  ring  and  be  retained  on  a  I-in  ring.   This  layer  of  stone  should  average 

1  in  after  rolling  or  practically  only  one  stone  deep  and  is  for  the  purpose  of  forming 
a  binder  or  key  between  the  base  and  wearing  surface  and  thus  preventing  lateral 
displacement  of  the  surface.  After  being  spread  evenly  it  shall  be  Bgbtly  roUed  on^ 
enough  to  partially  imbed  the  stone  and  set  them  firmly  in  plaaa  without  crushing 
or  toidng  suffldait  fine  material  up  from  below  to  fill  the  aorfaoe  votds  antinly.  The 
final  rolling  should  be  done  while  the  macadam  baae  is  still  moist  and  comparatively 
sofl^ 

"The  thidmees  of  the  pavement,  including  baae  and  wearing  surface,  should  vary 
according  to  local  ccmdltlons  and  should  be  fixed  by  the  en^neer  in  charge  when  aJl 
the  varying  conditions  of  soil,  drainage,  traffic  and  materials  of  construetiMt  are  under- 
stool.    In  general,  a  thickness  of  macadam  base  of  8  In  with  a  wearing  surbue  of 

2  in  win  he  raough  for  any  except  the  most  adverse  conditions,  and  a  base  (rf  4  to  B 
In  with  a  wearing  Burtaoe  of  from  IJ^'to  2  in  will  meet  the  moet  favOTable  condltiwis 
of  firm,  unyielding  soils  and  light  traffic. 

"  Old  Msrsdsm  Foundation.  If  the  pavement  is  to  be  laid  on  an  old  macadam 
toundatloB,  the  suTfaee  shall  ba  Uioroly  awept  and  cleaned  of  all  fine  material  that 
may  be  caked  upon  the  surface  ot  the  stone  or  lying  loose  as  dust,  thereby  exposing 
the  clean,  coarse  stone  for  the  reception  of  the  bituminous  concrete.  If  the  aid 
macadam  does  not  present  the  desired  coane,  grainy  surface,  or  is  not  at  proper  and 
satisfactory  grade  after  cleaning.  It  shall  be  aplked  up  and  redressed  to  the  desired 
crown  and  grade,  the  coarse  stoiw  being  brougjit  to  the  top  by  harrowing  or  othcf^ 
wise,  or  now  stone  added  where  needed.  It  shaU  then  be  watered  and  ndled  until 
thoroly  compacted.  If  the  result  Is  not  tha  required  coarse,  gr^ny  sui&cei  a  layw 
ot  dean  stone  shall  be  spread  and  light^  ndled  as  described  above  In  tiia  patagraph 
rdaUng  to  new  macadam  foundation. 

"  Cement-Concrete  Foundation.  When  a  Portland  cement-concrete  foundation  is 
used.  It  should  be  laid  according  to  the  standard  weciflcations  adopted  for  concrete 
foundation.  The  surface,  however,  should  be  roughened  to  form  a  for  the  wearing 
mrfaca.   This  may  be  done  by  using  coane  stone  <4  lalriy  nnlfonn  aba  and  layli« 
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tb»  eonoatB  hMy  ml;  or  by  broMnfatc  wmJAic  with  a  htm  befon  hud  wt,  tuqrfiic 
wlUk  grooTMl  ramman,  or  by  qoMdlBg  »  bw  of  «cme,  dan  stOH  orer  the 
fresh  coneret*  and  Ughtly  tampiiig." 

Protection  of  Edges  of  Bittuninovs  Concrete  Pavements.  The  edges  of 
bitiixninouB  concrete  roadways  on  streets  are  protected,  as  they  are  usually- 
built  between  sidewalk  curbs  or  between  paved  gutters  of  brick,  stone 
bkxJE,  or  cement-concrete.  In  the  case  of  bituminous  concrete  pavements 
oatakle  of  urban  dbtrieta,  however,  the  edges  geaaally  are  not  supported 
by  gutters  or  sidewalk  curbs.  Many  roadways  are  built  with  earth  Bhoulders 
ndjoonimc  the  bituminous  concrete.  Under  such  conditi<His,  espeoiBUy 
when  the  width  of  roadway  is  not  adequate  to  accommodate  the  traffic,  the 
inevitable  result  is  the  breaking  off  of  the  edges  of  the  bituminous  concrete. 
Instances  have  occurred  on  16-ft  roadways,  subjected  to  heavy  commercial 
traffic,  where,  during  1  year,  the  edges  have  been  broken  off  for  a  width 
of  4  to  10  in. 

Abnormal  wear  of  edgee  may  be  prevented  by  several  methods:  (1)  In- 
onamDg  the  width  ai  the  roadway  of  Intuminous  conraete  so  that  the 
probable  traffic  viU  not  be  forced  near  the  edgee.  (2)  Construction  of 
thoroly  compacted  and  puddled  shoulders  of  gravel  or  broken  stone  with  or 
without  thin  bituminous  surfaoea.  (3)  Use  of  edgings  of  wood,  steel  shapes, 
stone  block,  cobblestones,  or  cement-concrete.  (4)  Construction  of  the  Eng- 
lish or  French  raised  verge  or  shoulder  which  has  a  depth  of  3  to  5  in. 

In  the  United  States,  cement-concrete  edgiogs  or  curbs  are  most  generally 
used.  They  should  be  biult  of  1: 1}^:  3  or  1:2:4  cement-concrete,  and 
have  a  width  of  not  less  than  6  in.  Bowever,  their  use  should  not  be  con- 
sidered an  argument  for  the  ocmstruction  of  roadways  having  widths 
inadequate  to  carry  the  traffic  to  which  they  iirobably  will  be  subjected. 
If  the  roadways  are  not  wide  enough  to  accommodate  the  traffic,  usually 
bad  ruts  will  be  worn  in  the  bituminous  concrete  adjacent  to  the  cement- 
concrete  ed^gs,  the  formation  of  the  ruts  being  followed  by  the  breaking 
off  of  both  the  cement-concrete  edgings  and  the  bituminous  concrete. 

The  method  to  be  adopted  in  any  particular  case  will  depend  upon  the 
amount  and  character  of  the  probable  traffic,  the  available  width  for  the 
roadway  and  other  parts  of  the  highway,  the  comparative  economical 
value  of  the  different  methods  of  protecting  the  edges  baaed  on  local  condi- 
UoDS,  and  the  amountof  money  immediately  availaUe  for  the  Improvement. 

CoodtudoBS.  Spec  Com.  Hat  Road  Cons.,  An.  Soc  C.  B.  (17e}.  "Where 
UtumiBous  pavements  u«  laid,  the  edges  need  protection,  and  a  sudden  transition 
bom  the  pavement  to  any  soft  ahotddw  material  should  be  avoided  by  means  of  extra 
width,  or  of  cameo t-concrete  or  other  edges,  w  aoch  rrinforesmcmt  of  the  ahoolder 
material  as  may  be  neeeanry." 

BcoBOnv  of  TTsinc  Cement-Coocrete  Curbs  (60b).  "The  good  reputation  of  asphalt 
wearing  suifaees  ia  baaed  largely  up<m  the  performanoe  o(  such  auifacea  on  dty  streets, 
where  ourba  are  almost  invariably  provided.  In  proportion  to  the  traffic  carried,  sudi 
ride  support  la  Just  as  neceaauy  on  roads  as  for  pavements.  A  very  good  example  of 
the  trutii  of  this  statement  was  noted  recently  (1917)  during  the  [nspectiim  of  a  I»ng 
Uand  Tt^ieka  spedflcation  road,  now  5  years  old,  and  In  good  condition  except  along 
the  edges,  where  the  asphalt  top  was  almost  coodnuously  broken  down  along  the 
riionlder  of  the  road.  The  maintenance  of  something  more  than  a  mile  of  this  road 
Ic7  the  S^ear  period  would  have  amounted  to  practically  nothing  but  for  the  npdn 
neeoaary  at  tfaeedgeaoftbe  road,  all  of  which  would  have  been  avofded  If  a  oonaete 
curb  or  header  had  been  provided  in  the  first  instance." 

D.  S.  O.  P.  S.  1916  Speciflcatkms  tor  Cement-Concrete  EdiJncs.  "Concrete  curbs 
■hall  bo  bant  on  the  baae  aa  ahown  on  the  plana.  The  concrete  shall  be  composed  of 
the  t<rilow[ng  materiale,  Iw  volume:  1  part  of  eeme&t,  IH  parts  of  sand,  S  parts  of 
gnTvl  w  crushed  stone,  and  water.  The  matariab  ahali  be  thoroly  mixed  in  a  machine 


8S8 


Bituminoua  Conooto  Pavements 


8«ct.  10 


■riawof thebKtcfatarpaorbyhuid.  If th*mixiBtiidMMhrliud.i(alwDb«d«MiipaB 
a  watar-ticht  platfarni  iritb  nSmd  «t|M,  In  waih  mumr  w  to  iiiMi«  thoro  mlsiBg 
o(  the  materiab  and  to  meet  the  ^>provsl  of  the  tiglneer.  The  concrete  for  the  curb 
ahall  be  placed  upon  the  baae  before  tha  ccateieta  of  either  the  curb  or  the  baK  ha*  takoi 
its  Initial  mt,  aad  care  ehaU  be  taken,  nich  ai  rougbsninc  the  concnta  of  the  baeo  mmi 
tainipfaif  the  con  Crete  ot  the  curb,  to  insure  that  the  curb  irill  be  firmly  bonded  to  the 
baae.  The  oooereta  shall  be  mQ  tamped  and  QMtded  alone  the  tonna,  ao  that  whan  Omr 
an  removed  Uiere  will  be  do  open  and  porous  places  cm  the  ddee  of  the  curb.  The 
top  surface  of  the  curb  ehall  be  floated  or  troweled  to  a  smooth  finish.  The  fmina  for 
the  curb  shall  be  smooth,  dean,  free  from  warp,  and  of  sulBciant  stnocth  to  ivrist 
fffrtTifing  out  of  shape.  They  shall  be  wdl  staked  and  braoedt  and  the  tap  edcea 
shall  be  at  the  same  hdfht  and  set  tnia  to  lisa.  To  protact  the  curb  front  drying  out 
too  lafddly  it  diaU,  within  12  hr  after  it  is  pUcad,  ba  eovwed  with  funny  doth,  which 
shall  be  kqit  wet  tor  6  days." 


Class  A  BituminouB  concrete  aggregates  oonnst  of  one  product  of  a  crush- 
ing or  BcreoninK  plant.  The  non-bitunmioiu  materials  used  as  aggregates 
for  Class  A  bituminous  concrete  pavements  are  broken  stone,  broken  slag, 
gravel,  and  oyster  shells.  Broken  stone  and  broken  slag  are  the  piinciiMl 
materials  used,  due  primarily  to  tho  denrable  stability  being  more  reacUty 
obtained  than  with  gravel,  while  the  bbb  ol  cystcr  shdla  has  nsalted  firam 
oonsidenition  of  low  first  cost  in  stmie  sea-coast  distrietB. 

Broken  Stone.  Trap  rock,  limeetone,  granite,  and  syenite  have  been 
used  extensively,  and,  to  a  limited  extent,  sandstone,  gneiss,  and  field  stone 
have  been  employed.  Altho  trap  rock  generally  makes  the  beet  aggregate  for 
I>avemenfs  subjected  to  heavy  commercial  traffic,  and  gneiss  and  field  stone 
make  unsatisfactory  aggregates,  the  latter  due  to  its  non-uuiform  qualities, 
it  is  poor  practice  to  specify  acceptable  rock  merely  by  geological  names 
(■ee  Sect.  11,  Art.  6).  The  rock  should  meet  definite  phyaioalTeqtiirements, 
which  will  depend  upon  the  traffic  to  which  the  pavement  will  be  subjected, 
local  economic  factors,  and,  in  some  cases,  details  of  the  method  of  con- 
struction. It  is  desirable  that  the  broken  stone  be  hard,  to  resist  wear 
caused  primarily  the  grinding  action  of  iron-tired  vehicles,  and  tough, 
to  resist  impact  forces  such  as  blows  of  horses'  hoofs  and  the  hammering 
action  of  heavy  iron-tired  wheels  as  they  pass  over  obetructions  on  the 
surface  of  the  roadway.  Altho  the  Dorry  test  is  used  as  a  direct  measure  of 
hardness,  the  Deval  test  gives  the  only  reliable  indication  of  the  resistance 
to  abramon  of  broken  stone.  The  limiting  values  to  be  given  to  resistance 
to  abrasion  and  totighness  requires  consideration  of  all  local  conditions. 
If,  for  sample,  the  roadway  ia  to  be  subjected  foimarily  to  rubbo^-tired 
motor  vehicle  traffic,  a  rock  having  a  toughness  o(  not  lees  than  6  and  an 
abrasion  loss  of  not  more  than  6%,  would  give  good  results.  If  used  on  a 
roadway  carrying  a  daily  commerdal  traffic  of  300  iron-tired  horse-drawn 
and  motor  trucks,  a  rock  having  a  toughness  of  not  less  than  13  and  a  loss 
of  abrasion  of  not  over  3.5%  should  be  used. 

Shape,  CaAiUkCT^a  of  Surtace  and  Ci/banunsbb.    See  Sect.  15,  Art.  5. 

PBonocTB  OB  S^EB.  Due  to  the  variability  in  the  sixes  of  particles  of 
broken  stone  contained  in  products  obtained  undw  the  common  f<ninB 
qwdfioatkms,  it  is  usualb^  necessaty  to  adopt  mora  ri|^  requiremanU 
covering  the  oompodtion  of  the  product  rather  than  its  ■method  of  manv* 
facture.  Tat  a  discussu>n  of  variation  in  products  of  broken  stone,  see 
SecL  11,  Art.  8.    For  spedficatJons  and  formulas  covering  the  compoai- 
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tion  of  broken  stone  products,  see  Art.  8,  Ah.  Soc.  Mun.  Imp.  Ciiass 
A  Spbcificationb,  and  Sect.  11,  Art.  7,  Am.  Soc.  C.  E.  and  Ah.  Soo.  Tbst. 
Mat.  Fomc  or  Spbciucatidn.  If  tKoken  stone  is  obtained  from  stationaiy 
oommereial  plants,  the  methods  to  which  reference  is  made  dwi^  should 
be  used.  In  case  of  portable  plants,  altho  the  specification  form  recom- 
mended is  the  moet  satisfactory  for  geoeral  use,  local  conditions  may  be 
such  that  the  following  type  of  specification  will  prove  more  adaptable, 
especially  in  cases  where  contractors  or  local  quarrymen  are  not  accustomed 
to  ftmushhiK  broken  stone  to  meet  requirements  covering  the  several  sises 
of  broken  stone  in  a  product. 

"  For  the  wearing  course  IH-in  stone  shall  be  used,  and  stone  chips  shall 
be  used  for  the  seal  coat.  The  screenlnc  [rfant  or  plasta  for  supplying 
broken  stame  shall  be  equipped  with  revolving  seraens,  9  to  12  ft  hmg  and 
from  SO  to  36  in  in  diametor,  having  perforations  as  follows:  First  section, 
l^-in  holes;  second  section,  1^-in  holes;  third  section,  3-in  holes.  The 
sections  of  screen  shall  be  of  acceptable  lengths.  A  dust  jacket  having  H-in 
circular  pmiorations  or  composed  of  a  4-me6h  sieve  shall  surroimd  the  first 
section ;  it  shall  be  6  to  Q  in  shorter  than  the  H-in  screen  and  about  6  in  greater 
in  diameter.  Broken  stone  dust  passing  the  H-iu  screen  and  retained  on 
the  dust  jacket  is  deeiKaated  in  these  specifications  as  stone  chips.  Broken 
atone  passing  over  the  H-in  Bonen  and  thru  the  IM-oi  aorera  is  designated 
as  IH-in  stone." 

In  using  specifications  of  the  above  type,  a  clause  should  be  inserted 
which  would  require  that  the  crushing  and  screening  plant  be  operated  in 
accordance  with  the  direction  of  the  engineer  in  so  far  as  such  operation 
effects  the  composition  of  the  several  products  of  broken  stone.  The  speci- 
fications quoted  were  used  with  successful  results  by  the  Board  of  Water 
Supply  of  the  City  of  New  York  in  connection  with  the  construction  of 
32  miles  of  Class  A  bituminous  concrete  pavements.  Seven  crudiing  and 
sereening  plants  mre  efficiently  opwated  under  the  direction  of  the  Board's 
engineers  in  order  to  obtaia  the  products  desired  for  the  foundation  course, 
the  wearing  course  of  iHtaminous  concrete  and  the  stone  chips  for  the  seal 
coat. 

Amaitbib  aw  AoaniiOAna  poh  Onb>Latbb  Patehbnt.  The  following 
analyses  of  aggregates  from  three  different  contracts  are  given  as  tllustrationa 
oi  satisfactory  products  for  use  in  the  construction  of  one-layer  pavements 
of  Class  A  whf»i  broken  stone  or  broken  slag  is  used  for  the  aggregate. 
By  refWence  to  Art.  8,  it  will  be  seen  that  all  of  the  products  meet  the 
Tsqiiirementa  of  the  Am.  Soc.  Mun.  Imp.  ^ledfications. 


A 

B 

c 

1.2% 
4.2% 
34.7% 
40 .65^ 
17.3% 
2.0% 

2.7% 
6.6% 
45.0% 
86.1% 
10.1% 
J. 6% 

1.0% 
2.6% 
30.8% 
34.2% 
23.4% 
8.1% 

PssriBglK-ittscteeo  

100.0% 

100.0% 

100.0% 

AaauDQATia  vor  Two  or  Tksbb-Latbr  Pavbicbhtb.  Many  combina- 
tions of  imdueta  have  been  successfully  used  in  the  ccmstruction  of  two  and 
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thrae-l^rw  Intutauunis  concrete  Clam  A  pavnoieatfl  in  Eogbuid.  For 
examples  of  En^ish  practice,  see  Art.  12.   Altho  pavemrats     this  type 

have  been  constructed  in  the  United  States  and  Canada,  its  use  sinoe  1900 
has  been  confined  to  a  few  localities.  The  AjtiEsnx  pavement,  sec  Art. 
15,  altho  laid  in  layers,  is  not  referred  to  here,  as  it  comes  under  Class  B 
pavements. 

Broken  Slag  has  not  been  extensively  used  in  the  United  States.  The 
excellent  bituminous  slag  concrete  pavements  which  have  been  constructed 
in  England  since  1900  indicate  that  front  alac,  posseasiQg  the  essential 
physical  and  chemical  properties,  an  acsfegate,  equiU  in  quality  to  one  of 
broken  stone,  can  be  manufactured.  To  make  a  satisfactory  agsreg&te. 
slag  must  be  clean,  rough-surf aoed,  dense  and  tough,  and  possess  no  ^ossy 
surfaces.  The  Ohio  State  Highway  Dept.  requirements  are  as  follows: 
"  The  broken  slag  shall  be  clean,  sound,  durable,  aad  of  uniform  quhlity 
and  shall  contain  not  less  than  32%  of  silica  and  not  more  than  25%  of 
calcium  oxide  and  not  more  than  1-5%  of  sulphur.  Slag  shall  show  in  the 
abrasion  test  a  loss  of  not  more  than  10%,  a  hardness  of  not  less  than  16, 
and  a  toughness  of  not  less  than  5.  Slag  aggregates  shall  wugh  not  less 
than  75  lb  per  ou  ft."  A  slag,  meeting  the  Ohio  spedficaiiona,  should 
only  be  used  on  light  traffic  roads.  The  slas  used  in  En^and  is  so  dense 
ihat  it  resemblM  trap  rock,  and  has  a  high  toughness  and  a  low  loss  on 
abrauon. 

Sizes  of  Sua.  In  England,  slag  is  used  for  one,  two,  and  three-layer 
bituminous  concrete  pavements  of  Claa  A.  l^piesl  oommercial 
products  of  slag  are  as  follows: 

2J^-in  gauge,  pieces  varying  from  2}i-ia  to  IH-ia; 

l>^-in  gauge,  pieces  varying  from  l^-in  to 
H-in  gauss,  pieces  varying  from   }^iu  to 
If  used  in  three  \ayen,  the  2}^-in  priMluct  would  be  Tued  for  the  boUom 
layer,  the  l}^-in  for  the  middle,  and  the  H-tn  for  the  top4ayer.    For  details 
of  use,  see  Art.  12. 

Gravel.  Due  to  the  variability  in  the  composition  of  bank  gravel,  the 
probability  that  the  particles  of  gravel  will  be  coated  with  more  or  less 
clay,  and  the  characteristic  rounded  surfaces  of  gravel,  the  use  of  gravel  for 
Class  A  bitununous  concrete  has  been  very  limited.  If  crushed,  clean 
gravel  is  used,  the  results  may  be  satisfactory,  but  it  should  not  be  expected 
that  the  resulting  pavement  will  be  as  duraUe  as  one  having  an  aggregate 
of  well  interlocked  broken  stone  or  broken  slag.  For  specifications  covering 
essential  properties  of  gravel  for  bituminous  concrete  aggregates,  see  Art.  8. 

Condosioos,  Spec  Com.  Hat  Road  Coos.,  Am.  Soc  C.  S.  (17e}.  "Broken  atone, 
because  of  the  satlifaetory  bMid  secured,  should  be  used  wherever  possible,  altho 
bituminous  c<mcntes  coostructed  with  grkvel  have  proved  satMactory  for  U^t  tiaffie 
where  Kreat  care  has  been  tsken  in  the  selection  ol  the  gravel  and  in  ttte  oonstnictlon 
ot  the  pftvement. 

"Brolcen  stone  should  be  dean,  rough-surfaoed,  aharp-angled,  ot  compact  texture, 
and  uniform  grain.  U  the  pftvenunt  is  to  be  subjected  to  medium  or  Iteavy  traffic, 
the  broken  stone  used  for  the  oonstruetion  of  the  wvartng  eoune  ■hooid  show  a  lam 
or  abrsBion  of  not  more  than  8.5%,  and  its  toughness  should  not  be  Itm  than  IS. 

"Eq>eclal  care  is  required  in  drafUng  the  spedfications  covering  the  brokes  stone 
or  gravel  to  be  used.  An  ezceas  of  large  or  amsll  sizes  of  stone  or  gravel  should  be 
avoided.  Practice  has  demonstrated  that  a  mineral  aggregate  which  will  comply  with 
the  foDowing  mechanical  analysiB,  using  laboratory  screeDS  having  dreular  openings, 
will  produce  satisfactory  results:   All  the  material  diall  pass  l}i-ln  serem:  not  more 


than  10%  nor  less  than  1%  shall  ba  retained  on  a  l<in  ■eren;  not  more  than  10%  nor 
1ms  than  8%  shaU  pan  a  >i-in  Moaan.': 
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Bm—HiI  Pfejiical  PiapKtkm  ol  OimJ,  Sbc  and  BtoImb  Stoiw  by  Smith  («0b). 

"GRAVBLilioiild  bseleuignltMdt  turd,  and  ft«B  from  adlMring  cl>y«r  ptutldn.  It 
ta  Uddng  in  ataUHty  owing  to  the  ronndnoM  of  its  particlea  and  is  asuaUy  cmialdenbly 
Improved  by  pawine  it  thru  a  crusher.  Gravel  with  a  rough  pitted  surfaca  is  to  be 
preferred  and  gravel  containing  a  large  percentage  of  flinty  particles  is  to  be  avoided. 
It  fs  unsuitable  for  the  construction  of  pavemenia  carrying  heavy  traffic  and  InfarfM' 
In  all  respects  to  crushed  stone. 

"Slao.  Hard,  dense,  basic  dag  is  to  be  preferred.  Should  be  stable  iritea  aiiinMil 
to  weather  and  not  show  any  tendency  to  slack  or  disintegrate.  Oi^  suitable  for  U^t 
traffic  and  should  prderably  be  coated  with  a  very  fluid  bitumen. 

"  Broken  Stonb.  Should  be  freshly  crushed,  preferably  in  cubical  shaped  partldea. 
Sae  and  hardness  required  depends  up<m  the  traffic Jwhich  the  pavement  is  to  carry. 
Dense  hard  Bnestone  will  carry  medium  and  Ught  traffic  satisfactorily.  When  the 
tralBe,  tbt  H^t  in  vtriume,  la  cnnposed  (rf  heavy  Iron-tlrad  units,  a  dense  hard  trap 
1b  teqtdiad.  Trap  b  now  coamon^  and  tor  asphalt  blodc  manufacture,  altho  in  the 
past  a  large  number  <d  asphalt  blocks  made  from  limestone  gave  excellent  service  under 
light  tzKffic  Granite  is  not  usually  satisfactory  as  It  is  too  coame  and  uneven  In 
texture  and  mat-h  of  U  is  friable  and  it  is  liable  lo  shatter  in  cnishiDg." 

Chancto  «l  ShiCsm  o<  Gnrd.  Stag  and  Bc«ken  Ston*  l>y  Smith  (60b).  ''Broadly 
■peaking,  a  rough,  pitted  and  somewhat  abaorbant  mrfaee  Is  tlw  beat.  SmooA 
gloaay  surfaces  do  not  readily  retain  a  thick  coating  of  bitumen  and  require  a  rdativ«iy 
Ugh  heat  to  insure  properly  coating  them.  At  a  high  heat  the  bitumen  becomes  very 
liquid  and  readily  runs  off  of  them,  which  results  in  a  coating  of  underirable  thfnnri 
Even  whan  the  temperature  at  wbieh  they  are  coated  is  no  h^ihar  than  that  empkiysd 
with  rough  surfaces,  their  amoothnev  pvmits  the  Utuaeo  to  drain  off  mora  reaiUy. 
This  is  particularly  the  case  with  flint  particlea;  and  sand  containing  them,  when  coated 
with  bitumen  and  examined  under  a  glass,  invariably  show  the  minimum  thickneas 
of  coating  OD  the  fflnt  particles  sharply  contrasting  with  the  surxoonding  rougher 
sariaced  tpmrtx  particles  which  have  retained  a  coating  of  normal  thidmess.  As 
eompared  with  a  non-absorbent  surface,  an  absorbent  one  per  ss  is  to  be  derired.  Vntot- 
tunstely  most  particlea  which  liave  absorbent  surfsces  are  lacking  in  resistance  to  wear 
and  therefore,  notwitlvtanding  their  superiority  from  the  standpoint  of  coating  them 
with  bitumen,  are  not  suitable  for  heavy  traffic,  more  especially  of  the  Iron-tired  variety. 
Where  the  bituminous  cemrait  used  is  ig^'irinj  {q  cementing  value  an  abswbent  surface 
is  eqwdally  necessary.  , 

"  The  outer  surface  of  the  partidea  must  be  firmly  adharoBt  to  and  form  a  pomaiMnt 
part  of  dia  particlea  themselvea  and  must  show  no  tsndeocy  to  aoda  off  whan  beatsd. 
Certain  sands  upon  heating  appear  to  form  loosely  adhsceot  aeaba  upon  the  surface 
of  their  partidee  which  are  not  removed  by  attrition  in  the  mixer  but  whkh  und^  the 
stress  of  traffic  and  atmoqtberle  changes  in  temperature  become  looae  and  detach 
tbamaelves,  carrying  the  coating  of  bitumen  with  them.  Pavementa  laid  with  tUa 
type  of  sand  have  been  known  to  dirfntegratalram  this  cause  aloBS  witiiiD  a  tew  washa 
him  the  tinw  they  were  bdd.  Gravel,  freahly  broken  dag,  and  stone  ««  orditiaiity 
free  from  this  defect  Slag  which  is  glaay  does  not  coat  as  well  with  bitumen  as  do 
the  man  basic  slaga." 

Maxiamm  Slxe  Stone  in  Bttuminows  Concrete  by  Warren  (71b).  "Our  pnctiea  oa 
this  point  has  always  been  to  have  the  maximum  siaed  stone  in  the  aggregate  40  to 
50%  of  the  thiclmess  of  pavement  surface  except  that  on  crushed  stone  or  bitoniiKiaB 
baas  a  larger  sised  stcne  may  be  used,  because  a  considerable  portion  of  the  larger  pai^ 
tides  of  aggregate  will  crowd  into  the  spaoea  iMtween  the  coarse,  generally  8^,  attma 
in  the  foundation  and  in  reality  make  the  total  wearing  surface  60%  greats  tfaiui  the 
SfaqMcMfid." 


6^  Mfatonl  Aggnciites  f  or  Qus  B  PiTODSfliits 

C3aag  B  tntiuninous  concrete  oggresates  oonaist  of  a  eertain  nnmber  of 
puta  fay  waighC  or  volume  of  one  product  of  a  crodung  or  screening  plant, 
and  a  twrtaiii  number  ot  parts  by  weight  or  volume  of  sand,  brok«i  atone 
screenin9i  or  nlmilar  mnterialB,  with  or  without  a  filler. 
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Sect.  16 


Broken  StoiM,  Broken  Slag  ami  OnrreL  For  dbBoiusion  of  eanutial  phy- 
sical propnlj^  see  Art.  5, 

Saad  and  mier.  For  dieniamon  of  differeat  Idnda  erf  flands  and  filler  and 
ibe  eawDtial  physical  properties  (hereof,  see  Sect.  17,  Arts.  4  and  5. 

Finn  for  Attregates  by  MuUen  (496).  "The  Inofgude  diwt  or  filler  ii  a  factor  of 
prime  importAnce.  The  material  moat  commonly  used  ti  limeetone  duet  pulverised  in 
a  irindinc  mill  to  aucfa  flneaeM  that  at  leaat  76%  will  paee  a  standard  200-iDeah  teattac 
■im.  When  the  material  Is  Im  fine,  ntore  must  be  added  to  secure  a  given  reanlt 
Stone  duat  and  Portland  cement  are  the  moat  widely  used  filler  material^  the  fonMr 
bdnc  the  moat  coramoa  becauae  the  lower  in  ooot,  but  the  latter  bejny  pref«Tod  by  aome 
on  the  ground  that  it  is  thought  to  nwke  a  superior  mixture.  When  FMllaad  enoaat 
is  employed,  the  difference  in  spedfle  gravity  between  that  material  and  the  remainder 
of  the  mineral  aggregat«  should  be  taken  into  consideratloti,  aa  the  mixtures  ara  uaually 
figured  by  w^ht  Instead  of  by  volume,  tho  the  lattw  would  seem  a  more  logical  meCltod 
tf  It  could  be  used  with  reaaonabU  cmveDiuica.  Otbw  filler  matarUa  are  pulverised 
clay,  marl,  shale,  silica,  etc.  Uaoy  materials  have  been  tried  aad  found  Mtiafactoty. 
but  a  few  have  produced  disastrous  results.  The  200-iaeBh  risve  Is  not  a  suflldant 
teat  for  an  inorganic  dust  filler,  Mcept  for  routine  work  on  a  known  BmteriaJL  The 
partlclee  of  dust  that  are  of  the  moet  value  are  those  that  would  pass  a  500  aieah 
were  one  ot  such  flnawn  of  practical  value  for  laboratory  leatlng." 

Compoaition  of  Aggregatat.  The  ooDclusions  of  the  Spec.  Com.  Mat. 
Road  Cons.,  Am.  Soc.  C.  E.  (17e)  are  m  follows:  "  SpecificationB  for  pave- 
ments  of  this  class  have  generally  stiptilated  that  so  many  parts  of  broken 
6toite  or  gravel  and  so  many  parts  of  sand  or  other  fine  material  are  to  be 
jnixed  with  a  certain  quantity  of  Utuminous  cement.  By  the  use  of  this 
specification,  and  with  unusual  suiiminon,  it  is  practicable  to  secure  a 
fairly  well-graded  aggregate,  but  in  most  cases  the  mixture  will  be  found  to 
contain  an  excess  of  broken  stone,  with  insufficient  fine  matuial  to  fill  the 
voids  therein,  and  in  other  cases  it  will  contain  an  excess  of  suid  in  which 
the  broken  stone  is  held  as  isolated  particles." 

A  typical  deification  covering  the  mineral  aggr^pite  of  a  Class  B  pave- 
ment is  as  follows:  "  The  stone  to  be  used  shall  be  good,  durable  granite, 
trap  rock,  or  limestone,  and  shall  be\he  run  of  the  crusher  passing  a  1  H-in 
ring  and  shall  not  contain  more  than  5%  of  dust.  Cleao,  coarse  sand  shall 
be  used  as  a  filler  in  the  proportions  found  necessary  and  approved  by  the 
engineer  in  charge.  The  bituminous  concrete  shall  have  the  following 
composition:  Crushed  stone,  53  to  02%;  sand,  30  to  37%;  asphalt  cement, 
8  to  10%."  In  this  form  of  specification,  a  rough  attempt  is  made  to  fill 
the  voids  in  one  product  of  a  crushing  and  screeninK  plant  by  a  mortar  of 
sand  and  asphalt  cement.  Altho  a  satisfactory  mix  may  result,  there  ia 
no  assurance  that  a  well-proportioned  aggregate  will  be  obtained.  As 
explained  in  Sect.  11,  Art.  6,  the  composition  of  broken  atone  products  vary 
to  a  marked  degree  when  fumidied  under  the  above  type  of  epedfication. 
Further,  the  requirement  that  a  definite  peroentage  of  coarse  sand  be  uaed 
is  no  guarantee  that  the  sand  will  be  composed  of  the  proper  sises  to  combine 
with  the  product  of  broken  stone  which  the  contractor  or  producer  will 
furnish.  To  secure  the  best  mix  obtainable  for  Class  B  pavements,  the 
broken  stone  product  should  be  specified  as  recommended  in  Art.  5.  and 
definite  specifications  should  be  used  covering  the  sand  and  filler  similar 
to  those  found  in  the  specifications  for  Topoka  aggregates,  see  Arts.  8  and  17. 

Condn^ons  on  Compoaition  of  Hortar  by  White  (78b).  "  Following  are  the  analysM 
of  the  mortar  constitumt,  that  ia,  lO-meah  nuterial  or  lea,  oi  several  tainplM  of 
aspfaalttc  concrete  which  have  been  under  traflic  for  long  enough  periods  of  tfme  to 
demonstrate  their  good  or  bad  qualittea.  The  first  four  (Hoved  to  be  vwy  good,  awl 
the  latt«r  two  Indifferent  hi  cpwUty. 
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No.  1 

No.  2 

No.  3 

No.  4 

No.  6 

No.  6 

Puslnc  ZOO-mwh  sieve  

PaMinc  80-meeh  si«ve ..... 

18 .8% 
10.8% 
10,6% 
86.8% 
28.0% 

11.6% 
11.6% 
86.3% 
22.7% 

n'.i% 

7.0% 
22.7% 
42.5% 

21.0% 
10.94^ 
26.2% 
19.37o 
22.6% 

18.&% 
4.3% 
fi.8% 
60.3% 
20.6% 

16.8% 
8.6% 
6.7% 
64.1% 
20.4% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

"Ab  far  u  the  coane  acgregate  b  ooncemed,  Uuit  b,  all  material  coaraer  than  10- 
ntaah,  tber»  were  considerable  variatkma  in  the  diSersnt  wmphm  but  the  total  quantity 
waa  iqiprqgiinately  tfaa  laiiw,  and  the  wlatfaM  aamad  to  hava  notfatag  to  do  with 
the  Micccae  or  failure  of  the  sample.  Samples  1  to  4  were  ■uaxeafal.  and  they  were  rich 
in  duet  and  reasonably  well  proportioned  in  otiier  rim  up  to  Iftirniah  Samplw  6  and 
6  were  practically  fallurca,  and  they  are  seen  to  b«  lean  in  duet  with  an  ezceae  of  40Hnerii 
material  not  well  filled  by  the  smaller  aizea." 

Washington,  D.  C.  Anr^tea,  as  deacribed  by  Brooke  C^).  "The  prop4»tion> 
o(  coane  and  line  agsregate  lor  the  bituminous  concrete  were  fixed  after  a  number  of 
rievB  teats  of  local  sand  and  trap  rock  at  about  2  parts  by  volume  of  atme  to  1  of  aand, 
to  whidi  is  added  about  5%  ^  dust  to  supply  the  defldency  in  fine  material  of  the 
•tone  acgragata.  The  inKredlents  c(»islst  of  cnisbed  trap  rock  devtdd  <tf  duit  and 
varying  in  rite  from  1  in  to  screenings,  sand,  mineral  dust  and  aaphaltlc  cement.  A 
hard-grained,  moderately  Bhan>  sand  is  used.  Upon  siftinc  at  least  26%  must  ba 
caught  oo  a  CO-mesh  rieve  and  &%  pasa  an  80-mesh.  A  defidency  in  fine  sand  nay 
fa*  eorraeted  irith  minaral  dust,  which  consists  of  fine  Portland  cement  or  limaatane 
dost,  at  least  86%  of  which  passsa  a  100-mcsh  rfeve  and  the  whole  of  which  paasee  a 
80-meab. 

"  An  apparent  defect  in  this  spedfieation  Is  the  lack  of  any  requiroment  as  to  grading 
of  the  stone.  It  ia  evident  that  the  composition  of  the  mixture  might  vary  within 
wida  limltBi  Howaver,  from  Table  I,  allowing  tha  avaraga  of  the  taata  of  the  nfactura 
aetoally  hid  in  five  wnking  seasons,  it  will  be  seen  that  the  aggregate  runa  fairly 
uniform.  The  sand  Is  tested  before  nse  for  eompllanee  with  the  spedfieation  for 
Uiat  material  but  no  attempt  is  made  at  selection,  or  separation  or  grading  of  any  sort 
of  tha  nm-«(-erualiar  atone.  Th«  material  below  the  S^neah  ia  fairiy  uniform,  due  no 
doubt  to  the  sand  entering  hi  to  thla  part  of  the  raiztnre.  The  inenaae  in  material 
paaabg  lOfrfnaah  bom  1910  to  UU  ia  dm  to  a  chaage  In  spedfieatioiw  Ineraaatng  the 
amount  of  mineral  duat  In  the  IBIO  mfartura  only  about  1%  of  dnat  waa  added,  whara- 
«a  not  Isaa  than  6%  haa  bean  uaad  rinea." 

Tabla  I.— Avanga  Ondlag  of  Bitninlnoaa  Concrete  Wxtnraa,  VtAIngtan,  D.  C, 

tn»-in4 


Paaiag  100-mesh  rieve. 
Passhig  80^mesh  rieve. 
Paaing  60-Beah  rieve. 
Paaring  40-mesh  rieve. 
Passing  SO-meeb  rieve. 
Paaring  10-meah  rieve. 
Passing  S^meeh  sieve. 
Paaaing  4-meBh  sieve. 
Pasring  i^-in  screoi 
Passing  H'-in  screen 
Passing  XAa  screen 
Paaring  1  screen 
SpecUlc  gravity  of  stone . 
Spedfle  gravity  of  sand, 
rai  wantage  otyirfda  in  aa 
Pareantage  bitumen  aoluUelnCEk 


1910 

1911 

7.8% 
1.7% 

!S 

6.2% 

8.6% 

10.7% 
10.7% 

7.0% 
6.6% 

1.3% 

8.0% 

0.8% 

1.0% 

2.6% 

9.6% 

19.2% 

21.2% 
18.0% 

80.0% 

13,0% 
1.0% 

20.2% 
0.0% 

2.86 

2.69 

26.40 

7.10 

1912 


6.8% 

8.6% 

8.0% 
4.9% 
1.8% 
9.6% 
26.3% 
18.7% 
12.8% 
0.3% 
2.93 
2.70 
21.08 
8.00 


D>qiti;M  by 


1913 


8.0% 
1.0% 
8.2% 
6.1% 
13.0% 
10.2% 
8.8% 
17.0% 
19.2% 
13.7% 
5.0% 
0.0% 
2.97 
2.70 
20.76 
7.SB 

Googlt 


1914 


8.8% 
0.8% 
8.2% 
6.8% 
12.8% 
8.0% 
2.8% 
14.5% 
25.2% 
17.6% 
0.0% 
0.0% 
2.86 
2.63 
«.» 
6.80 
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7.  Minenl  Aonp^tei  for  dm  C  Pavamaiis 


GUsa  C  tntumiiunu  conoete  aggresatas  eoonst  of  imdetflnniiMd  me- 
chanically graded  broken  stooe,  broken  slag,  gravd  or  shdl,  with  or  without 
aand,  Portland  cement,  fine  inert  material,  or  rombinationB  thereof. 

Broken  Stone,  Broken  Slag  and  OraVeL   F<»-  diKUarion  of  eoeential 

physical  properties,  see  Art.  6. 

Sand  and  Filler.  For  discussion  of  difTerent  kinds  of  sands  and  fillers 
and  the  essential  phyaioal  properties  thereof,  see  Art.  6  and  Sect.  17,  Arts. 
4  and  5. 

ConpositiOB  of  Topaka  Aggragatei.  The  conclusions  of  the  Spec  Com. 
Mat.  Road  Cons.,  Am.  Soe.  C.  B.  (17e)  are  as  follows: 

"  If  the  Topeka  pavement  speriflcation  embodies  the  grading,  aa  eoi^ 
tained  in  the  decree  of  1910,  namely: 


Bitumen,  from  7  to  11%; 
Passing  200-meeh  sieve,  from  5  to  11% 
Passing  40-meflh  sieve,  from  18  to  30% 
Passing  lO-mesh  sieve,  from  25  to  35% 
Passing  4-ine8h  oeve,  from  8  to  22% 
Passing     2'meeh  neve,  less  than  10% 


special  provisions  diould  be  made  in  the  spedficattona  oovering  the  broken 
stone  aoMl  sand  to  be  used,  in  order  to  secure  satisfactory  grading." 

The  above  recommendatiooa  relative  to  the  necessity  of  more  definitely 
specifying  the  composition  of  Topeka  aggregates  are  based  on  the  wide 
range  of  combinations  of  broken  stone  and  sand,  or  similar  materials,  vhich 
may  be  used  under  the  1910  decree  formula  and  the  fact  that  many  failures 
have  resulted  from  the  use  of  poorly  graded  mixtures.  Three  forms  <rf 
specifications  covering  the  Topeka  mineral  aggregatea  have  been  used 
successfully. 

1.  The  grading  of  the  broken  sttme  and  sand  have  each  heen  covered 
hy  specific  requirements  and  the  mixed  aggregate  required  to  comply 
with  1010  formula!  As  an  example,  the  following  specifications  are  quoted, 
in  part.  The  broken  stone  shall  pass  a  H-in  screen  and  shall  be  so  graded 
that  when  combined  in  a  bituminous  mixture  containing  not  lees  than 
30%  of  the  sand  hereafter  specified  shall  produce  a  bituminous  mixture 
complying  with  the  1910  decree  formula.  All  particles  of  the  sand  shall 
pass  a  10-meah  sieve,  and  shall  contain  at  least  15%  of  material  retained  on 
a  40-mesh  sieve  and  at  lesat  20%  of  material  that  will  pass  an  80-mesh 
sieve  except  as  hereinafter  provided  for.  If  the  sand  does  not  contain 
the  required  amount  of  fine  material,  mineral  dust  may  be  added  to  make 
up  the  deficiency. 

2.  The  broken  stone  and  sand  have  been  covered  by  general  requiremrate 
and  the  mixed  agKregate  by  more  detailed  requirements  than  embodied 
in  the  1910  decree  formula.  This  type  of  specificaUon  was  adopted  1^  the 
Am.  Soc.  Mun.  Imp.,  soe  Art.  8. 

3.  Each  of  the  ilema,  broken  stone,  sand,  and  mixed  aggregate,  has  been 
covered  by  specific  requirements,  aa  in  the  case  of  U.  N.  O.  P  .R.  specifications, 
see  Art.  8. 

Top^  Pavtraents  as  Laid  on  RirertiiU  Drire,  Hew  Toih.  and  In  Sochester,  II.  T. 

by  Richardaon  (B7b).  "A  fine  upbaltlc  concrete  aurface  mm  laid  OD  Rlwinde  Drive 
in  Kew  York  in  ttie  autumn  of  1913,  data  in  reeard  to  which  are  shows  in  Table  II, 
in  which  column  A  (ivea  the  avenge  compodtion  of  the  aurfaoe  mixture  as  laid  HQ 
the  street,  and  cidiunn  B  that  of  the  finer  porUoD,  excluding  the  partidM  of  4  and  >• 
BMsh  alse  and  the  Utiunen,  4%,  which  is  ngudsd  as  suffldsnt  to  eevw  thvD. 


Art.  7         Mineral  Aggr^tea  tar  daaa  C  FaTements  866 


TkUa  IL— Rtoportioiis  in  Acplultic  Coner«to  Sarftee  oa  SIVMiM* 


Compoaltlon 

A 

B 

.Bituman 

8.9% 

11.1% 

200-ineeh 

11.9% 

16.6% 

SO-niMh 

14.5% 

20.1% 

40-meBb 

18.6% 

25.9% 

lO-meA 

18.9% 

'26.4% 

10961b 

4-nMdL 

19.1% 

S-BMll 

8.1% 

'  100.0% 

100.0% 

"Thcw  flgnm  dmunmlntB  what  the  duumettf  of  tha  fiaa-  porttoii  of  tlu  mfxton 
may  b«  WKwded  m  n.  ahaet-uiAalt  muHoB,  to  wUdi  the  atone  or  srit  ate  haa  baea 
added.  It  Is  seen  that  thla  is  very  ntiafaetoiy  from  that  point  of  view,  containing  a 
propa  percentage  of  bitumen  and  fill»,  altho  the  material  pantni  a  10,  20  and  SO-maah 
sieve  is  high.  It  ia  to  be  noted  that  the  mixture  Is  much  improi^  by  the  fact  that 
tbe  filler  was  Portland  cement.  It  aeema  reasonable  to  believe  that  ^la  aarCaee  may 
be  regarded  as  tbe  higheet  type  of  one  that  Is  stone-fllled  or  known  aa  fine  aaphaltle 
etmcrete.   The  results  developed  by  service  teats  will  be  of  Intereat. 

"In  this  connectira  It  Is  wtnthy  of  observatioD  that  a  raiicture  of  this  type  is  bong 
Ud  In  Roeheeter,  N.  Y.,  at  the  preaent  time  (1914),  and  has  been  so  used  for  12 
yean.  The  Rochester  mlztore  doeely  resembles  that  on  Rlvnaide  Drive,  containing 
Portland  cement  as  a  filler,  and  baa  proved  itaell  by  eirvlce  testa,  since  tbe  date 
^veo,  to  be  entirely  aatlafaetory,  Thla  mixture  haa  the  oomporftiMi  ohown  la 
TUik  m. 

TaU*  m.— Iflztnra  Ua«d  at  HocliMt«r,  K.  T. 


Gompodtlon 

Original 
Mixture 

Finer 
Porttcn 

8.9% 
12.8% 
10.8% 
24.2% 
16.8% 
21.6% 

6.4% 

11.1% 
17.1% 
16.0% 
88.7% 
22.7% 

»«Mali  

99.4% 

99.6%  " 

Compoiltion  of  Patented  Bltuminooa  Concrete  PtTement  Aggregates. 

The  conclusions  of  the  Spec.  Com.  Mat.  Kood  Cons.,  Am.  Soc.  C.  E.  (17e)  are 
aa  follows:  "  In  cases  where  patented  bituminous  concrete  pavements  of 
ClaM  C  an  used,  the  same  fundamental  pnnciplee  obeerved  tmder  Class  A 
pavemeDta  should  be  followed,  eqwoially  in  the  case  of  covering  in  detail 
Uie  emnpoBiUon  and  grading  of  the  mineral  aggregate."  The  f<dlowing 
specificaUon,  as  used  by  a  state  highway  department  to  cover  the  mineral 
aggregate  of  a  patented  pavement,  illustrates  the  indefinite  requirements 
condemned  by  the  committee  of  the  Am.  Soc.  C.  E.  "  The  several  grades 
and  sizes  of  mineral  aggregate  shall  be  accurately  measured  in  proportions 
previously  determined  by  laboratory  tests  to  Rive  the  best  results,  that  is, 
the  moot  dense  mixture  of  mineral  aggregate  and  one  having  inherent  sta- 
bility." The  use  of  the  above  form  of  general  descriptive  specification 
aAowB  tha  cootractor  to  furnish  an  aggregata  which  may  vary  in  oompoaUon 
between  wide  limita.  Pefinite  speeifications  wideh  vUJ  control  tbe  character 
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and  uniformity  of  the  agip«gkte  of  Mqr  patanted  UtumiiMnis  eonente  pave- 
ment can  be  prepared  to  cover  any  local  conditions.  For  examples  of 
definite  requirementB  covering  ageresatee  of  patented  pavements,  see  the 
Bithulithic  specificafioos  of  Loa  Angelee,  Cal.,  Art.  8;  the  Bitulithic  qwcifi- 
cationB  of  Portland,  Ore.,  Art.  16;  and  the  Penn.  State  Hi^way  Dept. 
Warrenite  apecificatioos.  Art.  8. 

DUflcaotlalioa  ct  BltnlltUc  and  Wurantte  bituninoiM  oanereto  miztnrM.  The 
foUowInc  rtatniMnt  ma  prepared  by  Geerie  C.  Wanaa,  Prarfdoat  o(  the  Warn 
Brodwn  Co.,  (or  Uw  tnTormation  of  the  aofbieen  eoroned  in  tin  Graduate  Couiw  ta 
Highwmy  Ensineerlng  at  Columlna  Univerrity. 

"Bitulithic  and  Warrenite  mixtum  are  both  made  under  the  provisiona  <rf  the  Warrea 
patsnta,  which  the  courta  have  held  'covw  the  product  no  znatt<r  how  produced.' 
Ktttlitiiic  is  deaicned  to  meet  the  coaditloiw  Kenerally  pravaiUac  on  dty  atraeta,  and 
Warreolte  b  to  ateet  audi  conditiotu  ma  may  ariae  on  country  nadi  ao  aa  to  meet  the 
phyrical  and  eeoaomic  conditions  and  public  demaoda  as  to  coat. 

"Generally  apealdnf,  Bitulithic  ia  mixed  by  a  plant  which  is  too  cumbersome  to  meet 
country  road  conditions,  which  [^vldea  (or  combining  the  materials  proportioned  by 
eqwratian  o(  abea  erf  the  afxregate,  alter  beatinc,  and  then  rocombinlnc  by  weight. 
Warrenite  is,  generally  speaking,  mixed  by  a  plant  so  portable  that  it  may  be  set  up 
cither  akagride  the  ntilraad,  aloag  the  aide  of  tbe  road  being  ooaatnicted,  or  in  tbe 
quarry  or  gravel  bank  from  which  tha  bulk  of  the  acgregate  k  being  procurod,  aa  may 
be  moat  econtKnical  tn  any  particular  caaa.  This  jdaat  ia  constructed  on  the  principle 
o(  proportioning  the  aeveral  ac^tante  alzea  by  careful  measuremmt  by  bulk  before 
beating  and  retaining  the  batch  io  measured  as  a  separate  wtity  thru  tlie  prooeas  of 
heating  and  delivery  into  tbe  mixer  in  which  tbe  Utumlnoua  camoit  is  added. 

"Graerally  apeaUng,  eniabed  etoae  predoniinateB  ia  tlw  fine  aggragate  of  BituUtUe, 
while  Band  predomfatatn  fai  the  fine  aggiegate  of  Waimlte;  alao,  Ona  cruahad  atone 
and  sand  respecUvely  are  correapondingly  used  (or  the  seal  coat  aggr^ate.  In  the  ae- 
leetlon  of  quality  of  material,  whether  gravel  or  crushed  stone,  for  the  coarae  aggregate 
a  greater  latitude  ia  permitted  in  the  case  of  Warrenite  to  practically  meet  tlie  conditioaB 
of  leaa  opportunity  for  aalectlona  which  are  liable  to  prevail  in  localities  a  considerable 
distance  from  laUroad  centers.  This  latitude  is  allowed,  because,  while  the  trafHe 
conditions  on  country  road  tborofarea  are  in  point  of  wdght  and  eonemtration  of  tralBc 
rapidly  becoming  fully  as  severe  as  on  most  dty  streeta,  there  is  the  Important  dUfereaca 
that  on  country  roads  generally  the  traffic  is  more  excluslvdy  of  the  motor  v^de 
lObber  tire  type  and  oc»ise<ittently  lea  exaction  Id  physical  propotiee  of  the  quality 
of  the  stone  fonnittg  the  baaia  of  the  aggregate  Is  necenary.  Alao,  unlortuaatdy. 
many  dty  streets  are  abuaed  eoostant  excmalve  qMriaklhig  or  daily  acoared  by 
preasura  fludilng  maehiiMa,  a  practice  wliich  ia  more  or  leaa  iajuriooa  to  nay  road  auifac^ 
while  the  country  roads  are  aeldcnB,  if  vnr,  wet  except  by  lalnCsIl;  therefore,  ia  caaas 
where  the  very  beat  quality  ot  stone  is  unavailable.  It  would  be  safe  to  nan  atone  of 
riightly  lower  quality  in  Warroilte  on  a  eotuitry  road,  althe  the  bbbm  qtiaUty  atooa 
might  not  he  sale  for  iSe  In  Bitulithic  on  a  dty  street." 


Clan  A.  Am.  Soc.  Man.  Imp.  191T  ^adfleatloui  for  Broken  Stona 
Aggregate  are  aa  foUowe: 

"  QtuOity.  All  broken  stoao  shall  he  daea,  ioa^t«iilBeBd  aad  ahuiMBtfad,  «< 
Goaqiaet  tuture  aad  uniform  grain. 

"Teats.  The  brokaa  atone  ahall  be  aahjected  to  abredon  aad  toughani  teats 
conducted  by  the  cmi^neer  in  accordance  with  methods  adopted  by  the  Am.  Soc 
Test  Mst,  Aug.  IS,  1908.  The  broken  stone  used  for  the  conatructioo  of  tha 
wearing  course  shall  diow  a  loes  on  abranon  of  not  more  than  S.6%  or  a  Frendi  eo- 
tftdent  of  wear  of  not  less  than  11.6,  and  Ita  tough D«ai  shall  not  be  Ins  18.0. 

"Broken  Steoe  for  Ifinerel  AggregMa.  Broken  atone  tor  the  adner^  aggfegate 
of  ttte  weariag  eoorae  shall  condat  of  one  pnidnet  of  a  atone  erusUagaad  ii  iiiftiin 
idaat.  It  shall  eaafarm  to  the  following  meehanical  analyde,  udng  bthwatoiy  •mans 
having  dreular  ^vaalnga:   AO  of  the  bndraa  stone  dnU  pass  a  IM-^  aoeen;  not 
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mora  thkD  10%  nor  1«  than  1%  abali  be  ratalned  tQKn  a  14n  wama.;  not  man  than 
10%  DOT  IsM  than  8%  shall  ptm  «  aeraai." 

Clus  A.  U.  S.  O.  P.  R.  1918  Speciflcctioiii  for  Keken  Stone  Acgragate 
Bre  as  foUows: 

"  Ganarali  The  broken  stcae  ahall  eonaiit  of  »Tigitl»r  fngmenta  of  rock,  exduding 
Bcfaist,  ahale  and  slate,  free  from  thin  or  elongated  pfec»,  soft  or  dlsfntegrated  stone, 
dirt  or  other  objeetioDable  matter,  oecurrfaiK  dtber  free  or  as  a  coadng  on  the  stone. 

"  Physical  Properties.  The  stone  shall  meet  the  followiDg  requirements:  Proncfa 
eoeflkfent  of  wear,  not  Iom  than  8;  toushnen,  not  less  than  8. 

"  ChijM.  That  portion  <A  the  product  of  the  cruaber  vhlch,  when  tested  fay  meua 
eC  laboratory  screens,  will  meet  the  following  requirements: 

PaminK  H-in  screen,  not  leas  than  '.   96% 

Retained  on  j^-ln  screen,  not  less  than   86% 

"  Atfrei^te.  That  portion  of  the  product  of  the  crusher,  which,  when  tertod  by 
naana  of  laboratory  screens,  will  meet  the  ftdlowiitg  nqutrements; 

PMsinx  1-in  smen,  not  len  thu   S6% 

Total  psMlag  W-ln  screen  2S  to  76% 

Retained  on  >i-in  screen,  not  less  than   86% 

"  Methods  <rf  Testini;.  Testa  of  the  physical  properties  ai  the  rode  and  of  the  d»B  of 
hrokra  stone  products  shall  be  made  in  accordance  with  the  following  methods: 
1.  nwteh  Coaffldmt  o(  Wear:  BuL  U.  S.  Dept.  Agr.,  847,  p.  6. 
S.  TM^om:   BoL  U.  8.  Dept.  Agr.,  847,  p.  16. 
8.  aaa:  BoL  U.  S.  Dept.  Agr.,  666,  p.  82. 

"Botss;  This  q>edifieation  ia  intended  to  cover  atone  to  be  used  in  the  eonstmctitm 
o(  I  bituminous  concrete  wearing  course  and  seal  coat.  The  broken  stone  aggregate 
Cor  the  eoncrete  proper  is  a  sin|^  alie  of  crusher  product  with  no  exact  grading  limita- 
tioas.  It  may,  tberdore,  produce  what  la  commonly  known  as  an  open  mix,  and  will 
carry  frtnn  6  tp  7%  bitumen.  Such  mixture  may  be  placed  on  a  well  compacted  broken 
stone  or  gravel  foundation  or  a  cement-concrete  foundatloo  so  as  to  produce,  after 
rolling,  a  wearing  oourse  2  in  in  depth.  A  seal  coat  of  bituminous  material  should  then 
be  BK^ied  and  covmd  with  chips  in  safBefent  quantity  to  take  up  all  exeess  of  Mtamen." 

Clau  B.  U.  S.  O.  P.  R.  ms  Sp«cifle«tioiu  for  Mineral  Auregite  of 
Broken  Stone,  Sand  and  FiUer  are  aa  follows: 

**  Broken  Stone.  Gbnbkal.  The  broken  stcMie  shall  condst  of  sngular  fTagmcnts 
of  roA,  excluding  adiist,  liiale,  and  slats,  free  from  thbi  or  elongated  piecee,  soft  or 
dUntagratsd  stone,  dirt  or  other  objectionable  matter,  occurring  either  free  or  aa  a 


eoatbic  w  the  stOM. 

"PttmcHhTmormeiaB.  The  sttme  shall  meet  the  following  requirements:  French 
eoefllekBt  of  wear,  not  less  than  8;  tougbneiB,  not  lees  than  8. 

"CiDFB.  That  pmUoo  of  the  product  of  the  cruaber  which,  when  tested  by  means 
of  taboratoty  screens,  wQl  meet  the  following  lequinnMnts: 

Passing  H-in  screen,  not  less  tfasn   96% 

Setalned  on        screen,  not  leas  than   86% 

"COABSB  AOORSOATB.  That  portion  of  the  crusher  which,  w4mb  teated  by  means 
of  laboratory  screens,  will  meet  the  following  requirements: 

Paasbig  1-in  soeen,  not  less  than   96% 

Total  passing  K-^  screen  SB  to  75% 

Retained  on  M-teaereen*  not  less  than   86% 


^SaaA.  Gam^tL.  The  sand  for  flne  aggregate  shall  be  oonpossd  <rf  sound, 
datable  stcne  particlas,  free  from  aeoating  of  clay  or  loam. 

"GnADiNQ.   When  tested  by  means  of  laboratory  sereena  and  staves,  the  sand  shall 


meet  tbs  following  requirements: 

PMsing  K-in  acreen   100% 

TMal  pBMteg  404nMdi  deve  80  to  70% 

Retained  on  200-mesh,  not  less  than   90% 


''Mineral  mier.  GnHBXAL.  The  nlnnal  filler  shall  consist  of  Umcatme  dust, 
dolomite  dust,  Portbmd  cement  or  natural  eunnt.  It  shaU  be,  free  from  tweigtt  or 
othsr  objsctifmabla  materiaL 

"yiMnNSBB.  When  tested  by  means  of  laboratory  slaves,  the  mineral  flUer  ahall 
■BMC  the  foDovinB  leqalr— wata; 
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PwfaiC  W4BMh  dm   100% 

Total  purine  200-inMfa  rim,  not  len  Utan   66% 

"ICsthoda  of  Tastins.  Twti  of  tba  phyrical  pnverttoi  of  tlw  toA  nnd  of  tbm 
rise  or  mecfaa&lcKl  uialysiB  of  brok«i  stone,  suid  ud  niin«r«l  filler  ■hnll  b«  bmIb  in 
Moordanoe  with  the  following  methode: 

1.  Fnndi  CoaOdant  of  Wear:    Bui.  U.  S.  Dept.  Ap.,  S47,  p.  S. 

2.  ToogluiMi:    Bui.  U.  S.  Dept.  Agi.,  847,  p.  16. 

S.  fflM  of  Broken  Stone:    Bui.  U.  S.  D^t.  Agr.,  6S5,  p.  82. 

4.  Uechanical  AnalyalB  at  Sud  and  Mineral  Pilla:    Bui.  U.  S.DepL  Acr.,S65,p.SS. 

"HotM:  Thia  ipedflcatioD  is  Intended  to  cover  the  mineral  constitueBta  of  a 
roughly  proportlmied  bituminous  concrete  consiitiug  of  frun  46  to  60%  broken  atoae 
eoarae  aggr^te,  from  30  to  4S%  sand  or  fine  aggregate,  from  S  to  6%  mineral  tOla, 
and  from  6  to  8%  bitumen.  It  should  preferably  be  placed  upon  a  OMaeat-eoncrete 
foundation  so  as  to  produce,  af t«r  rolling,  a  wearing  eonaa  S  tn  In  depth.  A  seal  ooat 
of  bituminous  materiel  should  tbMi  be  applied  and  Oonrad  with  chips  In  ndMt 
quantity  to  take  up  all  exoeae  of  Utumen." 

Ctau  B.  CleTflland,  1917  Specifleatiou  for  an  Aggregate  of  Brokea 
Stone,  Sand  and  Dust. 

**  Deaeripticui.  The  mineral  aggregate  shall  eonriat  of  a  mixture  of  broken  Beeaemer 
Umeatoce,  or  oth«'  Hmestone  equally  as  good,  trap  rode  or  granite,  and  sand,  to  wliiefa 
shajl  be  added  a  small  quantity  of  stme  duat  or  Portland  cnnenL 

"  Sixea.  The  stone  ahall  vary  in  afaefrom  that  paMinga  l^-in  scraen  to  as  amaD  as 
thatbddonaJi-inacreen.  The  dost  or  fllte  sereeninga  shall  be  twaovad  from  the  stone. 

"Tba  sand  shall  be  harttgrained,  moderately  sharp,  free  from  loam  or  other  fordga 
material  and  varytng  in  aiae  from  that  passing  a  H-In  scran  to  dust  paaaing  a  tOO- 
mesh  rieve.  There  shall  not  be  over  6%  paaaing  the  200-meah  rieve  and  there  abaU 
not  be  over  80%  held  on  the  tO-meah  sieve. 

"Tbe  duat  which  shall  be  added  to  the  mixtures  lUiall  be  riUter  a  Portland  camant 
or  groond  Umeatoaa. 

"  The  Proportions  of  the  various  Ingredtenta  oorapoaing  tbe  Utnminoua  eoBcrata 
ahall  be  approximately  8  parta  of  stone  to  2  parts  of  sand,  to  which  shall  be  added 
tdtuminous  cement  suffidsot  aO  that  from  7  to  10%  by  wielght  of  the  mixture  shall 
ba  Utunten  soluble  in  carbon  disulphlde.  The  stone  duat  at  Portland  caownt  added 
to  the  miztun  shall  be  in  tuch  qnantltlsB  that  a  screening  <rf  the  idiola  aggrsgata  ahall 
not  dww  more  ttian  6%  by  wri^  pnming  a  200-meah  rieva." 

CUm  C.  Form  of  Spedflcations  lor  Topeka  Coeree  and  Fiae  Aggregate! 
adopted  at  the  first  conference  of  State  Highway  Teetiog  Ekwneen  and 
Chemiats  held  at  the  U.  S.  O.  P.  R.  in  Feb.,  1917  (67c): 

"Coane  Aggregate.    Gbhbbai-    The  brolm  stone  fOr  eoarae  sggregate  shall 
eottsist  of  anguhu-  fragments  of  (Insert  types  allowable),  free  from  thin  or  elongated 
pieces,  soft  or  disintegrated  stone,  dirt,  or  other  objectionable  matter,  oeetvring 
either  free  or  as  a  coating  on  ttie  atone. 
"PHvaiCAL  PBOPBRniB.   The  stone  shaU  meet  tbe  following  reqnlrsmsntB: 

Percent  of  wear  .not  more  than  

or  French  coelBeieBt  not  leaa  Oian  

*Hanlneaa  not  leas  than  

*Tonghneaa  not  lees  than  

'Absorption  not  more  than  

"Gbadino.  The  broken  atone  for  coatae  aggregate,  when  tsatad  by  means  of 
laboratory  aereens,  ahall  meet  the  fcrflowing  reqairefwnta: 

Paaaing  (the  largeat  alze  selected)  . .  in  screen  100% 

Pasing  (the  largest  sise  selected)  .  .  in  screen  and 
I.'         retained  on  (tbe  second  largeet  siae  arieeted)  . .  in 

ncreen  %  te  % 

tPaaalBg,  etc  

*  Teats  recommended  by  the  conference,  which  it  may  be  desirable  to  omit  in  atuna 
instances. 

tThe  number  and  sices  of  screens  may  be  continued  aa  derirsd  by  tbe  engiaew. 
The  last  requirement  should  be: 
PaaaiBg  iMiarii  sieve  not  mora  than  %, 
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"  MnHOD  or  SaMTUHO.  Stotte  ahKll  be  sunplgd  for  quality  mnd  gnuUiii  In  accord- 
ance with  tbft  method  deacribed  on  page   paragraplu   ,  of  theae 

qtedflcatioofl. 

"  Ubtbodb  or  TfiBmra.    Testa  of  the  physical  propertiee  and  grading  of  the  atone 

dull  be  made  In  aoeordanoe  with  the  metboda  dcaeribad  oa  pagea  of  tbeaa 

^adfleatioaa,  teata  Noa.  

"Fine  Aseragata.  Omoui.  The  fine  aggregate  ahall  be  eorapoaed  of  aound. 
durable  parttcka  of  stone  or  sand.  The  partietes  shall  be  free  from  a  coating  of  clay 
or  loam. 

"GsADiNO.  The  brokeo  atone  or  aand  tor  fine  aggregate,  when  tested  by  means 
oC  laboratory  litmm,  ahaU  meat  the  following  requbnnenta; 

PaaAig  l&4neata  rieve  not  less  than ...  % 

Paming  lO-meah  and  retained  on  4(>-mMh  sieve  %to  % 

Faaaiag  40-mesh  and  retained  on   80-meeh  sieve .   %to  % 

Paasng  Sfr-mesh  and  ret^dned  on  SOOHmeoh  sieve  .%to  % 

PMfaig  2«MiMBh  slevB  %  to  %." 

Cuss  C.  Am.  SoG.  Man.  Imp.  Spedflcatlotu  for  Topeln  Mhieral  Aggre- 
gate, as  adopted  in  1916,  are  as  follows: 

"  General.  The  mineral  aggregate  shall  consist  of  a  mixture  of  broken  stone  and 
aandf  to  which  ahall  be  added  aa  required,  atone  duat  or  Portland  cement 

*'  BiDken  Stone.  Any  aoond,  dumble  stone,  althw  tnp  rock,  limestone  or  granite, 
oanally  considered  suitable  for  macadam,  may  be  used.  It  should  be  broken  as  nearly 
Wibfaral  as  practicable,  tt  should  not  show  distinct  planee  of  cleavage  or  crystalline 
faces  and  should  not  readily  crush  or  spUtvunder  the  roller  when  being  rolled  in  the 
pavamint.  Between  two  Idnda  of  stone,  choice  should  gCTerally  be  made  of  the  one 
■bowiag  the  greater  toughnesa  rather  than  hardneaa.  A  certain  pereentage  of  absorp- 
tloB,  audi  as  ia  shown  by  the  better  grades  of  limeatone,  is  a  desirable  quall^,  aa  the 
bonding  strength  of  the  cement  Is  somewhat  improved  thereby. 

"  The  Sand  shall  be  hard-grained,  moderately  sharp,  free  from  loam  or  other  foreign 
matyj^l  and  varying  In  size  from  that  passing  a  ^-in  screen  to  duat  passing  a  200- 
meah  aleve,  and  there  should  not  be  over  10%  held  on  the  lO-meah  deve,  nor  over 
S%  rii~'it  the  200-mesb  sieve. 

"  Duat  in  the  form  of  finely  ground  atone  or  Portland  cement  may  be  added  to  ttie 
mixture,  but  tn  such  quantities  that  the  screenings  of  the  total  Ingredients  entering 
Into  the  mix  shall  In  no  caae  show  over  10%  by  wdgfat  passing  a  200-mesh  sieve. 

"  The  Proportiona  of  tin,  varloua  ingredients  eompoalng  the  bituminous  concrete 


shall  be  as  follows : 

BltDmeo   7  to  9% 

Paaring  SOfrwA  den   7  to  10% 

Paaring  SO-oeah  rieva,  but  retabwd  on  a  200   10  to  20% 

Paaang  40-meah  deve,  but  retained  <hi  an  80   10  to  2E% 

Passing  20-mesh  sieve,  but  retained  on  a  40   10  to  26% 

Faaaing    ft>meah  aieve,  but  retained  tm  a  20   10  to  20% 

Fiminc    4-meah  siere,  but  retahied  on  an  8   IS  to  20% 

Paaring    S-meah  sieve,  but  retained  on  a    4   B  to  10% 


"The  minimum  amount  of  Utum«t  allowed  shall  be  used  only  In  mixtures  contain- 
ing the  minimum  total  paaeiog  the  80-moah-  The  percentage  of  bitumen  must  be 
llii  laasiiil  above  the  minimum  as  the  total  passing  the  80-meeh  increaaes. 

"The  item  designated  aa  dust  includes,  in  addition  to  the  stone  dust  or  Portland 
«anMBt  that  may  be  added,  auch  fine  aand  paasing  a  200-meBh  sieve  as  may  be  found 
aelf-eontalned  in  the  sand  to  be  used,  and  such  200-meBh  mineral  as  may  be  aelf-can- 
tained  in  the  refined  sapbalt." 

Clau  C.  TJ.  S.  O.  P.  R.  1918  Spedflcationa  for  Modified  Topekn  Ag- 
gregate are  aa  foUowe: 

"Broken  Stone.  GaKBaAU  The  broken  atone  shall  consist  of  angular  f ragmen ta 
fl(  rode,  exduding  schist,  aliale  and  slate,  free  from  thin  or  elongated  pieces,  aoft  or 
<Udntegrated  stone,  dirt,  or  other  objectionable  matter,  occurring  either  free  or  aa  a 
floating  on  the  atone. 

"Sun.  It  dudl  be  that  prodoet  Of  tba  ennhar  which,  when  tested  by  meana  of 
laboratory  acreeoa,  wUI  meet  the  fallowing  raqnlnmaita: 
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Pnfac  H-iD  aeron.  not  Icm  Uum   95% 

RetaliMd  on        seraen,  not  lev  tiun   20% 

"Suid.  GBNnAi.  The  oand  stuill  be  composed  of  sound,  dunble  stone  pmrtidea. 
frae  frcMH  ft  eoatinc  ot  day  or  loun. 

"SiZB.  Whec  tested  by  meftna  of  Iftbontory  seraeiu  ftnd  aiaveB,  the  sand  shall 
meet  the  follawitiE  requiramenta: 

PftMUK  >i-in  Bcraea   100% 

Retftioed  on  2004DMh  Steve,  not  loH  thaa   M% 

"HinenU  Filler.  GsNBtAL.  The  minenl  filler  ahsll  eonriet  tit  UmeetotM  dust, 
dolomite  duet,  Porttand  eeoMiit,  or  natutml  eenuMt.  It  shell  be  free  from  forcigit  or 
other  objeettonable  materUl, 

"PiNnnss.  When  tested  by  mean*  (rf  laboimtory  rievw,  the  ulnecal  Olln.  elidl 
meet  the  foUowiax  requiremrata: 

FBMing  SO-mesh  sieve   100% 

Total  paainK  200-meah  sieve,  not  l«ia  then   8S% 

"Total  Hineral  Asfrecete.  Gbnbrai.  The  total  mineiml  torecnte  shall 
Goufat  of  ft  uniform  mixture  of  the  broken  stone,  sand  and  mineral  filler,  the  required 
grading  of  each  being  such  as  to  produce,  when  prc^erly  pretportioBed,  n  mbture 
cooformlBC  to  the 'following  UtnlUtloiiB  for  grading.  The  enet  proportion  of  aadt 
oonetftuent  producing  a  tots^  mineral  aggregate  wftUn  theae  limitations  shall  be  es 
directed  by  the  engineer. 

"Ghading.    When  tested  by  means  of  leboratory  screens  and  slevw,  th«  total 


mineral  aggregate  shall  meet  the  following  requirements: 

Passing    H-in  screen  and  retained  on  Ji-in  screen   6  to  10% 

Passing   |j-in  screen  and  retained'on  10-nte^  sieve   II  to  25% 

Passing   10-mesh  sieve  and  retained  on  40-meeh  sieve   7  to  26% 

Pasaing  40-niesb  ueve  and  retained  on  SO-meeh  ^ve   II  to  86% 

Passing  80-mesh  sieve  and  retained  on  200>meab  sieve. ...  10  to  26% 

Pawing  ZOO-meeh  sieve   6  to  11% 


"Methods  of  Testing.  Teats  of  the  size  or  mechanical  analysis  of  broken  atOM, 
sand,  and  mineral  filter  shall  be  made  in  accardanoe  with  the  following  methods: 

1.  Slma  of  Brtdcen  Stone:   Bui.  U.  S.  Dept.  Agr..  S66,  p.  32. 

2.  Mechanical  Anatyris  of  Sand  and  Mineral  niler:   BuL  U.  S.  Dept.  Agr.,  566.  p.  SS. 

3.  Grading  of  ToUl  Mineral  Aggregate:    Bui.  U.  S.  Dept.  Agr.,  6S5,  pp.  32  and  33. 
"Hotel:    This  spedficetion  is  intended  to  cover  the  mineral  conBtituenta  and  grading 

tm  Ubunlnoua  concrete  of  a  modified  Topeka,  or  stone-filled  sheet-esphalt  type.  It 
Is  so  drawn  that  from  10  to  60%  of  broken  stcme  win  be  required  and  the  mixture  of 
very  One  brokai  stone  and  sand  will  posaeaa  a  satisfactory  sheet-asphalt  grading.  Such 
an  aggregate  will  carry  from  7  to  11%  of  Utuman.  It  ahouM  preferably  be  placed 
upon  a  cement-concrete  foundation  to  a  compacted  depth  of  2  in.  No  aeal  ea«t  will 
ordinarily  be  required." 

CUh  C.  Penn.  State  Highwtj  Sept.  1917  Spedflcatioju  for  Warrenlte 
Mineral  Aggregate. 

"The  Warrenite  surface  paving  mixture  shall  consist  of  ^iproTod  crushed  stone, 
vrith  or  without  the  addition  of  sand,  graded  in  the  following  proportions  so  as  to  give 
the  wearing  surface  a  useful  degree  <k  densily,  rigidity,  inherent  etability  and  freedmn 


from  v(»ds: 

Material  pasdng  a  lH-in  screen  and  retaliwd  oi  a  2-mash 

sieve   «to60% 

Mfttariftl  passing  a  2-nieah  sieve  and  retained  on  a  4-meah 

sieve   10  to  20% 

Material  pasnng  a  4-mesh  sieve  and  retained  on  a  10-mesh 

sieve   10  to  fi% 

Material  paastng  a  lO-meeh  sieve  and  retained  on  a  30-meeh 

sieve   10  to  6% 

Material  passing  a  SO-mcsh  sieve,  at  least  25%  of  which 

will  pass  a  20O-meeh  ueve   10  to  6% 


"The  balance  to  pass  ■  30-meeh  Neve  and  be  retained  on  a  OO-mesh  sieve." 
OaiB  C.   Lob  Angeles,  Cal.,  1917  SpedflcatioiiB  for  fiitttlithic  Btineral 
Afcregata. 
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"Upon  Um  foandaticB,  Hwrlowly  prapand  mad  thoroly  awopt  free  from  tU  rubbfah, 
■hall  be  hid  the  BttuUttiic  wearinc  miriue  compoaMl  of  a  mixture  of  brolna  atoDo, 
■aodt  Btone  dtut  and  BItulithic  Waterproof  Cemeot,  in  sufficieot  quantities  to  make 


tha  mixture  coDform  to  the  following  proportions  by  weight: 

Pamins  acieao  aad  retaioed  oo  a  1^  acreeD   10  to  16% 

FmiIih       l-4n  aenan  and  retained  on  a  ytta  acrew   18  to  96% 

Vm^nt     fj^n  acraan  aod  retained  en  a  H-in  aeran   12  to  20% 

Paailng     H-tn  acreen  aad  letafned  ooa  lO-maab  sieve. ...     8  to  12% 

Paninf  a  10-mesh  and  retained  on  a  200-nuah  rfere   24  to  82% 

Pwing  a  200-meBh  sieve   4  to  7% 

Bitnlitfaic  Waterproof  Cenaent   7  to  9.6% 


"From  60%  to  80%  of  the  atgreeate  paarinc  a  lO-mesh^ve  shall  pass  a  404Hrit 
aiare  and  from  15  to  80%  of  the  und  shall  pass  an  80-meah  sieve." 

For  additional  specificationa  for  mineral  aggregates  of  bituminous  con* 
cretefl  oi  Classes  A,  B,  and  C,  see  Arts.  13,  15  and  17,  reapectivdy. 

9.  Bituminous  Cements 

The  bituminoua  cements  which  have  been  used  successfully  in  the  con- 
struction of  bituminous  concrete  pavements  include  asphalt,  water-gas  tar 
and  coal  tar  cements,  and  cements  which  are  combinations  of  refined  tan, 
and  combinations  of  refined  tars  and  asphalts. 

Bitnminoas  Cements  for  Class  A  Aggregatet.  AH  of  the  types  of  bitu- 
minous cements  enumerated  have  been  used  in  the  construction  of  Class  A 
IMTenwnta.  If  unheated  aggregate  is  tued,  good  results  ham  beuk 
obtained  with  all  the  different  tsrpea'eoccept  asphalt  cements.  With  unheated 
load  metal  it  fs  not  tisually  practicable  to  coat  the  unheated  aggregate 
with  the  most  efficacious  grades  of  asphf^t  cement.  For  light  traffic  high- 
wnys,  however,  successful  results  have  been  secured  by  using  a  cut-back 
asphalt  cement.  Except  for  the  so-called  cold  patching  methods  used  in 
maintenance .  work,  heated  aggregates  should  alw^s  be  used  if  machine 
nuxinB  methods  are  employed,  thus  permitting  the  use  of  the  most  suitable 
tjrpes  and  gradee  of  bituminous  cements. 

BHwiaone  Cemeato  for  Seal  Coats  of  Clue  A  PaTementi.  Ccmolumons, 
Spec  Com.  Mat.  Road  Cons.,  Am.  Soc.  C.  E.  (17e).  "Experience  has  demon- 
strated that  the  most  efficacious  bituminous  concrete  pavements  of  Class  A 
axe  constructed  by  using  suitable  asphalt  cements  or  refined  tars  in  tha 
mix,  and  asphalt  cements  for  seal  coats.  Satisfactory  results  will  bo  secured 
when  tar  cements  are  tised  for  seal  coats,  but  the  surface  must  be  retreated 
more  frequently  than  when  asphalt  cements  are  used." 

BaSULTS  OF  RhODS  ISLAIfD  ANO  New  YoBK  CiTT  SsBTIC  O  TaHTS  WTTa 

BmASi  CoAiB.  In  1900  a  series  of  service  test  sections  was  constructed  on  a 
Bhode  Island  state  road  subjected  to  mixed  traffic  of  about  100  horse-drawn 
vehicles  and  from  260  to  300  motor-cars  per  day,  many  of  the  motor-vehicles 
being  of  the  large  touring-car  type  and  traveling  at  high  speeds.  These 
experimental  sections  were  constructed  to  determine  the  m<»t  economical 
and  satisfactory  bituminous  material  to  be  used  for  the  cement  in  the  mix 
and  for  the  seal  coat  for  bituminous  concrete  pavements  subjected  to  the 
above  class  of  traffic.  Asphalt  cement,  refined  water-gas  tar,  refined  coal  tar 
and  combinations  of  refined  coal  tar  and  asphalt  were  employed  in  the 
oonatruction  of  the  sections.  In  each  section,  the  same  material  was  used 
for  the  binder  and  the  seal  coat,  except  in  one  section  in  which  coal  tar 
wae  used  in  the  mix  and  asphalt  cement  for  the  seal  coat.  The  results 
aecored  from  these  experiments,  based  upon  an  ocamination  in  1912,  indicate 
that  for  this  class  of  combination  traffic  or  for  hone-drawn  vehicle  or  iron- 
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tired  traffir  exclusively,  the  seal  coat  generally  should  consist  of  an  asphalt 
cement,  as  being  more  economical  and  efficacious  than  refined  tar,  or  a  com- 
bination of  refined  tar  and  asphalt.  I.  W.  Patterson,  Chief  Engineer,  State 
Board  of  Public  Roads  of  Rhode  Island,  states  (53a),  as  a  result  of  in- 
vcstigatkHu  made  in  1014,  that "  it  was  shown  oonclusively  that  a  seal  coat 
of  asp  halt  is  much  more  permanent  than  a  seal  coat  of  refined  tar,  altho 
the  refined  tars  gave  excellent  results  as  far  as  their  binding  of  the  minwal 
aggregate  was  concerned. 

The  same  conclu^on  has  been  reached  as  the  results  of  service  test  sections 
constructed  in  the  Borough  of  Queens,  New  York  City,  in  1911.  In  this 
instance  a  bituminous  concrete,  with  tar  used  as  the  cement  and  seal  ooat, 
required  retreatment  with  a  seal  coat  in  lB12r  while  the  section  constructed 
with  tar  cement  in  the  mix  and  an  aqilutlt  cement  as  the  seal  coat  did  not 
require  a  new  seal  ooat  when  inspected  in  1916.  See  Art.  23  for  record  of 
maintenance  and  traffic  data  pertaining  to  the  Borough  of  Queens  sections. 

Bituminous  Cements  for  ClaBset  B  and  C  PaTcmentt.  Asphalt  and  tar 
cements  have  been  used  in  the  construction  of  most  of  the  types  of  Class  B 
and  Class  C  pavements  since  1910.  Variation  in  practice  is  well  illustrated 
by  the  use  of  both  tars  and  asphalt  cements  in  tiie  construction  of  Topeks 
pavements.  Tar  concrete  pavements,  amilar  in  oomposition  to  the  Topeka 
pavement  were  constructed  in  Washington,  D.  C,  Pittsburg  Pa.  and  tb» 
New  England  states  between  1870  and  1806.  After  the  1010  decree  was 
announced,  practically  all  Topeka  pavements  were  constructed  with  asphalt 
oementa  due,  without  doubt,  to  its  mmilarity,  in  part,  to  the  aheet-aqdialt 
pavement.  Since  1913,  tar  cements  have  been  used  in  the  construction  of 
Topeka  pavements  ia  several  cities  of  the  Middle  West  and  also  in  cities 
of  New  En^and,  and  in  1016  the  Am.  Soc.  Mun.  Imp.  incorporated  altemata 
specifications  for  aqihalt  and  tar  cements  in  its  Topeka  pavement  spedfi- 
cations. 

Bitumen  Content  in  Wearing  Cmiru  Mlztoret.  In  sperafioations  and 
records  of  work  the  bitumen  content  of  bituminous  concretes*  is  expressed 
in  one  of  two  ways:  First,  as  the  number  of  gallons  per  square  yard  or 
cuUc  yard  of  mineral  aggregate;  and,  secondly,  as  a  certain  percentage 
weight  of  the  wearing  course  mixture.  The  latter  method  is  mote  accurate 
and  definite,  and  is  generally  employed.  It  ia  apparent  tltat  the  amount  of 
bttuminoue  cement  used  by  the  second  method  materially  depends  upon  the 
specific  gravities  of  both  the  mineral  aggregate  and  the  Utuminous  eement, 
see  Sect.  12,  Art.  44. 

Forma  of  Reports  for  Bituminous  Cements.   See  Sect.  15,  Art  7. 

Sources,  Manufacture,  ^jsictl  and  Chemical  Propertioa,  Testa,  Tnuu- 
portation.  Storage,  and  Inspection  of  Bitnmbunu  Hateriaia.   See  Sect.  12. 

Toughness  of  Bitumiooaa  Anregates.  Reeve  and  Lewis  (B6)  have  dmwn  the 
following  conctuuoDB  from  concurrent  field  and  laborat<My  inveatigmticxia:  uikic 
■taodard  toughnew  cylinders  compoeed  of  8  to  SO-mesh  rock  mineral  agBTecfttcs  and 
bituminouH  cements,  which  were  tested  in  a  Page  impact  nuichine  with  a  600-c  hammer. 
"(L)  The  toughneas  of  bituminous  aggregates  in  which  a  given  bituminous  material 
b  used  will  not  be  the  same  for  every  type  of  rock.  (2)  Tests  of  laboratory  speamens 
can  be  directly  correlated  with  results  in  service.  (3)  The  difference  in  behavior  ot  the 
various  rock  types  can  not  be  directly  attributed  to  any  of  the  roudse  physical  teat 
vahies  of  the  rock,  but  appears  to  be  due  largely  to  differences  in  the  surfaee  character 
of  the  rock  part^les.  (4)  While  relatively  soft  or  fluid  bitumens  may  yield  satiafao. 
tory  remits  in  bituminous  concrete  with  some  typee  of  rock,  their  uae  with  other  types 
will  lead  to  failure  of  the  road  aurfaoe.  <6)  The  impact  or  toughness  test  of  bituminaua 
aggragatea  often  poadbiKties  as  a  means  of  determining  in  advance  the  relative  behavior 
In  service  gC  Utunlnaus  ccmcretes." 


Art.  10 


Specifioationa  for  BHummoas  Cemcmts 


873 


UK  Spedflcatioas  for  Bituiniiioas  Cemmts 


Am.  Sob  Man.  Imp.  1917  Speciflutieas  for  Bitamiiwnu  Coments  to  b« 
UMd  with  m  Minsral  Aggregate  Conitoting  of  One  Prodoet  of  a  Stone 
Crtiahlng  and  Screening  Plant: 

**0«n«nd.  The  asphalt  cemeat  or  r^ned  tar  used  In  ihe  cMutructioii  of  the 
iraeilng  coune  ci  the  UtaninoiM  eoncratc  pavonent  ahall  CMiIoim  with  atbw  ona 
of  the  qpedfleatbna  etmrlnc  the  chemical  and  phyaieal  prepertiM  at  bftuminouB 
eoDMita  darigiuitad  Asplialt  Coment  A,  B,  C,  D  and  E,  and  Refined  Tar  F  and  O. 
If  aai^ialt  oemont  la  used  in  the  bttuminoua  etmcrete  marine  eoum,  the  Bame  asphalt 
cement  ihall  be  uaed  for  the  seal  coat.  If  refined  tar  is  naed  In  On  bituminous  concrete 
wearinc  eeunw,  an  aqphah  oemoat  shall  be  uaed  In  the  aeal  eoat  and  shall  oonform 
iriA  either  one  of  the  ^rndfleattona  eoverfng  the  physical  and  chemical  propertiea  of 
asphalt  cenHOts.  dcwicnated  Aq>halt  Cement  H,  K  and  L. 

**  Prenoaa  Serrice.  The  contractor  vill  be  nqoired  to  show,  to  the  flatisfact!<m 
tA  the  engineer,  that  the  company  manufacturins  the  asphalt  cement  or  refined  tar 
be  propoeea  to  oae  under  a  given  apedfleaticHi  lias,  for  a  period  of  at  least  2  years, 
manufaeturad  asphalt  cement  or  r«^ed  tar  In  a  thoroly  equipped  plant,  and  that 
wphalt  onuDt  or  refined  tar  manufactured  tA  Utnmlnous  material  obtained  from  a 
similar  sooree  to  that  whidi  he  proposes  to  use,  shall  have  been  in  continuous  and 
successful  use  for  a  period  of  at  least  2  years  in  IdtumlnouB  pavementa  eonstrocted 
by  the  ml^bg  nsatbod  prevlouB  to  the  date  of  the  letting  In  irhleh  Ua  imvosal  ma 
submitted. 

"Asphalt  Cmaat  A  optional  arith  aqAidt  cenientB  B.  C,  D,  E,  and  refined  tan 
PandO. 

1.  The  avhalt  cement  shall  be  boraoianeooB,  f>os  tnm  watar  and  ahall  not  foam 
«4ieB  heated  to  ITT  C  (860*  F). 

2.  It  ahaU  show  a  fiaah  point  (rf  not  lean  than  20S*  C  {40«°F). 

8.  Its  spedflc  gravis  at  a  temperature  of  26°  C  (77°  F)  dudl  be  not  lev  than  0.970 
DOT  mora  than  1.O0O. 

4.  'WIho  tested  wiOt  a  standard  No.  2  neadls  by  meana  of  a  Dow  panetnoieter, 
or  other  penetrometer  giving  the  nmo  rmlts  ssAeDow  machhw,  it  shall  show  pene- 
trations within  the  following  Hmits  for  the  conditions  stated,  the  penetrations  bring 
expnMaed  In  hundredths  of  a  eenttmeter:  100  g  load,  5  sec,  at  25°  C  (77°  F),  from 
75  to  90;  200  g  load,  1  ndn,  at  4''  C  (89°  F),  not  less  thsn  SS;  60  g  load,  6  sec,  at  46°  C 
<115°  F),  not  more  tiian  250. 

5.  Its  mdtlnc  point  as  detatntoed  1^  the  cabe  BWthod  shaU  be  not  kaa  than  66°  C 
(181"  P). 

6.  When  50  g  of  the  material  b  maintained  at  a  uniftmn  tempwature  of  168°  C 
^26°  F)  for  6  hr  In  an  open  cylindrical  tin  dish,  cm  (about  2>j  In)  hi  diameter, 
witb  vertical  sides  measuring  approximatdy  8>j  cm  (about  m  in)  In  depth,  the 
1ms  In  wdght  shall  not  exceed  1%  of  the  original  wdght  of  the  sample. 

The  penetration  of  the  raaidne,  iriien  tested  ss  dsoeribed  In  clause  (4)  with  a  standard 
No.  2  needlo  under  a  load  of  100  g,  tor  5  see  at  25°  C  (77"  F)  shaU  be  not  le«  than 
oneJialf  the  penetration  of  the  ori^nal  material  tested  under  the  same  conditiona. 

7.  Ita  Utumn  as  determined  by  its  sohibility  in  chMnlcally  pure  carbon  disulphlde 
at  room  temperature  riuJl  not  be  leas  than  9S.6%. 

8.  It  shaU  be  soluUe  In  diamlcally  pure  carbon  tetiachloride  at  room  t«aperatnre 
to  tiM  sstwt  of  not  leaa  than  99.6%  of  Its  Utnmen  aa  determinod  by  clause  (7). 

9.  It  diall  be  soluble  In  86°  to  88°  B  paraflhi  naphtha,  at  least  86%  distilling  between 
40°  and  86°  C  (104°  and  181°F),  to  the  extent  of  not  lees  than  70%  nor  mora  than 
80%  ot  Ita  Utunwn  aa  determfaied  by  clause  (7). 

10.  It  shall  yield  not  kee  thsn  8%  nor  more  than  12%  of  fixed  carbon. 
"Aaphatt  Cement  B  optiMml  with  asphalt  cements  A,  C,  D,  B,  and  refined  taia 
FandO. 

1.  The  asphalt  cement  shall  be  homofeneous,  free  from  water  and  shall  not  foam 
wim  heated  to  177"  C  (360°  P). 

2.  It  shaU  show  a  flash  pt^t  <A  not  lea  than  205°  0  (400°  F). 

2.  Xta  vedfie  giavHy  at  a  twipamtuta  of  W  C  (77°  P)  shall  be  not  leae  than  1.000 
nor  BOtt  than  IMO, 
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4.  Wban  testad  with  a  atKodard  No.  2  needl*  maana  oi  a  Dow  panatrameter, 
or  other  peoetrometer  giving  the  same  reoults  aa  the  Dow  machine,  it  afaall  ahow 
pcnetratiaiia  wltiiin  the  following  limita  for  tiie  eonditiona  atatad,  Aa  pm&tnAm 
being  ezproBBed  in  hnndredtha  of  a  centimeto-:  100  g  load,  G  aec,  at  tS°  C  (77"  F>, 
from  M  to  100;  200  g  IomI,  1  min,  at  4^  C  (S9*  F),  not  leaa  than  SO. 

6.  Its  maldns  pofait  aa  datamdnad  by  the  oAm  uathod  ahldl  be  aot  than  U"  C 
(122"  P). 

6.  When  60  g  <rf  the  material  la  malntaizted  at  a  uniform  temperature  of  168*  C 
(S25°  F)  for  6  hr  Id  an  open  eylindrieal  tin  diah,  6H  em  <about  in)  in  diamatar, 
with  vertkal  aMea  moawiring  ^tpmbnat^  iH  vm  (about  IH  la)  la  depth,  Um  loaa 
In  weight  shall  not  e«ead  1%  (rf  the  ori^nal  weight  ol  the  aaaqile. 

The  |MB«tratl<n  of  the  raaldua,  VheD  tasted  aa  daaerlbed  In  dauae  4  with  a  standard 
No.  2  needle  unier  a  load  of  100  g,  for  6  eec  at  25°  C  (T7»  F)  ahaU  be  not  Im  than 
one-half  the  penetration  of  the  original  material  taated  under  the  aame  cooditicMa. 

7.  Its  liitunien  aa  etermined  by  its  aoluUUty  In  ebonleally  pai«  caiboa  disalpUda 
at  nam  tampentora  ahall  not  ba  losa  than  99.6%. 

8.  It  shall  be  aoluble  in  chnnically  pure  eariwn  tatradlorlda  at  room  tanqMntoia 
to  the  extmt  of  not  leaa  than  99.5%  of  Its  Utomen  aa  determined  by  dauae  (7). 

9.  It  shall  ba  atduble  in  86°  to  88°  B  paraffin  naphtha,  at  leaat  85%  distilliBc  betwMi 
40°  and  66°  C  (104°  and  181°  F),  to  the  extent  of  not  kaa  tium  72%  nor  mors  than 
78%  of  ita  bitumen  aa  determined  by  dauae  (7). 

10.  It  ahall  yield  not  leai  than  11%  nor  more  than  16%  (A  fixed  carbon. 
"Asphalt  Cement  C  optional  with  asphalt  cemenU  A,  B,  D,  E,  and  refined  tan  F 
and  G. 

1.  The  aq>halt  cement  shall  be  homogeneoua,  free  from  water  and  ahall  not  foam 
when  heated  to  177°  C  (860°  F). 

2.  It  shall  ahow  a  flash  point  of  not  len  than  206°  C  (400°  F). 

8.  Ita  qwdHc  gravity  at  a  temperature  <a  26°  C  (77°  F)  ahaU  be  not  Isaa  than  1.0S0 
DOT  mots  than  1.040. 

4.  When  tested  with  a  standard  No.  2  needle  by  means  ot  a  Dow  peaetronatar, 
or  other  penetrometer  giving  the  same  resulu  as  the  Dow  madilae.  It  dull  ahow 
penetrationa  within  the  ftrilowing  Umita  for  the  eonditicnis  stated,  the  paatntioiM 
being  wprsssBd  in  hundredths  of  a  oontimatsr:'  100  g  load,  6  aoe,  at  26*  C  (77°  F>, 
bam  70  to  90;  aoo  g  load,  1  rain,  at  4°  C  (89*  F),  not  lass  than  10. 

6.  Its  melting  point  aa  detecmlned  by  the  oube  method  shall  be  not  lass  than  46*  C 
(lis*  F). 

6.  Whan  60  g  ot  the  material  Is  maintained  at  a  uniform  tonpcntnre  of  16S°  C 
(826°  F)  for  6  hr  in  an  open  cylindrical  tin  dish.  5<-i  em  (about  2 14  in)  in  diameter, 
with  veitieal  ddea  measuring  apimximatdy  8  H  cm  (about  1 H  In)  in  depth,  the  loaa 
in  weight  sliall  not  exceed  2%  of  the  original  weight  of  the  sample^ 

The  pmetrationof  tbe  residue,  when  teatedaa  deaeribed  in  dauae  (4)  with  a  standard 
No.  2  needle  under  a  load  of  100  g,  for  6  sec  at  26°  C  (77°  F)  shall  not  be  lees  tiMn 
On»balf  the  penetration  of  the    original  matvial  tested  under  the  same  oondltiona. 

7.  Its  hitumen  aa  determined  by  its  solubility  in  chemically  pure  carbon  disulphids 
at  room  temperature  shall  not  be  len  than  99.6%. 

8.  It  shall  be  soluble  in  cfaemieally  pure  earb<Ki  tetrachloride  at  room  tampers ture 
to  the  axtmt  ot  not  leas  than  99.6%  of  its  bitamen  aa  determined  by  cUuaa  (7). 

9.  ItshanbesiduUeln86°ta88*Bpatafflnnaphtha,atIeast86%diatillincbeCwasa 
40*  and  56°  C  (104*  and  181*  F),  to  the  extent  of  not  leaa  than  80%  nor  more  Oan 
88%  of  its  bitumen  as  determined  by  dauae  (7). 

10.  It  diaUyidd  not  less  tbsn  10%  nor  num  than  14%  of  fixed  carbon. 
"Asphalt  Caraant  D  optional  with  asphak  eementa  A,  B,  C,  B,  and  raHiiad  taia  9 
and  Q. 

1.  The  asphalt  cement  shall  be  homogmeoua,  free  from  water  and  doD  nat  fOam 
when  heated  to  177°  C  (350°  F). 

2.  Itshalldiowaflashpointof  not  lass  than  206*  C  (400*  F). 

8.  Ita  a.:>eeiflc  gravity  at  a  tempwature  of  26°  C  <77*  F)  shall  be  not  ksa  than  IMS 
nor  more  than  1.060. 

4.  When  tasted  with  a  standard  No.  2  needle  by  means  -of  a  Dow  pMiafaometer, 
or  other  penetrometer  giving  the  same  results  as  the  Dow  machine,  It  shaU  ahow 
panrtntlons  wiOiln  the  following  limlu  for  the  eonditimis  stated,  the  psnetratioos 
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being  cgqmned  in  hundredths  of  &  cenUmetar:  100  g  load,  6  aec,  at  26°  C  (T7°  V), 
frtxn  86  to  9S;  aw>  t  load.  1  mln.  at  4'  C  (SS"  F),  not  Im  than  20. 

6.  Its  mdtfnsc  point  aa  detcrndned  by  the  cube  method  ahall  be  not  hu  than  60°  C 
(122"  F>. 

«.  When  60  g  of  the  malarial  ia  maintained  at  a  uniform  tsmperatura  of  163°  C 
(826°  F)  fn-  6  far  in  an  open  cylindrical  tin  dish,  6^  an  (about  ZH  in)  io  diamator, 
with  vertleal  aldea  meaaurinff  approximately  SH  cm  (about  IH  In)  in  depth,  the  lov 
in  waigbt  ahall  not  eteeed  2%  of  the  original  wdgbt  of  the  aample. 

Tha  panatratiaB  of  tfaa  reaidue,  when  teated  as  described  in  clause  (1)  with  a  standard 
No.  S  needle  under  a  load  ol  100  g,  for  6  aw:  at  26°  C  (IT  F)  shaU  be  not  leas  than 
mwhilf  the  penatnllaa  ol  the  ori^ul  mntatU  teated  under  the  aanie  eonditfoiiB. 
.  7.  Its  Utwaen  as  determined      its  solubility  In  ehamleaUy  pure  carbon  disulphlde 
at  room  temperature  shaU  not  be  less  than  99.6%. 

8.  It  shall  be  eoluUe  in  chemically  pure  carbon  tetrachloride  at  room  temperature 
to  the  eztCBt  ot  not  leee  than  99.6%  of  its  Utumen  as  det^mined  1^  clause  (7). 

ItihanfaeaohdUata8fi"to8B°Bi>KnlBan«htlu^,atlsMt86%dirtU)lnf  between 
40"  and  B6°  C  (104'  and  ISl"  F),  to  tha  eztait  of  net  lasa  than  67%  nor  more  than 
77%  ot  Itn  Utumen  sa  determined  by  dense  (7). 
10.  It  shall  yield  not  leas  than  12%  nor  more  than  18%  of  fixed  carbon. 

"Aaphah  Cement  E  optional  with  w^halt  oements  A,  B,  C,  D,  and  refined  tare 
PaadO. 

1.  The  aaphah  cement  shall  be  homogmeous,  free  from  water  and  ahall  not  foam 
when  heated  to  177°  C  (360"  F). 

2.  It  ahall  show  a  flash  point  of  not  less  than  16S°  C  (329°  F). 

5.  Its  spodfte  gravlQr  at  a  temperature  of  26°  C  (77°  F)  shall  be  not  lees  than  1.040 
nor  more  than  1.060. 

4.  Whn  teatad  with  a  standard  No.  2  needle  by  means  ot  a  Dow  penetrometer,  or 
other  pcaietromater  giving  the  same  reaulta  as  the  Dow  madtine,  it  shall  show  pen»* 
trstlona  within  the  following  Undta  for  the  conditions  sUted,  the  penetratioBa  being 
upnaMd  In  hundredths  of  a  cantlmeteri  100  g  load,  6  sec,  at  26"  C  (77"  F),  from 
140  to  160;  200  g  load,  1  min.  at,4°  C  (89°  F),  not  lens  than  40. 

6.  When  tested  by  means  of  ttte  New  Yoric  Testing  Laboratory  Float  Apparatus, 
the  Oont  lAnll  not  sink  in  water  maintained  nt  66°  C  (160°  F)  in  leas  than  120  sec  nor 
man  than  ISOaao. 

e.  Vhea  60  f  of  the  material  Is  maintained  at  a  uniform  tsmpoatura  of  ISS"  C 

(826"  F)  tor  6  hr  In  an  open  cylindrical  tin  dish,  6H  cm  (about  ZH  in)  In  diameter 
with  vertical  ddea  measuring  approximately  8!^  cm  (about  l>j  in)  in  depth,  the  Ions 
in  weight  shall  not  exceed  8%  <rf  the  original  wel^t  of  the  sample. 

The  penetradcm  of  the  reaidue,  when  teated  as  deooibed  in  dbnae  (4)  with  a  atandaid 
No.  2  needle  under  a  load  of  100  g,  for  6  see  at  26"  C  (77"  P)  shall  be  not  leas  than 
one-half  the  penetration  erf  the  original  material  tested  under  the  same  condltioviL 

7.  Its  bitumen  as  determined  by  its  solubility  in  chemically  pure  carbon  disulphlde 
nt  room  temperature  shall  be  not  leas  than  93%  nor  more  than  96%. 

8.  It  shall  be  soluble  in  chemically  pure  carbon  tettachtoride  at  room  tempetxtura 
to  the  extent  of  not  less  thsn  98.5%  of  its  bitumen  as  determined  by  clause  (7). 

B.  ItahaUbaMdubWin8«°  to  88"  B  paraffin  naphtha,  at  least  86%  distilling  between 
40"  and  BS°  C  (104"  and  181"  F),  to  tha  extent  of  not  lem  than  76%  nor  more  than 
86%  of  ita  bitumen  aa  determined  by  dauae  (7). 
10.  It  shall  yield  not  less  than  11%  nor  more  than  16%  of  fixed  carbon. 
11-  Upon  tuition  it  shall  yield  not  leea  than  1%  nor  more  than  3%  of  ash. 
"  SeOaed  Tar  F  optional  with  asfdialt  eaments  A,  B,  C,  D,  E,  and  refined  tar  Q. 

1.  Tha  refined  tar  shaU  be  homogeneous,  tree  from  water  and  dmll  not  foam  when 
baated  to  150°  C  (802"  F). 

2.  Ita  speciflc  gravity  at  a  temperature  of  2fi<>  C  (77°  F)  shall  be  not  lees  than  1.180 
nor  more  than  1.200. 

8.  When  tested  by  means  of  the  New  York  Teating  Laboratory  Float  Apparatos, 
the  Boat  shall  not  sink  in  water  maintained  at  60"  C  (122"  F)  bi  leaa  than  140  see  nor 
BBore  than  170  sec 

4.  Its  Uturaen  as  determined  by  its  solubility  in  chemically  pure  carbon  disulphlde 
nt  room  temperature  shall  be  not  lees  than  96%  and  It  shall  show  not  more  than  OJI% 
wmk  iqran  ^nitloB  of  the  uatwial  Inaoluble  in  carbon  disuii^tlda. 
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6.  Wli«B  dlatflled  aecoidint  to  the  tentatin  nwdtod  FMonunariM  by  Cota.  D-4, 
Am.  Soc  Test.  Mat  In  1911,  it  Bhall  yield  no  dfattlkite  at  a  tsnpMVtnn  hmw  than 
170"  C  (888"  F);  not  more  than  7%  by  wdjht  thall  dlatill  below  270"  C  (BIS"  F). 
■nd  not  more  than  20%  by  weight  shall  dlaUH  below  800°  C  (672°  F). 

6.  The  total  diatUhtte  from  the  teat  made  in  aocudaaca  with  dauae  (B)  ahall  hava 
a  apedfle  gravis  at  a  traperatore  of  S5"  C  (77"  F)  of  not  1m  than  IMO  nor  mora 
tiian  1.020. 

7.  The  meltintt  point,  as  detemdned  In  watar  by  the  cube  matbod,  of  tha  pitok 
rvldue  remainbig  after  distilUtion  to  SCO"  C  (672°  F).  In  aocordanaa  wllii  tlM  tMt 
dcaeribed  in  dauae  (6),  ahall  be  not  more  than  76°  C  (1«7"  F). 

Rafload  Tar  O  optional  with  aaphalt  evnenta  A.  B,  C,  D,  B,  and  nflnad  tar  F. 

1.  The  refined  tar  ahall  ba  homoieBeaw^  fraa  fron  watir  and  ahall  not  foam  wNp 
heated  to  150"  C  (302"  F.>. 

2.  Its  apedflc  gravity  at  a  tamparatun  of  U"  C  (77°  F)  ahaU  ba  not  leM  tkan  UOO 
nor  more  than  1.300. 

8.  When  teatod  by  meani  of  tiw  New  York  Teating  laboratory  Float  Apparato^ 
the  float  ahall  not  ainlE  in  water  maintained  at  60"  C  (122"  I^)  In  lev  than  146  aae 

nor  more  than  170  see. 

4.  Its  bitumai  as  determined  by  Its  sohibility  in  chemically  pure  eariioB  daalphMa 
at  room  temperature  shall  not  be  lees  than  76%  nor  mora  than  90%,  and  it 
ahall  not  ahow  more  than  0.2%  ash  upon  ignftlon  of  the  material  aohible  In  carbon 
dlaulphide. 

5.  When  distilled  acoordlnc  to  the  tenUUve  method  recommended  hy  Cam.  D-4. 
Am.  Soc  Teat.  Mat.  in  1911,  it  ahall  yMd  no  diatillata  at  a  temperatora  lower  tban 
170"  C  (838"  F);  not  more  than  10%  by  weight  ahaU  diatill  below  £70°  C  (618"  n, 
and  not  more  tban  20%  by  wdght  ahall  distill  below  800°  C  (672°  P). 

6.  The  total  distillate  from  the  test  made  in  aocordanoe  with  dauae  (6)  shall  faavt 
a  Bpedfie<tavity  at  a  temperature  of  26"  C  (77°  F)  of  not  leaa  than  1.080. 

7.  The  meltiof  point,  as  determined  In  water  by  the  cube  method,  cd  the  pitch 
roddue  toaabiing  after  dbtJllatioii  to  800"  C  (672"  F),  in  aeoordanca  with  tha  teat 
dMcrlbed  In  clause  (6).  ahall  be  not  mora  than  75°  C  (16?"  F). 

"Asphalt  Cement  H  optional  with  asphalt  oementa  K  and  L. 

1.  The  aaphalt  cement  ahall  be  homogeneoua,  free  from  water  and  shall  not  foam 
when  heated  to  177°  C  (350°  F). 

2.  It  shall  show  s  flash  point  of  not  leaa  than  205"  C  (400°  F). 

8.  Its  Bpedflc  gravity  at  a  temperature  of  26°  C  (77°  F)  shall  be  not  leas  than  0.970 
nor  mora  than  l.OOO. 

4.  When  tested  with  a  standard  No.  2  needle  by  meana  of  a  Dow  penetromet«,  or 
other  penetrometer  giving  the  same  results  as  the  Dow  maddne.  It  shall  show  pese- 
ttattons  within  the  following  limits  for  the  condltiona  stated,  the  penetrations  bdng 
eipreaaad  in  hundredtha  of  a  centiroeter:  100  g  load,  6  aee,  at  16"  C  (77°  F),  from 
«  to  76:  200  g  load.  1  ndn,  at  4"  C  (SB"  F),  not  kaa  than  »;  60  g  load,  6  aw^  at 
46"  C  (116°  F),  not  mora  thaa  160. 

6.  Its  melting  point  as  determined  by  the  cube  method  ahall  be  not  leaa  than  80°  C 
(176"  F). 

6.  When  60  g  of  the  material  is  maintained  at  a  uniform  taBperatore  of  188°  C 
^B"  F)  for  6  hr  in  an  open  cyHndrical  tin  dWi,  6H  em  (about  2H  fn)  in  diamotar, 
with  vertieal  ddsa  measuring  approximately  8^  cm  (about  IH  in)  in  depth,  the  lorn 

in  weight  shall  not  exceed  1%  of  the  original  weight  of  the  sample. 

The  penetration  of  the  reddue,  when  tested  as  described  In  chtuse  (4)  with  a  standard 
No.  2  needle  under  a  load  of  100  g,  for  6  sec  at  26"  C  (17°  F)  ahall  b«  not  leas  than 
one-half  the  penetration  of  the  original  material  tested  under  the  nma  oondltioBa. 

7.  Ita  bitumen  as  determined  by  its  solubility  in  chemically  pore  carbon  diaulpUde 
at  room  temperature  shall  not  be  leas  than  09.6%. 

8.  It  ahall  be  soluble  in  chemically  pure  carbon  tetrachloride  at  room  temperatun 
to  the  extent  of  not  lees  than  99.5%  of  ita  bitumen  as  determined  by  danae  (7). 

9.  It  ahall  be  soluble  in  86°  to  88°  B  paraffin  oaphtha,  at  taast  8B%  diatOllng  liiilauiii 
40°  and  65°  C  (104°  and  131°  F).  to  the  extent  of  not  lem  tbrna  70%  nor  mora  than 
80%,  of  ita  bitumeD  as  determined  by  clause  (7). 

10.  It  ahall  yidd  not  leas  thaa  8%  nor  more  than  12%  of  Baed  earbon. 
"Aaphalt  Camaot  K  opthmal  with  aqrbalt  eamwitB  H  and  L. 
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1.  The  aq>hklt  oamnt  shall  be  hDmogeneons,  free  from  water  and  ihall  not  fouB 
vim  hMted  to  177°  C  (SSO**  F). 

2.  It  BhaU  ihow  a  flash  point  <a  not  leas  than  208"*  C  (400*  F). 

8.  Its  spadfle  iravfty  at  a  tanperatura  of  26"  C  (77*  T)  shall  ba  not  laM  than  1.080 
mar  mora  than  1.04S. 

4.  When  tasted  with  a  standard  No.  2  needle  by  means  of  a  Dow  penetronieter, 
or  other  penetrometer  giving  tha  same  results  as  the  Dow  machine.  It  shall  show 
panatratlons  within  the  followlnc  Umlta  for  the  eonditltnis  ststed,  the  psoetrationa 
boinc  aapressail  In  huadradtha  of  a  centimeter:  100  g  \tmd,  6  see,  at  28"  C  <77°  F), 
from  60  to  70;  200  g  load,  1  mln,  at  4*  C  (S»*  P),  not  fam  than  18;  60  g  load,  6  aec^ 
at  46^  C  (^IF  F),  not  mora  than  270. 

p.  Its  mdting  pant  as  dstwmlned  br  A*  coin  method  shall  b«  not  leas  than  00*  C 
a40»  P). 

6.  Wboi  60  g  at  the  material  Is  maintained  at  a  vmiform  temperatura  of  168°  C 
(826°  F)  for  6  hr  in  an  open  cylindrical  tin  dfsh,  6>j  cm  (about  2ii  in)  In  diameter, 
with  vertical  sdes  measuring  approximately  8>j  cm  (about  l^i  in)  in  depth,  the  Ion 
Id  wdght  shall  not  exceed  1%  of  Uie  original  weight  of  the  sample. 

The  penebatioD  of  the  residue,  when  tested  as  described  in  clause  (4)  with  a  standard 
No.  2  needle  under  a  load  of  100  g,  for  6  sec  at  25°  C  (77°  F)  shall  be  not  less  than 
oaie-ball  the  penetration  of  the  original  material  tested  under  the  same  conditions. 

7.  Ita  Utumen  aa  determined  by  its  aohibility  In  chemically  pure  carbon  dtsulphMe 
at  room  temperature  shall  not  be  kes  than  99.5%. 

8.  It  ahaO  be  sohible  tn  diemicslly  pure  carbon  tetraehlorlde  at  room  tnaperatma 
to  the  extent  of  not  len  than  99.6%  of  its  bitumen  as  determined  by  dause  (7). 

9.  It  shall  be  sohible  In  86°  to  88°  B  paraffin  naphtha,  at  least  85%  dIstUHng  be- 
tween 40°  and  66°  C  (104°  and  131°  F),  to  the  eotent  f4  not  kos  than  70%  nor  mors 
than  80%  of  the  Utumm  aa  determined  1^  danae  (7). 

10.  It  sbaD  yield  not  less  than  12%  aw  more  than  16%  o(  llxod  carbon. 
"Asphalt  Cement  L  opttonal  wftli  asphalt  eaments  H  and  K. 

1.  The  asphalt  cement  shaJI  be  hmnogeneons,  free  from  water  and  shaS  not  foam 
whm  heated  to  17r  C  (360°  F). 

2.  It  shaD  show  a  flash  point  of  not  km  than  206"  C  (400°  F). 

8.  Itaspecfflc  gravity  at  a  tratperatura  of  26°  C  (77°  F)  shall  be  not  less  than  1.025 
Bor  more  than  1.066. 

4.  When  tested  with  a  standard  No.  2  needle  by  means  of  a  Dow  penetrometer,  or 
other  pentronieter  giving  the  same  results  as  the  Dow  madiine.  It  shall  show  pene- 
trations within  the  following  Umita  for  the  conditiMui  stated,  the  peDetnttooa  badng 
mxpnmod  in  hundredths  of  a  centimeter:  100  g  load,  5  see,  st  26°  C  (77°  F),  from 
60  to  70;  200  g  load,  1  rain,  at  4°  C  (89°  F),  not  less  than  16. 

6.  Ita  matt^  point  aa  datarmfaMd  bj  the  enba  matiiod  shaD  b»  not  kaa  than  66°  C 
(181°  F). 

6.  When  60  g  of  the  material  la  maintained  at  a  nidform  tamperatun  of  168°  G 
(SZ6°  ^  for  6  hr  in  an  open  cylindrical  tin  dUk,  bH  (about  2^  in)  in  diameter, 
with  wtkal  ridea  measuring  approximately  8}^  em  (about  lH  In)  In  depth,  the  toss 
in  waight  shall  not  flxeeed  1%  of  the  original  weight  of  the  aampla. 

TM  penetration  of  the  raddua,  when  tastad  aa  deacrlbed  in  danas  (4)  wHli  a  standard 
No.  2  needle  under  a  load  of  100  g,  for  S  sec  at  ZS°  C  (77*  P)  shall  be  not  less  than 
one-half  the  penetration  at  the  original  material  tested  under  the  same  ecnditions. 

7.  Ita  bitumen  as  determined  by  Its  solubility  tn  ehemleally  pure  carbon  diauIlAida 
■t  room  temperature  shall  not  be  lees  than  99.6%. 

8.  It  shall  be  soluble  in  chemically  pure  carbon  tetrachloride  at  room  tempera  tore 
to  the  extent  of  not  less  than  99.6%  of  its  bitumen  aa  determined  by  clause  (7). 

9.  It  shall  be  soluble  in  86°  to  88°  B  paraffin  naphtiia.  at  least  86%  diatllUiw  between 
40°  and  66°  C  (104°  and  131°  F),  to  the  extent  of  not  less  than  67%  nor  more  than 
77%  of  its  Utumen  as  determined  by  clause  (7). 

10.  It  shall  yMd  not  lea  than  18%  nor  mora  than  18%  of  fixed  carbon. 

ITotaa:  Aqihalt  cMnanta  can  be  manufactured  frinn  Oflaaaite  and  ai^udtie  oil  to 
MMt^MdOeatloBa  Aand  H;fnmTaxaaaqd»ltifl  db  toraaatqiecifieatkaaB  and  K; 
from  Calif omia  asphaltte  oik  to  mast  speeiOcatlan  C;  from  Mexican  sapbsltk  oCs  to 
neat  siinftflretinna  D  and  L;  and  ttem  aq>haltic  matoriak  Inm  Bsnnudea  to  meet 
^adtlaitian  B.   Tar  eamaats  cu  he  mwnifaetnrad  from  wate^gea  twa  t»  meat 
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ipMiBcKtioB  F;  Mid  from  coal  tan  or  >  combiiiatioii  of  a  coal  tar  Mad  a  mtter-CBS  tv 
to  meet  BpsdfleatioD  G. 

"  DeUveiT'  The  Mphalt  eemcnt  or  refflnad  tar  shall  be  deUwed  in  aidtable  cod- 
tainen,  far  enoivh  in  advanoe  of  ita  uae  In  the  work  to  permit  the  Decsaaary  tMts  to 
be  made.  Each  container  shall  be  plainly  labeled  with  ttie  trade  name  of  tlie  aa|>balt 
CMMBt  or  reSaad  tar,  name  of  raani^actam',  gro«  wal^t  and  net  weifht.  Encb  abi^ 
nwDt  and  eadi  wload  shall  be  kept  aaparata. 

"  Bills  of  Lading.  The  contractor  shall  furnish  the  engineer  on  or  before  the  arrival 
of  each  shipment  at  or  near  the  tdte  <rf  the  work,  billa  irf  lading,  or  correct  copies  thereof 
which  Bhall  state  the  trade  name  of  the  aq)halt  cemmt  or  refined  tati  and  tbe  name 
and  address  of  the  company  manufacturtng  and  supplying  it. 

"  Sampkia.  Santplaa  will  be  taken  by  tbe  eagfawer  from  each  eartoad  of  "r*"** 
cament  or  refined  tar  when  dellTered  at  the  work,  unless  Batlsfaetory  arrancenentx 
can  be  made  for  sampliDg  before  shipment.  Sudi  samples  shall  be  analysed  by  llie 
eiviDeer  to  avure  Uie  delivery  ot  an  asphalt  cement  or  reflned  tar  of  the  qteeitted 
quaUty  and  to  determine,  for  purpose  of  paym^t,  the  quantity  of  bitumen. 

"  Work  Included.  Under  this  Item  tbe  contractor  shaJI  furnish  and  deliver  mi  the 
work  at  such  points  as  directed  an  asphalt  cement  or  an  asphalt  cement  and  a  rvHiked 
tar.  which  conform  with  the  specifications  heretofore  mentioned.  AH  aq>halt  cement 
or  refined  tar  for  any  pavement  of  a  given  contract  shall  be  furnished  by  one  manu- 
faeturar  and  no  change  in  type  or  grade  of  bituminous  cement  used  im  the  Mtuminons 
concrete  or  the  seal  coat  shall  be  allowed  In  any  pavement  of  a  given  contract  without 
written  permission  from  tlie  engineer. 

"  Heaaorement  and  Payment  The  qnanti^  of  bitumen  in  the  asphalt  cment  or 
refined  tar,  to  be  paid  for  under  this  Item,  ahatl  be  the  number  Ot  toaa,  determined 
In  aeendance  with  the  paragraph  headed  Samplaa,  contained  In  the  aaphalt  eonent  er 
refined  tar  placed  In  tin  pavement  Id  accordance  with  the  spedflcationa  and  require- 
ments, or  used  aa  directed  for  other  purposes.  The  percentage  of  bitumen  determined 
by  an  average  ot  the  analyses  o(  the  acceptable  samples  taken  by  the  «igineer  during 
t  given  month,  shall  be  used  as  the  bads  for  payment  for  the  asphalt  cement  or  reAaad 
tar  uaed  during  that  mouth.  Aqihalt  ennent  or  reflned  tar  that  b  wasted  wbM  not  be 
included  In  the  measurement  undw  this  item.  The  price  stipulated  in  this  item  shall 
inehids  the  cost  of  furnishing,  hauling  and  delivering  the  sq>halt  cement  or  refined 
tar  at  ptdnta  on  the  work  where  it  is  to  be  used,  and  all  eKp«»a«a  incidental  thereto." 

U.  S.  O.  P.  R.  1918  Spedflcatioai  for  Bituminoiis  Camaati  to  ba  Uied 
with  >  Mineral  Aggregattt  CoaBisting  of  On«  Product  of  Biokon  Stone. 

"Bermndex  Aaphalt  Cement,  HA-S.  GiNBaAL.  The  fluxed  native  asphalt  rtudl 
he  homogeneous,  free  from  water,  and  shall  not  foam  wh«o  heated  to  176°  C  (JUT^  F): 

"  Physical  and  Chbhical  Pbofbrtuv.   It  ahall  meet  tbe  foUowing  lequiiemcnta. 

1.  Specifle  gravity  26'/BS"C  (770/77«  P),  1.0SO  to  1J)70: 

2.  Fbub  potait,  not  ten  than  175°  C  (847°  P); 

3.  Meltbig  p<^t,  40«C  (104'  P)  to  60»  C  (122«  P); 

i  Penetration  at  26°  C  {T7«  F),  100  g,  &  see,  80  to  90; 
6.  Loas  at  163°  C  (326°  F),  6  hr,  not  more  then  8.0%; 

Penetration  of  residue  at  26°  C  (77°F)  100  g,  G  aec,  not  Ins  than  40; 
6.  Total  bitumm.  soluble  in  carbon  disulphide,  not  has  than  H.0%; 

Inorganic  matter  insoluble,  1.6%  to  8J>%." 
"Oil  Asphalt  Cement,  OA-3.    Ghnbral.    The  oil  asphalt  shall  be  honngenaaa^ 
free  from  water,  and  shall  not  foam  when  heated  to  176°  C  (347°  F>. 
"Physical  and  CHsiticAL  PaopsHTiEa.   It  shall  meet  tlie  following  requirsmanta: 

1.  Spedflc  gravity  26°;25°  C  (77''/77°  F),  not  less  than  1,010: 

2.  Flash  polat,  not  less  than  176°  C  (347"  F); 

3.  HeltlnglMint,  40°  C  (101°  F)  to  80°  C  (140°  F); 

4.  PUetr*tleDat25°C  (Tr>F)  lOOg  6see,  80  to90: 

G.  Loss  at  16S°  C  (826°  F),  6  hr.  not  more  than  1.0%; 

pMietratioa  of  residue  at  26°  C  (77°  F)  100  g,  6  sec,  not  less  Uian  60; 
6.  Total  bitumen,  soluble  In  carbon  disulphide,  not  less  than  99.6%; 

Organic  matter  tnaohibie,  not  lOOfe  than  0.2%." 
"Note:    Material  for  any  one  contract  shall  not  vary  more  than  OJMO  in  spedfto 
gmvltr  nor  mora  than  10°  C  (60°  P)  In  mdtliv  point  wlthfai  the  teat  Umlta  ahm 
^HieWedi 
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Uaflioda  ol  TMtlnt.  Ttatm  of  th«  pbyrial  and  dwnlcm]  pnpwtlH  ot  th*  MfilMlt 

eenmU  aluUl  be  made  la  aecordaace  with  ths  foDowiiit  method!: 
1.  Spedflc  gnvl^:   Bol.  U.  8.  Dept.  Afr.,  814,  p.  6. 
8.  Fluk  pc^t,  opm  cap:  BnL  U.  B.         Agr.,  SU,  p.  IT. 

8.  Melting  point:  Am.  Soe^  Tmt  U»t.  Ttntitive  Stutdwd  D  8e-16T,  Proc 
Am.  Soc.  T«t  Mat.  1916,  p.  H9. 

4.  Powtrstloii:  Am.  Soc.  Tot  ii»t.  Standard  Tost  D  &-16. 

B.  VolatiBntioD  t«at:   Bui.  U.  S.  Dept.  Agr..  814,  p.  U,  indng  60  g  naiple. 

«.  Total  HtmMB:   BnL  U.  S.  DepL  Agr.,  814,  p.  2G. 

"PniVoaa  aaA  Jim.   Tbtae  BpeeMcatioai  provide  for  material  to  be  nnd  In  the 

eMutruetloD  of  one-eiie  etone  bltundnaua  concrete  In  tbe  northern  United  Statea. 
NA-3  la  )nt«aided  to  cover  mtUactory  gndM  of  products  prepared  by  Snxlng  Bermudea 
aq>halt,  and  OA-S  Mtltfactory  gradca  of  oil  a^>hatta  prefNirad  from  Mexican,  Call* 
fofida,  TMaa  and  other  petroleuma. 

"One-eiae  atone  Utumlnoua  coocrete  eontemplataa  a  mixture  of  tb«  UtumlBoaa 
material  with  a  cnnher  product  puaing  a  1^-In  and  retained  upon  e  H-in  laboratory 
■ereen,  or  pearing  a  1-tn  end  retained  on  «  labcnatory  ecreen.  The  bltuminoue 
meterial  should  be  heated  to  a  temperature  of  from  186°  C  (276**  F)  to  168°  C  (825°  F), 
and  tiw  crushed  stone  to  a  temperature  of  from  66°  C  (180*  F)  to  ISl*  C  (260°  F), 
before  mlxtog.  The  mixture  ahooM  contain  Iron  8%  to  7%  Utnmao.  Tbe  hot 
mixture  should  be  deposited  in  a  uniform  layer  over  a  con  crate  or  well  compactad 
brokan  atone  or  gnml  foondatloa  to  such  dq>A  that  It  win  yield  a  uniform  layer  2  la 
Id  thldraeai  after  thoro  rolling.  A  seal  coat  of  the  same  biUunlnoua  material  should 
be  applied  at  the  rate  of  0.4  to  0.6  gal  per  yd  and  cowed  with  a  sufficient  amount^ of 
atone  chlpe  to  abeorb  the  exoem  bitumen." 

**W«ter-<J«a  Tar  Cemeat,  TP-8.  Gboml.  The  refloed  tar  shall  be  homogoteous 
and  fne  from  watar. 

"Fhtbicai.  and  Chmoal  FMmBiUi.  It  ahall  naat  tha  following  requiiameBta; 

1.  Spedflc  ^vity  26°  y^S^C  (77*/7T'F),  1.160  to  1.200; 

2.  Float  teat  at  60°  C  (122°  F),  120  aae  to  150  sac; 
8.  Total  dbtUUts  by  wdght: 

To  170°  C  (8S8»  F).  not  man  than  1.0% 

To  270O  C  (618°  F),  not  more  than  10.0% 

To  300°  C  (672°  F).  not  more  than  20.0% 

MeltUkg  point  of  reddue,  not  more  than  66°  C  (149°  F) ; 
4.  Total  bltumeo.  siduble  in  carbon  dlsulphide,  97%  to  100%." 
"Gas-Houaa  and  Coke-OTon  Tar  Cementa,  TP-4.    Gehkbal.   The  refined  tar 
aball  be  homogMieous  and  free  from  water. 
"Phxbkuu,  and  Chbmical  PaoPBBTtBB.  It  ahall  meet  the  tollowint  nvdianenU: 
1.  SpedflcgravIty25°/26°C(Tr°/77°F), 1.200  to  1.260; 
Z.  Float  teat  at  80°  C  (122*>  F),  120  sec  to  160  aec; 
8.  Total  distillate  by  weight: 

To  170°  C»38°F),  not  more  than  1.0% 

To  270°  C  (618°  F),  not  more  than  10.0% 

To  800"  C  (572"  F),  not  more  than  20.0% 

Melting  point  ot  leddne,  not  more  than  66°  C  (149°  F); 
4.  Total  bitumen,  sohible  in  carbon  dteuIpUda,  80%  to  97%. 
**  Hediods  9t  Testing.    Tests  of.  the  phydcal  and  chemical  prapatiH  of  tha  rafiaed 
tar  ahall  be  made  in  accordance  with  the  following  methoda: 

1.  Spedflc  gravity:   Bui.  U.  S.  Dvpt.  Agr.,  314,  p.  5. 

2.  Float  test:   BuL  U.  S.  Dept.  Agr.,  S14,  p.  9. 

8.  Disttllatlim  teata:   Am.  Soc  Test  Hat.   Standard  Tcet  D  20-16. 

Malting  point:   Am.  Soc.  Test  Mat  Tsotatlva  Standard  D  80-16  T>  Proe.  Am. 

Soc  TeM  Mat,  1916,  p.  549. 
4.  Total  Mtum«i:    BuL  U.  S.  Dept.  Agr.,  814,  p.  26. 

"Porpoae  and  Use.  These  qwdfleatloos  provide  for  a  material  to  be  uaed  in  the 
eonetructicm  of  one^ize  stone  bituminous  concrete  In  tbe  northwn  United  Statea. 
TP-4  ifl  intended  to  cover  rtfned  watarfaa  tar  piodueta,  and  TP-4  reflnad  gaa-houat 
and  coke-oven  tar  products. 

"  One  dae  atone  Utominoaa  concrete  eontemplatea  a  mixture  of  thatarwlth  a  crusher 
prodyet  raadnir  a  IH-fn  aereen  and  lat^nad  upon  a  K-ln  labomtoty  aeraMi,  or  paaring 
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« l-4a  and  retabwd  OD  »  K-^  labontory  Bcrasn.  Thetwihouldb«hMtcdtoftlMapif<- 
ature  of  from  107°  C  (226°  F)  to  IBS"  C  (276'*  F)  and  the  eruabed  atoiM  to  a  trnqMntara 

01  from  66"  C  (160"  F)  to  121*C  (tSO"?)  before  mixing.  Tbs  mixtun  ahooM  eon  Wa 
from  t%  to  7%  UtauBH.  The  hot  nlxtan  Bbaald  be  depoilt«d  In  a  unilonn  layar 
ow  a  ooncnta  or  wvD  eonpaetad  broken  atooe  or  gravel  foundation  to  wch  d«ptk 
that  it  will  ^d  a  uniform  layer  2  In  in  thldowN  af to-  tboro  rolling.  A  seal  ooat  of  the 
mB»  tar  or  of  hot  aopbalt  (^Mdficatloo  OA-6)  ahould  then  be  applied  at  the  rate  of 
0.4  to  0.6  gal  persq  yd  and  covered  with  a  auffldont  amount  atone  eUpa  to  joat 
afaaortt  the  exceaa  bitumen." 

Bitumlnoua  CenMnts  for  Souaem  UnitMl  States.  Bkmudbi  Asphalt  CaitaH* 
■pedAeatioDa  Mme  as  NA-S,  eioept  that  the  penatiatfan  Umtta  at  26*  C  (77"  F>  an 
70  and  80;  the  penetration  of  reaidua  at  25°  C  (77*  F),  not  km  than  86;  aikl  tlw  Unite 
lor  inorganic  matter  inaolubla,  2.0  and  3^%> 

•  Oil  asphalt  Ohhnt  apecMcationa  aama  aa  OA-S,  noapt  that  tba  penatntkn 
limits  at  26°  C  (77"  F)  an  70  and  U;  and  tha  prntiatlan  of  nrfdua  at  SS*  C  (77*  F), 
not  kaa  than  46. 

Watw  Gas  Tab  CaiBfT  qiadfleatlona  aama  as  TP-4,  and  GAi-Hoim  and  CtMtv- 
Ov»  TAB  Cbiibit  ipadfteatiaaB  mm  aa  TP-4.  a»c(>t  that  the  Hmlto  for  tha  float 
test  are  160  and  180  tec 

U.  S.  O.  P.  R.  1918  SpeciflcBtiou  for  Atphnlt  Cements  to  be  Heed  witt 
Modified  Topeka  Aggregate.  For  specifications  covering  the  aggregate 
see  Art.  8. 

Banundez  Asphalt  Cemant,  ITA-I,  for  HorUiem  United  States.  Same  aa  apedflca- 
tl<vi8  NA-8,  except  that  the  limits  for  melting  point  ara  46°  C  (113°  F)  and  66°  C 
(181°  F);  the  penetration  limits  at  26°  C  (77*  Ti,  60  and  70;  the  pmetratiou  of  rsaidas 
at  26°  C  (77°  F),  not  less  than  30;  the  total  bitumen,  not  lea*  than  94.6%;  and  the 
limits  for  inorganic  matter  insoluble.  2.0  and  8.S%. 

Bennndez  As^ialt  Cement,  If  A-6,  tvt  Southern  United  Statea.  Same  aa  ^lecUca- 
tions  NA-6,  except  that  the  penetration  limits  at  26°  C  (77°  F)  are  60  and  60;  the 
penetrntlcm  of  residue  at  26°  C  (77°  F)  not  lesa  tlum  26;  the  total  bitumen,  not  laa 
than  94%:  and  the  limits  for  incHganic  matter  insohible,  2.6  and  4.0%. 

Oa  As^islt  Cement,  OA-4,  for  Horthem  United  States.  Same  as  qieoflcation 
OA-8,  exoept  that  the  penetration  Hndta  at  26°  C  (77°  F)  are  60  and  70;  and  the  pae- 
tration  of  reddue  at  25°  C  (77°  F),  not  less  than  40. 

Oil  Asphalt  Cement,  OA-6,  for  Southern  United  Statea.  Same  as  spedflcatfon 
OA-6,  ax««»t  that  the  spedflc  gravity  muat  be  not  lav  than  1.020;  the  penetratian 
lfanltBat2B'C  (TTF),  80  and  60;  andthepenatratianof  thenridimat26'C  (77" F), 
not  IsM  than  80. 

Porpoae  and  Use.  These  spedflcatione  provide  for  asphalt  cementa  to  be  used  in  tbs 
cmatructlan  of  graded  fine  aggregate  bituminous  concrete,  and  specifications  OA-6 
for  an  asphalt  cement  whldi  may  dso  be  used  aa  a  seal  coat  on  tar  macadam  or  tar 
concrete  pavementa.  NA-6  and  NA-6  are  intended  to  cover  satiafactoTy  grades  of 
asphalt  cements  prepared  by  fluxing  Bermudez  asphalt,  and  OA-6  and  OA-6  satia- 
factory  gradea  of  asphalt  cements  prepared  from  Mexican,  California,  Texas  and 
other  petroleums.  , 

"The  aqthalt  should  be  heated  to  a  temperature  of  from  186°  C  (276°  F)  to  168°  C 
(826"  F),  and  the  crushed  stone  to  a  temperature  of  from  121"  C  (250°  F]  to  149°  C 
(800"  Ti,  before  mixing.  The  mixture  should  contain  from  7%  to  11%  Utuman. 
The  ndzCnn  ahould  be  deposited  in  a  uniform  layer  orer  a  eon  ere te  or  well  compacted 
broken  atone  or  gravel  foundation  to  such  a  depth  that  it  will  yield  a  uniform  layer 

2  in  in  thickness  after  thoro  rolling.  A  seal  coat  riiould  not  be  neesamy  on  this  type 
of  pavemmt." 

niiladelphia,  1917  SpecUIcation  for  Warrenite  Cement: 
"  OenenL   The  aaphaltie  cement  sliall  be  known  aa  Warrenite  Cemant  and  shaO 
be  uniform  In  QuaH^  and  shall  contain  no  products  obt^ned  from  co^d,  watar-gaa 
or  oU-gss  tar.   It  shall  not  be  affected  by  water,  and  shall  comply  with  the  foBowiag 

tests: 

"Penetration.   The  penetration  at  26"  C  (77"  F),  measured  by  ■  No.  2  nssdls 
weignied  with  100  g  for  6  see,  shaU  be  between  6  and  7  mm. 
"  SohiblUty.   The  oenent  shall  be  aoluble  in  eidd  flartm  dlwilithlila,  CSi,  te  Oa 
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«XtMit  of  at  lewt  86%.  The  ftmotiBt  of  cenwot  vbiA  ia  Boluble  in  qpld  carbon  tetnt- 
ehloride,  CCI4,  shall  be  at  leaat  98.6%  of  the  amount  of  pun  bitumen  eohible  in  eoki 
cnrbon  dioulphide.  Thia  teat  shall  be  made  by  the  atudard  methoda  in  aubdued 
Itchta.  Th«  amount  of  the  cement  which  ia  sohible  in  Pennaytvania  naphtha  at  88°  B 
■hall  be  between  72  and  84%  of  the  amount  <rf  Utnnwn  whic^  i>  aoluble  1b  cold  carixn 
dfanlpMfte. 

"MMmmmi,  Dnctliltr  ttid  BrapoiatlOB.  Tlw  eniMBt  ih^  not  bs  brittle  at  ir'C 
(56<*  F)  when  toated  according  to  tbe  followfaig  method:  The  tcet  ineee  ahall  be  a 
(ylindricsl  rod  }i  in  in  and  4  In  in  langtit  and  eompoaad  <d  eemant  of  the 

MtM  jMMtmtten  as  uaed  in  tiw  mixture.  Tbe  rod  ihall  be  auppoited  on  two  frooved 
iriwda  1  in  diuMtw  mt  bottom  ot  croons  phwod  IH  In  i|«r^  coitar  to  oantar.  A 
phnnn,  oauktinc  ot  s  H-in  aq  hnm  rod  and  waghted  to  S  B>,  ahaU  be  ao  plaeed  in  tha 
machine  m  to  deaeend  vertically  directly  over  the  eeoter  of  teat  piece,  and  ia  clamped 
la  this  posllian  with  the  lower  end  of  the  pitman,  which  b  grooved  to  fit  tbe  H-in  teat 
piaaa.  juat  tnarhing  the  te^  fdeee.  The  teat  irfeee  ahall  be  brought  to  and  malntidnad 
at  tbe  dadrad  temper* ture  for  6  min  before  testinf.  In  order  to  —fi'i*?*"  cooatant 
tampaiatun  wUla  taatlng,  the  whole  madiine  ah^  be  aubmafgad  In  wmtar  at  the 
deairad  tempenture.  Wlm  the  pitman  ia  mleaaed  by  the  damp  it  will  dtbar  break 
tbe  teat  piece  or  bend  It.  If  the  fonoer,  the  temperature  of  teat  pieee  and  appaiatua 
shall  be  raised  0.56°  C  (1°  F)  and  teat  repeated  until  the  actual  brittle  point  ia  deter- 
mined. Care  must  be  obeerved  to  maintain  teat  piece  and  apparatua  S  min  at  each 
temperature  before  teetrng.  The  cemuit,  of  a  penetration  as  used  In  the  mixture,  ahall 
abow  a  ductility  of  at  least  20  em  when  tested  according  to  the  District  of  Columbia 
method.  Twenty  grama  of  cement,  wb«n  placed  In  a  flat-bottom  dlah  2^  in  In  diameter 
and  heatad  for  6  hr  at  168°  C  (826°  F),  ^lall  not  loae  mora  than  2H%  by  weight,  and 
tbe  pcoetratlni  of  the  reaidue,  when  teeted  with  a  No.  2  needle  w^hted  with  100  g 
for  5  sec,  shall  be  not  leas  than  60%  of  the  original  panetrattea  of  tbe  cament. 

u  Caauatfaic  Strength.  The  cement,  what  teeted  at  1^  C  (60°  F>.  according  to 
tbe  ttdlowing  method,  shall  show  a  cementing  strength  of  at  leaat  2S00  g,  this  baiag 
the  total  wel^t  In  grams  required  to  break  a  pat  of  aqihaltic  aand  mixture  eonaiaUng 
of  tbe  following:  Aaphaltic  cement  to  be  teeted,  8.0%,  sand  paaaing  a  number  80 
and  being  retained  on  a  number  60-meah  aiere,  92.0%.  The  pat  shall  be  mixed  hot 
and  comprised  into  a  mold  to  take  a  pat  2H  la  in  Ittigth,  1  ia  in  width  and  M  la 
fai  Unekaaw.  Tbe  teat  riiall  ba  made  by  plaelag  tha  pat  horfioataUr  aeroaa  the  tap 
adgea  of  two  >j^B  braM  plataa  art  on  edge,  ao  that  the  area  of  the  pat  between  tba 
supports  shall  be  1  sq  In.  The  pat  shall  then  be  acted  upon  by  a  T  shaped  (dtman 
bnring  down  upon  the  pat  midway  between  the  supports.  The  weight  on  the  pitman 
shall  be  increased  at  a  uniform  rate  from  aero  to  a  wdght  auflldent  to  break  the  pat, 
and  the  final  wdi^t  ahaD  ba  that  glw  la  tiw  report" 

For  additiouU  Bpedfications  for  bitumiiunu  cementB  to  be  uied  witii 
minenl  aggregataa  of  bituminoiu  concretea  of  CHaasee  A,  B  and  C,  we  Art.  17. 

-  COnSTRUCTIOH 

11.  Hiaing  Plants  and  Tools 

To  meet  the  d^nand  for  mudng  plants  with  which  varioufl  tjrpes  of 
mineral  aggr^atea  can  be  ecxmomically  heated  and  mixed  with  bituminoufl 
oements,  several  macbines  have  been  designed  in  the  United  States.  Re- 
quire meDte  which  plants  should  fulfil  vary  to  a  considerable  extent,  due 
to  the  different  kinds  of  aggregates  and  bitununoufl  cements  employed. 

Tools.    See  Sect.  17,  Art.  13. 

Plants  for  Hand  Hixiog.  A  pluit  for  band  mixing  of  unheated  aggregates 
with  hot  bituminous  cement  oonaista  of  a  mixing  platform,  three  or  four 
beating  kettles,  long-hatwlled  ahov^,  long-handled  dippers,  and  small  took. 
Sheet-iron  and  wooden  platforms  have  been  used,  but  the  latter,  when 
consisting  of  two  aeetions,  is  preferred,  as  it  can  be  used  more  efficiently 
and  is  more  easily  moved.  A  two^ection  wooden  mixing  board  should 
be  made  of  2-in  plank.    Each  section  should  be  8  ft  long  and  8  ft  wide. 
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The  kettles  sljould  be  of  such  shape  and  me  as  will  enable  them  to  be 
easily  moved.  No  ketUe,  however,  should  be  used  which  will  not  hold 
150  gal  of  bituminous  cement. 

Cement-Concrete  Mixers.  Unheated  broken  stone  has  been  mixed 
with  tars  (see  Art.  12)  or  heavy  asphaltic  oils  in  the  ordinary  type  of 
concrete  mixer.  Asphalt  cements  of  low  penetration  at  normal  tempera- 
tures cannot  be  mixed  with  unheated  »ggngsAea  in  this  ^pe  of  plant,  aa  it 
is  BBncvally  impracticable  to  ooat  the  unheated  brokm  stone  with  the 
hot  aqihalt  cemmt.  This  daie  of  mixers  should  not  be  used  for  the  oon- 
stniction  of  asptialtic  concrete  pavements  unless  the  aggregate  is  heated  in 
rotary  driers. 

Cement-Concrete  Hixera  with  Heating  I>evice8.  There  ue  several 
different  types  of  this  class  of  mixing  plants  in  current  use.  In  one  type, 
the  heat,  in  the  form  of  hot  air,  is  passed  into  the  mizo-  by  means  of  a 
Urge  iron  pipe,  which  runs  from  the  fire-box  to  the  outlet  end  of  the  mixer. 
A  eeccmd  type  consists  of  a  cylindrical  mixer  mounted  on  a  four-wheeled 
truck;  heat  is  obtained  from  a  hot-air  jacket  mitirely  Burroundins  tlw 
cylinder  except  on  the  ends,  and  1^  means  of  a  Icnosene  torch  inserted 
within  the  drum.  In  a  third  type,  hot  air  obtained  by  the  combustion  of 
oil  in  air  is  used  to  heat  the  mineral  acgresate  in  the  mixing  cbambw;  alter 
the  aggregate  is  heated,  the  bituminous  oement  is  added.  A  fourth  method 
of  utilising  concrete  mixras  is  to  uee  a  rotary  driw,  as  a  part  of  the  plant,  fnr 
drying  the  abrogate. 

Driers,  Storage  Bins,  Weighing  Devices,  and  Hixera.  In  a  complete 
plant  for  the  manufacture  of  bituminous  concrete,  the  aggregate  is  carried 
by  bucket-elevators  to  rotary  driers,  where  it  is  di^ed  and  the  dust  ex- 
hausted: from  the  drier  the  ag0«gate  is  raised  by  elevators  to  storags 
bins  or  to  screens  from  which  the  aggregate,  in  several  sixes,  falls  into  shnags 
Imqb;  when  required  the  aggregate  is  drawn  from  the  bins  to  a  wn^iing 
device,  and  from  there  deposited  into  a  mixer.  Such  plants  are  also  equipped 
with  bituminous  cement  heating  tanks  and  weighing  buckets. 

Det^s  of  Plants  and  Methods  of  Operadon.  Certain  essential  features 
of  plants  for  mixing  different  types  of  bituminous  concretes  are  diBCU8ae4  in 
Arts.  12,  14  and  16.  For  comprehensive  descriptions  and  methods  of  opera- 
tion of  several  ^pes  of'  portable  plants,  eqweially  desicned  for  mixing 
bituminous  ooncretee  of  Classes  A,  B,  and  C,  see  (03) .  Description  of  smne 
plants  and  methods  of  operation  are  included  in  this  Article,  and  in  Arts, 

12,  14,  and  16.  Plants,  especially  designed  for  the  manufacture  of  sheet- 
asphalt  binder  and  surfaces  mixtures,  are  fully  described  in  Sect.  17,  Art. 

13,  and  their  operation  and  inflection  explained  in  detail  and  disemeed 
in  Sect.  17,  Arte.  14  and  16. 

SpeeUcatlons  for  Mixing  Plaat  fer  Oass  B  or  C  Aggregstes,  by  mnchbcaun  (4Sb}. 
"The  psving  plant  shall  be  ol  an  amravad  ^rpe,  prtqierly  ad^ited  for  frnxhidiig  tiit 
chamcter  of  mixture  beretnafter  described.  It  sbsll  consist  ot  separate  anits  for 
melting  and  preparins  asphaltic  cemetit,  a  drier  for  beating  mineral  aggregate,  a  tenm 
and  storage  bin,  having  at  least  two  compartments  wbsrebjr  the  mineral  aggregate 
may  be  separated  by  means  of  a  6  or  S-in  scre«i  Into  two  sises,  that  passing  thru  the 
■ereen  being  collected  in  one  compartment,  while  the  rejecdoo  b  collected  in  another 
compartment.  Plant  shall  further  be  equipped  with  the  necemary  devloea  for  woghiag 
separately  the  fine  and  coarse  aggregate  from  each  compartmoit  of  the  storage  bin. 
An  asphalt  cement  bucket  shall  be  provided  wiUi  scalea  attached  in  order  that  th« 
amount  of  asphaltic  cement  which  b  put  into  the  mixture  may  ba  properly  gaugsd.  Tfaa 
mixing  unit  shall  coosiat  of  a  twin  pug-mill  mixer  or  its  equivalent  wMl  bladM  so 
spaced  as  to  produce  a  thoroly  bomogeneoua  mixture." 

Type  of  Plant  Required  for  Tepeks  Mixtwe,  by  Rldiardson  (5Te).   "If  the  nfaral 
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atgnt^tt  u  it  cornea  h«st«d  from  the  dm  ma  is  collected  in  a  single  bio,  Msnsatlaa 
tefcw  place.  The  pvtielee  of  atone  ere  not  uniformly  distributed  in  the  bin,  and 
tbey  are  still  further  sqiaratAd  in  drawing  a  charge  from  the  bin  to  the  meaeutlng  box. 
The  rasult  is  a  lack  of  uniformity  in  tbe  grading  of  the  mineral  aggregate  in  the  mixture 
w  It  is  aent  to  the  street.  Tfafa  may  be  illustrated  by  data  slunving  the  oompoeilioii 
of  a  Mrfa«e  niztw*  prodneed  in  this  way.  In  a  locaU^  wliere  a  rather  extended 
plvee  of  eoBStiiietioB  was  euiied  out.  Involving  the  analyrie  of  16  samples,  the  mixture 
nried  $»  abown  by  th»  folhnrinc  figuns: 

Bitumen  '   7.7%  9.8% 

SOOHBesb   U.8%  11.7% 

SfroeA   8.fi%  8.0% 

Iftwarii   S2.6%  89.0% 

UMnnh   22.0%  18.0% 

4-mBrfi   ^■^%iiui  bv 

  24.S%J*'''^»  9.5%J^'*"'^ 


100.0%  100.0% 

"To  avoid  resolls  such  as  areJUustnted  by  the  previoua  flgurca,  a  plant  should  be 

provided  In  which  proper  eereene  sepuate  the  hot  mineral  aggregate  into  coarser  and 

fin«  portionB  wUdi  are  collected  In  sqjMrate  bins.    Under  eaob  condltioDs  the  pro- 

portlen  of  eoaiae  to  Ane  aggregate  can  ba  better  regulated  by  aiinliliii  tbe  two  oom* 

poneBta  sepantely.   The  gnuBng  td  n  Burfaoe  miztun  toned  out  at «  plant  providing 

such  fadlidea  la  shown  bf  the  following  figures: 

Bitumen   8.2%  8.1%  8.9%  8.9% 

200-meah   10. S%  7.9%  9.6%  ».«% 

Sfr-meih   ».0%  10.0%  8.0%  7.6% 

40-mcsh   24.6%  28.0%  24.6%  28.0% 

KMaeah   20.0%  19.0%  20.6%  18.0% 

4-n»««h   16.6%  ( -a  ncr  U9  ft*?   "-^^^  U«  K<7  ins  ft<K 

24Mih   l2.6%l28-0%  I2.0%i*2-0%  18.0%  J  28-6%  17.6%  J  "'''^ 

100.0%  100.0%  100.0%  100.0%." 

Use  ut  Ceneat-Concrete  Hlxer  with  Heating  Devices  for  Mixing  Topeka  Bltuminoos 
Concrete,  by  Drowne  (17e).  "During  the  summer  of  1912,  the  writer  aupervieed  the 
eonatruetioo  of  a  Topdca  pavement  on  the  Service  Test  Road  in  Philadelphia,  on  «4udi 
a  portable  nrixlttg  plant  of  email  type  was  used.  This  mixer  is  known  commerdally 
as  the  Rapid  Heated  Mixer.  Enentially,  the  machtne  oonslats  of  a  foui^heeled  truck: 
at  one  end  of  which  la  mounted  a  Ixdler  and  cnglDe,  and  at  the  other  a  small  cylindrical 
rotary  adxer.  Betwem  the  boiler  and  the  mixer  is  a  platform  on  which  loadiDg 
fs  done.  The  mixing  drum  fe  Bunxiunded  with'a  hood,  furnishing  e  heating  q>ace  of 
■bout  8  In  between  the  shell  of  the  Utter  and  the  mixer.  The  beat  for  this  hood  ie 
fnmiehed  by  a  coal  fire  directly  under  the  mixer.  Additional  heat  ie  obtained  from  a 
karosene  tonb  edddi  may  be  inserted  within  the  ndidng  drum.  A  vertleal  blade 
rxmning  spirally  aroimd  tlie  Inside  of  the  drum  serves  to  lift  the  material  from  tbe 
bottom  and  carry  it  to  the  top  at  the  mixer,  as  the  latter  revolves.  The  material 
then  falle  to  the  bottom,  and  the  same  operation  Is  repeated.  The  discharge  spout  b 
Hied  In  the  eenter  of  the  drum  at  the  rear  o(  the  machine.  The  capacity  «4  the  mixer 
la  12  eo  ft  or  ft  bfttcfa  af  about  1800  lb,  faidoABg  the  bituminous  cemeet. 

"The  various  materials  were  taken  from  the  stock  piles  in  wheelbarrows  to  the 
loa^g  platform  and  dumped  into  tbe  mixer.  The  kerosene  torch  was  then  inserted 
within  the  drum,  and,  as  tiie  mixer  revolved,  the  material  cascaded  thru  the  flame  of  the 
torch  and  was  beated  to  a  temperature  of  about  100°  C  (212°  F).  When  this  tempera- 
ture was  reached,  the  tnrch  was  withdrawn,  and  the  asphalt  cement,  which  was  beated 
to  about  1T7*  C  ^60*  F),  was  poured  In.  A  was  then  placed  over  the  opening 
fn  tbe  loading  end  of  the  mlxor.  The  batch  ma  allowed  to  nix  with  the  asphalt  for 
from  1  to2  mln.attbeflsdofwUditlraoapeTfactmlxwaaBeairMlIwTlBgiLtHnpetfttun 
(rf  121"  C  (260*  F). 

"The  output  of  tbe  machine  varied,  depending  on  the  Jiyuimi  of  the  mineral  aggre- 
gate.  Ob  an  ftwage^  from  4  to  6  bntehM  wm  nf»d  pv  hr.   When  the  aiat«lali 
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•mm  wumed  before  bring  put  Id  the  mixer,  6  bAtehw  per  br  ww«  mtsed  for  1  or  2  tar, 
or  Bs  long  aa  the  warm  material  lasted.  Ooe  batdi  of  material  would  lay  aboot  fi  eq  yd 
of  pavoment,  2  In  thick  when  rolled.  The  pavera«mt  was  ecxurtmcted  on  a  macadam 
foandatian,  and  there  was  some  lom,  due  to  the  material  being  comprseaed  Into  the 
vtdda  of  the  saifaoe.  If  laid  on  a  concrete  fouBdatfon,  one  batch  would  probaUjr  Imv* 
BMde  a  H»Mwb«t  greater  jrardage.  Tbe  maautaetoran  of  thia  BiaeMiie  cMm  an 
output  of  260  aq  yd  per  10-hr  day  per  maddne.  It  ta  geoerally  ramwunnndxl  tftat 
tbeae  madOnea  be  used  In  pain.  It  takes  from  S  to  12  mln  to  bring  the  material  up 
to  the  proper  temperature  b^ore  adding  the  aq>halC  cement.  If  only  cm  maefaine  ia 
used,  and  4  or  5  batdua  per  hr  are  mixed,  tbe  time  required  for  eaefa  batch  ta  from  12 
to  IS  Bdn,  tberefoie,  Moslderatale  time  it  waatad  by  the  bmo  woridng  anmnd  ttn 
wKmrittim.  If  (lie  nucUiMa  are  und  in  pain,  the  men  can  be  kept  bu*y  praellcallr  all 
tbe  time.  It  b  the  only  ecooomlcal  w«y  to  uae  machlnee  of  thia  type.  Tbe  output  of 
two  of  them  In  a  9-hr  day  would  be  about  360  aq  yd. 

"If  the  cost  of  labor  is  $2  per  day,  7  laborers  bring  required,  and  1  engineer  at 
per  diff,  the  labor  ccet  of  the  operation  would  be  about  4.8  ceDta  per  sq  yd  m  a  baria 
of  860  aq  yd  per  day.   The  coat  of  coal,  keroeene  (or  tbe  torch,  depredation  of  the 
maefaine,  and  aupervirion,  would  add  probably  aboi|,t  4.6  oentB,  making  a  total  coat 
of  9.8  eenta  per  aq  yd." 

Bitnlitliic  Plant  and  Ita  Operation  by  Perkina  (U).  "The  opention  of  a  eemi- 
portable  Bttulithic  plant  is  as  fc^owi:  Tbe  raw  materials,  namely,  cruahvd  atoate^ 
aereeninga,  and  sand,  are  fed  from  the  storage  piles  at  tbe  rear  oS  tba  fdaat  Into  the 
oold  stone  elevators,  are  heated  in  the  diien,  tbco  elevated  to  tbe  rotary  aemn,  nUdi 
b  endoaed  in  a  eoean  house  to  prevent  the  dnat  aeattolng  orar  die  nelgMwrtood. 
This  screen  canstata  of  the  aeveval  sections  which  are  required  to  separata  Uie  mineral 
aggregate  into  the  various  rises.  Tbe  hot  stone  pairing  eadi  of  these  screen  eectioBS 
drops  Into  its  compartment  in  a  snctionat  bin  and  ia  thus  kept  separate  from  other 
ibea.  The  bcoman  wel^  oat  tbe  amount  of  each  rise  required  into  «  wefgh-boK 
supported  on  platform  anlaa  with  a  multiple  beam  which  enabka  him  to  wei^  each 
riie  aapamtsly  and  accurately.  It  is  Impoaatble  to  tomndate  a  standard  serssn  test 
or  rule  as  to  Just  what  proportion  of  eadi  rise  particle  of  mineral  aggregate  Is  required 
to  produce  tbe  maximum  dmrity  or  minimum  erf  voids,  because  the  stone  from  different 
quarries  crush  Into  difFerent  shapes.  By  following  the  best  practice  under  the  Warren 
patents  aa  described,  the  resulting  combination  «^  varying  aiiea  of  mineral  aggregnts 
snitl  contain  approximately  12%  of  voids  to  be  filled  with  bitumen.  'While  the  weighing 
b  taking  place  the  mixer- man  baa  filled  the  bitumen  bucket  with  tbe  required  wrigbt 
of  Bitulithic  cem^t  by  dipping  from  the  melttng  tanks,  the  weight  of  bitumen  bring 
accurately  measured  by  scales  on  the  bucket  carrier.  The  Utumen  and  mineral  aggre- 
gate are  then  emptied  into  the  mixer  and  thoroly  mixed  until  all  partides  are  completely 
coated  and  the  mass  has  been  transformed  into  a  uniform  bituminous  concrete,  iriwa 
tibe  slide  under  the  mixer  b  opened  and  the  batch  dropped  into  the  wacon  waiting 
under  tbe  jdatform. 

"A  standard  one-car  rsilroad  Bitulithic  paving  plant  embodies  all  of  tbe  features  of 
the  aemlr-portable  type  and  in  addition  haa  the  advantage  of  being  built  on  a  ringle  atari 
car  and  therefore  can  be  more  quickly  erected  ready  to  run  after  arrival  at  the  destina- 
tSoo.  In  addition  to  tUs.  the  mixing  platform  overiiangs  tbe  side  of  the  car,  so  that  if 
the  ground  anrrounding  the  plant  wfU  aUow  It,  tbe  wagona  can  be  driven  under  the 
mixer  tnm  tbe  rear,  thus  avmding  the  ddaya  due  to  baddng  under.  There  are  Uiree 
large  kettles,  two  for  meltEng  and  one,  next  to  the  mixer,  for  use  as  a  dipping  kettle, 
thb  kettle  being  covered  and  provided  with  an  air-tight  manhole  cover  so  that  the 
BitbuUthic  cement  may  be  forced  with  compreased  air  from  it  to  the  bitumen  wri^ 
budcet.  The  dial  of  the  acatea  haa  two  morable  stops  whirii  are  placed  at  tbe  proper 
points  for  the  wrii^t  of  the  buAet  empty  and  full,  iriildi  enables  tbe  plant  foranuui 
to  tell  at  a  glance  irtiether  the  mixer-man  b  weighing  aecarately  or  not.  These  scabs 
and  the  stone  scales  are  tested  daily  with  three  standard  teat  weighte  in  «dsr  to  detect 
aa  soon  as  posrible  any  lack  of  adjustment." 

Warrenite  Plant  and  Its  Operation  by  Perkins  (54).  "While  the  mixture  produced 
by  these  plants  is  much  like  Bitulithic,  the  methods  by  which  it  is  obtained  are  radically 
dUerMit  from  those  in  use  with  the  BituUthic  plants.  The  cnMbed  stone,  sereMings 
and  aaad  are  placed  in  separate  piles,  and  the  required  proportion  of  each  slie  as 
previously  dstmilned  by  Isboratory  test  b  measured  into  the  d^ing  section  of  tbs 
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plant  and  Am  ramaina  tmtH  dried.  Ona  full  batdi  of  ralnanl  aniCfata  aaeaauwJ  in 
this  maBUsr  b  M  Into  JIm  alevBtor  and  ralnd  to  the  boppor.   Aftar  tha  antin  batdi 

k  In  the  hopper,  the  gate  In  the  chute  allows  It  to  descend  Into  the  heater  dnun,  which 
la  heated  by  an  tdl  flame  thru  the  eoinbuati<m  chamber.  While  the  batch  is  beinf 
haatnri  it  is  alowty  forced  forward  by  spinis  io^de  the  drum  towarda  the  niiilnf  diara- 
bar.  When  tt  ia  hot  enoufh  a  fata  or  chute  miqiandad  betweoi  the  bentinc  and  mbtng 
dianiben  of  the  dnun  la  tilted  and  conveys  the  entire  batdi  into  Ott  ndzbit  diambar, 
when  It  la  thoroly  miied  with  Warrenlte  cement  poured  In  thru  a  funnel  above  the 
platform.  The  bitumen  is  weighed  accurately  In  a  bucket  on  spring  acales,  the  aama 
aa  In  ■  BttulitUc  plant.  When  the  batdi  ta  mixed  tt  li  dellveiad Jpto  the  wagon  by 
another  tttttng  dnita  at  the  fmvard  end  of  the  miziiig  chvnber.  WbOe  one  batch  is 
golnc  thru  tUa  proeen^  other  batdiee  have  been  aucoeaeively  started,  wo  that  at  any 
one  moment  there  are,  one  batch  In  the  mixer,  one  in  the  heater,  one  in  the  hopper,  and 
one  being  meaaured  in  the  wheelbarrows:  yet  on  account  of  the  design  of  the  plant  each 
batdi  is  kept  entireiy  separate  and  distinct  from  every  other  and  for  that  reason  it  is 
poaaibla  to  control  the  mixture  and  keep  the  proportions  of  the  various  siaed  paiUdea 
oC  tha  adnaral  aggragata  eonstant  and  naltonn." 


The  methods  of  mixiBs;  and  laying  Class  A  bituminous  concretee  vary 
dependent  upon  the  mixing  plant  employed,  the  characteristics  of  the 
aggregate  and  bituminous  cement  used,  such  local  conditions  as  traffic, 
availability  of  skilled  labor,  etc,  and  the  type  of  pavement  constructed. 

Hand  Mixing.  Bituminous  concrete  of  Class  A  may  be  manufactured 
fay  hand  mixing,  unng  unhealed  or  heated  aggregate  provided  \iuA  a  bitu- 
minouB  cement  is  tiaed,  which,  when  heated  to  a  proper  temperature,  may 
be  easily  incorporated  with  the  aggregate  so  that  each  particle  is  thoroly 
coated.  Practice  baa  demonstrated  thattiand  mixing  of  unhealed  aggregatea 
and  coal  tar,  water-gas,  or  cut-back  asphalt  cement  ia  practicable.  If  heated 
aggregates  are  used,  the  range  of  usable  bituminous  cements  is,  of  course, 
increased.  In  connection  with  hand  mixing,  however,  usually  only  crude 
methods  of  heating  have  been  employed,  such  aa  the  use  of  hot  plates  or 
pipes  upon  which  the  aggregate  is  placed  and  agitated  from  time  to  time 
by  band  methods.  These  crude  methods  of  beating  should  not  be  employed 
as  the  gBneral  reeult  is  unerai  heating  of  tlw  aggregate  and,  in  many  easea, 
burning  of  the  batches  of  bituminous  concrete  due  to  overheating  of  the 
aggregate.  Generally  speaking,  crude  methods  and  apphanoee  are  used 
with  hand  mixing,  and  it  should  be  realised  that  this  method  of  manufactxire 
ia  a  makeshift  and  should  only  be  used  under  special  conditions,  as  on  short 
sections  or  where  it  is  impracticable  to  use  a  mixing  plant.  With  the  multj- 
phcity  of  plants  in  use  and  their  general  availability,  few  are  the  cases  wha« 
hand  mixing  is  justifiable. 

The  ordinary  method  of  using  the  hand  "'""b  method  for  Hbe  oonstruD- 
tion  of  pavements  on  highways  outnde  of  wban  distriets  is  as  fcUowa: 
The  aggregate,  iriiich  dtould  be  clean  and  dry,  is  deposited  upon  mixing 
boards  placed  on  the  foundation  coiurse  a  few  feet  in  front  of  the  bituminous 
concrete  in  place.  In  using  a  two-section  mixing  platform,  the  aggregate 
should  be  deposited  at  the  end  of  the  platform  farthest  from  the  bituminous 
concrete  in  place.  The  bituminous  cement,  after  having  been  heated  to  the 
proper  temperature  in  portable  kettles,  ia  distributed  over  the  pile  of  aggre- 
gate by  means  of  long-handled  dippeis.  Mixing  with  long-handled  shovels 
is  then  b^un,  the  coated  aggr^^te  being  turned  over  towards  the  end  of 
the  platform  nearest  the  bitummoua  concrete  in  place.  During  the  process 
of  "'■■""g,  more  bituminous  cement  is  added  until  the  total  amount  per 
1  cu  yd  of  loose  aggregate  ia  from  15  to  21  gal,  the  proper  amount  being 
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dependent  upon  the  comiMMition  and  kind  of  aggregate,  and  grade  of  Ixtu- 
minoiu  cement.  After  Uie  aggregate  is  thoroly  coated,  it  is  deposited  in 
place  by  ahovrifl.  The  bikuminous  concrete  should  not  be  oast  onto  the 
foundation,  but  each  shovelful  should  be  carried  and  deposited  next  to 
bituminous  concrete  in  place.  Before  the  next  load  of  aggregate  is  dumped, 
the  section  of  the  miTing  platform  nearest  the  bituminous  concrete  should 
be  trtmeferred  to  a  position  adjoining  but  just  ahead  of  the  other  sectioo. 
For  further  discussion  of  hand  mixing  methods,  see  (53a)  and  (61b). 

Machine  Mixing.  The  details  of  the  operation  of  mixing  bituminous  con- 
cretes will  depend,  to  a  certain  extent,  upon  the  type  of  machine  employed. 

Ceubnt-Cokcbete  Mixers  have  been  used  with  both  unheated  and  heated 
aiocregate.  In  the  former  case,  the  remarks  relative  to  adaptiUiUi^  of  the 
hand  mixing  method  apply  with  equal  force.  It  independent  rotary  driers 
constitute  part  of  the  plant  equipment,  excellent  results  may  be  aecured 
with  any  of  the  bituminous  cements  used  with  Class  A  aggregates.  Gener- 
ally, the  operation  of  a  plant  made  up  of  independent  units  will  not  be  as 
efficient  or  economical  as  when  portable  combined  plants  are  used.  Very 
good  results  have  been  obtained,  with  careful  superviaon,  1^  using  cement- 
concrete  mixers  with  heating  attachments  consisting  of  hot  air  blasts  or 
torches.  It  should  not  be  expected  that  as  uniformly  heated  aggregate  or 
as  hi^  temperatures  can  be  obbuned  as  witii  rotary  driers. 

Except  in  the  case  of  the  use  of  an  independent  rotary  drier  unit,  the  aggre- 
gate in  general  is  measured  in  wheelbarrows.  The  bituminous  cement  is 
measured  by  volume  or  weight,  dependent  upon  the  plant  accessories. 
After  the  aggregate  has  been  heated  to  the  desired  temperature,  the  bitu- 
minous cement  is  added  to  the  aggregate  in  the  mixing  chamber.  Tho 
mixture  is  agitated  until  each  particle  is  thoroly  coated.  The  bituminous 
concrete  is  discharged  by  the  mixer  into  wheelbarrows,  wagons,  or  trucks, 
transported  to  the  site  of  the  pavement  under  construction,  and  deposited 
on  dumping  boards. 

tJte  of  Cement-^^oncrete  Hixera  ia  Rhode  IsUnd  by  Poore  (17c).  "Refined  coal 
tar  was  used  m  s  binder,  this  material  b^g  ahlpped  In  tank  can  to  the  neumt  railway 
•tatioa,  where  it  was  Bteam-heated  and  barreled  by  the  contractor.  During  the  heijlit 
of  the  seuon,  18  mechanical  mtzerB  wei«  in  opeiation,  laying  daily  a  total  ol 
8000  ft  of  l+4t  road  surface,  2  in  tfai^  Tit*  typa  ot  mixer  censratly  used  was  oaa 
manufactured  by  the  Municipal  Enginseriag  and  Coiitnctlng  Co.  It  fs  similar  to  tba 
^yd  cube  batch  CMnent-eoncrete  mixer,  and  has  an  oil  torch  beating  device  for  use 
whan  UtundnoOB  concrete  Is  mixed.  The  machine  is  mounted  on  four  wheels  tor  trans- 
portation. It  eonrfsta  of  a  levolving  Iron  box,  mounted  on  Its  diagonal  axis,  and  driven 
with  direct  gearing  by  the  ■team  Mgine  mounted  on  tiie  nme  frame.  The  mixed 
material  is  discharged  by  tipping  the  cube,  and  the  irddng  chamber  Is  loaded  with  a 
sliding  skip  opemt^d  a  small  cable  hoist.  An  air  eompranor  for  BUpp lying  the 
oil  torch  is  belted  to  tbe  engine.  Common  fual  oil  under  air  iiiiiiiii  forme  a  bleat  bi 
Uis  eenter  of  Uie  mixhig  diamber  snllldant  to  dry  tbe  mineral  aggrs^te  and  expedHe 
the  work  during  cold  weatlier.  A>  the  spedflcation  called  for  a  cold  mix,  tbe  bbnt 
waa  not  necessary  thruout  the  day's  work. 

"Tbe  plants  were  <q>ented  in  two  ways;  either  aa  a  portable  plant  moving  along  tha 
road  each  day,  or  as  a  stationary  unit  at  tha  stone  cniaher.  The  fiiet  method  was 
followed  when  tbe  work  consiated  of  scail^rhig  the  old  macadam  and  adding  a  mm 
2-in  bituminous  concrete  surface.  Set-ups  were  made  at  the  int«^ala  eoveted  In  a 
day,  usually  about  200  ft.  A  12  by  12>[t  dumping  board  waa  used  under  the  loading 
aldp,  on  which  to  dump  the  broken  stone  hauled  from  the  railroad  aiding  or  atone 
(Tuaber.  The  mixer  waa  placed  on  planks  in  the  center  of  tlie  road,  being  haidcd 
ahead  by  tbe  steam  roller  at  the  end  of  the  day.  Two  ISO-gal  portable  kettles  provUad 
suffldcat  hot  bituminous  material.  Tbe  proper  quantity  for  a  batch  was  raeasund 
oat  by  hand  and  carried  tai  budmto  turn  the  side  of  tJie  road  to  the  loadhig  chutt. 
Six  Iron  barrows,  weH  oiled  to  pntant  the  eoated  stone  from  stiekiBC,  were  used  b 
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eurybig  the  hot  inixtun  to  the  road,  wtm  tt  vm  nked  oat  to  tin  nqnlnd  dq>th. 

"When  the  mixer  mm  noed  u  a  perauuwnt  unit  at  the  stone-cnuhing  plant,  the 
mixer  platform  waa  built  at  the  nme  dunXbrn  m  the  bottom  o<  the  atone  Una,  aod  from 
the  latter  the  stone  could  be  dbeharsed  directly  to  the  loading  akip.  To  allow  the 
iiiteeat«d  stone  tor  the  (onndatiMi  eourae  to  fall  Iqr  ftaidtr  Into  mcotu.  It  ma  neeee- 
aary  to  leave  an  lnt«veoing  space  of  7  or  8  ft  betwem  the  stone  bina  and  the  mixer 
^•tfonn.  Many  of  the  mixera  ran  three  H-eu  yd  batchea  in  from  10  to  IB  ntln.  A 
IH-eu  yd  bottom-dump  wagon  waa  plaeed  to  reoriTe  these  three  batdiea,  and  then 
hauled  to  the  road,  a  2-mlle  haul  often  being  economicaL  There  waa  no  "MiHTig  of  tha 
mixture.  A  larger  kettle  was  need  at  the  stadonaiy  planta  than  on  the  reeurfadng 
work.  The  buckala  of  hot  bituminoue  material  were  handed  from  the  ground  by  the 
kettleman  to  the  man  on  the  laiaad  mixer  platf<»m,  and  he  emptied  them  into  the  mixer 
chute.  One  engineer,  one  helper,  one  loftding  man,  and  one  kettlonan  were  required 
tor  the  mlzsr  when  in  operatian.  Practically  600  sq  yd  of  2^  aurfaea  were  turned  out 
per  day  at  aacfa  plant" 

Statiokabt,  Seui-Portablb  aki>  Portable  8bu-Containkd  MnciNa 
Plants  of  many  types  have  been  successfully  employed  in  the  manufacture  of 
Class  A  bituminous  concretes.  Naturally  the  most  economical  and  efficient 
work  baa  been  accomplished  by  plants  especially  adapted  for  mudog  Class  A 
aggregates.  Generally,  on  highway  work  outside  of  urban  districts,  the  por- 
table plant  proves  most  satisfactory.  Dependent  upon  the  plant  aooessoriea, 
the  aggregate  is  measured  voltune  or  w^i^t  before  being  dried  or  Iqr  wfiii^t 
after  drying,  the  latter  being  preferable.  The  aggregate  is  usually  dumped 
into  bucket  elevators,  which  discharge  into  rotary  driers.  In  the  beet 
types  of  plants,  the  heated  aggregate  is  then  raised  by  bucket  elevators  and 
discharged  into  a  small  storage  bin.  As  desired,  the  heated  aggregate  is 
drawn  from  the  storage  bin  and  allowed  to  fall  directly  into  the  pug  null 
mixer  or,  preferaUy,  fint  into  a  weighing  box.  The  bituminoua  cement  is 
weighed  in  scales  on  the  mixing  platform  and  then  dumped  into  the  mixer. 
After  thoro  mixing,  the  bituminous  concrete  is  uaiwlly  diaeharged  intoa 
wagon  or  track,  which  the  plant  arrangement  permits  to  be  placed  directly 
beneath  the  mixer. 

Comparison  of  Mixing  Methods  by  Warren  (Tla).  "The  mixing  methoda  are  of 
two  genaral  -'iitn~  aa  to  hardnem.of  bitumen,  known  aa  cold  prooeas  and  hot  proceaa, 
and  two  dsMs  aa  to  method  of  mixing,  known  aa  baad  mixing  and  machine  mixing, 
which  irill  be  tiaatad  in  the  order  named.  The  qold  prowai  meaaa  the  uae  of  a  mixture 
ol  atone  and  bitumen  of  xuch  a  character  'that  the  ingredients  can  be  mixed  and  laid 
without  artificial  heat,  that  is,  at  the  temperature  of  the  air.  This  necessitatee  the 
oae  of  Utumen  d  a  character  which  ia  liqidd  when  cold  and  ia  necesiarily  deficient  in 
cementing  atreagth  iiiiliiii  the  bitumen  ia  made  liquid  by  the  uae  of  a  volatile  tem* 
ponry  liquefier  which  will  evaporate  soon  after  the  roadway  surface  is  laid.  The 
eokl  proccei  la  also  aecMsarily  auhJeet  to  tlie  weaknoaa  that  the  moisture  has  not 
been  evaporated  from  the  aggregate  before  adding  the  bitumen,  which  aaema  to  be 
bad  practice  to  say  the  least.  In  the  writer's  judgmcmt.  othw  tbin^  being  equal, 
the  hot  process  giv«a  the  best  results;  but  it  is  nuenarUy  more  expensive  both  on 
aceount  ol  the  mora  or  less  expensive  plant  required  to  heat  and  mix  the  Ingredients, 
but  also  the  greater  amount  of  labor  required  to  heat  and  roll  the  much  touglur,  denser 
and  harder  surface  mixture.  The  hot  process  has  the  great  advantage  of  ptovUIng 
a  aurfaoa  which  is  set  hard  as  soon  as  compressed  and  chilled  to  the  temperature  of 
the  air. 

"Hakd  IfiXTUBES  have  the  following  advantages  over  mactiine  mixtures: 

1.  Cmoparatlvely  tittle  expense  of  plant  installation  oo  account  o(  which  it  Is  appli- 
cable for  use  on  roadwaya  of  lev  arsa  than  pracQcable  by  machine  methods. 

2.  No  cost  of  fuel  and  consequent  aaving. 

8.  Some  writers  say  machine  mixing  latfer  is  leas  than  hand  mixing,  but,  taking  all 
items  of  coat  Including  plant  installation  and  delivery  of  materiab  to  and  from  the 
mixing  {riant,  and  labor  for  mixing  and  laying.  Into  considentloB,  the  writer  baUavea 
as  a  rule  the  rsTCM*  is  the  rial  oontflloB. 
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"Ths  dtadvutatM  <rf  tlw  hud  mUiif  praMMH  tn: 

1.  HwaUntlr  Um  thoro  mixiiig  mad  Im  ueontB  proportkoing  aod  uniform  dfe- 

tribution  of  IngTadienti  and  coDBequcnCly  sTestar  w^blenan  of  result*  Uwd  irith  a 
properly  ccnutructed  mudng  and  heatins  plant. 

2.  BecMwe  of  Kreater  ease  in  hand  mixing,  a  marked  tandoBcy  toward  use  of  Mtfter 
bltumeB. 

8.  Iiapraeticability  at  fetting  a  thoro  mixture  without  more  power  titan  can  be 
executed  by  hand  mixing  If  the  eoaUnattoo  of  IngrediMtte  are  aa  deue  mm  they  aha«dd 
be  to  produce  the  beet  reeolta. 

"MAfswa  Miznto  metboda  may  be  mb-dlvided  into  nverai  riaaini  a>  foUowa: 

1.  Uizlng  without  accurately  pKqMrtiooiDg  or  hearini  ingredients  for  which  ordinary 
concrete  mixeta,  either  of  tlie  continuoua  or  batch  ^pca,  wUl  anawer.  Thia  method 
hm  the  advantage  of  lewt  expMwe  fn  plant  and  labor  irtikfa,  In  the  writar'a  jodgiiMBt, 
fa  wiy  mudi  mon  than  eounterbaianead  by  tiw  dfaadmntigai  of  uriug  bft(an«tt  of 
a  grade  ao  soft  BB  to  be  liquid  at  normal  tempantuie  and  of  leai  aeeoney  and  imifomiQr 
of  reanlts. 

2.  Mixing  by  lieating  without  accurately  proportianing  the  ingredianta  which,  in 
the  vriter'a  judgment,  ii  better  than  the  last  named  method  but  atill  inbarently 
defective. 

8.  Vsing  a  well  planned  mixing  and  beating  maddna  apedally  eonatnietad  for  the 
purpoee,  videb  will  produce  the  following  eventlala  to  a  mailminw  degraa  tt  meemmz 

a.  Uniformity  and  accuracy  ot  proportioning  of  ingrediantB  both  aa  to  Tniyfng 
riaee  ot  mineral  aggregate  and  amount  of  bitumen. 

b.  SuAdent  heat  in  the  tngrediento  when  mixed  and  laid  in  the  work  to  oTaponU 
noleture  and  permit  the  uae  of  bitumen  hard  enough  to  furnish  a  true  binder. 

c.  When  compremed  in  the  worli  a  eolfd,  dense,  roid1«ei,  dry,  bituminous  concrete 
wearing  surface  which  will  to  the  greatest  possible  extent  prevent  penetratioo  of 
moisture,  the  enemy  of  all  road  surfaces,  and  withstand  the  troublesome  automobilB 
and  otbor  traffic  irithout  shifting  or  pressLting  undgalrabiy  eoft  surfaces." 

DttaUi  of  Heating  Aggregatei,  Bittuntaioiu  Cements  and  Bltnminoiw 
Concretes.  See  Am.  Soc.  C.  E.  Spec.  Com.  recommendations,  in  this  Article, 
and  Art.  8  for  requirements  covering  heating  of  different  agKregntee 
and  tntuminouB  cements,  and  temperatures  at  which  bituminous  concretes 
should  be  laid. 

Hauling  Bittuninous  Mixttues  by  Mullen  (49c}.  "Whether  wagons  or  suto  trucks 
will  prove  most  economical  is  always  a  local  problem.  The  auto  trucks  are  good  for 
long  hauls  with  steep  grades,  but  there  Is  frequently  greater  economy  in  tlie  wagoo  (or 
short  hauls  with  flat  grades.  Provlsiona  should  be  made  for  the  nirtd  loading  and 
imloading  of  eittier,  but  especially  the  aatomobflea.  The  author  remembers  figuring 
on  one  job  that  cost  1  cent  s  minute  to  have  a  horse  and  wagon  ot  S  tons  capacity  stand 
for  its  load,  and  6  cents  per  minute  for  a  5-ton  auto  truck.  After  that,  a  loading  hopper 
was  built. 

"Canvas  covers  on  the  trudcs  are  very  good  at  all  Omes.  and  eqwdally  bt  chUly 
weather  when  the  crust  of  the  mixture  would  otherwise  become  too  stiff  for  propo- 
rsking.  They  should  be  so  arranged  that  there  b  a  3  or  4-in  air  ^taee  between  the 
cover  and  the  load,  however,  as  this  not  only  saves  the  cover  but  abo  provides  much 
better  protection  for  the  hot  mixture. 

"One  cent  per  inch  yard  mile  la  a  good  formula  to  remember  when  oonsidwing  the 
eost  of  hauUng  avhalt  paving  mixtures.  That  is,  It  cost  about  1  cent  to  haul  enough 
mixture  to  lay  1  sq  yd  of  ssphah  pavement  1  In  thick  and  wd^ilng  about  100  lb  on  a 
■treet  1  mile  from  the  mixing  plant  Multiply  1  cent  by  the  tUdmeaa  in  inches  ot  the 
pavement,  and  ttiat  by  the  number  of  miles  between  the  plant  and  the  job.  This  is  a 
rough  and  ready  rule  that  should  not  be  used  for  a  bidding  estimate,  but  it  will  help 
in  quldily  ccoidderlng  the  comparatlTe  advantagea  «(  various  available  plapt  rites.  It 
was  the  basis  of  a  large  asphalt  hauling  contract  In  New  York  City,  at  a  tfans  when  tean 
hire  was  |G  a  day." 

Laying.  In  cases  where  neither  curbs,  gutters  nor  edgings  are  used, 
thoroly  compacted  shouldets  are  constructed.  To  serve  as  definite  bounda- 
ries and  to  pEeveat  the  bttumiooiu  oonerata  imm  being  fbroed  out  awr  the 
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shoulders  during  Tolling,  2-in  plsnks  may  be  placed  on  the  shoulders  at  the 
edges  of  the  roadway  and  allowed  to  remain  until  after  the  seal  coat  is 
Implied. 

After  the  bituminouB  ooncrele  has  been  deposited  on  the  foundation 
eoune,  it  should  be  unifonnly  spread  hy  raking  to  a  depth  such  that  when 
compacted  the  wearing  course  will  have  the  desired  thickness,  which  is 
usufUly  2  in.  For  stiff  bituminous  concrete  mixtures,  heated  shov^  should 
be  used  for  depositing  the  mix  on  the  foundation  course  and  hot  rakes  for 
spreading  the  bituminous  concrete.  Care  should  be  taken  to  see  that 
shov^  and  rakes  are  not  overheated,  as  otherwise  the  mix  may  be  bunt. 
Usually  the  back  of  the  rakes  should  be  used  to  spread  the  mix  uniformly. 
If  the  tinea  an  uaed  for  this  purpose,  the  larger  stones  of  the  mix  may  be 
segregated  in  the  surface  of  the  wearing  couras. 

After  being  uniformly  distributed,  the  bituminous  concrete  is  rolled  while 
it  is  still  warm  and  pliable.  The  rolling  should  begin  at  the  edges  and  w<»rk 
towards  the  center.  lU^lng  should  continue,  without  interruption,  until 
all  roller  marks  disappear  and  the  surface  shows  no  further  compressitMlity. 
Any  places  which  the  roller  cannot  effectively  compress  should  be  com- 
pacted with  hot  iron  tampers.  Excellent  results  can  be  secured  by  the 
use  of  tandem  rollers,  wei^iing  between  10  and  12  tons  and  having  a  com- 
pression under  tbe  rear  roUer  of  from  2C0  to  360  lb  per  lin  in  of  roU.  Equally 
cood  results  have  been  obtained  by  using  a  6  to  S-ton  tandem  roller  to  abapt 
up  the  wearing  course,  and  a  12-ton  three-wheeled  roller  for  the  tboro 
onopaotion  of  tbe  bituminous  concrete.  In  order  to  ivevent  ashes  from 
dropping  onto  the  bituminous  concrete,  each  roller  should  be  provided  with 
an  aab  pan. 

The  surface  of  the  compacted  wearing  couiee  should  be  tested  for  ii^ 
regularities  and  depressionB.  A  4-ft  straight  edge  may  be  satisfaetorily 
used  for  this  purpose.  When  laid  longitudinally  on  any  part  of  tbe  surface, 
or  diagonally  or  transvetsely  on  each  half  of  the  roadway,  in  case  a  two- 
plane  sectioa  is  used,  there  should  be  no  depressions  over  H  in  ill  d^th. 
Should  depressiona  or  other  irregularities  be  found  which  require  correction, 
tbe  tines  of  a  rake  should  be  used  to  lo<»en  up  the  bituminous  concrete  if 
the  mix 'is  of  suoh  composition  that  it  can  be  used  to  fill  the  depressions. 
If,  however,  the  maximum  sized  particles  are  I  to  1  J^-in,  the  areas  of  the 
wearing  course,  where  the  depressions  occur,  should  be  removed  and  freshly 
mixed  t»tuminous  concrete  used  in  making  the  repairs. 

During  the  placing  and  compaction  of  the  bituminous  concrete  and  until 
alter  the  oomidetion  of  the  seal  coat,  should  era  and  adjacent  driveways  should 
be  kept  watered  or  oiled  to  prevent  dust  from  accumulating  on  the  surface  of 
the  bituminous  concrete.  Even  a  thin  layer  of  dust  on  the  surface  of  the 
wearing  course  materially  deoreases  the  strength  of  the  bond  between  tbe 
seal  coat  and  the  bituminous  concrete. 

Seal  Coat.  After  the  wearing  course  has  been  rolled  sufficiently  bo  that 
the  wheels  of  the  roller  do  not  make  any  creases,  a  coat  of  bituminous 
eemmt  is  applied  to  the  surface.  The  seal  coat  should  not  be  applied  unless 
the  surface  is  clean  and  absolutely  dry.  In  many  cases  the  bituminous 
concrete  will  have  to  bo  thorob^  swept  before  the  application  of  the  seal 
coat.  From  >i  to  1  gal  per  sq  yd  of  bituminous  eement  should  be  used, 
the  requisite  amount  varying  directly  with  the  openness  of  the  compacted 
bituminous  concrete  surface  and  the  kind  of  bituminous  cement  used. 

The  best  method  of  constructing  a  uniformly  distributed  seal  coat  is  to 
use  a  hand-drawn  gravity  distributor  or  a  hand-drawn  pressure  distributor; 
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(or  descriptioDB  of  which,  see  Sect.  14.  Art.  0.  If  the  gravity  distributor 
in  used,  it  ihmild  be  followed  toy  a  man  pushing  a  rubber  or  leather  squeegee. 
The  sqtieeaee  should  have  a  width  greater  by  fn«n  4  to  6  in  than  the  width 
of  the  dieet  of  bttuminone  cement  as  it  falls  from  the  distributtv.  By 
being  k«pt  from  2  to  4  in  back  of  the  e^eet  of  bituminous  cement,  a  very  even 
distribution  may  be  easily  obtained.  It  is  not  eotmomicaUy  practicable 
to  use  large  distributors  of  the  types  employed  in  the  construction  of  bitu- 
minous surfaces  as  it  is  not  advisable  to  leave  long  sections  of  bituminous 
concrete  exposed,  due  to  the  probability  of  the  interstices  becoming  filled 
with  dirt  and  the  surface  covered  with  a  thick  film  of  dust.  The  manner  of 
applying  the  seal  coat  also  may  be  as  follows:  The  heated  latuminous 
oMnent  is  plaoed  in  an  iron-bodied  wbedbarrow,  the  barrow  being  keirt 
practically  full  of  the  hot  omnent  wb^  the  same  is  being  used.  The  bitu- 
minous cement  is  applied  to  the  bituminous  concrete  surface  from  the  wheel- 
barrow by  means  of  brooms  in  the  amotmt  specified.  Ait  bo  very  fair  reeulta 
have  been  obtained  by  this  method,  it  is  not  recommended,  as  the  rasulta 
secured  with  distributors  are  superior,  especially  from  the  standpoint  ai 
uniformity  of  distribution  of  the  bituminous  cement. 

As  soon  after  the  application  of  the  bitimiinouB  cement  as  possible,  a 
tiiin  layer  of  dry,  dean  chips  should  be  uniformly  spread  over  the  coat  of 
bituminouB  cement,  tha  total  amount  of  diipa  being  imftaabiy  diatributml 
in  two  appUeationa.  A  safe  rule  to  ftdlow  is  not  to  allow  the  applieattoD 
of  the  chips  to  lag  more  than  20  ft  behind  the  pladng  of  the  bitumlDoaB 
cement.  In  case  the  men  distributing  chips  are  close  upon  the  wi^icatioa 
of  bituminous  cement,  care  must  bo  taken  to  prevent  the  chips  from  being 
applied  upon  the  wearing  course  of  bituminous  concrete.  The  chips  should 
be  rolled  at  least  twice  in  order  to  force  them  into  the  interstices  of  the 
surface  and  secure  the  maximum  bond  with  the  bituminous  cement. 

Weather  Conditions.  It  is,  of  course,  impracticable  to  lay  bituminous 
eonerete  during  damp  or  rainy  mother  as  the  foundation  must  be  diy 
before  the  bituminous  concrete  is  deposited  thereon  and  the  wearing  eoune 
surface  must  be  dry  before  the  application  of  the  seal  coat  of  bituminous 
cement.  It  is  not  advisable  to  bituminous  concrete  when  the  air  tem- 
perature in  the  shade  is  below  10°  C  (50°  F),  due  primarily  to  the  difficulty 
in  securing  a  thoroly  compacted  wearing  course.  After  rains  and  during 
damp  weather,  a  portable  cascading  or  rotary  drier  will  be  found  very 
useful  for  drying  piles  of  wet  chips.  It  is  also  advisable  to  have  at  hoiMl 
several  waterproof  covers  for  use  in  covering  piles  of  chips,  the  section  of 
bituminous  concrete  upon  which  the  seal  coat  has  not  been  applied,  and  m 
abwt  eection  of  the  foundation  in  advance  of  the  Irituminous  concrete  in 
place.  The  use  of  covers,  in  the  manner  indicated,  will  materially  reduce 
delays  caused  by  wet  weather. 

ConchMlons,  Spec.  Com.  Hat  Road  Cons.,  Am.  Soc.  C  B.  (17e).  "Hbaung  Asgu- 
(uns  AKD  BrnimHOUB  CMmHTS.  Altho  nttafaetofy  pavemwts  have  brcn  con- 
structed using  unhgated  tninml  ssgresatea  and  Miitabla  Utuminow  cemeola,  nrvfes 
testa  demonstrate  that  the  best  results  are  secured  by  tiBing  for  the  minoal  sfgregate 
broken  atone  which  Is  heated  until  thoroly  dry  to  between  66°  C  (ISO^  F)  and  121^  0 
V).  If  revolving  driers  In  which  the  flsme  is  permitted  to  cmae  In  contaet  wiA 
the  aggregate  arc  used,  great  care  should  be  taken  to  Insure  uniformity  ai  heating  and 
so  svoid  the  danger  cl  burning  the  aggregate.  In  order  to  obtaitt  a  llul«flty  ^  Ae 
Mtuminoas  mstorlal  which  will  be  suffleient  to  erasure  a  proper  coatinK  of  the  mineral 
partielca  in  cases  where  a  heated  aggregate  is  used,  and  also  to  prevent  injury  to  the 
UtumlBous  material,  the  asphalt  cements  should  be  heated  to  a  temperatum  batween 
ISB"  C  (g76«  F)  and  177<  C  (880°  F),  and  rtfnsd  tan  to  a  tempemtun  betwen  93*  C 
(aOO"  F)  and  ISB"  C  (276°  P). 
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"IflXlNO.  Tbs  qiuntlty  ot  bitumlnoua  cement  to  be  used  in  the  mil  will  depend 
OB  the  Idiid  ot  broken  stone  or  gravel  and  bituminous  cement,  the  clurecter  at  the 
an[regat«,  the  elimstie  conditions,  etc  For  the  aggregate  heretofore  mentioned  (eee 
Art.  6),  the  bituminous  concrete  mixture  should  contain  between  S  and  8%  by  weight 
of  bitumen.  The  bituminous  concrete  should  be  mixed  in  mixers  designed  and  operated 
■o  as  to  produce  and  discharge  a  tfaoroly  eoated  and  unifwan  mixture  of  noa  eegrtgated 
agfregato  and  Utunainoua  eemcBt.  E^ieept  oa  small  contracts  and  for  repair  worl^ 
^xers  irtiidi  provide  for  the  beattng  ol  the  aggregate  by  the  use  of  a  Amm  1b  the 
mbdag  dwmbar  ahouU  not  ba  oasd,  on  accooBt  of  the  danger  of  burning  the  aggrsfat* 
ot  the  bltumiaous  cemait. 

"  Laying.  To  ensure  ease  of  manipulation  and  the  proper  compaction  of  the 
bituminous  concrete,  the  mixture  as  delivered  on  the  roadway  should  have  a  tempera- 
tare  Of  not  leas  than  66*  C  (160°  P).  Ezperience  has  dntKmstratwl  that  a  tUdmoa, 
after  rrdHBg,  ot  S  in  of  Utunlnoui  eoBcrate  Is  BceDoaieal  and  aflleacfawa.  Ib  order  to 
aecniv  an  enn  mrtue  aad  adsqnata  cmBpaetlMi  Iqr  a  thoro  iBtvloddng  of  Out  ptrtWtt 
of  the  aggr^ate,  a  tandem  roller  wel^iing  betwem  10  and  12  tMis  should  be  used. 

"Sbal  Coat,  a  seal  coat  should  always  be  used  on  this  type  <A  bituminous  con- 
crete, as  maintenance  diarges  and  annual  cost  wQl  be  reduced  materially  thereby. 
The  seal  coat  should  consist  ot  from  to  1  gal  per  eq  yd  of  Utumlnous  cemeqt,  uni- 
fonnly  distributed,  preferably  by  the  use  at  a  band-drawn  distributor  followed  by  a 
aqneegee.  The  bituminous  cement  should  be  covered  with  an  appUcatioD  of  dry  stone 
eUpa,  wMdi  riiould  be  rolled. 

"SBAaoNAL  I^UTATlom.  BttumlBoia  concrete  of  this  Qrpe  should  not  be  mixed  or 
laid  when  the  air  ta^mmtnn  Ib  the  ahada  la  kmr  than  10"  C  (50*  F).  aa  otharwlw 
it  will  be  difficult,  under  avaiafe  eandllloni^  to  aaeim  an  «m  aad  wall  compaetad 
wearing  eouiae." 

Delaib  of  CooHractioB  at  tb»  Ashokan,  H.  7.,  BIttiarinow  COBCtato  PanmcBt  on 
part  oi  the  32-Bdle  eoatraet  for  a  highway  around  the  AshokaB  Reservtrfr  of  the  Board 
ot  Water  Supply  of  New  York  City  are  deecribed  aa  follows  (20) : 

"H>e  bituminous  concrete  was  mixed  so  that  the  resnlting  mixture  contained,  hy 
mll^t,  6.26%  of  aq>haltie  eement,  the  stone  ranging  ta  riae  from  HtolH^'  The 
temperatve  ot  tita  stcma,  after  drying  and  heatfaig,  was  Sxad  at  a  maxlBUim  of  107"  G 
(Z26'  F),  and  die  aq>halt  ranged  from  186"  to  149°  C  (276°  to  «00>  F),  as  It  wm 
found  that  thcae  temperatures  reduced  the  draining  from  the  wagons  to  a  ndnimum. 

"The  resulting  mixture  was  hauled  to  the  place  of  laying  in  bottom  dump  wagons. 
The  mixture,  temperature  not  leM  than  66°  C  (160°  F),  was  dumped  onto  platforms 
eonristing  of  planks  placed  looeely  ride  by  aide,  a  few  feet  in  advance  of  laying.  From 
here  It  was  shoveled  hito  place  and  qnead  with  rakea  to  the  requUto  thldmess  for 
roIUng  with  an  S-ton  tandem  roller  to  a  compacted  thickness  erf  2  In.  It  was  found 
that  the  eomprassioB  dtie  to  rolttng  was  generally  ^  to  H  In.  The  amount  of  aq>haltie 
eement,  fndnding  aeal  coat,  averaged  19.2  Ib  or  2.8  gal  per  sq  yd  of  road  surfaced.  A 
ringle  plant.  Cummer,  laid  as  much  as  1600  sq  yd  of  2  In  Utmnfaioua  surfacing  in  one 
day,  but  700  to  800  sq  yd,  omitting  delays,  was  abootthe  average. 

"After  rolling,  a  seal  coat,  not  to  exceed  1  gal  per  sq  yd,  was  q»«ad  and  covered  with 
stone  diips.  The  dry  stone  <lii)M  woe  Bimad  in  two  operattaw.  The  flnt  ^madtag 
was  very  light  and  tlw  rolling  reanlted  fai  forcing  the  chlpe  Into  the  aeal  eoat  batwam 
the  interetioM  of  the  coated  atones  of  Oa  waning  mutmee.  After  a  tboro  ndUng  a 
more  liberal  coating  of  atone  ddpa  was  wptmi  and  rolled.  The  auzlkea  waa  thn  ready 
for  trafBe. 

"For  purpoaM  of  operating,  tite  roads  to  be  anfaced  with  Utandnooa  pavement 
imder  tills  contract  were  divided  Into  four  gnmpa.  On  roads  oi  Group  A,  the  plant 
the  eoBtraetor  bad  In  ^ective  operation  conristed  of  from  one  to  four,  moatly  three, 
stone  outjlte  and  one  asphalt  outfit.  On  these  roads  (during  1914)  61  700  Un  ft  of 
C-ta  foandatlMi  cotmee,  14  ft  wide,  w«e  laid,  and  88  000  sq  yd  of  2-in  bUuminoua 
aorfaca  and  aeal  coat.  Effective  progiaas  waa  made  on  166  daya  out  of  a  total  of  170 
days  tor  foundUian  eoan«a,  and  98  daya  for  bituminous  snifadng  cut  of  a  total  oi 
ISO  days,  so  that  the  total  d^ly  average  rate  for  foundation  courses  waa  804  Ilo  ft, 
and  660  aq  yd  lot  bftomlnous  surface." 

Conatnietion  of  CltiB  A  PavMnentt  CompoMd  of  Two  or  Mora  L«;«n 
of  Bttvinlaon  Coaercto.  The  uw  of  this  type  of  Utuminous  concrete 
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pavement  since  1900  baa  been  mostly  confined  to  Gnat  Britain.  The 
ogeregates  have  been  mainly  ftranite  and  slag,  the  use  of  the  tatter  laraely 
predominating.  The  excellent  tar  slag  concrete  pavements  known  aa 
Tarmac,  which  have  been  laid  in  England  since  1903,  are  of  thia  type. 
Altho  laid  by  various  municipalities,  the  largest  yardage  of  this  type  haJ 
been  constructed  by  Tarmac,  Ltd.  One  of  the  Tarmac  plant«  is  located 
at  Wolverhampton,  adjacent  to  the  works  of  a  company  producing  large 
quantities  of  blast-furnace  slag.  The  large  molds  of  slag  are  transported  by 
small  cars  from  the  iron  works  on  a  narrow  gauge  track  and  dumped  near 
the  Tannac  plant.  These  large  Uocks,  while  still  warm,  .are  broken  by 
flledge-hammen  to  uses  suitable  tm  the  erusbm.  After  it  is  cruedied  and 
screened  into  sixes  varying  from  H  to  in,  it  is  mixed  with  a  tar  eon- 
pound.  Since  the  slag  is  warm,  even  after  it  has  been  crashed,  no  beating, 
preliminary  to  mixing,  is  necessary. 

Altho  in  some  caaee  two  courses  of  tar  alag  concrete  are  used,  usually 
more  than  two  layers  of  tar-coated  slag  are  employed.  The  principal 
features  of  the  construction  of  three-layer  tar  slag  concrete  pavementa  are 
covered  by  the  following  description  of  a  Tarmac  pavunent  laid  at  Brighton- 
on-Sea,  En^Umd.  On  a  weU-compacted  gravel  foundation  tben  was  spread 
a  scattering  of  taiHwated  slag  chips;  the  bottom  layw  was  eomposed  of  2^ 
in  of  compacted  1 K  to  2}^-in  tar-coated  stag;  the  second  course  consisted  ttf 
2  in  of  compacted  >^  to  IJi^in  tar-coated  slag;  the  third  course  was  composed 
of  a  thin  layer  of  ^  to  i^-in  tar-coated  slag  chips,  which  layer  was  thoroly 
rolled ;  the  pavement  was  finished  by  rolling  a  top  drofltdng  of  uneoated  fins 
slag  screenings. 

Directioas  te  Lajtag  Itonae  by  E.  Puniell  Hoolsy,  Conety  Fnilnsnr  of  Nettfag- 
bam.  Eng.  "Befwe  A*  applying  of  any  Tsimac,  the  surface  ol  the  road  that  wDI 
be  Mt  in  the  center  miut  be  canfully  swept,  and  all  dirt,  dust  or  loose  material  removed. 
The  iiAa  gauge  material  will  always  airive  flrat,  and  should  this  not  happen,  noties 
must  at  once  be  given  to  the  County  Surv^or.  The  >i-in  must  then  be  Ugfatly  ^mad 
as  a  fine  bottom  layer  to  fill  up  any  uaevntmes^  to  prsvent  water  rtring  turn  the  undtr 
dde,  and  to  rainlniiw  tfusbing.  The  H4q  diould  tmly  be  vrsad  about  a  yard  la  width 
at  a  time,  so  ss  to  prevent  its  beinc  troddm  upon  by  the  workmen  wbai  ^ueadlag. 
On  this  ^in  must  inunediately  be  laid  a  layer  of  2>^-ia  gauge  Tarmac,  each  pleas 
being  packed  as  close  to  its  neighbar  as  poadbte.  Geoorally  the  pesnge  over  ol  lbs 
raUsr  dioat  four  timee  each  way  is  suffldent  to  c(»soUdate  this  first  2}^-ia  layer,  aod 
lbs  roUer  must  at  all  times  roll  the  sides  towards  the  center.  When  the  surface  Is  thus 
rolled,  a  small  dressing  of  ii-\a  gauge  Tarmac  must  be  C3U«fully  swept  with  a  dapping 
motion  of  the  brush  Into  every  intersUce,  and  not  sgoin  rolled  until  an  appUcatiMi  of 
IH-in  Tarmac  shall  have  been  applied.  The  roller  tbm  shall  pass  over  this  IH-it 
gauge  material  about  three  Umes  each  way,  rolling  from  the  sides  to  the  oesiter.  A 
suflldoit  quaati^  of  ^^ia  material  shall  sgaia  be  applied  to  fill  up  the  Intefstics^ 
and  the  roller  passed  over  to  place  this  filling  tn  poriUoa.  On  the  eomplettoo  of  ths 
wfaoW,  a  drsmlng  of  fine  dry  slag  dust  shall  be  swept  over  the  surface.  After  the  flnt 
rain  has  soaked  the  slag  dust,  the  woriraten  shall  immediately  sweep  the  iriwle  road 
from  the  center  to  the  sides  to  remove  any  surplus  dust  from  the  Tarmac,  and  use  ss 
mudt  es  posuble  of  this  surplus  dust  on  the  dry  sides,  if  necessary,  or  remove  it 
entirely  from  the  surfaee  to  the  oeareet  depot.  Each  T  aq  yd  ol  Slashed  Tsnose 
road  should  contain  approximately  1  ton.  Ea^  100  ton  c(  material,  if  Wd  by  tkb 
Vstem.  dtould  consist  el:  S  too  of  H4n  diy  slag;  12  ton  of  H4n  l^mae;  40  ton  s( 
IM-lB  Tannac;  46  ton  of  2ii-m  Tanaac." 

18.   Spedflcattoiu  for  CUss  A  PaTonenti 
.  MinenU  Aggrsgata  Composed  of  0ns  Product  of  a  Stooe  CniaUac  ud 
Screening  Plant.   Am.  Soc.  Man.  Imp.  1917  Spedfleatlons.   For  speetfi- 
cations  for  the  mineral  aggreitate,  see  Art.  8.    Fat  spedfioatioiui  tor  the 
bitomimnis  oaments,  see  Art.  10, 
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"  Oflovnl  DtKiipUon.  TIm  Utuninou  onavto  wwrinr  eome  ■kmll  eoMirt  of 
»  couqMct  nlKtvn  of  broken  itoM  and  asphalt  caHMUt  or  nfined  tar  hid  to  conform 
to  tha  rMpdi^  cradea  and  cr(M»-Metl<»is,  eorered  irith  a  seal  coat  of  aaphalt  oenwnt 
mnd  broken  atone  chipe,  and  oonetructod  aa  hereinafter  apedfied. 

"  Heatinc  Mineral  AgKrafate.  Before  entering  the  mixer,  the  broken  atone  (or  the 
mineral  aoreiate  ah^  be  heated  tutU  thoroly  dry  to  betwaen  66°  C  (ISO"  P)  and  121°  C 
(260°  F),  BS  directed,  in  revalving  drim  In  which  no  flame  ahall  be  permittod  to  come 
In  eontact  with  the  broken  stotM  and  in  which  the  broken  itoae  ahall  be  eonthinoudy 
asitated  during  the  beating- 

"  Heatinf  Bittunlnona  Cement  The  aaphalt  cement  or  raflned  tar  ahall  be  heated 
in  liettlea  ao  deaigned  aa  to  admit  of  even  beating  of  the  entire  maaa,  with  an  eflldent 
and  poaltive  oontrol  of  tha  heat  at  all  titnea.  Aqihatt  cement  ahall  be  heated  aa 
directed  to  a  tamporatwa  between  136°  C  (276"  F)  and  ITT  C  (»W  F).  All  ^>hnlt 
eamant  haatod  tMyond  177°  C  0UO°  F),  altiMr  bafne  or  during  mtsiBg  wfth  tha  brokan 
atone,  ahall  be  lefeetad.  Reflnad  tar  shall  be  heated  aa  directed  to  a  temperature 
between  98°  C  (200°  F)  and  1SG°  C  (276°  F).  AU  tar  heated  bcvond  186°  C  (276°  F), 
either  before  or  during  raizing  with  broken  atone,  ahall  bo  rejected.  Mo  tar  diall  be 
bested  in  kettlee  containing  any  aaphalt  cement  and  in  Uke  manner  no  aqdwlt  eratoit 
ahaU  ba  heated  in  kettles  containii^  any  tar.  Bafora  chaining  Tram  one  type  of 
material  to  the  other,  kettlee  ahall  be  acrupolooaly  cleaned  In  order  to  avoM  Bsdxtorw 
of  the  two.   Any  aueh  raixturea  resnltlng  from  this  cauae  ahall  be  rejected. 

"  Thennomataia  Fomiahed  by  Contraet<«.  The  eontraetor  ahall  provide  a  auffldent 
nomliar  of  accurate,  efBdent,  atatioaary  thermometara  for  determbiing  the  tempera- 
ture of  the  aaphalt  oemtoit  or  refined  tar  in  kettlee. 

*'  **'^"g  When  thoroly  heated  to  the  temperature  directed,  the  aaphalt  eanent 
or  refined  tar  and  the  broken  atone  for  the  bituminoua  concrete  ehall  be  mixed  ao 
that  the  reauldi^  mixture  shall  contain  between  6  and  8%  by  w^ht  of  Utuman, 
■a  directed,  depttidlng  primarily  upon  the  Und  of  Utundnoos  eemuit  and  mineral 
aggregate  whldi  are  uaad.  A  mixer  ahall  be  uaed,  having  revolving  bladea,  and  so 
deaigned  and  opwated  as  to  produce  and  diecharge  a  thoroly  coated  and  uniform 
mixture  of  naa  aogregatad  brokot  atone  and  Utnniinaua  cement.  Vhm  diadtaiged, 
nlztnraa  trf  eaphalt  eamant  and  brokMS  atone  ahall  have  a  tan^teratore  not  more  than 
149"  C  (300°  F)  and  not  Imb  than  98°  C  (200°  F)  aa  directed.  Vben  dlMdurgad. 
mixtnrei  of  refined  tar  and  broken  ntoM  ^lell  have  a  temperature  not  more  than 
121°  C  (260°  F)  and  not  lem  than  66°  C  (160°  F). 

"  Svifkea  FonadatiMi.  Bafme  laying  the  Utuminoua  emoeta,  tha  aurfaee  of 
the  canHBt-eonerete  foundation  ahaU  be  and  thoroly  deaned.  If  any  defective 
areaa  exlat  in  the  eement-eonerata  foundation,  they  ahall  be  repaired  aa  directed  at 
lenat  10  daya  In  advance  of  laying  the  bituminoua  concrete.  In  caaaa  where  cement- 
eoncrete  edging  Is  not  uaed,  compacted  ahoulden,  foradng  a  continiution  of  tha  aurfaee 
of  the  foundation,  ahalt  be  eonatructed.  A  2-in  plank  ehall  be  laid  on  each  shoulder 
at  the  e^  of  tha  foundation.  Theoe  planki  shall  remain  in  place  until  after  the 
seal  coat  haa  been  finished. 

"  Piereotion  of  DnaL  The  ahouldera  of  the  road  and  adJaoMit  grounds  shall  be 
suffident  qirlnkled  during  the  pladng  of  Utuminous  material  vriwravar  tlun  would 
otberwiae  be  danger  of  clouds  of  dust  blowing  ov»  the  pavement. 

"  Laying  Bituminoua  Concrata.  The  bituminous  concrete,  heated  and  prepared 
as  apedSad,  shall  be  deltvMed  direct  from  the  mixer  to  the  point  of  deposition  on 
the  foundation  in  trucks  or  wagons,  provided  with  canvas  ooven  for  retaining  the 
beat.  Aa  delivered  the  bituminoua  eonaete  shall  have  a  temperature  of  at  least  66°  C 
(160°  F).  Material  having  a  lower  temperature  than  this  shall  not  be  laid  upon  tha 
foundation.  The  hot  Utuminoua  concrete  shall  be  dumped  upon  platforma,  constructed 
as  directed,  and  ahoveled  with  hot  shovels  Into  poaltion  on  the  foundation.  The  bitu- 
minous omerete  shall  be  immediately  uniformly  q>read  over  the  foundation  course  by 
men  oiperieBeed  In  such  wori^  sad  thondy  eompaetad  Iqr  lollmg.  Whan  eompneted 
the  waring  eouiae  ahaU  have  a  tiikknesa  at  no  place  of  tea  than  2  in  and  shall  be 
free  from  aurfaee  deprea^na  and  Irr^ularitlea.  The  paving  shall  be  dose  as  con- 
tinuously ss  practicable,  to  reduce  to  a  minimum  the  number  of  jointa  liBtpiawt  hot 
and  cold  materiala.   Such  jointa  ahall  be  constructed  as  directed. 

"  Rolling.  The  Utundnous  concrete  wearing  course,  laid  aa  spedflad  above,  shall 
be  roUsd  at  mcc,  while  the  mixture  Is  warm  and  pUaUe,  beginning  at  tha  edges  and 
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working  toward  tba  entar.  H«um  for  pravcntinf  the  Utundnons  mateHml  from 
MthMioi  to  the  roller  without  injuiy  to  the  bituminous  ooner^,  ehall  be  provided. 
Rolling  shftil  ccHitinue  without  intemiption  until  all  roller  nuuln  diappev  mad  the 
aurface  ahows  do  further  compraaeilHlity.  PUcea  which  the  roller  crnonot  effectively 
mcb  shall  be  compacted  with  hot  Iron  tampers. 

"  Roller.  RollwB  uaed  on  the  bituminous  eoaoete  shall  be  wril  balanced,  self- 
propelled,  tandem  rollws,  weiihing  between  10  and  12  tons  each.  £ach  rfiaU  have  a 
oompreasion  under  the  rear  roller  ot  betweu  260  and  8S0  lb  per  lin  in  of  roll,  and  ahaD 
be  provided  with  an  ash  pan,  whidi  shall  prevent  aahea  from  dnqqiing  onto  the  bitu- 
minous concrete  or  aeal  coat. 

"  Tettiaf.  Before  pladag  the  aeal  goat,  the  aurface  of  the  bitominoua  concrete  ritaH 
be  tasted  with  a  4-ft  Btralfht  edfo  laid  loocltudinally  upon  any  poittai  of  the  antiatt, 
and  any  dapreaaion  or  other  irrefularity  exceeding  H  in  ahall  be  aatWactorily  aliniinatad. 

**  Seal  Coat.  As  soon  as  poMible  after  the  eompactloa  of  tha  Utmnlnous  concrete, 
whsn  the  surf  ace  Is  dean  and  dry,  a  seal  coat  of  the  hot  asphalt  cemcBt  shall  be  «vcalT 
dbtiibntad  orer  tba  bituminous  awcrate  and  uniformly  spread  by  means  of  sipmnwa 
Tha  avhalt  aaiiMBt  sfaaU  be  applied  at  a  taaveraton  not  leaa  than  186"  C  F). 
Bor  mors  than  177"  G  (800°  F),  at  a  rata  o<MtolKalparsqrd,aB  dtneted.  A  tUn. 
uniform  layer  erf  dry,  dean  broken  stone  ddpe  ahall  be  immediately  unlfomty  spread 
In  two  applicationa  over  the  aq>halt  eemmt  by  machlnca  or  skilled  wwfcmen.  Each 
application  of  broken  stone  chips  shall  be  rolled  twice  by  a  seU-propelled,  ♦■m*— 
roller.  The  apreading  of  the  broken  store  chips  shall  not  lag  morm  than  90  ft  beUad 
the  pla^ng  of  the  asphalt  cement  coatlnt-  Broken  stone  chips  shall  not  be  plaead  ok 
the  wearlnf  course  before  the  asphalt  cement  of  the  seal  coat  is  apphed.  The  surface 
of  the  bltuminoua  concrete  shall  be  iropt  scrupulously  dean  until  Uie  aeal  coat  is  applied, 
and  the  contractor  shall  not  permit  any  hauling  over  the  wearing  course  before  the 
eonpleticm  of  the  aeal  coat. 

"  Broken  Stone  Chips.  Brokoi  stMia  chips  ahall  eonrist  of  the  product  ol  a  stoac 
crushing  plant  obtained  by  paaring  tlia  broken  atona  thru  a  aaeUon  at  a  lotary-  aeiasa 
having  circular  openings  K  or  H  iB  In  diameter  utd  over  a  ■erean  haviai  opaninp 
of  M  or  K  in. 

"  Seaaoaal  and  WaaOiec  LimltatioDS.  No  Utundnoos  concrete  sbali  be  mixed  or 
placed  when  the  air  temperature  In  the  shade  Is  below  10"  C  <60°  F). 

"  Uaamtamant  aad  Fajrmant.  TIte  quantiQr  of  UtamiaoaB  ooncrat*  wearing  eoutas 
to  be  paid  for  under  this  Item  alian  be  tlia  tmmbar  of  aqnara  yar^  naasurcd  botbCD. 
tally,  satisfactorily  completed  in  accordance  with  the  apedfleationa.  The  price  stipu- 
lated In  thia  item  shall  indude  the  furnishing,  crushing  and  screening  of  tba  broken 
stMM,  induding  the  brtdrao  stone  diips  for  the  aeal  coat,  and  beating,  rafedng,  placing 
and  rolling  of  the  broken  atone  and  the  asphalt  cement  or  re&ied  tar,  and  aO  work 
and  iiiiiiiiism  incidental  to  the  completion  of  the  bituminous  concrete  and  the  seal  coat, 
except  tbe  fumiehing  trf  the  bituminous  cement,  which  «ill  be  induded  for  payment 
undw  the  item  Aaphalt  Cementa  and  Refined  Tats  for  Wearing  Course  of  Bituminous 
Concrete  Pavement  or  the  items  Asphalt  CementB  and  Refined  Tare  for  Wearing  Course 
of  Bituminous  Concrete  Pavement  and  Asphalt  Cemtnts  for  Seal  Coat  for  Bltuminoua 
CoBcrsta  t^veraeBt.  MessureniMit  under  thia  item-  shall  not  Inehtde  any  paTHuent 
rep^red  or  relaid,  exc^  as  provided  tor  in  the  following  paragr^di. 

"  Removing  and  Replacing  Wearing  Course.  If  tbe  contractor  removea,  aa  directed, 
portiona  of  the  waariag  eouraa,  and  tha  worlc  thus  azposad  for  axanbiatkn  is  found 
satisfactory,  or  If  for  any  reason  be  shall  be  ordered  to  reman  wearing  course  bvih 
in  full  accordance  with  his  contract,  be  shall  be  paid  (or  such  excavation  one-fourth 
the  price  per  square  yard  stipulated  in  this  item.  If  the  wearing  coune  after  ezamina- 
tion  ia  found  to  be  of  acceptable  quaUQr,  the  original  weaifeg  oooiae  will  be  paid  for 
aa  well  as  that  uaed  to  reAll  the  excavation.  In  ctmneetitMi  with  the  removing  and 
rqtladng  ot  tba  wearing  oouiae  In  aeeordanoe  with  tUa  paragraph,  ao  qvaatilv  ahall 
be  measured  aa  leas  than  1  sq  yd." 

Road  Board  of  BngUod  Speciflcatloss  for  Bitominoos  Concrete  PaveowBt 
Havins  a  Mineral  Aggregate  Composed  of  Broken  Stone  or  Site- 

romdatloa.  Any  road  which  ia  to  be  surfaced  with  tar  macadam  {Chus  A  tar 
eonerete)  atumU  have  a  proper  foundation  or  sub-enist  ot  adequate  thlckneaa  to  bear 
the  tnffle  likely  to  uae  ft  Before  laying  a  new  aurfaca  (4  tar  maeadan  tha  tUcknass  ot 
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the  old  cruat,  iiteludinc  fouodBtfon.  ahouU  be  ucorUiiMd  by  opanlnf  trial  tnmebm  «t 
intcrvab  *vengiDB  about  160  yd  ertendtng  from  th«  hauaeh  of  the  road  to  the  ceoter, 
Bueh  trencfan  to  be  nuule  alternately  on  oppooite  lidcm  erf  the  road. 

"  The  Thickness  of  the  Surface  Coetinc  of  tar  macadam  when  consolidated  by 
rolling  should  be  from  2  to  3  in.acoording  to  traffic requirementa.  For  a  freater  thldt- 
neaa  than  3  in  the  material  should  be  applied  in  two  CMits.  In  the  caec  of  naturally 
bard  mlMolla,  not  materially  softened  by  infiltration  of  surface  water,  the  total  thict 
□ean  <rf  the  load  cruat,  Ineludinc  foundatiaB,  if  any,  after  eawoUdation  <rf  the  new 
aarface  of  tar  macadam  by  rolUofc  ahould  not  under  OTdinaiy  drennwtancaa  tat  lea 
than  6  in,  unka  Ute  anb^oil  Is  eo  hard  a>  in  Itealf  to  act  a>  a  food  foondatiw,  in  wUch 
enae  the  thieknesB  <A  the  road  cniet  may  be  reduced  to  4  in.  In  the  eaee  of  day  or 
other  yidding  sub-eoile  the  total  thidoMaa  should  sot  be  I«sb  than  11  in. 

"  Croaa-Sectioo.  The  finished  surface  should  have  a  croaa-fall  ot  about  1  In  82. 
If  the  crust  is  not  soffldMitly  thick  at  the  crown  to  enable  this  croae-fall  to  be  obtained 
with  a  new  oontinc  of  the  thIekiMaB  above  msntlooed,  thai  the  old  aurlaet  diauld  be 
left  intact  and  unscarified,  and  the  thicknem  of  the  new'coat  of  tar  ""i— 'f™  increased 
aa  far  as  may  be  neceesary.  If  the  cruat  is  of  sufficient  thicknem  for  the  ptupoee,  the 
resulation  of  the  cross-fall  should  be  curled  out  by  scarifying  the  surface  and  removing 
material  from  the  crown  to  the  Mm  pnvlona  to  the  appUeation  of  the  new  coating. 
The  material  looamed  by  scarifying  ibould  be  ameiMd  Mid  all  Ifaker  material  than  H  in 
ahffliM  be  thrown  aside. 

"  The  Aggregate  of  the  new  surface  of  tar  macadam  should  be  compoaed  of  broken 
■tone  <rf  approved  quality,  or  selected  slag  oi  approved  quaU^,  and  should  contain 
at  least  60%  broken  to  the  iise  of  2H  in,  not  more  than  30%  of  from  2K  to  in, 
and  10%  <rf  M  to  ^  in  for  doaing.  The  laat^ntntiMied  aise  should  be  kept  separate 
and  used  as  top  dressing  during  rolling  operatiMu.  The  stone  uaed  must  be  thoroly 
dried  before  b^  coated  with  tar. 

*'  Tar  Cement.  For  maUng  tar  macadam,  tar  should  be  uaed  iriildi  eunpHm  with 
Roed  Board  ^wdAeation  Tar  No.l,ar  Road  Board  Spedficatlon  Tar  No.  2  (see  Sect 
U,  Art.  6),  the  dtdbebcing  determined  by  the  dreumstanoee  of  eadicaae.  If  tar  No.  1 
has  been  used  for  tarring  the  atone,  care  ahould  be  taken,  eapedally  in  hot  weather,  that 
the  tarred  material  hat  been  aUowed  to  stand  f »  a  sniBdent  length  e4  ttane  to  allow  the 
tamd  anrfaee  cf  the  eteoM  to  become  partially  hardwied  and  in  a  tacky  eoadlthm.  If 
tar  No.  2  has  ben  used  for  tarring  the  atone,  the  macadam  ahoald  be  laid  soon  after 
being  tarred,  and  if  the  tar  be  of  the  heavier  grade  ot  thia  qu^ty  the  stone  coated 
with  such  tar  should  only  be  laid  whan  the  road  is  quite  dry  and  in  warm  sunny  weather. 
Tha  qunnti^  of  tar  need,  to  coat  1  ton  <rf  atona,  ahould  bo  approximately  froM  9  to  U 
gal,  varying  aceordlng  to  the  sixes  of  the  stone,  the  grade  ot  tar  need,  the  method  of 
miring  and  other  oonditiaas.  ■ 

"  Laying  and  Rolling.  The  tar  macadam,  after  having  been  spread  and  levidted, 
ahould  be  rolled  Into  a  smooth  surfacs,  but  too  much  rolUag  should  be  avirfded.  Leae 
rdUing  ia  required  than  in  the  case  of  wateMtoond  macadam.  A  10-ton  roller  ia  a 
■uitabte  die  for  use  in  most  caaea,  but  good  raaulta  can  ba  obtained  by  nrfng  a  <-ton 
roller  and  finishing  with  a  lO-ton  rotter. 

"  Seal  CoaL  In  order  to  get  th«  beat  rsanlts  ham  tlie  uae  of  tar  macadam,  it  is 
advisable  to  apply  a  coating  erf  tar  to  the  surface  after  the  road  haa  been  used  1^  tralBe 
for  several  weeks.  This  tar  should  comply  with  the  provietons  ot  Road  Board  Spedfl- 
cation  for  Tar  No.  2,  and  should  be  poured  or  sprayed  on  the  surface  at  a  temperature 
ot  about  132°  C  (270°  F).  Stone  chippiagB,  crushed  gravel,  ooarae  sand  or  other 
approved  material,  free  from  dost,  not  larger  than  will  pass  thru  a  \i-in  sq  mesh, 
ahould  be  need  for  gritting  In  quantity  not  awt^htf  1  ton  for  800  to  8A0  aupsrfldal 
yd,  if  grit  is  used,  and  1  ton  for  SCO  to  2fi0  soporficial  yd  if  coWae  Mid  Is  obmL" 

Tarmac  Pavement  SpedfloatimiB,  aa  uaed  in  some  distrieta  in  Ekii^d, 
are  as  follows: 

Hie  Crossfall  for  Tarmac  pavements  shall  be  1  in  32,  or  about  H  in  to  1  ft. 

LaytBg.  "The  Tarmac  shall  be  appBed  in  two  layers,  the  bottom  layer  consisting 
of  2H'iB  gauge,  the  top  layer  of  IH-in  gauge.  Eadi  layer  shall  be  separately  con- 
BoHdated  irith  a  roller  of  about  8  to  10  tons  in  weight.  The  surface  of  the  top  layer 
cooBoUdatlon  abouM  be  welt  sprinkled  with  ^la  material,  so  aa  to  fill  all  intersticea, 
and  again  roQed  to  complete  eonaoUdatioa  and  an  even  and  water- tight  surface,  being 
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■ftenrards  bKoded  irith  ilac  or  other,  aul table  grit  at  the  rate  of  1  ton  to  evwy  2fiO 
■4  yd  of  road  nirfao.  The  ^cIowh  of  each  coat,  tor  a  total  tUcknea  of  3  tat,  ahaO 
be  2  in  for  the  bottom  ooat  and  1  in  f or  tlie  top  coat;  the  proportiona  of  gaiign  retjuirad 
brinf  Kof2M-In.4o(l^^.»dlof  H^- 

BCalntenuce,  "It  la  racomaiended  that,  generally  spealdng,  once  during  the  fint 
12  months  after  eomptetion,  the  roadway  ahall  be  iwept  dean  of  all  aurface  mstter, 
and  painted  with  refined  tar  at  the  rate  of  aboat  7  aq  yd  to  1  sal,  and  bUnded  with 
mitaUe  dac  or  other  dilpfrinsa  down  to  dust,  at  tbe  rate  of  1  ton  to  eracy  200  yd 
of  ■uifaeeL  This  pafntfaic  ■honld  again  be  eanM  out  during  tin  thM  ymr  mUm 
eompletioB-'' 


The  methods  of  miziog  and  laying  Class  B  bituminous  ooDcretes  an 
similar  to  those  described  and  discussed  as  applicable  to  Class  A  Utuminoufl 
concretes,  except  that  hand  mixing  methods  should  never  be  employed. 
The  mixing  and  laying  of  combinatiotia  of  broken  stone,  sand  and  GUer, 
or  similar  materials,  must  be  carried  on  with  exceptional  care  in  order  to 
prevent  the  segregation  of  the  different  sixes  of  the  aggregate.  The  plants 
employed  include  all  the  machines  described  in  Art.  11.  To  secure  the 
best  results,  the  plant  should  have  a  rotary  drier,  a  puc^nill  mixer,  and, 
preferably,  storage  bins  and  weighing  devices.  For  details  of  operatiaii  of 
portable,  semi-portable  and  stationary  plants,  see  Art.  II  and  Sect.  17, 
Arts.  13  and  14.  Methods  of  laying  are  discussed  in  examples  of  coostruetKm 
given  in  this  Article,  in  Art.  12,  and  in  Sect.  17,  Art.  15,  and  are  desotibed 
in  detail  in  the  specifications  cited  in  Art.  15.  For  methods  of  constiuctiDK 
AiuKsrrs  and  Filbebtinb  pavements,  see  Art.  15. 

CoHtnwtioa  of  CUaa  B  PaTomeats  in  WasUngtOB,  D.  C  1^  Brook*  (gSb).  For 
dneripUim  of  mineral  mggnga.U»  used,  see  Art.  6. 

"The  paving  mixture  ia  prepared  in  a  abeet-aqihalt  paving  plant.  The  MDd  and 
■tone  after  being  lieated  in  separate  drieta  to  about  149°  C  (300"  F).  are  conveyed  to 
the  box  used  for  mixing  binder  stooe  where  the  hot  aaphaltic  cemeDt  and  cold  Umeatme 
dust  art  addad  and  the  ndiola  thoroly  mixed.  The  method  o(  laying  !■  rhuilnJ  in 
the  apedfleatlaaa  as  fOUowi:  The  mlxton  wUl  be  batUed  while  hot  to  the  site  of  the 
work  and  shall  be  covered  until  deposited  <m  the  street.  The  temperataie  at  the  time 
of  dumping  shall  not  be  less  than  104"  C  <220<'  F).  The  hot  mixture  diall  be  evenly 
spread  with  hot  took  upon  the  base  to  such  a  thickneas  as  will  make  a  layer  2  in 
in  thicknem  after  rolling.  It  shall  than  be  rolled  with  a  steam  roller,  wdgfatllg  not 
less  than  1  ton  per  ft  of  tread  of  rollnr  until  no  further  comFoeaiioD  occurs.  After  the 
rolling  of  the  aqthaltic  concrete  wearing  surface  has  becsi  eompleted,  there  shall  be 
spread  over  audi  surface  a  thin  eoating  of  aqihaltle  cement,  as  used  in  the  surfaoa.  not 
to  exceed  on  an  average  K  gal  to  tlie  sq  yd,  of  such  consistency  as  shall  be  ^iproved, 
which  shall  be  thoroly  brushed  into  tlie  wearing  surface  so  as  to  fill  all  voids  and  smooth 
out  any  minor  unevenness  of  the  said  surface.  Titers  shall  be  spread  over  and  rcriled 
into  tUs  Oush  coat  a  thin  layw  of  tnp  ■cnsDlngs,  ao  far  aa  pneticaUa  devoid  of  dnat^ 
in  sixe  from  H-in  down,  to  secure  a  gritty,  noa-alippery  surface. 

"The  aqthaltlc  concrete,  particularly  if  there  is  a  slight  ^eess  ot  cnMBt,  tendi  to 
sqiarate  during  the  haul  to  the  street,  the  fine  material  and  oranent  workiiig  to  the 
bottom  of  the  wsgcm.  In  cold  weather  it  is  essential  that  the  matulal  arrive  on  the 
street  amply  hot.  as  the  sUghtest  chill  ttiflens  it  and  makes  it  very  difllealt  to  qtnad 
and  rolL  For  these  reasons,  aside  from  other  coosi  derations,  motor  trucks  have  beta 
found  to  be  better  than  carts  or  wagms  for  the  hot  haul. 

"Some  difficulty  has  been  experienced  in  applying  the  flush  coat  ia  suffldeut  quantity 
to  aeal  the  surface  without  causing  the  formation  of  a  mat  which  would  cover  up  the 
st<MM  aggregate  and  produce  a  slippery  aurface.  The  specification  originally  provkisd 
for  the  application  of  a  thin  cost  of  hot  asphalt  cement.  On  several  streets  the  hot 
cement  used  in  the  paving  mixture  was  tried.  On  one  street  this  surface  was  so  objoe- 
timiable  thst  it  has  been  necessary  to  sand  it  each  summer.  The  effect  of  the  oome 
mid  ud  the  partial  wearing  off  of  the  mat  and  consequcfit  esposurr  <4  the  stope  art 


14.  Constntetion  ci  Clau  B  PuTamenti 


1 


Art.  IS  Specificatims  for  Claaa  B  Pavemoits  897 

gnduaUr  auteg  thb  BUpparinew.  After  this  experience  the  hot  appUcatloii  wM 
abudoaedforanm>hftlticemulai(m  which  b  applied  cold,  broomed  iD.uid  thencoreiwl 
with  eUps.  After  the  enporatioB  of  the  mter  and  emuUfler,  ■nunonia,  a  light 
coatini  of  asphalt  ia  left.  Thia  method  givn  the  rough  noaaic  nufaoe  which  ia  desired 
bat  it  ia  quMtiooaUe  If  than  la  auffldeot  body  of  cement  to  bind  the  flee  material  and 
effectually  seal  the  surface.  It  ia  believed  It  would  be  practtcabla  to  obtain  a  nlis- 
factory  fluah  coat  hy  appiyins  a  Ughtar  «ement  with  a  power  distributor,  such  aa  used 
in  fnii*H'!""  suiface  and  petMtrmtko  work,  and  the  ensi&eer  department  intends  to 
try  thIa  method. 

"The  avMsge  price  of  this  paveSMBt  laid  to  a  thicknw  <rf  2  in  after  oompresalMi, 
{nelodint  a  Wn  gravel  ccmcrete  base  and  grading  for  same,  has  been  11.79,  which 
Indudca  a  S-year  guarantee.    The  avenge  price  for  the  pavonent  without  base  has 
Iteeii  $0.97,  Indudtng  guanntae.   The  average  cost  of  ntaoadam  base  Itas  bem 
aaUag  coat  of  UtmBinona  conmte  pKvamant  on  macadam  base,  $l.tl." 

DetaOa  o(  Cooatniction  of  Claaa  B  BltamfaMws  Oravd  Conoeto  PaTcnnt,  built  ia 
1916  OB  the  Alaxandtia-Aecatfaik  Road,  Fairfax  Coun^,  Va„  under  the  direction  ol 
the  U.  S.  O.  P.  R-  (67d).  The  pavement  la  24  fiOO  f t  leog  and  has  an  area  of  38  MS 
aq  yd.   For  detaib  of  eonatnietioa  cost  date,  sse  Art.  21. 

Thb  AoamUTB  ctmsiBted  of  emahsd  and  acreMiad  graval;  ooana  aoiragata  pasasd 
IH-ln  and  waa  rataiiwd  on  H-in  drmlir  openliv;  tea  aggMgate  pamed  H-la  droilar 
openings,  and  contained  leas  than  S%  of  day;  onUnaiy  grmmd  Hmsatone  was  used  as  a 
filler;  waahed  Potomac  River  graval,  aeraiiied  thni  >Hi>  uhI  over  yi'hx  soreen  ma 
naad  aa  top  drwiiing  for  aeal  coat. 

MiXiMO.  The  mixing  plant  waa  of  the  atetiooary  type,  cqierated  by  steam  powv. 
The  gravel  was  excavated  by  hand,  run  thru  a  jaw  cnulter,  and  screened  to  remove 
taiUnga  before  It  was  heated.  The  heating  was  done  in  two  rotary  drums,  wood  being 
used  as  fUsL  The  line  and  coarse  aggngatea  then  wera  separated  by  means  of  a  H-ia 
screen  and  stored  in  two  bins  Immediately  over  the  mixer.  The  asphalt  cement,  having 
a  paoatratltm  of  U  at  25"  C  (77°  F),  was  heated  in  two  kettlas  supplied  with  steam 
eoQa^  and  the  mixtng  was  done  in  an  ordinary  twin  pug  miwr.  The  average  time  for 
nbdng  a  batch  was  1  min.  Aaaly^  of  61  plant  samptea  of  mix  gave  tlie  following 
avaragca;  BituoHd,  6J[%;  aggNgate  ratafasd  on  >£-in  screm,  64.6%;  aggregate 
paadng  H-in  scnan  and  retabied  on  a  aXl^iesh  sieve,  86.8%;  aggregate  passing  20(k 
meah  sieve,  8.2%. 

La  VINO.  The  bot  mix  was  dumped  from  the  trucks  or  wi^ons  onto  a  steel  duni^ng 
board  and  spread  with  hand  shovels  and  asphalt  rakes.  Then  it  was  set  by  roUing 
with  •  tii-iem  tandem  rallw  and  eom parted  to  ite  final  alutpe  with  aa  S-ton  tandara 
raOar.  Tbm  fcioae  depth  of  the  hot  mix  averaged  about  ZH-^t  ud  the  eompaeted 
depth  waa  not  leas  than  2  in.  The  tunperature  at  which  the  material  was  spread  ranged 
from  98"  to  149°  C  ^M"  to  300°  F). 

Tag  Sbu.  Coat  waa  of  the  same  asphalt  used  in  the  mix,  covered  with  pea  graveL 
The  asi^t  waa  spread  at  a  temperature  of  about  177°  C  (360°  F),  about  H  gal  per  sq 
yd  bsiBg  used.  The  pea  gravel  was  spread  at  the  rate  of  about  1  cu  yd  to  ISO  sq  yd 
of  surface.  After  the  gravel  was  spread  the  surface  was  rolled  with  the  8-ton  tandem 
nHar. 

10.   Specifications  for  Class  B  Pavements 

Mineral  Aggregate  of  Broken  Stone  or  Oravel,  Sand  and  FiUer.  111. 
State  Highway  Dept.  1917  Spectflcationa,  in  abstract. 

"  Tests  for  Broken  Stone.  The  crushed  stone  shall  be  hard  and  sound  and  shall 
have  a  coefficient  of  wear  according  to  the  Duval  test  of  not  len  than  B  when  used 
for  the  second  couree.  and  of  not  leas  than  6  when  used  for  the  lower  course  only. 
If  the  eententetion  value  of  the  stone  is  tees  then  26,  a  good  bonding  gravel  or  other 
material  satisfactory  to  the  engineer  shall  be  used  as  a  binder  for  the  lower  course  of 
■tone.  Slag  or  similar  material  may  be  used  subject  to  the  approval  ot  the  en^e^. 
All  teate  shall  be  made  in  aceordanee  with  the  methods  outlined  in  Bui.  44  id  the 
V.  &  O.  P.  R.,  Waahfagton,  D.  C. 

"  The  Size  of  Clashed  GUOBa  that  shall  be  used  is  aa  foHowa:   Brafcen  to  a 
that  win  peas  over  a  }4-in  ring  and  win  just  pea  thru  a  1  H-fai  ring,  which  Jm»  will 
hsnfeBBltar  ha  rrfemd  to  aa  l>j-in  atone.     Not  less  than  80%  nor  more  than  80% 
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of  tlib  «toM  ilwU  b«  ntaiMd  ob  a  M-tai  tins.  TO«  •tone  dnUl  bi  cImb  tmA  cMintar 
free  from  dart. 

"  Gwni  may  be  ua"d  inatead  of  tlw  liM  of  stom  daiiinatad  abore  pravidfaic  it 
eompliea  «4th  the  following  requirements  for  the  reqwctiv*  akn  ud  conoiBts  of  1mi4 
tuUerinh  maeting  the  approval  of  the  engineer:  Banging  from  a  aiae  that  wiQ  pam 
tliraalJ^^rlngaBd  wiU  pBM  over  a  H-ln  ring,  which  alxc  will  beninaftM-  be  refemd 
to  aa  l}^-fn  gnveL  Not  lee*  than  26%  nor  more  than  ^b%  ahall  be  retained  on  a  H->> 
ring  and  at  Imt  80%  of  the  gravel  ahall  be  ouabed  materiaL  Gravel  defieicftt  ia 
crushed  material  may  be  uaed  mixed  with  ouabed  etone  when  approved  by  tlw 
engineer.    All  1  H-in  gravel  shall  be  tntirely  free  of  dust,  day,  loam  or  organic  inattB. 

"The  following  stae  of  gravel  shall  be  used  ob  all  eoatraelB:  Ranging  from  a  ne 
that  win  pasa  thru  a  }i-ln  ring  and  graded  to  tee  nnd,  wtaleb  aiae  will  hereinafter  be 
referred  to  aa  grit  aand.  Not  lesa  than  40%  nor  more  than  8D%  ol  the  grit  aand 
aluUl  paaa  thru  a  20-meah  rieve.  It  ahall  conaiat  of  hard  gnbw  atkl  ahall  not  mrtafa 
mofe  than  2%,  by  dry  wdght,  of  clay  or  organic  mattv. 

"  The  Filler  used  in  the  bituminoua  concrete  ahall  ba  a  Portiaiid  eeaMit,  Itiiiiialiaiii. 
or  aitica  ground  to  a  fine  duat,  at  leaat  76%  of  which  will  pa«  a  200-aNah  wkm,  ami 
at  leaat  &6%  of  which  will  pa«  a  6(MBeBh  sieve. 

"  The  SecOBd  Coarae  ahall  eonabt  of  l}44n  ataae,  giit  sand  and  ffllar  iridch  have 
been  mlzod  with  the  Mtumfaiatia  material  in  a  suitable  pow  mbar  at  tiw  tanpcratars 
prescribed  by  the  engineer. 

"  Bituminous  Aggregate.  In  order  to  obtain  a  dEmae  concrete,,  the  lHAa  stooe, 
grit  aand,  filler  and  bituminous  binder  ahall  be  uaed  in  the  pnq)ortiona  required  1^  the 
oigl&eer,  but  unless  otherwiae  instructed,  tile  contractor  shall  mix  the  Mone  and  the 
grit  sand  In  the  ratio  of  2H  cu  yd  of  atone  to  1  cu  yd  of  aand,  and  they  diall  be  thoroly 
mixed  with  160  lb  of  filler  per  cu  yd  of  stone,  and  not  leaa  than  80  nor  more  than  31 
gal  of  the  Utumisoua  material  per  cu  yd  of  atone,  ^ould  the  bituminoua  binder 
meetittg  the  requirements  of  apedfieaticais  A  contain  lea  than  95%  ot  bftumsD,  then 
enough  binder  shall  be  used  to  furnish  not  less  than  80  nor  more  than  83  gal  of  the 
Uturaen  per  cu  yd  of  stone,  and  the  quantity  of  filler  used  ahall  be  decreased  to  the 
amount  required  by  the  engineer,  lie  vt^laea  shall  be  psmdtted  to  take  aamplas 
of  tiie  UtuminouB  aggregate  at  any  time  to  detarmfam  if  the  materiah  hava  beam  nfand 
hi  the  required  pn^iortitms. 

"  Seal  Coat.  After  rolling,  a  seal  coat  of  H  to  H  K>1  of  the  Utnminoua  bipder 
shall  he  4>pUed  at  the  tempovture  preacribed  by  the  engineer.  It  absD  be  covered 
immediately  with  Just  enough  grit  sand  to  prevnt  it  from  staddng  to  Tfhrnls.  and  then 
roUsd.  The  road  shall  be  allowed  to  stand  for  at  hast  H  day  bafora  bring  opsnad 
totraflte." 

Mineral  Aggregate  of  Broken  Stoaa,  Slag  or  Grarel  and  Pillar.  W.  Va. 
State  Road  Comm.  1917  SpeciflcAtionB,  in  abstract. 

"Aggregates.  The  fine  and  coarse  aggregatea  shall  comdrt  of  mproved  stocw, 
dag,  or  gravel  paaaed  thru  a  stone  crasher  and  crushed  so  that  all  partldea  will  pav 
a  aereen  having  drcutar  openings  l^i  in  ia  diameter.  The  product  of  the  cnaber 
shall  be  paased  over  a  screen  having  dreular  openlRgs  K  in  In  diameter  ssd  that  part 
of  the  product  which  psssea  this  acreen  ia  designated  fine  aggregate,  while  that  part  of 
the  product  which  (ailB  to  paaa  a  344n  screen  is  called  coane  aggregate.  The  coaiaa 
aggregates  shall  not  waitain  an  appredable  amount  ot  day,  loam,  or  aril,  and  the 
fine  aggregate  diall  not  contain  mors  than  G%  by  wco^t  at  sodi  matetiaL 

"  FtUer.  The  flUer  shall  consiBt  ol  limestone  dust  or  Portland  cemoit,  and  shall 
be  of  auch  flneneas  that  aU  will  pa«  a  80-mesh  aievt  and  not  leaa  than  66%  wiQ  paaa 
a  ZOO-mesh  aieva. 

"  Mixing.  The  Utumlnoua  cmicreto  shall  consist  of  from  40  to  60%  by  weight 
of  coaras  aggregate,  from  80  to  46%  by  weight,  of  fine  aggregate,  from  S  to  6%,  fay 
weight,  of  filler,  and  from  6  to  8%,  by  weight,  of  bituminous  material,  the  exact  pcs> 
GsntagM  of  each  to  be  furnished  by  the  engineer  from  time  to  time  ss  the  work  pro- 
greeses.  The  fine  and  coarse  aggregate  may  be  mixed  together  in  approximately 
designated  proportions,  and  ahall  be  heat«d  in  a  rotary  drier  to  a  temperature  of  149* 
to  177*>  C  (800°  to  360°  F),  and  when  still  hot  ahall  be  separated  faito  sixes  desisted 
for  fine  and  coarse  aggregates,  the  fine  aggregato  and  coarse  aggregate  paadng  into 
aqMrate  Una.   From  these  Una  and  before  the  aggregates  have  materially  coded. 
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the  required  unoust  of  «ach  Mcnc*Ce  for  a  bfttdi  bImU  be  dropped  into  ma  approved 
mixer.  The  required  UMunta  ot  filler  and  bot  UtumiiioiHi  maUrUd  shall  then  be  added, 
and  tina  wbote  thocoly  mixed  until  all  parttdaa  ot  the  aureate  are  coated  with  tba 
Utunifaioui  matHlaL" 

Amieeito  PaTemeat:  Peno.  State  Hi^wty  Dept.  1917  Speciflcatioiis. 

"Aaphalt  The  aqthalt  ueed  in  this  type  ot  pavement  ahall  conform  to  the  foUowInf 
vedficationa:  S^pecUtc  gravity  not  lew  than  l.OO;  aohibility  in  carbon  diaulpUde  not 
itm  thaa  99%;  panetratlon  at  26"  C  (7T"  F),  100  c>  B  aee,  Dow  Bwtfaod,  not  graatw 
Ouui  ITSaBdnotlcMthaa  12&,aDdaftwheatiiw5hratl«SOC^6'>F),a«K«aampl» 
ahall  ahow  a  panatratitn  at  26'  C  (77*  T),  100  k.  6  aee,  Dow  method,  not  kaa  than 
50%  ol  the  ori^nal  pawtntloii;  the  ductiUly  at  60  penatiatiaB  rfiaU  be  not  Imb  than 
60  em. 

K  lUnend  Aoreiate.  Uinml  agmcata  for  the  bottom  eoiuw  ahall  ba  dean, 
emahad  roA  ot  approved  quaB^  run  of  erueher  paainc  a  2^  amen  and  being  retained 
on  a  ^-in  aereen,  free  from  for^cn  materlala.  The  French  coeffldent  of  wear  ahall  be 
not  leas  than  12.  Hlnerul  asKregate  for  the  top  coune  ahall  be  ainUar,  except  dmt 
all  of  it  ahall  paae  a        aereen  and  be  retained  on  a  H-ia  aeraen. 

"Knar.  The  flOar  ahall  be  dean,  cniahed  rode  acreeninsi  of  mfiptmti  qnaUty. 
■11  paming  a  H-^  eeiwB. 

"  Ifudng.  The  mioeral  aggr^ceta  ahall  be  treated  with  a  Uqn^er  to  make  the 
aaphalt  adhere.  The  aqihalt  heated  to  approximately  186°  C  (275°  F)  then  shall  be 
milled  and  after  the  mlutnil  aggregate  ta  coated  tboroly,  ground  oxide  .or  hydrate  of 
UmeshaO  be  added.  The  ingredieBta  r^errvd  to  above  shall  be  mixed  in  the  foHowinc 
yrupovtlana: 


"  Unloading  Soiface  **iTti.M  When  neceeaary,  the  Amictfte  may  be  steamed  to 
fadliUte  it*  unloading  from  can.  Steam  preaaure  ahall  not  exceed  16  lb  to  the  aq  in 
mnd  the  Amioaite  ahall  not  be  steamed  more  than  16  mln  in  any  one  place.  This  work 
ahall  be  done  under  the  supervision     the  inspector  in  charge. 

"  I>« livery  of  Surface  Mixtares.  AmleaitoaurfadBgniateiiala  shall  be  delivered  upon 
the  work  in  tight  vehiclea,  cleaned  previonaly  ot  all  foreign  materials.  The  surfadng 
jf^ttaimU  sball  be  unloaded  from  the  wagtms  up«Ki  Iron  aheeta  or  boards  at  such  dia- 
tanca  from  the  ptnnt  of  q>readlng' that  all  the  mixture  will  be  turned  comidetaly 
in  diatributing  It  to  place.  The  dispatching  of  veUelae  ahall  be  arranged  so 
that  aH  raatwla)  deBvwed  may  be  placed  and  ehall  have  neelvad  Initial  roiling  In 
dwUght. 

"  Placing  Wearing  Sufface.  The  bottom  eourae  ahall  be  apread  in  a  uniform  hiyw 
of  not  leaa  than  2>i  in  in  depth  when  meaaured  loose,  uaing  blocia  or  atripa  to  insure 
an  even  diatribution,  and  Chen  rolled  thort^y.  If  any  depresdons  appear  they  ahall 
be  filled  with  Amieatte  and  rollad  until  the  surface  is  even  and  to  the  grade  deatred. 
Attar  this  preUminaiy  roUhtg  the  top  oourae  ahall  be  apidled,  not  lees  than  1  In  In 
depth,  looee  Bsaaaunment,  and  raksd  to  an  even  depth  ao  as  to  cover  the  undertying 
bottom  course  and  fill  the  voids.  The  bottom  conne  in  no  case  shall  be  spread  more 
<  than  300  ft  In  advance  of  tlie  top  course,  nor  more  than  60  ft  of  the  bottom  course 
ahaU  be  left  nacovered  during  the  n^t.  The  total  canpremed  dqith  of  flulabed 
Amiadte  surface  shall  be  not  lesa  than  2  In. 

"  Condltlime  for  Placing.  No  Amieaite  shall  be  qnend  what  the  road-bed  contains 
deprsHleBB  holding  water.  The  Amieaite  shall  be  kept  dean  at  all  thnes.  Dirt  or 
otlier  foreign  material  shall  not  be  allowed  to  mix  with,  under,  or  MI  the  Amiedte 
wUle  being  unloaded  from  cara,  spread  and  rolled.   Should  tlte  bottom  ooonM  become 


Bottom  Course 


Top  Courae 


Minenl  aggregate. 

FUtsr  

Aaphalt  

Lime  

I/iquiflw  
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coftted  or  pvtly  co«t«d  with  dust  or  dirt  before  th«  top  couiM  tut  be  apptwd.  the 
put  thai  coated  nhal]  be  swept  and  then  given  ■  UghC  ■ppUatton  of  UtuminouB  cement 
that  csD  be  applied  from  a  sprinklinB  pot  so  cooatrucCed  that  a  thin  and  unifonn 
application  can  be  made  easily. 

"  RolUnx-  Aftar  the  top  coune  has  been  opiead  evenly  to  Kiade,  the  euifaea  nil  ill 
be  rolled  with  a  power  roller  of  at  leaat  8  tool  wufht  until  the  material  is  compacted 
thoroly  and  ceaaea  to  creep  in  front  of  the  roller.  The  ndUng  shall  start  from  the 
aide  Uuea  of  the  street  or  road  and  work  toward  the  center.  Care  shall  be  taken  that 
the  shoulders  are  firm  and  aoUd,  as  otherwise  the  surface  mixture  wiQ  iron  oat  to  a 
feather  edce  and  crack.  No  rolling  ahall  be  done  unless  the  AnMta  is  frae  tnm 
water.  The  road  shall  be  rolled  also  diagonally  and  transvenely,  the  amooat  d  tbsae 
rollings  equallinc  tlie  longitudinal  rolUng. 

"  Surface  Finiafa.  After  this  rolUnc  is  flniahed,  approved,  dean,  dry  mnd  or  ap- 
proved fine  atone  screenlngi  paoilng  a  >i-in  screen  ahall  be  q>read  in  a  thin  layer  and 
ndtad.  The  road  dien  may  be  thrown  opm  to  trafflc  The  ""'■'^  aorfaee  ahaU 
eoofoim  with  the  giadt  and  eroai  aoctfana  sivco." 
nibertiae  PsTMnrat:  Pann.  Stat*  Hishwsr  Dept.  1917  Spedflcatimii. 
"Asphaltic  Cameat.  The  aaphaltie  omieiit  shall  be  known  as  R.  Y.  FUbert'a  Im- 
proved Waterproof  Ftlbertlne  Paving  Cement  and  shall  omnply  with  paragraphs 
168  and  169.  Tba  panetration  of  the  eaphaltte  eeneiit  100  g.  6  sac,  26°  C  (77*  F), 
ahall  be  60  to  86,  aa  dlreetwL 

"  ConvoBitkm  and  Pmpantlaa  of  Hiztiira.  The  mtattral  a|p«(«ta  in  tba  FIHwrtlM 
mixture  shaO  be  compoaed  of  sound,  hard,  otidied  trap  nA,  having  a  Fren«fa  e^ 
efficient  of  wear  of  not  lees  than  12,  <^  other  approved  stone  having  a  French  coefficient 
of  wear  of  not  less  thao  10;  sand  such  aa  required  for  aaphaltie  wearing  aurtaee  mix- 
ture, paragraph  160;  and  atone  dust  or  Portland  eement,  which  shall  foe  combined  with 
the  aaphaltie  cement  within  the  following  proportiotui  beat  suited  for  —"-g  a  dense 


"  DelireiT  of  Surface  Mixture.  Fflbertine  mixture  shall  be  delivered  upon  the 
woriE  In  tight  vbUelaa  piwioualy  ctoanad  ot  all  forelgB  nmtBrialB.  The  vaUdaa  ahall 
be  covered  witii  canvas  mfllGlent  afaa  to  protect  the  entire  load  and  shall  be  dis- 
patched so  that  all  materials  delivered  may  be  placed  and  shall  have  received  Initial 
eompreesion  in  dayligb  . 

"  Pladng.  The  mixture,  on  reaching  the  wn'k.  ahall  be  deposited  outside  of  the 
area  on  which  It  Is  to  be  spread  and  tlm  shall  be  spread  on  the  prepared  foandatka 
by  aultabia  maana  to  proper  depth,  the  whole  o<  the  mixture  being  tuned  eomplatalr 
in  distributing  to  plsoe. 

"  Rolling.  Initial  compreseion  ahall  be  effected  with  a  tandem  power  roller,  weigh- 
ing approximately  23^  tons,  having  a  main  roll  of  such  width  aa  to  give  a  compreasiaB 
of  amtroximately  126  lb  per  in  width  of  tread,  and  final  compression  shall  be  effected 
irith  a  power  roller  of  at  leaat  8  tons  weight.  The  rolling  ehall  indude  complete 
tranaverae  and  an  equal  amount  of  longitudinal  rollings  and  two  diagonal  ndlings  ap- 
proximately at  right  anglea  one  to  the  other.  Hot  iron  tampera  shall  be  used  where  the 
roller  cannot  be  used.  The  rolling  and  tamping  shall  be  continued  untU  the  resul- 
tant wearing  surface  is  eomprened  thoroly  and  ki  daoae,  aUghtly  sAaatic^  linn  witltont 
brittlenees,  and  durable.  The  wearing  surface  as  thua  eoBMnietad  shall  han  a 
depth  of  not  less  than  2  in  after  ulUmato  compression. 

"  Seal  Coat  Immediately  after  the  initial  rnmprnalnn  sad  wldle  the  surface  fa 
atiU  hot,  a  prepared  aeal  eoat  ahall  be  applied  uniformly  and  in  sodi  a  as  to  flD 

thoraly  all  the  surface  voids  In  the  Fiibertine  mixture  and  not  to  leave  a  coating  of 
more  than  ^  In  on  the  surface  of  the  pavement.  The  seal  coat  mixture  shall  conijst 
of  finely  graded  aand.  aa  required  for  aaphaltie  wearing  surface,  paragfiq^  100,  coated 
with  9.6%  to  10.6%  of  bitumen  by  weight.  Ai«>haitic  cnmant  aa  pranritNialy  spwdfM 
shall  be  used  in  the  ami  coat  mlxtun.   The  ndjdng  ahaU  be  dme  In  a.  saiteUe  ta^ 


ralxtura: 


Bitumen  

FUler,  BtMie  dust,  or  PoTtiaod  eement. 

Stime,  H-bk  hard  cruahed  

Sand  

Otbor  Ingredients  


not  more  than  1% 


.6te  8% 
.4  to  6% 

.66  to  60% 
80  to  36% 
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^■tiMiilMl  mixer.  The  awl  oMt  mirtnre  ahkll  be  rolled  at  once  and  thorol;  into  the  Fil- 
botin*  mistun  ao  as  to  form  a  parfect  bond  and  tlw  finished  suifue  ahall  be  firm 
ud  tnw  to  crown  and  croaa  ■oetiona." 

16.   Construction  of  Class  C  Pavements 

The  mathodfl  of  mixing  bitumiiious  concretes  of  Class  C  vary  to  &  marked 
d0fp:9e  on  account  of  the  radical  diSerences  in  the  characteristics  of  the 
mineral  acp^egates  and  the  products  of  bituminous  concrete  which  are 
included  in  this  classification. 

Toptka  and  Bitoilag  PaTemeste.  The  methods  of  mixing  and  laying 
are  similar  to  those  described  in  Art.  14  as  applicable  to  the  construction 
(rf  Class  B  pavements.  As  the  maximum  siie  of  the  mineral  aggregate 
used  in  the  Topeka  mixture  passes  a  H-in  screen  and  the  maxitnum  sixe  of 
the  slag  aggregate  of  the  Bitoslag  bituminous  concrete  passes  a  ii-in  screen, 
and.  furthermore,  ss  the  general  composition  of  the  aggregates  are  some- 
what similar,  the  methods  of  construction  of  these  pavementsmay  be  identical . 
To  secure  the  best  results,  the  mixing  plant  should  have  a  rotary  drier, 
a  pug-miU  mizw,  storage  bins  and  wei^iing  devioea.  In  ordw  to  readily 
secure  uniform  mixtures  of  bituminous  concrete,  the  plant  should  have 
a  screen  by  means  of  which  the  aggregate  may  be  separated  into  fine  and 
coarse  aggregates,  deposited  into  two  bins  and  separately  weighed.  For 
details  of  operation  of  portable,  semi-portable  and  stationary  mixing  plants, 
see  Art.  11  and  Sect.  17,  Arts.  13  and  14. 

Latino.  Methods  of  laying  are  discussed  in  the  examples  of  construc- 
tion given  in  this  Article,  in  Art.  12,  and  in  Sect.  17,  Art.  15,  and  are  described 
in  detail  in  the  specifications  cited  in  Art.  17. 

Skal  Coatb.  Practice  varies  relative  to  the  use  of  seal  coats  on  Topeka 
pavements.  The  efficiency  of  seal  coats  depends  mainly  upon  the  kind  of 
aggr^^ate,  and  the  amount  and  character  of  the  traffic.  Based  on  service 
tests,  it  does  not  appear  that  Bitoslag  pavements,  which  have  a  finer  aggre- 
gate than  Topeka,  require  bituminous  seal  coats.  Generally,  it  will  prove 
economical  to  use  seal  coats  on  Topeka  pavements  subjected  to  horse- 
drawn  commercial  traffic  as  the  blows  from  horses'  shoes  may  dislodge  ^ 
to  H-in  particles  of  aggregate  in  the  surface  of  the  pavement.  In  cases 
where  gravel  is  used  for  the  coarse  aggregate,  it  is  always  advisable  to  use 
a  seal  coat  to  prevent  the  particles  of  gravel  from  pitting  out.  Seal  coats 
on  Topeka  wearing  courses  should  be  thin  and  uniform  in  amount.  The 
method  of  application  must  be  varied  to  suit  the  characteristics  of  different 
kinds  of  bituminous  cements.  For  example,  a  tar  cement  can  readily  be 
applied  by  hand-drawn  gravity  or  pressure  distributors  or  pouring  cans  and 
further  distributed  by  brooms,  mops  or  squeegees,  whereas  some  asphalt 
cements  used  with  Topeka  aggregates  would  require  mixing  with  a  fiux 
before  rt  would  be  practicable  to  distribute  them  in  as  small  an  amount 
BB  ^UiH  eat  per  sq  yd.  These  seal  coats  are  completed  by  a  thin  applica- 
tion of  coarse  sand,  fine  gravel,  or  stone  chips,  which  is  thoroly  rolled. 
Topeka  pavements,  which  are  not  finished  with  a  seal  coat,  and  Bitoslag 
pavements  are  completed  by  the  application  over  the  thoroly  rolled  wearing 
course  of  a  thin  dressing  of  Portland  cement  or  other  fine  mineral  matter. 
Topeka  pavements  thus  finished  have  proved  satiijfactory  when  subjected 
to  traffic  composed  mainly  of  motor  vehicles. 

Fera  lor  I>ailr  Keport  on  Modified  Topeka  Mixture  by  Mullen  (49b},  giving  dau 
nUtfvB  to  am  sample  taken  during  the  oonatnietion  of  the  St.  Angoatln-Quabae  Road 
In  the  ProviDca  of  Quebec,  Can. 
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Topaka  Tax  Concrete  pBT«maats  by  Shaiplea  (69).  "In  nttaboi:^  Pk.,  manr 
streets  were  Isld  from  1890  to  1S98  under  the  njune  of  VuJeanite  pavement,  uring  coal 
tar  pitch  or  a  mixture  of  coal  tar  pitch  and  asphalt  aa  a  bitumlnoua  centoit.  The 
tninaral  aggrefate  varied  greatly  in  diffmnt  atieeta  but  might  be  aaid  to  (oUow  in 
goBcral  the  Topeka  mix.  L^ng  Am  b  an  example  of  the  true  Topaka  mix  and  wm 
lBldiBl89Z.   The  onnentuaed  was  WC  (120°  F)  meltiiigpobiteodtai'pitA,  about 
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80%  free  carbon,  with  lonie  small  percentacfl  of  Trinidad  a^halt.  Tha  atraat  b  reai- 
dantlal  with  a  raoideiitial  atraet  tnlBc  and  would  be  daawd  as  in  good  condition  at  tbe 
ptMmt  time  (1914),  with  only  nomioal  rcfwira  during  Ita  22  yean  ol  uae. 

"  Much  of  the  early  tar  concrete  work  in  New  Ea^and  lumiiililia  doaely  Top^a  mix 
with  tbe  eraahed  stone  replaced  by  pebbles.  The  foUowteg  ai  imiiIih  analyBM 
of  Epical  New  England  taivconireta  sands  show  that  wida  In  Hawton  and  Brighton, 
M««.,  fall  within  the  Topeka  ipedflcatltm. 


Hineial  Aggregate 

Topeka 

Newton 

Brighton 

6  to  11% 
18  to  80% 
26  to  56% 

8  to  22% 
ba  than  10% 

4.9% 
24,8% 
56.0% 
12.4% 

2.9% 

5.0% 
18.5% 
64.8% 
IT.1% 

4.6% 

"Tbm  percentage  of  tar  osnunt  used  ia  New  Ea^and  Is  usually  laiger  than  called  iot 
In  the  Topeka  apedAcation.  The  eatact  amount  to  varied  to  mdt  the  particular  sand 
used,  but  often  runs  as  high  as  12%.  It  was  beUeved  that  a  large  excess  provided  a 
icaerroir  of  tar  eement  which  was  drawn  upon  as  needed.  It  would  seem  from  more 
recent  work  that  a  smaller  percentage  of  refined  tar  In  the  mix  with  provisioB  for  seal 
eoats  as  needed  would  be  more  economical  in  the  long  run.  Based  upon  this  piindfrie, 
wortc  has  been  done  with  as  little  aa  6%  cement.  With  thto  small  percentace,  it  hM 
been  definitely  proved  that  a  seal  coat  protection  to  a  necessity.  Eight  pereeat  would 
seem  to  be  a  better  starting  point,  and  modifieatlona  in  the  percmtaga  should  be  made 
to  suit  local  emditions. 

"A  study  of  succeates  and  fidlures  in  'New  England  tar  concrete  shows  that  Uie 
requidtea  for  success  In  using  coal  tar  cement  in  Topeka  mix  are: 

1.  Carefully  prepared  foundations  with  due  attention  to  drainage. 

5.  Suitable  sands.  Either  too  ffaie  or  too  eoarae  sands  are  to  be  avdded.  A  durp 
aand  gives  better  nsulta  than  rounded  grains  and  a  minml  aggn^te  wUch  has 
structural  strength  in  itself  is  to  be  aimed  at. 

8.  A  carefully  prepared  straight-run  coal  tar  cemott  with  a  melting  point  88°  to 
49°  C  (100°  to  1S0«  F),  H-in  cube  method  In  watM-,  varied  to  ault  traffic  ooadltiona 
and  looJ  mineral  aggregate  avmlable. 

4.  C^areful  hun^iHtig  of  the  eoal  tar  cement.  Coal  tar  oement,  like  other  bitmninoas 
materials,  to  eraHy  changed  by  heating  to  a  Ugh  temperatare  or  by  holding  a  long  time 
at  a  comparatively  low  temperature,  104°  C  020°  T),  in  open  kettles.  Refined  tar, 
mineral  aggregate,  and  the  mix  should  be  kept  at  or  near  104"  C  (220"  F).  Thto  point 
must  be  especially  Insisted  upon  whm  high  melting  point  materials  have  previously 
been  used. 

6.  Expert  supervision  ia  Just  as  eaential  as  in  all  other  pavi'.g  work.  The  exact 
method  best  for  local  handling,  the  exact  percentage  of  bitumen  required,  the  correct 
im)|M>rti<m  of  minerml  aggregate,  are  mattera  requiring  judgment  and  experience." 

KtaUtlile  and  Wamnite  PaveiMiitt.  The  methods  of  operatins  Bitu- 
Uihia  and  Warrenite  planta  for  the  manufacture,  respectively,  of  Bitulithic 
and  Warrenite  bituminous  eoiuffete  mixtures  are  fully  described  ia  Art.  11, 
and  are  discussed  in  Art.  7.  Methods  of  mixing,  layii^  and  finishing 
Bitulithic  bituminous  c<Hieretee  are  covered  in  the  requirementa  of  the 
specifications  cited  in  Art.  17,  and  described  in  examples  of  construction 
^ven  in  this  Article. 

DetsUs  of  Constnictioo  of  BitnllUc  WTemenf  in  Pterce  Coun^,  Wash.,  by  VUts 
CT2).  "Tbs  pavement  haa  a  2-in  Bitulithic  top,  16  ft  wide,  containing  49  878  sq  yd. 
laid  on  a  Ma  1:S;6  concrete  base,  with  6-in  concrete  curbs.  The  coat  to  the  County 
was  91.446  per  sq  yd  divided  as  follows:  Subgrade  and  extras.  Including  curbs,  23.4 
ents;  eoncrete  base.  60  cents;  Bitulithic  top,  68.6  cents. 

McQNO.  "In  the  GoaatruetloB  ol  thto  worit  a  one-ear  asphalt  plant  was  used  by 
lihw^itg  Vba  ssnd  Ua  into  lour  coaipartmsnts.  tha  plant  consisted  of  a  rotary  dn». 
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to  beat  the  nnd  utd  rock,  <dl  being  uaed  for  fuel,  etenton  to  Uft  It  into  the  elevated 
amm  and  aaparate  It  Into  tke  different  wiatm,  ud  tbe  bins  iato  whidi  the  mad  and 
roek  imiiil  after  iiiaiiilin.  tboa  wan  three  kettlta,  TiMtad  bjr  coal  and  atavaa  of  tiit 
bamh  that  <y?ntntw^  BltuHthic  eement,  in  whfdi  tbe  KtuUtUe  eamnt  was  h«ted,  a 
— IfhitH  machine  havini  a  scale  of  nvn  hnami.  and  welchinf  platform,  bucketa  and 
nrixing  bo  zee.  The  crushed  rode  and  aaad  were  eeparately  pikiid  near  the  end  of  the 
rotary  drum.  A  two-hone  scraper  was  used'to  biins  the  rock  and  sand  to  the  elevaton 
where  they  were  shoveled  into  tbe  elevators  which  empty  into  the  beatinc  drum.  It 
took  about  4  mln  from  the  time  the  ao'^cate  started  in  tbe  drum  to  reach  tlie  bin. 
The  rock  was  heated  from  11<°  C  (240°  F)  to  121°  C  (260°  F).  After  leavinc  the  dram 
the  agpegate  was  Ufted  onto  the  aenens  whldi  sqwratad  it  Into  fonr  riui.  paamig 
into  as  many  bins.  No.  1  bin  contained  acpesate  psasinc  lO-meah;  No.  2  bin  con- 
tained  sgK''egat«  paasins  H-*^  acnea  and  retained  on  ICVmcah;  No.  3  bin  paaainK  yi-ia 
screen  and  retained  on  ^-io;  No.  4  bin  paaeinc  14^-in  screen  and  retained  on  H-in. 
Tbe  foUowlnc  propwttona  wen  lenerally  uaed,  tho  anne  little  variation  waa  mad*  to 
fit  dlfferatt  materiab:  816  b,  No.  1  bla;  90  lb.  No.  2  Un:  140  lb.  No.  S  Un;  440  lb. 
No.  4  bin;  and  16  lb  of  duat  ilnar  than  20O4neah.  This  made  1000  lb  (rf  aBR|nt«,  to 
which  was  added  88  lb  of  Bitulithic  cement  heated  to  121°  C  (260°  F).  Tboe  materiak 
were  carefully  weighed,  passed  into  a  twin  pug  mill  and  thoroly  mixed  for  about  1  nin 
40  aec,  and  then  dumped  into  a  wagon  which  stood  undemeaUi  to  receive  it. 

Layiho.  "It  waa  hatiled  by  teams  and  dumped  onto.tha  atnet,  diovded  over  untO 
it  was  about  the  tUdmeaa  lequirea,  rated  to  as  amooth  a  mrfaee  as  ponAfc.  It  waa 
then  rolled  with  a  10-ton  roller  until  thoroly  smooth  and  no  appreciable  comprcuulon 
appeared,  and  It  did  not  creep  under  the  roller.  If  any  low  places  developed,  a  little 
roon  material  was  put  on  to  bring  it  to  the  required  grade  and  thickness.  After  it  was 
rolled,  a  squeegee  car  was  used  to  spread  the  Bitulithic  cement,  which  was  heated  in 
kettles  on  tbe  street,  and  the  top  was  thoroly  coated  mth  the  Bitulithic  cement,  ntSat 
approximately  Hs^^  Per  sq  yd,  and  then  covered  with  hot  aereenlngs  from  the  No.  1 
bin  with  a  Uttle  excess  ssnd  and  put  on  by  a  sand^readlng  machine  using  mpprox- 
imately  25  lb  per  sq  yd.    The  pavement  was  th«i  thoroly  rolled  with  a  10-ton  roller. 

Orcanization.  "The  force  required  at  the  plant  and  the  wages  paid  were  am 
follows: 

1  superintendent,  fumlahed  by  tlie  patwitees   9200.00  per  month; 

1  foreman   100.00  jta  month; 

4  feedeia,  3  using  shovels  and  1  a  hoe,  to  teed  the  aggre- 
gate into  the  elevatwa;  1  drum  flmnan;  1  boiler 

man;  1  faopper  man;  1  mizar  man;  sad   Z.GOper  day; 

1  team  ,   6.(KI  per  diur; 

1  night  watchman   8.00  per  day. 

From  3  to  13  teanu,  costing  86  per  day,  were  used  to  haul  the  material. 
"The  street  force  waa  as  followfl: 

1  foreman   84 . 00  per  day; 

1  roller  man   8 . 60  per  day; 

1  man,  deuiing  pavemoit   2.2Sperdsy; 

I  wagon  dumper;  1  tamper;  6  shovelets;  2  rakera; 

2  squeegee  men;  eadi   2.60  per  day. 

Warrenite  Constiucted  with  Oyster  Shell  Aggregate  {27c).  "An  interesting  example 
of  the  use  of  a  bituminous  surface,  using  oyster  shell  aggregate,  may  be  seen  on  tbe 
Beckwith  Neck  Road  eonnecting  Cambridge  and  Hillapoint  in  Dorchester  County,  Md. 
The  stretch  of  road  improved,  located  about  1  mile  beyond  the  town  trf  Cambridge,  was 
laid  in  five  continuoua  seetttms,  each  aection  containing  a  different  mixture,  ea  followai 
(1]  Whole  shdb^  crushed  abells  and  Utumen;  (8)  whole  sheila,  crushed  didla,  nnd  and 
Utumra;  (3)  whole  sttella,  sand  and  bitumen;  (4)  crushed  sbelb,  sand  and  Utuinen; 
(&)  beach  gravel,  screened  and  graded  with  coarse  sand,  fine  sand  and  Utumm,  a  dwek 
for  use  In  determining  the  relative  wear.  The  type  of  bituminous  concrete  fal  known 
as  Warrenite  and  the  surface  waa  mixed  and  laid  by  the  Warren  Brothers  Co. 

"Thia  surface  waa  Ud  In  tbe  early  summer  of  1911.  When  inspected  in  Oct  191S. 
tlie  general  condititm  of  the  surface  was  found  to  be  good.  In  tbe  sections  when  vdiole 
shelli  were  uaed  some  of  the  whole  shells  which  were  near  the  aurfaee  witii  thslr  fiat 
sides  up  wen  eracked.  The  most  satistactory  section  waa  the  one  in  which  aheD, 
cruahed  to  pass  a  1-In  ring,  nand  and  bitumen  were  used." 
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Topeka  Pavement,  Am.  Soe.  Han.  Imp.  1917  Spedflcations.  For  speci- 
fications for  subgrade,  drainage  and  foundations,  see  Art.  4.  For  speci- 
fications for  mineral  aggregate,  see  Art.  8. 

"  OencnL  On  tbe  foundation,  m  heretofore  qiedfled,  shftll  be  laid  the  Utuiaiiioui 
concrete  iwiIiiil  nirfsce,  which  shall  condat  of  a  mineral  aggregate  mixed  with  bitu- 
minouB  cement  and  laid  as  hereinafter  specified. 

"  Tbia  wearing  surface  shall  hav4  a  thickn w  of  inches  after  tboro  comprenian 

with  a  roller.  For  heavy  traffic  a  thickness  of  2  in  is  auAdent  tor  all  practical  pur- 
poeee  and  In  some  caaee  will  afford  more  stabiU^  than  a  greater  thickneas.  For 
moderate  and  light  traffic  1 H  in  will  be  suffldent  thldaw  for  tie  wearing  auiteoe  when 
laid  on  a  well  constructed  base  as  specified  above. 

"  Method  of  Mixing.  Tbe  ^grc^ate  shall  be  dried  and  heated  In  properly  designated 
driers  before  mlxtnc  with  the  bituminous  cement.  The  driera  shall  be  of  Uie  revolving 
type,  thoroly  agitating  and  turning  the  materials  during  the  proceae  of  drying.  When 
the  aggr^te  b  thoroly  dried  and  heated  to  a  temperature  of  from  98'  to  177°  C 
(200°  to  860°  F)i  depending  upcm  tbe  bituminous  oemmt  used,  it  shsU  be  immediately 
before  coaling  or  eapoaura  to  moisture,  raized  with  the  hot  UtuminouB  cement  as 
hereinafter  specified.  If  sbHie  dust  Is  used.  It  shaD  be  introduced  direcUy  into  the 
mixer  without  passing  thru  the  drier.  The' bituminous  cement  shall  be  melted  in  a 
tank  arranged  so  the  heat  can  be  property  and  easily  controlled  and  regulated.  When 
melted  and  raised  to  a  temperature  of  from  98°  to  177°  C  (200°  to  S50°  F).  depending 
on  the  Utaadnoos  eonent  used.  It  shall  be  combined  in  the  proper  proportiona  with 
the  hot  aggregate  tad  immediately  mixed  in  «  properly  dasl^ied  revolving  mixer 
untD  a  thoro  and  intimate  mixture  of  the  ingredients  has  been  accompUsbed  and  the 
portides  composing  the  aggregate  are  evenly  and  thoroly  coated  with  the  Utnmlnous 
ceoMnt.   The  mixer  shall  not  be  exposed  direcUy  to  the  action  of  fire. 

"  Method  of  La^g.  While  still  hot  from  the  mixer,  the  paving  mixture  shall  be 
qiread  evenly  on  the  foundation  with  hot  Iron  rakes  and  shovels,  so  that  when  com- 
pressed with  the  roller  it  shall  have  the  thidtneas  specified,  with  the  surfsce  ev«i  and 
true  to  grade.  Along  the  curb  and  around  manholea,  catdt-basins  and  other  obstruo- 
tions  in  the  street,  where  the  roller  cannot  reach,  the  ccMnpresrion  sliall  be  secured  by 
the  uae  of  hot  Iron  tampers.  The  rolling  and  tamping  shall  be  done  as  quickly  as 
possible  after  the  material  is  spread,  while  still  hot  and  pliable.  When  the  paving 
mixture  la  hauled  on  the  street  in  dump  wagons  it  shall  be,  when  ordered  by  the  en- 
ginaa',  kept  eovarad  with  canvas  to  retain  beat,  dumped  on  ptattwnia  and  shoveled 
into  (dace  and  relnd  to  the  propw  grade.  As  soon  ss  q>re«d  the  paving  mixture 
shall  be  ndled  with  a  tan'i^""  roller  weighing  at  least  6  tons  and  tile  rolling  continued, 
working  leiv^vlse  and  diagonally  of  the  street  When  practicable,  additlcHial  eom- 
pTMdon  in  the  wearing  surface  should  be  secured  by  the  use  of  a  10>ton  roller.  Rolling 
must  be  stsadlly  kept  up  and  eontlnusd  until  all  nUar  marks  shall  distwear  and  tbe 
Burfiue  gives  Indlcetioos  of  no  farther  compwseibPI^. 

"The  paving  shall  be  done  contlnuoudy,  so  the  number  of  joints  between 'the  hot 
and  cold  material  may  be  reduced  to  the  minimum.  What  it  Is  not  practicable  to  lay 
it  continuously  and  a  jdnt  is  unavoidable,  tbe  edge  of  tbe  cold  material  shall  be  trimmed 
down  to  a  rough  feather  edge,  and  the  surface,  where  the  joint  is  to  be  made,  painted 
over  with  bituminoua  cement,  the  hot  material  raked  over  the  feathered  edge  and 
thoroly  rolled.  Instead  of  trimming  the  cold  material,  joint  stripe  may  be  used  con- 
sisting of  strips  of  canvas  about  18  in  wide  with  3  parallel  linee  of  $i-in  ropee  sewed 
on  tbe  under  side  about  8  In  apart.  The  joint  strips  shall  be  laid  on  the  feather  edge 
of  the  fteshly  raked  material  with  the  upper  rope  at  the  line  where  the  thlcknesa  begins 
to  decrease  and  the  rolling  completed  on  top  of  the  canvas  as  for  finished  pavement. 
*  The  faces  of  tbe  curb  and  gutter,  iron  amOatt,  etc,  shall  be  painted  with  Irituminons 
cenent  bsloie  tbe  paving  ntatnre  Is  Ud. 

"  Sufsce  nnlsh.  As  soon  as  pcwelble  after  the  rolling  of  the  mixture  is  ftadahed. 
and  whDe  tbe  surface  I*  still  fresh  and  dean,  and,  if  poaaible,  while  warm,  a  seal  coat 
of  bituminous  cement  of  proper  ctmsistaicy  to  be  flexible  when  cold  shall  be  spread 
over  the  surface.  It  shall  be  applied  while  at  a  tempenture  irf  from  98°  to  177°  C 
(ZOO'to  860"  F),  depending  npoD  the  tdtumlnous  eemott  wed,  end  evonly  qnead 
wilfc  rubbw  equesgsns  or  mops.   Oily  a  entHdent  eoat  shall  be  simed  to  flush  the 
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■uiteoa  Toidi  wltfaoat  iHtvfaif  u  tanem.  ImmwHately  orcr  thk,  a  top  drwrinc  of 
torpedo  nnd,  Ane  gnvel  or  vtone  chips  free  from  dutt,  wUch  most  be  tkoroly  dry 
md  heated  in  cold  weather,  ahall  be  ipread  and  tboroly  rolled  into  tba  aurface.  A 
small  BurpliM  ahall  be  left  to  be  worn  in  or  worn  away  by  the  traAc 

"In  the  case  of  park  drives  and  roadways  not  labjectad  to  heavy,  oonstant  tnflk^ 
and  when  a  mora  fralny  and  eoane  surface  la  dcrirwd,  the  surfMa  flnbh  spacMad  above 
may  be  ondttsd  and  the  followfng  method  of  fhilaUng  adopted:  As  the  UtnaAMni 
concrete  is  raked  to  irade,  and  juat  before  the  roller  cornea  on  it,  spread  dry  stOiM 
chipa  or  coarse  torpedo  aand,  evenly  with  swinging  moticna  of  a  shovel,  until  tha 
surface  is  barely  covered.  Tlwn  roll  thoroly  as  spedBed  in  the  precedlog  paragi^dl 
relating  to  method  of  laying.  If  bare  spots  appear  under  the  roller,  iprinkle  man 
chips  or  sand  and  continue  the  rolling  unUI  the  whole  surfaee  is  fairly  covered.  After 
the  aand  or  stcme  ctiipa  have  worn  into  the  surface  the  street  shall  be  swugit,  all  aceesB 
at  surfacing  material  removed  and  the  street  left  clemn, 

"AsphalUc  Cement  and  Flux.  Use  the  specificationa  for  asphalt,  asphalt  eemant 
and  flux  reported  by  the  sub-committee  on  sbeet-ssphalt  pavement  q>eeificatl(ma  and 
adopted  by  the  Society.    See  Sect.  17,  Art.  12. 

"  Coal  Tar  Cement.  The  coal  tar  cammt  shall  be  the  residue  of  the  dtatmaBoa  of 
coal  tar  only,  and  shall  be  refined  for  the  apedal  purpose  of  wir*»t  a  pa  vine  ramml 
No  mixture  of  hard  pitch  with  the  lightef  oils  of  coal  tar  wilt  be  permitted. 

"Ita  spedflc  gravi^  shall  be  not  leas  than  1.20  nor  mors  tban,lJt9  at  S1*C  (a*F). 

"The  melting  pc^t  determined  by  the  cube  method  ahall  be  not  less  ttan  88*  C 
{IW  F),  and  not  mora  than  46°  C  (116°  F). 

"It  shall  eontain  not  laaa  than  16%,  nor  mon  than  80%  of  fraa  eafbon  fnsohibla 
In  benzoL 

"It  shall  be  free  from  water  as  determined  by  diatOlatlon  and  shall  show  upoe  IgoK 
don  not  more  than  O.B%  ot  inorganic  matter. 

"No  distillate  shaU  be  obtained  lower  than  ITO'  C  (338°  F),  and  up  to  SIS'  C  (600*  F) 
not  teas  than  B%  and  not  more  than  20%  of  diatlllata  shall  be  obtained.  The  diatllhl* 
shaU  be  of  a  gravity  of  not  laaa  than  1.03  at  15.6°  C  (60*  P).  The  reaidiie  shall  bav* 
a  melting  pdnt  <A  not  more  than  74°  C  (166°  P).  In  making  thb  diatfllatloB  an  S-ooBoa 
glass  retort  shall  be  used  and  the  thermometer  fuqModed  so  that  before  applying  tha 
heat  the  bol^  of  the  thermometer  is  H  in  above  the  aurface  of  the  Hquid.  The  "^'Hg 
point  of  the  pitch  shall  be  determined  by  suspmding  a  ^j-in  cube  in  a  beaker  oi  water 
1  in  above  the  bottom.  The  temperature  shall  be  rslaed  6°  per  min  from  16°  C  (9*  par 
mln  fr«n  60°  F).  The  temperaturt  recorded  tha  Instant  tlie  fdtch  toudiea  the  bottan 
shall  be  considered  the  melting  point  of  tba  pitch.  In  testing  the  origfaial  natariala  the 
Qitial  temperature  shall  be  4°  C  (40°  F). 

"  Water-Gas  Tar  Cement.  The  tpadac  gravity  at  2G*  C  (77°  F)  ahall  bs  betwam 
1.1S6  and  1.170. 

"On  extracttoD  with  cold  carbon  disulphide  at  room  tamparatura  for  20  nin,  not 
leas  than  »7.S%  shall  be  soluble. 

"Whan  tested  in  a  penetrometer  at  ZE*  C  (77*  F)  with  a  No.  2  aeadle  ander  100  ( 
load  for  6  sec,  it  ahall  have  a  pmetration  of  not  lem  than  27.S  mm  and  not  mon  than 

82.  K  mm. 

"When  100  cm  are  diatiUed  in  a  260-ee  Englcr  flask,  according  to  tha  mtAod  pr»- 
pcaed  by  the  Am.  Soc  Teat.  Uat.,  the  has  1^  "wdght  shall  be  frithln  tha  tolloirii« 
Hmita; 

From  start  to  170°  C  0 

170°  to  225°  C  not  ovw  0.6% 

225°  to  270"  C  from  2  to  6% 

270°  to  800°  C  from  6  to  S% 

Residue  not  Ism  thaa  84%." 

ICodifled  Topakft  Panment:  Wash.  SUt«  Highway  Dept  191T  ^mU- 
catlona. 

**  Blatafiala  awl  BtatsBanL  Tha  materials  and  aqnlpiiMBt  naessiaiy  for  hvtai 
thla  pavement  shall  conform  in  all  respects  to  the  material  and  equtpment  aaapa^flad 
tar  Stasdard  Asphalt  PavamsBt  eioapt  as  harein  othsrwias  notad. 

"CniAadSaekorOwrd.  Cniahai  rock  or  gwwl  shall  ba  mada  from  daaa  9tml 
or  stoM,  hard,  durable  and  uniform  in  quality,  wfalcfa  ahall  show  a  eosfdsat  ot 
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In  mam  of  10,  w  detcnnined  by  tha  Dvnl  abtukn  teat,  uid  &  bardiMH  In  ueM  at 
16,  aa  datermlned  by  th«  I><MTy  hanlnaw  taat,  »11  tmtB  bainc  undw  Um  ctmditkBa  and 
awthodi  employed  Id  tbe  U.  S.  O.  P.  R.  The  rod  ihall  be  eruabar  run  and  sball  con- 
tain all  the  fine  matwial,  nmie  oi  which  ahall  be  eoanar  than  will  paM  a  ^i-ia  miwii 
It  ti  furthar  provided  that  whaia  gtavel  la  cruabad  for  tUa  woric,  no  granl  abaU  be  fed 
to  tha  cmlur  anallM  than  lin  In  diameter. 

**  Craahed  Rock  Scraaolngi.  Cmahed  rock  amanlnv  ahall  be  of  the  aame  quality 
of  atone  aa  above  deacribed.  and  ao  craded  that  all  ilwll  paaa  a  K-in  screen  and  iJl 
be  retained  on  an  S-meah  aieve. 

"  The  Mixture  ahall  eonaiat  of  sand,  crushed  rock  or  cmahed  mval.  frouod  rock 
or  cenHDt  flOar  and  aqthaMe  cemanL 
The  fmdinc  el  tin  flnUied  paveneitt  aliall  be  aa  fdknni 

Rock  paarinf  }i-in  aereoi,  retained  on  ^-In  acran   16    to  80% 

Rod  paaring  }^-in  screen,  retained  on  H-in  acreen   7.S  to  15% 

Sand  paMlns  8-meah  lieve  and  retained  on  ZOO-neah  aiava  80    to  60% 

Duat  fiUer  paaring  200-meBb  aiere   10    to  16% 

Aqihaltlc  cement   7    to  11% 

"The  aand  and  cruahad  rode  entering  into'  the  mixtme  moat  be  thordy  diy.  Tlie 
Band,  rock  end  sspbaldc  cenwot  must  be  maintained  at  approtdmataly  the  bbbw 
decree  of  tanpersture  at  the  time  of  mixing. 

"  The  Sand  abaU  be  riean  material,  hard,  durable,  and  uniform  In  quality,  free  from 
soft  materiah,  ndca  or  other  deleterioM  matter  and  aliall  be  gr»ded  witlijn  the  foflowfaig 

Tna  Oto  2%  dull  be  ratabed  on  lO^Bcahriarc; 

Fhim  1  to  6%  ahaD  be  retdned  on  20-meah  alere; 

From  8  to  8%  aliaO  be  retained  on  SO-meah  rieva; 

From  6  to  13%  shall  be  retained  on^  4a-meah  afan; 

FhMB  7  to  17%  ahall  be  retained  on  60-meah  riarc; 

Fha  20  to  86%  ahall  be  retained  on  80«H>hdeTa; 

Prom  8  to  16%  ahall  be  retained  on  lOtMnoah  dare; 

From  10  to,15%  ahall  be  retained  on  2004neah  sieve. 
"To  inaore  the  maintenance  of  an  even  grading  In  this  mlztnre,  thne  or  more  dlvt> 
iiona  moat  be  nude  <4  tha  vaiioua  daed  partldaa  In  the  aggragate. 

"  Piopoctiaaiac>  PnfMr  pnvortloaB  of  thaaa  materiala.  togethar  with  the  aaphaltie 
eanent,  must  be  aocnrately  weighed  out,  aod  the  mixing  so  handled  that  each  particle 
of  this  aggregate  shall  be  thoroly  and  evuly  coated  with  aaphaltie  eemmt,  and  an  era 
distributian  of  the  varioua  aiaea  of  aggregate  In  the  mixture  aeeompUahed. 

"Tbto  mixture  ahall  be  hauled  to  the  street  in  suitable  oorered  conTeyancea  and 
■hall  be  vmd  on  the  prapsrad,  dean,  dry  baae  tqr  ahovdUnc  and  raking  fa  a  maiaur 
Aat  win  ineure  an  ercnly  graded  mixture  that,  when  thoroly  tamped  and  roUad,  shall 
show  an  em  true  surface. 

"  Fhiah  Coab  Ovw  this  ahall  be  spread  a  thin  even  flush  coat  ot  asi^tie  eement 
made  Iqr  heating  together  r^ned  asphalt  and  Snx  to  a  coosistency  of  140,  Dow,  at 
n  taoiptfature  of  about  98°  C  $00°  F),  thfa  to  be  immediately  followed  by  mewfaiK 
on  an  even  coating  of  hot  cmahed  rod  screen  inea  or  coatae  sand,  all  paa^ng  a  Ji-in 
aoeen  end  retained  on  a  lO-medi  ateve.  The  flush  coat  abaU  ba  aHiHad  with  »  suitable 
machine  provided  with  a  flexible  bead  which  will  inaore  tha  qnldc,  aveB  npnnillin 
of  hot  material   Brooming  will  not  be  pMmitted. 

"  Rolling.  The  rolling  sball  be  performed  with  2<-f  and  8-ton  roQers,  eouUnuonaly 
mtil  the  mixture  la  cold  and  In  any  case  to  continue  for  2  hr  after  Initial  rolling.  The 
fhial  thidOKaa  of  the  aaphaltie  concrete  wearing  surface  shall  not  be  leaa  than  2  In. 

"  Temperatnn.  The  temperature  of  the  mixture  at  the  time  of  placement  In  the 
atnet  ■hall  not  be  Iom  thaa  98°  C  (200^  F),  and  at  no  time  ahall  it  be  greats  thao 
149"  C  (800°  F)." 

Topeka  Pavement,  ITiIue  Bitumisoas  Sand  in  tli«  Mlnaral  Agsragato; 
CaL  State  Hjfhwa;  Dept.  1917  Specifications,  in  abstract. 

"  Paint  Binder.  While  the  concrete  foundation  k  thoroly  dry.  It  ahaU  be  cleaned 
to  the  eatginaar'B  aatlafactlon  aod  Ita  entire  auifaea  area  coated  with  an  aaphahle 
paint  Under.  The  paint  binder  ahaU  be  qipUed  with  brooms  In  snfflcieat  proportkn 
and  qoantttr  to  ghe  a  Ala,  nalfam,  blad  Aba  of  aqibalt  iridcfa  win  havte 
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wltUB  S  hr  ■ftar  qniBoBttoii.  Th»  pdnt  tedar  ihall  b»  cotapowd  of  1  pit  by  >eluuii 
of  u^wMe  eoMnt  irf  80  to  M  psMtnttan,  to  from  1  to  8  parla  Iqr  vohmt,  m  Jwet>d 
by  tbe  m^nter,  of  mgiiM  dirtUlata  of  tbm  B^tnt  gimvi^  d  ■  qokUty  vptvmd  ^ 
the  eoginw.  The  cost  of  the  paint  Under  ihaD  be  floeaidered  u  ladiided  in  tfao 
piin  for  M^Mlt  Mirfaee. 

"Asphalt  SucfMo.  Upon  tha  eoacnte  fomtdstitHt  prqMrad  w  aboTe  dMafbod  mmd 
u  HMD  as  tbe  paint  btaidBr  Ina  hardowd  ahidl  be  laid  tbe  aaiAalt  anrfaee,  li4  fa  fa 
thickneaa,  compoaed  '<tf  broken  atone  or  ^nvel,  land,  atom  duat  and  aaphaltle  cvneDt 
or  bituminotu  send,  the  different  Ingredienta  beii«  mixed  tn  audi  pnqMrtioB  that  tbm 
perooitaie  compoaition,  by  wright.  <a  the  aapiialt  aurtaoe  ahall  ba  witiiln  the  foUowing 
Hmita; 

"Bitumen  aoluble  fai  cold  carbon  dlaulphide  between  7.6%  and  10%. 

"  Broken  stone  or  gravel,  sand,  stone  dust  and  other  inorganic  ingredient^  as  toDoMS 

PSMdng  zoo-mesh  dere,  between  S%  and  18% 

Peering  SO-meah  sieve,  and  rejected  by  20&-mflab  rieve,  between  14%  and  26% 
Paadng  4(Mnaeh  sieve,  and  reieeted  by  80-«eeh  eieve,  between  17%  and  29% 
Passing  lO^nesh  sieve,  and  rejected  by  40-meah  sieve,  betwem  6%  and  11% 
Paving  4-meah  sieve,  and  releetad  iqr  lOweoh  aiev«,  between  16%  and  26% 
Pasalng  2-meah  rieve,  and  refaeted  Iqr  4«Mah  riave.  betmen  8%  and  10% 
All  to  pass  a  2-meah  sieve. 

"At  least  8%  and  not  more  than  17%  of  the  aiq>halt  surface  miztnre  diallbe  atoM  dnat. 

**&  tba  Snrface  Mixtore  la  Prepared  with  Blttunlnoaa  Sand,  the  following  deflnl-' 
tions,  methods  of  preparation  and  twts  shall  be  used. 

"Dbpinition.  The  term  bituminous  sand  shall  herein  be  defined  to  mean  a  natural, 
solid  mixture  of  silidaus  sand,  with  a  heavy  ssphsltic  petroleum,  or  heavy  hydro- 
carbons mainly  of  an  asptialtlc  nature,  in  which  the  sand  shall  predominate  in  quanti^ 
and  with  whldi  may  be  naturally  combined  a  small  proportion  jof  calcareous  raatttf, 
infusorial  enrth,  ailieate  of  aluinbia,  or  trace  <m!y  of  other  Impuritiea  not  detrimental 
to  the  usea  of  the  material  aa  a  proper  road  surfacing. 

"PWABATiON.  If  the  bituminous  rock  in  Its  crude  state  (alls  In  any  partknlar 
to  satisfy  the  taala  herdnafter  provided  or  the  requirements  (tf  pantgnphs  (entitled 
Asphalt  Surfaee)  erf  this  section  it  shall  be  crushed  or  disintegrated  by  suitable  meana 
and  it>  dafidendes  shall  be  corrected  by  the  careful  api^eathm  of  heat  and  by  mixinc 
tbamrith  stooa  dust  and  sand  or  aqihaMc  cement,  all  of  ancb  diaraetar  and  In  andi 
praportioDS  and  manner  as  to  Insore  m  homogeneoua  ndxture  (rf  sQ  ingndbBtn  that 
will  fulfil  tbe  said  Tequtrementa  and  the  following  testa. 

"Tms.  The  total  bitumen  contained  in  the  mixture  as  determined  by  aohitiao 
In  carbon  dlsulphide  shall  be  soluble  in  cold  carbon  tetrachloride  to  the  extent  of  at 
least  97.6%.  sad  in  petroleum  naphtha  of  86"  B  to  the  extent  of  not  len  than  70% 
nor  mom  than  90%.  When  60  g  of  the  mixture  are  heated  for  6  hr  at  a  unifonnljr 
maintained  temperature  of  168°  (325°  F)  In  a  tin  box  2^  In  in  diameter.  aft«-  the 
manner  oflSdaDy  prescribed.  It  shall  not  lose  over  0.65%  in  weight." 

BituUthie  PflTvment:  Am.  Soc.  Mun.  Imp.  1917  Speciflcatloiu.  For 
Bpecifications  for  subsrades,  drainage  and  fouadatioos,  see  Art.  4. 

**  Wearing  Surface.  On  the  foundation  prepared  as  faeieln  above  apedfled,  ahall 
be  laid  the  Bitullthie  Wearing  Surface  and  Seal  Coat,  deacribed  bdow,  so  aa  to  hava 
a  thlckneas  of  2  in  after  thoro  compression.  The  wearing  suifaee  ahall  fas  eompoaad 
of  hard  crushed  stone,  sand,  and  Bitullthie  Cement 

"  The  Bitullthie  Cement  herein  specified  besides  being  produced  under  the  directlao. 
procomns,  superviaion  and  laboratory  inspection  of,  and  with  ingrodianta  approved 
by  Warren  Broths  Co.,  shall  in  all  respects  comply  with  the  spedfleatiaoB  for  Asphalt 
Cement  contained  In  the  Sheet-Aqihalt  Spedfloationa  of  the  Am.  Soe.  Hub.  Imp^ 
See  Sect.  17,  Art.  12. 

*'  Preparation  of  Bituminous  Concrete.  Either  of  the  two  following  methods  and 
apparatus  diall  be  used  in  the  preparstion  of  the  wearing  surface. 

1.  The  atone  and  sand  shsll  be  heated  in  a  rotary  drier  and,  while  still  hot,  scp»- 
latad  into  the  desired  number  of  different  sizes  by  means  of  a  rotary  screen  having  a 
niniznum  screen  opening  of  about  Vie  In  and  a  maximum  opening  of  about  IH  In. 
The  openlnpi  in  xht  suirriwive  screen  sections  up  to  ^  in  she,  shall  not  vary  more 
than  H  fa  aqd  not  mors  in  for  the  sfaes  larger  tiwnJli  in.   Tb«  Bir«cate  ttM 
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Hpantcd  iholl  pan  Into  k  bio  having  sectiona  or  conpartrnMita  coiraspoDdlnE  to  tbe 
■ereen  wctioiu.  Prom  thene  compartraents  the  anrecftte  Bhal]  pM  into  k  weigh  box, 
rattnc  on  n  multi-beam  leale.  The  desired  amount  <rf  vp^t^  fifm  each  of  the 
aboTt  flompartDMnU,  eball  be  accuntely  weighed  aepwrstely  on  the  scnle  and  tbe 
batch  dro|q>ed  Into  a  twin  pug  raixo-,  where  it  shall  be  intimately  aaeodated  and 
(horalr  eomzninsled  wltii  a  predetermloed  quantl^  of  Bituhthic  Cemoit  sufficient 
to  eoat  an  partidaa  of  the  aggNgata  and  to  AH  tbe  vcMa  In  aand. 

2.  The  atone  and  and  riiad  first  be  carefully  meaauied  as  to  aiaa  and  a  d^nite 
qomtlty  of  eadi  dae  diati  tb«i  be  led  into  an  elevator  terminatinc  In  a  h<f>per  or  Mn 
which  diechargei  Into  a  rotary  drier  or  beater,  both  hopper  and  heater  b«dng  so  de- 
aicned  aa  to  keep  each  batch  by  itself  until  heated.  Fpom  the  rotary  beater  the  hatch 
oC  miiMnl  agiiipte  ahall  pna  Into  a  rataiy  oyUndtical  Bdxer  eoQtainfaw  Uadn, 
i|<i«lB  or  othn-  davlew  for  produdnc  •  onlfonn  ndzture  of  the  mlMral  aggregata 
irith  a  predetermined  quantity  of  the  Bitulithle  Comoit  sufficient  to  eoat  all  the  par- 
tides  <A  the  acgiegate  and  to  fill  the  Toids  in  same. 

"The  different  sised  partides  of  stone  and  sand,  ranging  in  rise  from  impalpabla 
powder  to  about  one-half  tbe  thieknew  <rf  tbe  waerlng  amteee,  shall  be  cumhtoed  la 
such  proportions  as  to  secure  la  the  mineral  aczregate  denoity,  or  low  perteatage  of 
void*,  and  inhwsnt  stability  <m  rasbtance  to  duQtlncemcsit,  producing  an  aggregate 
which,  when  eomblned  with  the  Bitulithle  Cement  u>d  laid  in  place  and  compacted, 
will  form  a  street  paving  Rtructure  consisting  iA  mineral  aggregate  of  different  siies 
and  tbe  BitnUtfaic  Cement  which  pMioeates  the  entire  mass,  fills  tbe  voids  and  unites 
tbe  various  artides  thereof.  If  the  crushed  stone  and  sand  do  not  contain  enough 
finely  divided  pertlclea  or  Impalpahia  powdn  to  in^nea  a  low  pmentage  <rf  vtMa  la 
the  aggregate^  the  defidaaey  sfaall  be  made  Qp  by  tbe  addidoa  of  any  other  suiUhle 
One  mineral  matttf. 

**  Mettwd  of  Laying.  The  mixture  and  ingredlenta  thereof  shall  be  maintained  at 
a  temperature  coudstent  with  good  workmanship.  The  mixture  when  reaching  the 
street  shall  be  hot  enough  to  allow  of  being  easily  Qiread  and  raked  and  shall  not  be 
so  hot  as  to  Injure  the  Bitnllthic  Cement.  , 

"  Soifaoe  ftnttb  or  Seal  CoaL  There  shall  be  spread  onr  the  Bitulithle  surfaoe 
mixture  a  seal  eoat,  uBtng  per  square  yard  of  Bitulithle  pavement  approximately 
M  o(  BituUtlde  Cement,  into  whldi  shall  be  incorporated  approximately  2&  lb  of 
miiieial  aggregate  not  la^pr  than  K  In  diamatsr.  After  ipfeadiag  the  seal  qoa^ 
it  shaO  be  ttnralr  ndlad  into  tha  Bftnilthie  HitlMi  mfstura.  Oa  grades  a  oouser 
aggregate  may  be  nasd. 

**  Oeoernl.  Each  layer  of  tbe  wtn-k  shall  be  k^t  as  free  as  poadble  from  dirt,  so 
Oat  it  wiU  unite  with  the  succeedfaig  layer. 

*  "^M  Utmnlnous  eompositjon  or  cement  ahall  In  each  ease  be  free  from  water  and 
ffcaii  be  wpedllly  r^hted  to  remove  volatile  and  other  matter  susc^itlble  to  atmoa* 
pberto  influences. 

**WaTT«nBrotbenCo.,ownerof  the  patents  used  in  the  eraiatruetioa  of  the  Bitulithle 
Pawnent,  absll  file  with  the  proper  offldal  or  board  wliicb  Is  about  to  reedve  bids  for 
the  work,  a  properly  executed  Unding  agrsemeot  to  furnish  any  ccmtractor  dcniiing  to 
bid  tor  tbe  work  all  the  neeeanry  Bitulithle  surface  material,  mbted  ready  for  use,  and 
MtlUltbie  Cement,  and  the  sand,  gravel,  or  stone  acreeningB  for  tbe  suifaoe  finish 
eouiee,  in  accordance  with  Sections  Wearing  Suiface  and  Surface  Finish,  at  a  definite 
reaeooable  price  per  square  yard.  Said  price  shall  faidude  a  Ucenee  to  »  all  of  the 
patoits  required  In  the  eonstructjon  (rf  the  KtulltUc  Favetnent  aa  herebi  epedflad. 

"The  aeoeptsDce  of  bids  by  .■- 

■ad  d>e  letting  of  a  contract  for  the  same  ahall  be  denned  by  Wsmn  Brothan  Co. 
to  be  an  aocoptaaco  of  Its  propoeat  t^r   ■  •  ■  •  


^in  eadi  contract  shaH  be  awarded,  and  are  all  that  AaU  be  necnsary  to  Innd  Warren 
Brothm  Co.  to  said  agreement.  Tbe  filing  of  a  bid  under  these  spedficatlons  will  be 
eoustiaed  ss  an  acceptance  of  tbe  terms  of  the  license  agreem«it  filed,  by  tiie  Warren 
BraUMTB  Co.,  at  the  price  flied  in  lald  agreement,  which  U  on  file  with  the  proper 
ofMalorboerd." 

WtaKlbie  P«T««ent:  Portland.  Or*.  1917  Spedfleatfoiui  for  oompod* 
|f99  n<t  nuuiiifaajiira  of  Mtuniuioug  conoret«  (or  th«  wmring  oouns. 
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**  Weuins  Cmitm.  Upon  tha  rollsd  (oundstion  a  «a«riiit  eouraa  ot  the  folkrvns 
pToportloiiB  by  wdgfat  liuill  b»  lud: 

Aggnc*^  pudng  1  H-la  bctmb  and  ratained  on  H-ln  ■croen   86  to  BO% 

Anra(Rte  pMBlnc  >i-in  acnen  and  retained  on  H-ln  aenen   12  t«  20% 

AcKT«Kat«  paitting   >i-in  acraen  and  retained  on  10-meah  sieve   8  ta  12% 

AsKn«ate  paarins  lO-ouah  sieve  and  retained  on  200-nM^  iiav»   M  «>  82% 

Anraiat*  paaring  SWMumIi  riarc   4  to  7% 

mtuUtUe  eement   7.6  to  9  J% 


"FrtHO  60  to  70%  of  tbe  agfregate  paaalng  a  lO-meah  Kieve  ahall  paaa  n  40>iimfa 
rieve  and  from  20  to  8B%  of  the  aand  ahall  paM  an  SO-nMsh  sieve. 

"Altar  the  broken  stone  a^d  sand  ahall  have  been  heated  in  a  mechanical  rotary 
drier  to  a  tMapamtura  oT  betwaan  121  to  148"  C  (250  to  800"  F).  the  whole  mm  Anil 
be  elevated  and  paeeed  tbni  »  rotary  asBeii  bavins  dreular  opadnp  oi  a 
diameterof  l^inandamlnlnmindiametarirfVioin.  The  stone  and  sand  thus  seperated 
shall  paas  into  separate  bins  or  eoopartmente,  from  which  they  ahall  be  drawn  oeps- 
rately  into  a  migh  box  in  tha  proportions  above  qiedfled.  If  tbe  proper  proportioa 
o(  niler  be  not  obtained  from  the  crushed  rock,  the  deficiency  shall  be  aopf^iad  txf 
the  addition  of  hydraulic  cement  or  pulverised  stone  of  an  approved  quali^." 

BitoiUg  Paveniflat  Spedflcationi,  aa  used  in  1918,  are  aa'foUows: 

"Bitoelac  wearing  surface  shall  eonsist  of  a  predetermined  combtnatian  at  pnpmiy 
graded  crushed  slag,  Bltoalag  Paving  Cement  and  approved  mixteral  dust  or  filler.  A 
fundamental  feature  of  Bitflag  oonstructlon  is  the  acjentiflc  predetermination  of  tbe 
grading  of  tbe  mineral  constituents  of  the  wearing  surface  above  referred  to  so  that  the 
vt^ds  of  said  mineral  aggregate  shall  be  filled  to  the  limit  to  amlety,  thus  inauifnc  in 
advance  a  pavement  of  muimum  dearily  and  OM  fbenby  able  to  wlthaftBd  the  wear  of 
tiafflc  and  action  of  the  elemaits. 

"  Materials.  Slag  shall  be  a  carefully  selected,  air-cooled  bMdc,  Uaat  fonmoe 
product  BO  crushed  that  all  particlea  will  pass  a  H-i^  acreen. 

"  HiNBUL  Dun  o«  FiLUB  shall  be  aither  Portland  cement,  pulverised  llmeatooe. 
or  othw  approved  finely  ground  absorbent  ndneral  conforming  to  the  following  meah 
com  portion:  Pasdng  ZOO-mesh  sieve  not  leas  than  66%;  poadnc  100-mceh  sieve  not 
leas  than  8S%.  total. 

"  Manufacture.  DsmunNATiON  or  Fobmula.  Tbe  volume  of  voids  bi  tbe  minml 
aggregate  ahall  be  detormined  and  the  amount  of  bltuminoua  cement  to  be  mbMd  with 
the  palwfaad  material  to  form  a  filler  product  shall  be  aatabUshed.  After  this,  there 
■hall  be  added  to  the  mlnwal  aggregate  a  auflldant  amonnt  ot  the  flller  product  to  fill 
the  deeired  pcaxentage  (rf  the  void  volume  previouaty  datanained.  Upon  tUe  bada 
tbe  requtaite  quantities  of  the  various  conatituoitB  ahall  be  oompoted  for  the  batch 
formula  which  ahall  be  adhered  to  by  tbe  licensee. 

"  MixiNa.  In  preparing  the  Bltoalag  paving  mixture  at  the  plant,  the  mished  sla^ 
after  behig  dried  and  heated  to  a  temperature  of  177°  to  m°  C  (360°  to  450°  F),  shaD 
be  measured  or  weighed  Into  tbe  mixer.  The  necessary  amount  of  mineral  dust  or  tiller 
shall  then  be  added  cold  and  the  two  materials  mixed  meehsDiolly  until  unifum. 
To  the  mineral  aggregate,  mixed  as  above  described,  tba«  shall  then  be  added  the 
predetermined  weight  ot  melted*  and  Impregnated  Bitoalag  paving  cement  and  tbe 
mixing  operation  further  continued  until  the  entire  mass  is  uniform.  On  aeeouat  at  the 
variation,  no  definite  percentage  of  bitumen  can  he  prescribed  for  BitoaUg  paving 
mixture.  The  Utominous  aggregate  whsn  properly  graded,  however,  shall  show  not  Im 
than  9.6%  nor  more  than  11.6%  ot  Utumen  ooluUe  In  carbon  dinilphlde^  The  tem- 
perature ot  the  mixture  shall  be  so  r^ulated  that  it  reachee  tbe  site  <rf  the  work  within 
the  Umita  ot  149°  and  177'  C  (800°  and  SCO"  F). 

"  Tcan^octatiai  and  laying.  Promptly  after  miziagt  tbe  Bitoalag  pavii^  mixture 
shall  be  placed  In  tlBht  vaUdea  and  transported  to  tbe  locatloa  of  the  woilt  and  during 
transit  it  shall  be  covered  with  heavy  tarpaulins  for  protection  against  the  weather. 
On  arriving  at  the  site,  the  mixture  shall  be  dumped  at  a  point  sufficiently  remote  from 
its  place  of  final  deposition  to  insure  all  portions  of  tbe  load  bong  turned  over  by  tbe 
abovelers  before  placing.  It  shall  then  be  promptly  spread  to  such  depth  that  the 
resulunj  layer  shall,  after  compression,  be  not  leas  than. . .  inchea  in  thi^neaa.  Com- 
preadon  shall  be  commoRsed  as  soon  after  spreading  as  the  mixture  has  readied  the 
proper  temperature,  Nat  refuMf  being  obtained  when  It  has  been  allowed  to  oool  only 
■iilllciao'lrtoprevea''Sibesiogtatj|arallsr.   The  roller  ah  ill  be  of  the  tandem  pattern 
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wdchiic  not  Itm  than  7  ton  and  the  use  erf  water  for  oooUng  purpoaM  ihall  not  b« 
pwvUtted  OB  Bltoatac  copatrucdona.  RoIUdk  ahall  be  promptly  and  oontlnuoualy 
executed  «o  that  ttte  pnq>er  surface  and  contour  shall  be  obtained  before  tbe  paving 
mixttm  has  ao  eooled  as  to  become  aet.  Durinf  or  nibaequent  to  tbe  proceai  of  rolUng 
there  ahall  be  broomed  over  the  surface  a  fciatlng  of  minaral  duat,  and  Uie  rolling 
eoBtfamad  mitll  cool.  Tbe  Aniohed  higfaway  may  ba  opeud  to  tnfflc  aa  non  aa  rolBng 
faM  oomplateda" 

18.  Constructton  of  Asphalt  Block  Pavements 
Compodtioa  of  Blocks.  Aaphalt  blocks  ustmlly  have  been  made  ot 
trap  rock  Bcreenings,  mineral  duat  and  aspholtic  cement.  Good  blocks 
also  have  been  made  using  copper  conelomerate.  and,  for  medium  traffic, 
hard  Ihnestone  has  been  used  as  a  suhetitute  for  trap  rook.  Tbe  most 
Batisfsctory  mineral  dust,  used  as  a  filler,  is  unitonnly  pulverised  lime- 
stone. Portland  cement  has  been  used,  but  it  is  no  better  than  limestone 
and  costs  more.  The  blocks  usually  contain  from  6.5  to  8%  of  bitumoL 
Grading  of  Mineral  Aggregate  for  Blocks.   The  following  grading  was 


recommended  by  the  Spec.  Com.  Mai.  Road  Cons.,  Am.  Soc.  C.  £.  (17e): 

"  Passing  200-me8h  sieve   20to3S% 

Passing  SO-mesh  and  retained  on  200-me8h  sieve   7  to  16% 

Passing  20-mesh  and  retained  on  80-mesh  sieve          12  to  30% 

Paaring   H-in  screen  and  retained  on  SO-^nesh  sieve.. .  30  to  60%  ' 

Betained  on         screen   0%." 

Washington,  D.  C,  ltl4  Grading  (28b),  uaed  la  a^ihalt  bbdn  having  a  bitumen 
eimtent  of  7%  and  a  apedflc  gravity  of  2.48. 

Paring  lOO-mMh  rieve   22.9% 

Paadng  20-meah  lieve  and  retainad  on  lOO^meah  neve   16. S% 

Paaaing  H-hi  aeresB  and  retained  on  20>4BMh  aieve   69.0% 

Retained  OD  J^-Jn  seretn   1.8% 


100.0%. 

Shafe  and  Szs  of  Blocks.  Wdtmade  asphalt  blocks  are  uniform  in 
composition,  torture  and  bIu^m;  have  parall^  facee;  straight,  unchipped 
and  unrounded  edges,  and  unbroken  comers;  and  are  not  warped  or  other* 
wise  deformed.  The  usual  dimensions  of  the  face  of  the  block  subjected 
to  trsffio  are  5  by  12  in.  T^  blocks  are  Rcnerally  manufactured  in  three 
thicknesses,  2,  2H  and  3  in.  Blocks  should  not  vary  more  than  ^  In  in 
length  and  3^  in  in  width  and  depth  from  the  specified  dimensions. 

Tests  of  Blocks  by  Hcmstreet  (36).  "  Some  of  the  more  important 
tests  applied  to  the  tdocks  themselves  ara  determining  specific  gravity, 
peoetration  of  block,  determination  of  percentage  and  character  trf  hir 
tumen,  grading  of  mineral  aggreKato  and  water  absorptioD.  The  specifie 
gravity  of  the  blocks  for  a  known  body  material  and  gnding  is  an  indi- 
cation of  the  lack  of  voids  in  the  block,  but  the  gravity  can  be  increased  by 
the  admission  of  a  percentage  of  larger  stone,  at  the  same  time  producing 
a  poorer  block.  The  punch  test  described  in  the  New  York  State  specifica- 
tions is  valuable  if  the  average  of  a  large  number  of  penetrations  is  deter- 
mined. Because  the  ptmch  may  strike  a  large  piece  of  stone,  thus  giving 
a  false  reading,  but  scant  reliance  can  be  placed  on  the  result  of  only  a 
few  tests.  The  absorption  test  is  of  but  little  use.  A  block  that  will 
absorb  1%  of  water  will  be  so  porous  that  visual  inspection  should  reject 
it.  It  is  difficult  to  completely  remove  the  surface  water  in  order  to  ac- 
curately determine  absorption  of  a  fraction  of  a  percent. 

"  ILlttlbb  Test.  The  most  useful  test  is  made  a  modified  torn  of 
the  Jones-Talbot  rattler,  usually  known  as  the  Hastings  rattler. 
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"About «  aqnara  yard  d  pavcnwiit  is  laM  ■  Uninc  tat  a  ejrliBdM-  ST  tat  in  dlaaetcr. 
The  blocks  sra  laid  with  tight  ioints  M  cD  tbe  stnet  and  an  held  la  plan  by  danva 

oa  the  outw  and  trf  the  eylinda.  FUty  pounds  of  2}j^  cast  Iron  cubta  ve  plaead 
IB  the  ^iinder  and  u  the  latter  revolvw  at  a  speed  ot  87  rev  pet  min,  tbe  c«t>ea  aie 
carried  up  oa  the  side  of  tbe  cylinder  akd  break  over  like  the  crest  of  a  w«n,  thos 
produdng  a  pounding,  grinding  action  very  riniilar  to  that  produced  by  aotuil  tnSc 
New  oibea  an  used  caich  time  and  the  test  is  run  for  10  000  rer^tiona.  To  npradnea 
dimatie  conditions  the  rattler  Is  enclosed  in  an  chamber  and  tbe  tcoapentaia 

reduced  to  —4"  C  (ZS"  P)  or  lower  in  order  to  duplicate  average  winter  tctapcrature 
and  raised  to  82°  C  (90°  P>  or  higher  to  duplicate  summer  temperature.  TUs  imnge  at 
temperature  of  the  teat  Is  of  vital  importance,  for  many  ssphslt  pavements  wfaidi 
would  be  suitable  at  25'  C  (T7«  F)  would  fall  otteily  iriien  subjected  to  txtntaem  d 
temperature.  The  blocks  are  weighed  before  and  aftar  tbe  teat  and  rcaulta  are  eal- 
cnlated  in  pounds  loss  per  square  yard.  Tbe  appaarancs  of  tbe  blocks  after  the  teat 
b  of  great  importance.  Tbey  ahmiU  not  laeeome  rough  or  '*'rr^  duifag  tha  cold 
test  nor  distorted  under  the  hot  tost." 

Manufacture  of  Blocks  by  Hemstrcet  (86).  "The  body  material  is  usually  auahed 
trap  rock  or  copper  conglomerate.  Trap  rock  Is  hard,  tough  and  gritty,  doea  not 
poUsh  under  traffic  and  makes  an  ideal  pave  men  t.  Trap  is  in  general  use  in  the 
eaatem  and  aouthem  states  while  tbe  compatuoi  in  the  middle  west  and  <^nada 
use  erushsd  copper  conglomerate  from  which  practically  all  tbe  copper  ha  been 
extracted.  Tbe  latter  material  is  evrai  harder  than  trap  rock,  is  tough,  gritty,  and 
oiormous  quantities  are  available  in  the  copper  regiraa.  No  matter  bow  suitable  tbe 
atone  used,  a  poor  pavement  will  result  unless  It  is  thoroly  desn  and  freshly  aushed.  A 
■mall  percentage  oi  clay  or  soil  is  sufficient  to  torn  a  film  over  tbe  stmie  during  tbe 
heating  process.  The  clay  bakee  fast  to  the  atone  and  tbe  jpsulatlBg  coat  tluts  focmed 
prevents  proper  adhesion  between  the  stone  and  the  aapbalde  ooaent. 

"Trap  Rock  ranging  in  else  from  2  to  6  in  la  prooued  from  a  dean  quarry  and, 
after  crushing,  is  paseed  thru  rolbi  and  screens.  By  proper  regulation  of  tbe  machinery, 
it  is  posrible  to  produce  a  uniform  and  desired  grading.  Gmerally  the  grading  is 
so  proportioned  that,  when  the  filler  has  been  added,  the  grading  of  the  total  minoal 
aggregate  will  be  such  that  practically  ^1  of  it  will  pass  a  H-ia  round  bole,  about 
n  being  retained  on  10-meab,  about  H  on  lOfMnsah,  and  about  H  paadng  lOO-mesh. 
At  least  25  to  S0%  should  pass  lOO-mesh  and  tbe  amount  retained  on  10-mesh  may 
be  as  high  ss  40%.  The  properly  graded  stone  is  next  heated  snd  the  best  planta  use 
a  type  of  heater  superior  to  snd  abo  much  more  expensive  than  the  ordinary  aand 
driw.  It  is  6  ft  diameto-,  18  ft  long,  is  aet  level  and  contains  a  fixed  sfdral  iMA 
guides  the  m«t«ial  thra  at  a  nnif  onn  rata.  The  matarial  to  ba  heatad  ia  in  a  iajm 
about  2  ft  deep  and  the  drum  thus  contains  several  tmis.  As  a  result  tbe  man  hsata 
or  eools  slowly  and  the  temperature  can  be  regulated  with  gnat  nicety.  Tbe  product 
has  a  uniform  temperature. 

"  Various  Kinds  of  Fillkr  have  been  tried  such  aa  ground  limestoDe,  Portland 
cement,  ground  ahale,  clay,  dUca,  marl,  coal,  brick,  etc  The  most  acceptable  and 
generally  used  filler  is  ground  limestone.  Tlie  grinding  may  be  accomptishad  by  a 
variety  of  msfWnnn  but  a  preferred  type  is  the  Hardinge  Conical  Tube  Mill.  This 
simple  machine  produces  a  uniform  product.  The  fineneai  of  the  ground  limestoDc 
or  other  filler  is  Important  snd  it  ia  quite  possible  to  grind  Ummtone  to  such  eztmms 
fineness  that  it  wilt'  be  slmost  impoHible  to  handle  tbe  blodc  mixture  at  tbe  prasi. 
All  the  limestone  dust  should  pass  30-meeh  sieve,  sbout  7G%  should  pass  lOO-meeh 
and  66%  to  60%  should  pass  200- mesh  sieve.  ,  A  certain  amount  <rf  30  and  lOfroesh 
limestone  mixed  witii  a  harder  body  material  makea  a  mora  m^leable  Uodc  than  if  a 
smaller  percentage  of  IfaMr  Hmeatone  is  used. 

"Thb  Aspbaltic  Ceuhnt  is  a  mixture  of  refined  asphalt  and  flux  or  aqthalts  and 
fluxes  tised  to  bind  the  non-bituminous  material.  The  manufacture  of  monoBthie 
Utuminoua  pavements  ia  distinctly  and  deddedly  different  from  tbe  manufacture  «( 
aaphalt  block  pavaments  and  a  knowledge  of  siieet-aaphalt  requirements  has  lomt- 
timea  been  a  stumbling  block  in  the  att«npted  manufactura  aX  mtpinlt  Vbtda.  la 
order  to  produce  good  blocks  the  asphaltie  cement  must  possess  the  following  diar- 
aeteristics:  (1)  Sufficient  cementing  power  or  adhesion  and  tenrile  strength;  (2)  sta- 
bility, that  la,  not  to  harden  or  softoi  with  age;  (8)  nMi-^riable  at  low  tcanperatare; 
(4)  miniraom  aoftHdng  under  tha  ^qUlcatlon  of  haat;  (6)  ■fasance  of  mobile  Hqidd 
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11  itiUmw  »t  Ughait  itraat  tempenbu*.  DaetDhy,  tho  of  secoodary  Importuoa,  b 
mil       J  in  Bunurflthie  pkTemente,  for  thk  to  the  property  that  provide*  for  expulsion 

and  eoDtnction  due  to  temperature  ehmagitm.  Id  a  block  pavement  the  hiibII  tixe 
ot  tha  bloeki  and  the  frequent  jointa  provide  for  this  moveroenL  With  few  exceptiona, 
those  euneata  which  are  high  in  ductility  are  brittle  and  friable  at  low  temperature 
while  the  ao-called  ebort  cemmta  are  tough  and  malleable  when  cold.  The  aaphaltic 
eement  muat  be  niitable  for  the  particular  climate  and  kind  of  traffic  under  which 
f t  ia  to  be  oaed.  Thia  ia  accomplished  by  varying  the  kind  and  amount  of  flux  used 
with  the  asphalt.  A  harder  cement  is  required  for  use  in  the  tropics  than  would  be 
used  in  the  cHmate  of  New  York  and  a  still  softer  cement  is  used  to  advantage  In 
f>iiyjy.  In  ordw  to  have  jointa  in  the  finished  pavement  Iron  out  under  light  traffic, 
a  softer  cement  is  used  than  would  be  allowable  under  heavy  traffic 

"On  ism  Mdono  PuimtH,  the  materiala  are  wdghed  out  for  each  batch  according  to 
the  lormola  given  to  the  mLur  fomuui.  Tha  tine  of  mtnug  each  batch  fa  measured 
by  a  sand  glass  so  that  each  batch  la  mixed  for  the  same  length  of  time.  The  varioua 
receptades  and  the  mixer  itself  are  carefully  and  complelely  covered  so  that  a  mi'niimiTn 
of  dust  eae^ies.  The  mixer  used  is  a  speoally  deigned  and  very  powerful  machine 
eonristiiif  of  two  paiallel  shafta  geared  together,  carrying  heavy,  chilled  iron  teeth 
wUdi  ravolva  aMhb  a  diiUed  iron  body.  The  ndzer  charge  is  aomewhat  as  ftdlowst 
Trap  rock,  SSOO  lb;  limastone  duat,  T60  to  860  lb;  aq>baltic  cement,  320  to  860  lb; 
total.  8710  lb.  The  carefully  propordoned  and  properly  mixed  material  ts  next  fed 
to  a  huge  hydraulic  press.  The  mold  is  opened,  filled,  dosed,  and  the  enormous  pressure 
ttl  240  tons  is  applied  to  each  block.  The  pressure  is  then  removed,  the  mold  uncovered 
and  the  block  ejected  and  measured.  Any  variation  is  multiplied  by  10  and  ^own 
on  a  dlaL  After  measurement  the  block  moves  forward  onto  a  conveyor  belt  and  is 
nrrlad  under  water  for  160  ft  and  is  then  cooled  and  ready  for  use.  Each  press  will 
produce  S8  000  blocks  per  day." 

Method  of  Lajring.  A^balt  blook  pavements  should  be  laid  on  a  strong 
foundation,  usually  of  oement-ooDcrete  at  least  6  or  6  in  in  thicknea  and, 
in  caaaa  of  the  heaviest  traffic  which'  this  type  of  pavement  can  carry, 
8  or  10  in  in  thicknesB.  On  cement-concrete  foundations,  the  blocks  are 
laid  on  a  H->n  fresh  1  :  4  cement  mortar  bed.  The  blocks  should  be  laid 
with  close  jointa  on  grades  as  high  as  6%.  After  being  laid,  the  blocks 
should  be  covered  with  a  thin  layer  of  dry,  clean,  fine,  sharp  sand,  which 
should  be  thoroly  swept  into  the  joints,  and  the  surplus  left  upon  the  surface 
for  at  least  30  days.  On  grades  above  6%,  %  or  !^-in  joints  filled  with 
Portland  cement  grout  have  been  used.  After  the  grout  has  partially 
set,  the  joints  are  raked  out  to  a  depth  of  about  H  >n.  On  roadways  sub- 
jected to  heavy  motor  traffic,  anchor  blocks  should  be  used.  For  descrip- 
tion of  anchor  blocks,  see  Art.  19. 

19.   Spedflcations  for  Asphalt  Block  Pavements 
n.  T.  State  Highway  Comm.  1917  Speciflcationi  are  as  follows: 
"  Sixe  and  Composition.   The  blocks  shall  be  6  in  In  width,  by  12  in  in  length, 
by  2  in  in  depth,  and  a  variation  of  more  than  14  in  in  length  or  M  in  In  width  or  depth 
from  these  dimensions  will  be  sufficient  ground  for  rejecting  any  block.    The  block* 
aball  coDsiat  of  the  following  materials:    Aaphaltic  cement;  approved  crushed  trap 
rode  or  approved  crushed  Umeetone;  inorganic  duat. 
"  The  Aspbaltic  Cement  shall  have  the  following  characteristics: 

1.  ZtahaU  ba  free  fran  water. 

2.  ThavarlouahydrocarbonscompoaingitshaUbepreBBntiaahomogeneoiisst^tiaB. 

3.  It  shall  have  a  spedfle  gravity  at  26**  C  (77°  F)  of  not  lev  than  0.97. 

4.  The  penetratlan  shall  be  between  1.6  and  2.5  mm  when  tested  f or  S  see  at  25*  G 
(TT*  r)  with  a  No.  2  needle,  wdghted  with  100  g. 

B.  Fifty  grama  at  It  upon  being  maintained  at  a  uniform  tempnature  o(  183"  C 
(BBS"  F)  for  B  hr  In  a  cylindrical  vowel,  em  in  diameter  by  8H  cm  high,  shall  not 
kse  noM  than  2%  in  weight.  The  penetration  at  5  see,  26"  C  (77*  F),  No.  2  needle, 
100  g  weight,  of  this  residue  shall  be  at  least  60%  of  the  original  poietiatlMi. 
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6.  Ita  ■olubOitjr  at  air  tempermtun  la  ehenticalljr  pun  eubon  diaulphide  (or  th> 
followitic  Qumd  msterUli,  or  materlala  rimlUr  thonto,  sh^  bo  at  laaat  S9.fi^  far 
pure  bitumen  prodacta,  96%  for  Bermudn  products,  81%  for  Cubam  produci»  tmi 
9S%  tor  Trinidad  products. 

7.  The  aohibillty  of  the  bltumoi  at  air  tanparatma,  in  TC°  B  paiafliB  |ii>»iilaiiia 
naphtha,  dlatilling  between  60°  and  gS"  C  (UO°andlMr  F),ahaU  be  bat— m  86  and 
80%. 

8.  The  bitumen  shall  shmr  between  8  and  18%  fixed  eariwa. ' 

9.  It  shall  show  an  open  flash  point  not  leM  than  190*  C  (S7P  F>. 

10.  It  ahall  oot  contain  more  than  Z%  paraffln  aeala. 

11.  It  dull  show  a  toufhiMH  at0«C(82OF)o(iiotle«  Umb  10  dm.  Tiinlmi  fa 
datarmiiMd  by  bnakfag  a  cyHndar  of  the  mateHal  IH  in  In  dfanatw  IK  ti  tabrf^t 
Ib  a  Pace  Impact  machine.  (Am.  Soc  Test.  Blat,  Aug.  IS,  IMS.)  The  flnrt  drop  ol 
the  tiamtnur  ig  from  a  hdfht  of  6  cm  and  each  ■ucccedins  blow  is  Increaaed  by  6  cm. 

12.  It  shall  have  a  ductility  at  26°  C  (Tr  F)  of  not  leas  than  8  em.  Dow  a»old_ 

"  Hlnafil  AsKrecate.  The  crushed  rock  (or  coarse  agcregato  laed  in  tho  Uo^ 
ahall  be  crushed  from  dean  hard  rock  and  shall  not  contain  any  soft  Infwdfaala.  It 
must  be  eniahed  so  that  every  particle  will  pass  a  H-bi  Mnm. 

"The  inoTKanie  dust,  or  filler,  shall  be  produced  from  sound  Hmeatooe,  and  abaD 
be  powd««d  to  such  a  Anaieas  tlutt  all  of  it  shall  pass  a  flO-meah  aleve  and  not  Ian  than 
60%  of  it  ahall  pass  a  20ft-meah  wkm.  Sufflcknt  InoriaBic  duat  ritaU  ba  uasd  to  ftn 
a  minimum  percentage  of  voMt  In  tiia  blo^  and  provide  a  aofldaKt  medium  lor 
abaorbin(  the  aaphaltic  cemant. 

"The  blodt  eompoaltion  shall  yield  not  kas  Uian  8.6  aor  men  than  S.B%  of  Uto- . 
mMi,  when  extracted  with  carbon  dbulphlda. 
"Gbadino.   The  mineral  anrecate  cl  tbm  blocks  ahaO  maat  tba  foUowinc  meA 


analyaaa: 

Fanlnc  200-roeah  sieve,  at  leest   1S% 

Pandnc  8a4n«di  aiava,  letaiBed  on  SOfrMh  ataw   UtoU% 

Faarinc  4<MMah  rieve,  retained  on  SOomhrim..... . . ..  StoU% 

Paaring  20-maah  sieve,  retained  est  40-ntA  thm   8  to  16% 

PaHlng  10-meah  sieve,  retained  on  2IMnMh  sieve   16  to  20% 

PaastDE   K-in  screen   100% 


"  Manufacture.  The  use  of  dust  coated  screenlnia  will  be  cause  for  rejectlMi.  nm 
blocks  shall  recrive  a  compression  in  the  molds  of  not  len  than  200  tona. 

"  Testa  of  Blocks.  The  blocks  shall  have  a  spedflc  gravity  of  not  lea  than  iM 
lor  trap  blocks,  or  not  lees  thsn  2..30  for  approved  UmestMie  blocks. 

"After  bavins  bent  dried  for  21  hr.  at  a  t^perature  <a  W  C  (160"  F),  the  blocks 
ahall  not  abacwb  more  than  0.76%  of  moisture  when  Iramened  in  water  for  7  daya. 

"The  average  penetration  of  a  block  shsU  not  exceed  yi  in  nhm  tested  for  1  min 
at  a  temperature  of  88°  C  (100°  F)  with  a  cylinder  H  In  in  dlametw  loaded  with  1471b. 

"  Lariai.  Upon  the  foundation  shall  be  spread  a  bed  ol  tiie  thickuess  shown  opoa 
the  plans,  composed  of  1  part  Portland  eemeot  and  4  parta  aand,  thoroiy  mixad  with 
sufBdent  water  to  make  a  atUI  paste.  Thfa  mortar  bad  ahaQ  bt  atnidk  with  a  t«mlate 
to  a  true  surface  euetly  parallel  to  the  top  of  the  propoaed  pavemsut  auiface  and 
2  in  below  it. 

"The  bloda  diaQ  be  Ud  while  the  nuntar  la  frs^  aad  befom  It  haa  bagnn  to  liarifan 
All  depressions  and  other  irreBularitlee  In  the  surface  shall  be  corrected  by  the  «oo- 
tractor  immediately.  The  blocks  shall  be  laid  by  the  paven  standing  upon  the  bloda 
already  laid  and  not  upon  the  bed  of  mortar.  The  blocks  shall  be  laid  at  ri^t  anglea 
with  tlte  line  <tf  the  street,  and  in  such  a  manner  that  all  longitudinal  joints  shall  be 
broken  by  a  lap  of  approximately  4  In.  The  blocks  shall  be  so  laid  as  to  make 
the  lateral  jtonts  as  tight  as  poenble,  coaslsteot  with  keeping  a  good  aligiunent  ol 
the  eoufsM  acroas  tlM  street.  When  thus  laid  the  bloclca  shall  be  immediately  covered 
with  clean,  fine  sand,  perfectly  dry,  screened  thru  a  y^-in  acreen.  Tliis  sand  shall 
be  stMvad  over  the  surface  and  swept  into  the  Joints  and  be  allowed  to  remain  oo  the 
pavement  not  leaa  than  30  days  or  until  tbe  action  of  the  traffic  on  the  street  aball  have 
thoroly  ground  the  sand  Into  all  the  joints. 

"Anchor  Blocks  and  Strips.  On  grades,  curves  or  elsewhere  as  shown  on  the  plans 
or  as  ordered  by  the  engineer,  btocka  oootainlng  an  Imbedded  anchor  of  Iron  or  steel 
of  an  approvad  ahva  ahaQ  be  furniriiad.   Steel  sttlps,  IH  In  wide,  H  in  ttakk  and 
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tnatt  2  to  4  ft  long  mmy  be  set  <n  edge  between  eooiwa  as  ■  niletitata  for  anchor 
bloc^ka.  TbflM  uichor  block*  or  eteel  strips  are  to  be  laid  In  audi  coutbm  aad  at  auch 
faitervals  m  ■bown  on  plau  or  m  directed  by  the  engiiieM.'* 

If .  J.  Sifttc  HiiJHrftjr  Dept  1917  SjwdflcatlMU  oovering  numufactim  of 
blocks  Emd  anchor  blocks  are  as  follows: 

"  Mannfactnre.  When  compounding  the  above  Ingredients  the  tnp  rode  and 
■apbalt  cement  aball  eadi  have  a  tonperatuia  irf  not  kaa  than  121°  C  (260°  F)  nor 
mwa  than  ITT*  C  960°  F).  TlmrehaU  be  blended  fai  an  a^haltmbar  at  the  pug  ralU 
type.  The  trap  rock  and  fllUr  shall  be  tfaoroly  and  mitformly  mixed  together  Mora 
Oie  hot  aaphaltic  cement  Is  added.  After  the  aqduHic  cement  has  been  added,  the 
mixing  abijl  continue  for  at  least  3  mln  and  as  much  longer  as  ia  iii  i  iniiiji  to  secure 
a  homogeneons  mixture  In  which  all  the  partideB  are  thort^  coated  with  the  aairiwltie 
oement.  The  above  mixture  must  have  a  temperature  of  not  leas  than  121"  or  over 
168°  C  (260°  or  over  825'>  F)  and  while  at  this  temperature  riiall  be  fmmed  Into  blocks 

tbe  spedfled  siie  undw  a  pressure  (rf  not  less  than  6000  lb  per  sq  in  applied  on  tha 
ina}or  face.  iit«-  compressing  they  shall  be  cooled  Immediate^  in  the  manner 
reqidred. 

"Anchor  Blocks  shall.  In  addition  to  meeting  the  requirements  spedfled  hereinabove, 
have  a  atrip  of  sheet  iron  0.083  in  In  thldcneas  and  1  In  wide  so  Imbedded  tn  tbe  bloc^ 
that  it  Is  flrroly  held  in  place,  does  not  project  lees  than  H  In  or  over  HI  in  behnr 
tba  soifaee  of  tbe  face  of  the  bloA,  Is  alI4>Ucal  In  wbxpa,  tbe  majw  axis  of  whUi  Is 
oot  1ms  than  9  in  w  orcr  10  in  and  tha  minor  axis,  not  less  than  2^  tn  m  over  8  te." 

SO.  Hlwellaneotts  Bttmiiliioiu  PweiiieotB  Constructed  1^ 

Sand  Mixed  with  Aaphaltic  Oil  or  Aaphalt  Cament.  The  Mass.  Highway 
Comm.  has  endeavored  ance  1908  to  develop  an  efficient  method  of  utilising 
the  local  annd  oo  Cape  Cod  in  the  construction  of  a  type  of  bituminous 
pavement  auitaUe  for  the  traffio  to  irtiich  many  of  the  highways  in  tbo 
southeastern  section  of  Massacfausetta  are  subjected.  Tbe  coaeluaions 
and  specifications  of  the  Commiasioa  cover  the  fundamentals  of  this  type 
of  oonstruction. 

ICaM.  Hi^  Conua.  Report,  19U.  "In  thafaU  of  IMS^  the  CMnmisston  deddod  to 
try  some  avsriiMnta  with  various  Utuminoua  materials  nixed  with  hot  sand.  Elerat 
aectloBs  of  road  were  constructed  and  a  different  bitumao  was  used  on  each.  Two 
qualities  ol  tar  were  used  and  nine  diff«wit  oils  or  asphalt  products.  In  each  ease 
Bubgrade  was  carefully  prepared  of  tbe  required  width,  and  the  mixture  was  quead 
«a  ercstly  as  possible  ttaerMD  and  rolled  with  a  hi^t  rtdkr.  Tbe  mixture  was  t  In 
tiddc  tn  tha  niiddh  and  8  In  thidE  on  the  rfdsa.  The  sand  aad  tha  Utuminoaa 
tcibia  w«a  llzst  heated,  and  than  mtsod  by  hand  as  thoroly  ss  posdble,  before  being 
aprmi  on  tbe  road.  Eight  of  these  eiqwimental  seetlona  practically  fsUed  within 
the  year.  Another  section  was  never  very  satiafaetory,  and  only  two  rraiained  in 
good  eondilion  and  are  stiU  in  use,  having  l>een  patched  frmn  time  to  time.  The 
oaly  alctlona  that  aueeeeded  wera  the  onea  where  a  heavy  oU  with  an  aqriialt  baiw 
was  oasd^  or  wfasre  this  oil  was  used  mixed  with  an  equal  quantl^  of  avhslt.  This 
latter  section  was  much  better  than  tbe  other  two.  The  daily  traffic  ttut  l>as  been 
eaziied  snceessfully  as  shown  by  tbe  traffic  census  Uken  In  1910,  1912  and  1915  is 
about  sa  follows:  Sandwich  Road:  8  heavy  teams,  28  light  teams  and  502  auto- 
mobUm  PlyiAoutfa  Road:  S  heavy  teams,  8  light  teams,  25t  automobiles. 

"The  Commiadon  hss  constructed  over  28  mUes  of  mixed  sand  and  oil  ssphah 
roadssIneetheezperimentBmadesevmyearsacoinlHS.  ItbaaalBobailtoverl}jmiles 
of  sand  mixed  with  tar.  The  roads  are  built  over  a  carefully  prepared  and  hardsiwd 
baae,  about  4  in  liilck  in  tbe  middle  and  8  In  on  the  ddes,  18  ft  In  width,  with  21  ft 
OB  the  curves., 

"Various  aqibslts  have  been  used,  both  reslJuum  and  dktural,  and  on  this  mixed 
weik  an  dl  ssfriult  Is  now  used  that  testa  80  penetration  oa  a  Dow  pef«trom«ter. 
The  quantity  of  oil  aq>balt  that  is  used  hse  to  be  varied  a  little  aceording  to  the  vatte< 
tloaa  in  tha  quantity  of  voids  in  the  sand,  18  to  21  gal  bdng  used  to  1  eu  yd  of  Mnd. 
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"Nnr  mltlBg  muhtaM  har*  bean  made,  md  their  um  insure*  •  much  morf  cvn 
ntartora  ot  tha  Mad  and  oil.  Severml  nnd  bMtsn  haTS  baa*  deaignsd  and  hai*  bea* 
used  with  good  reaulta.  In  thsae  the  aaod  ia  kapt  in  raotiao  all  the  tima  it  ■  bonf 
liMtMl.  inaurinf  a  unifomi  beatiiic  of  the  aaiKl.  Better  raaulta  hava  bwn  aacnred 
by  aaiog  a  road  acraper  and  keeping  the  lAxtura  ccnutaatly  shaped  while  it  ia  babig 
roBiil  Aa  atated  above  a  aaal  eoat  <rf  a  Hghtar  oU  improvaa  the  road  aurfaea  aod 
pnnnta  It  from  baviag  oecarinaal  pot-faoha,  and  daercaaaa  the  eoat  of  fatnn 
taoaoea* 

"Tha  coat  ot  tbeae  aaad  and  «U  aq)faalt  loadt  haa  wlad  from  40  to  6L  pv 
aq  yd,  the  average  coat  being  5Z  eanta. 

"Tliere  ia  no  class  of  road  built  that  will  go  to  pi«c«a  any  quicker  than  roada  of  the 
above  character,  if  they  are  not  constantly  maintained.  A  pot-hole  in  wet  weather 
will  aeon  become  aa  big  aa  a  buabel  basket,  and  with  many  holaa  of  this  kind  the  road 
bturtoolrvwy  quickly  deatroyad  by  the  tndBe  but  it  faecoaMBliapaaabla.  Thoaaaadi 
«(  ArilatB  am  loat  ewy  yaar  bacaiiaa  thfa  maiateBanee  la  ne^ected*  tha  btdv  Dot 
being  flUwL 

"The  average  cost  of  maintenance  per  year  on  tbeae  mixed  roada  that  have  beat 
^  uat  6  yean  haa  been  1.6  centa  per  sq  yd  per  year;  oa  roada  that  have  baao  tn  uae 
S  yean  tlia  yearly  ooat  ot  matntensnoe  haa  been  0.75  oenta  per  aq  yd.   If  thaaa  nads 
nq^  a  seal  ooat  avwy  4  or  6  yaaia,  aa  aeema  probaUy,  the  avwaia  ywly  coat 
maloteoance  will  be  about       cents  per  sq  yd  per  year." 

The  Haaa.  Highway  Comm.  Spodik:atioiia  OOb),  ia  part,  are  aa  foUowa: 

"  UlTHOD  or  UixiNQ.  The  sand  and  (A]  shall  b«  mixed  by  hand  or  in  a  macfaanical 
i^xer.  If  by  hand,  the  mixing  ahall  be  dona  on  plattorma  with  rakee  and  hoaa,  or 
by  f  n'*tt  with  ahovala.  The  platforma  ahall  be  made  ai  2-ia  plaaka,  and  ahaD  be 
■boat  8  tt  wide  by  16  tt  long,  but  for  ooBvaaiflMe  In  imirfWwg  may  bt  made  ia  2  aacttoM 
If  a  mechanical  ndxer  ii  uaed.  It  ahall  have  a  suitable  hot  attaduaaot,  ao  armacad 
Oat  tha  mateilala  will  not  be  burned  during  tlie  nixing. 

"The  oU  or  oil  asphalt  used  for  mixing  shall  be  aa  ordered,  but  in  no  caae  ahall  cH 
having  a  viaeoalty  of  teas  than  600  sec.  lAwmoe  Vbooaimetar  at  100°  C  (212"  F)  or 
oil  aaphalt  having  a  pcnetiatlon  <rf  lea  than  60,  Dow  paoetrometar  at  86°  C  (77"  F) 
be  uaed.  The  amount  of  oil  uaed  shall  be  as  ordered,  bat  in  bq  oaaa  ahall  laaa  than 
IS  ^  or  more  than  20  gal  be  uaed  p»  cayiid  looae  aaod.  ^le  oil  Aall  ba  haatad 
to  a  temperature  of  from  121°  to  191°  C  (260°  to  S7S'  F),  depending  on  the  natnn  at 
Ibo  oU  or  oil  asphalt  used. 

"The  aand  dtall  be  dean,  sharp,  fairly  eoaiae  and  well  graded,  and  ahall  ~^t*^" 
ao  advaotltioua  mateiial  of  any  Und.  It  ahall  CMttaln  no  atoiMa  nwe  Khan  la  b 
their  toageat  dlm-ndonB,  or  ovw  112%  paaring  a  fiOHnarii  alav*.  The  aaad  wbm 
mixed  with  the  oil  shall  be  dry  and  so  heated,  that  a  uniform  mixtura  will  be  secoied. 
Care  must  be  eierdaed  not  to  overheat  the  aand  so  aa  to  bum  the  olL 

"MSTHOD  OP  Laying.  When  the  mixing  is  conqileted  to  the  aatiataction  ot  the 
engineer.  It  shall  be  transported  immediately  to  and  spread  on  the  road.  It  shall 
not  be  dumped  directly  on  tlie  aubgiade,  but  upon  dumping  boarda  or  iron  platea; 
the  dumping  boarda  or  plates  to  be  ot  suffldoit  ilae  to  retain  all  of  the  mixture  wbm 
damped.  The  mixed  material  after  it  is  d^»arited  In  plaee  shall  be  shaped  with  nkm 
and  immediately  rolled  with  a  horae  roller  weighing  about  1  ton.  The  suifeee  ahall 
be  shaped  with  a  road  machine  or  suitable  acraper  and  aftowards  roUed  with  a  tan- 
dem steam  roller.  The  length  <tf  time  elapsing  before  rolHag  with  the  steam  roller 
shall  be  aa  ordered  by  the  engineer.  Any  rlirrnaalnns  appearing  In  the  suriacinc  abd 
be  filled  with  mixed  material  aatWaetory  to  the  eagfaMar.  It  aadi  dapniaiioBa  an 
found  after  the  sand  and  oil  hava  hardened  ao  the  new  material  wm  not  bond  readtr 
with  the  old,  a  sufBeient  amount  of  the  old  material  shall  be  dug  oat  to  allow  the  plac- 
ing of  not  leas  than  2  In  of  the  new  mixture,  which  ahall  be  thoroly  rolled.  Any  aligbt 
inerfstneas  of  the  surface  shall  be  remedied  by  acrapiog  with  a  road  machine  ot  eoit- 
■Ua  scraper  and  the  aurface  again  rolled. 

"Sbal  Coat.  After  the  sand  and  oU  mtxtme  haa  bean  dimed  aad  nOad  to  the 
aatlstaction  of  the  engineer,  a  seal  eoat  of  a^haltic  <Al  ahall  be  distributed  oa  tlw 
aurface  in  2  applIeatioDs  of  H  of  *  1*1  per  sq  yd.  Each  appUcatioD  of  oil  shall  be 
«ovMad  irith  a  thin  layer  of  aaad  iWMd  evenly  over  the  auifaoa  and  roQad  with  a 
eteam  roller,  additional  sand  bal«g  added  aa  Beaded  to  abKnb  tmr  flariitw  to  tha 
Mtfaofc  The  aapbaltk:  olliiii9d;ortbeMalfloata)igninc(a  gm«f  iMWMtary  to 
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tiM  CBilBMr,  fant  In  ao  ens  ■hsll  dl  hxrlat  m  vlmiailar  et  }m  ttaaa  S60  ne,  or  mm 
than  600  we,  I^wnnce  vtMorinrtar  at  100"  C  (118°  F)  b*  and.  Tbt  oO  rfttO  be 
hutod  In  Unfc  can  or  otherwbe  mod  aluUl  be  tnaapattad  to  the  work  in  sultaUe  dia- 
tributor  carts  or  trudca.  It  Hhall  have  a  temperature  of  approzlmatebr  121"  C  (260°  F) 
iriwn  wpUed.  Tbe  M  ebaU  be  aiwUed  by  a  piewure  dirtrfbutor  whidi  wiU  ^Mvttd 
it  menly  orcr  tba  suifaoe,  Uavlnc  no  qwto  or  atnafai  neovwad,  md  no  omlawdni 
wfll  be  alknrad. 

dar  or  Loam  Mixed  with  Aaphatt  C«flieBt  In  1912  a  mixture  of  pul- 
-vwised  clay  and  asphalt  cement  was  laid  in  lola,  Kan.  Since  1912  several 
sectiona  of  this  type  of  bituminoua  pavement  have  been  laid  thruout  the 
United  States. 

Motiiod  of  Conrtnictioo  (Klb).  "la  eoostruetiiiB  tUi  pavament,  a  spedally 
denined  machine  thoroly  pulverizes  the  aoil  which  i>  fed  into  It,  which  may  be  that 
excavated  from  the  road  in  grading,  at  the  aame  time  evaporatitic  the  moisture  con- 
tained tbu^  and  hrating  all  mat«ial  to  tiie  degree  naomary  fen-  uniform  and  easy 
mixing.  There  are  two  drama,  the  inner  of  wliich  haa  blades  on  the  outer  dreum- 
ferenee.  The  out«r  drum  acta  as  a  beater.  The  inner  revolves  at  a  rate  of  about 
400  rev  per  ntin,  snd  the  bladea.  wlueh  axe  arranged  normal  to  a  h^  so  that  tlie 
material  is  worked  toward  one  end,  throws  tlie  material  against  the  out«r  drum.  It 
i»  raised  hy  U^am  on  the  inner  surface  of  tim  ontv  dram,  wUdi  zevolvea  sknvtr,  and 
aa  It  (ana  faadi  it  ta  a^  caa^t  by  the  bladaa,  tide  procv  httn^  rapeated  antfl  aD 
tflM  earth  la  polvcclaed  eompbtaly  aad  eomaa  out  aa  flour.  A  soeoi  preventa  va- 
pulveriaed  partidee  from  coining  out.  Any  sand  particles  come  out  dean  and  bright. 
Tlw  Utuminoos  binder  is  then  mixed  with  the  pulverised,  dried  and  bested  material 
in  a  regular  asphalt  mixer.  The  product  aa  It  comes  out  wacmblca  pulveriaad  rode 
aaphait  mart  tlian  It  do«  aheat  aiphall;  the  It  aw  be  handled  ia  the  sane  way  aa 
the  latter.  It  b  hauled  to  tbe  road,  spread,  and  rolled  when  anflMntty  eooL  The 
material  which  has  been  need  as  mineral  aggregate  in  tola  ia  a  clayey  sub-soil  excavated 
from  the  street  to  be  paved.  This  material,  which  is  oommooly  known  aa  gumbe 
noil  in  the  middle  west,  fa  coneidered  the  moat  refractory  ecdl  or  clay  to  work  up  into 
paving,  yet  it  was  readily  pulverized  and  mixed  wiUi  the  asphallic  oenooiL" 

Report  by  Dow  (61b).  "The  National  pavement  ia  composed  of  asphalt  eement 
mixed  with  pulverized  clay  or  loam  whidi  may  contain  more  or  less  ssnd  or  fine  stone. 
Owing  to  the  strong  affinity  for  bituminous  iii«fjruil«  Uiw  aq>halt  cement  poeseased 
1^  tile  colloidal  silica  and  trilicatea  contained  in  clay  and  clayey  soils,  and  alao  to  the 
fine  state  <rf  divimm  of  the  pulverixed  day,  a  v«y  aoft  aaphait  cement  may  be  uaed 
in  the  mixture  without  danger  <A  producing  a  pavement  too  soft  for  traffic  In  this 
le^Mct  it  Has  a  dladnet  advantage  over  other  ^rpea  ct  MtuminoUB  pavamenta,  for  it  ia 
a  well  known  fact  that  the  softv  the  asphalt  oauant  uaed  the  longer  the  Ufa  of  the 
pavement,  provided  it  is  not  so  soft  as  to  roll  under  tbe  traffic.  As  to  the  wearing 
qualitiea  cl  this  paving  material  no  ona  can  say  from  a  practical  experienoa,  but, 
judging  from  ita  characteristics,  it  is  hard  to  appreciate  iiow  it  can  be  worn  away. 
Tbe  wuarlin  can  not  take  place  ia  a  manner  sindlar  to  tbe  other  types  of  bituaiaous 
paramants  eonatractad  lAtb  sand  and  eonzK  mineral  aggrsgata.  bi  theaa  autaiiala, 
tbe  eoarm  minwal  nutter  slowly  pulvertaes  under  traffic  and  grinds  away,  but  ia  the 
case  ctf  the  National  pavement  the  clay  Is  already  pulverized  to  as  flat  a  emidition 
aa  possible  and  there  can  not  be  any  further  grinding  of  the  partldes.  One  great 
advantage  which  tUs  paviag  material  possesses  over  that  of  other  Utundnoua  pave- 
mcnta  is  that  it  is  made  of  finely  pulverised  day  with  little  or  no  gritty  partidaa  emi- 
triaed  in  it.  It  will  not  have  the  same  wearing  eOeet  on  rubbcr-tirad  vehldes  which 
are  aow  so  anidi  ia  use  on  our  public  highways." 

In  a  later  report  (1917)  Dow  sUtes  tlwt,  "aa  the  Natioaal  pavenMit  la  onnpoaad 
of  tbe  flneat  divided  mineral  particles  which  preaent  a  large  aurlace  area  to  he  eovwed 
with  Utumeo,  its  aaphait  contaita  ia  much  greater  than  that  of  any  other  type  of 
Mtmninoua  pavement,  thus  making  it  a  more  malleable  materiaL  TUa  great  malle- 
abUHjr  will  povant  the  formation  <rf  cracka  aad  'deprcsaiona  in  the  pavement  wImbi 
it  ia  BUb^eted  to  traAc,  and  will  tend  to  keep  tbe  surface  smooth  and  uniform  and  fMe 
from  rata." 

flfodSeaUou  for  ffadooat  nwomant  are,  in  part,  as  felfanni  "Upoa  the  foondatlon 
prepared  and  {aid  as  elsewhere  herein  specified  shall  be  fadd  tbt  pavemsot  ftefv. 


L.ooQle 
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TUi  iteB  flo^rt  itf  ft  UtdBiBlMd  wrlk  MwfcV  anlM  . . .  Mm  In  tUdaw  ea» 
pond  oli  PnlwM  day,  loMn  or  mrtb,  M  to  8B%;  Mphaft  IS  to  S0%. 

"AflFULTCMMT.  It  riuD  bftTB  ■  iMMtntta  at  S6"  C  (7r  F)  a<  favn  W  to  in 
depeDdioK  on  Uw  flnmH  ot  Oa  pohwind  wrOi,  flw  tnO^  wd  the  kteal  dtaMtk 
eanditioiM. 

"Pvurmamt  K*mth,  Cut  <»  Loam.  Thlt  ■hall  Im  an  aardqr  awtviil  eo^ljtaf 
with  th*  fotknriDf  MqidramcBta,  tba  twla  beinx  made  on  the  dried  matariaL 

1.  Vpoa  riltiaf  it  ihall  ban  tba  foUowint  maah  compoaltioa: 

Pa^nc  200-inMb  aiev«   60  to  100% 

PaMtng  SO-maah  dava,  and  ratataad  on  SOa«iMh  sieve  0  to  30% 
PaMfaig  2D4imh  liava,  and  ntalaad  en  Whiwah  siava    0  to  aO% 

2.  Whan  tha  aarth,  day  or  loam  la  woritad  into  a  stiff  paata  aad  iMldad  toto  a 
■tandard  cconent  briquette  it  ihaH,  after  dryinc,  ahow  a  tonila  strancth  Ot  Mt  Ian 
than  50  lb  pm  aq  in. 

8.  ItmuatbaaohiUaindiliitahydrodikMidaadd  (IJC)  to  the  toctnt  of  not  fato  tihaa 
6  DOT  onrar  U%, 

4.  The  polTCfiiad  earth  moat  not  eonti^  man  than  6%  ot  eariioaatafc 

5.  On  icniting  at  a  Md  heat.  It  shall  loae  batwaan  8  and  12%. 

"WUBINO  SuBFACK.  The  earth  mtiat  be  heated  and  pulvwiied  by  paadng  thro  a 
nrroMuf  drum  coataininf  a  diafaitefrator  of  approved  type.  The  |ih1  umIwiI  earth 
whto  naad  BWt  be  at  a  faapeimtuM  batwan  98"  and  lllfC  OOOOaadaOO"  V).  Tfc* 
npbalt  eemant  wban  need  rauat  be  at  a  tempwatni!*  hrtwum  121'  and  149"  C  (^B^ 
and  800*  F).  The  pulverised  earth  and  aqihalt  eenunt  shall  be  broaffat  tofothar  and 
mixed  (or  at  least  1  mis  is  a  auitable  appliance  untfl  a  homofaaeoui  mlMm  la  f'&anH 
to  which  all  the  partidea  are  thoroly  coated  with  a^halt  eamait. 

"  Lay  mo.  The  mirface  mixture  prepared  in  the  manner  abovw  daagibed  ihall  be 
braoght  to  the  work  in  wagons  and  upon  reaching  the  atraat,  shall  have  a  tewipera- 
ture  betwetm  93°  and  136°  C  (?O0f  and  276°  F).  The  tarapwature  ot  the  amfiM* 
mixture  within  these  Umita  shaJl  be  regulated  according  to  the  tempM«ture  of  the 
atmoaphere  and  the  workiDg  ot  the  mixture  and  the  character  of  the  materials  eaiployvd. 
On  reaching  the  street  It  shall  at  once  be  dumped  on  a  spot  ouCdde  of  tl>e  apace  on  which 
It  la  to  be  spread.  It  shall  then  be  depodted  loaghly  In  phtoe  by  meaoa  of  shorch, 
altar  wfaldi  It  ahaU  ba  uniformly  spread  in  placa  Iqr  maana  of  hot  Inm  raiiH  In  ancb  a 
nannor  that  af tw  havlai  leednd  Ita  Itaial  ewnpraadnw  1^  roDhic  tha  Adibed  pava- 
raent  shall  oonform  to  the  eatabUabed  grade.  The  thffVnem  of  the  finished  aaifaea 
mixture  shall  average  2  In.  Not  mon  than  10%  variatl(»i  from  the  average  thickneaa 
BpedAed  will  be  permitted  in  any  one  spoL  After  raking,  the  auifaca  mixture  ahall 
ba  eompnaaed  by  rolling  or  tamping.  After  It  haa  raedvad  ita  flrat  rnmpniMiiwi  and 
baa  eoolad  auOdantiy.  tha  aoifaea  sbaD  An  ba  thontly  tnmynmBA  by  a  ataam  lollai 
weighing  not  leas  than  200  H>  per  in  width  of  tread,  the  raOtaic  behig  carried  on  eon- 
tinuonsly  at  the  rate  of  not  more  than  ZOO  sq  yd  par  hr  per  roll«r  imtQ  a  compreasioo  is 
obtained  wlUch  Is  satisfacb^  to  the  engineer." 

Wood  Flbera  Mixed  with  Bittuninotu  Cament  In  1911  an  ezperimeBtal 
section  of  bituminouB  pavement  of  this  type,  known  as  Fibred-Asphidt, 
was  constructed  in  St.  AlbaJis.  W.  Va.  under  the  direotion  of  the  pateotee, 
Geo.  H.  Henderson.  Since  1011,  sections  b&ve  been  oonatnicted  in  several 
states,  including  Delaware.  New  York,  and  Tenneoaee. 

Hattod  of  Itaanbcture  and  Constntctkm  (27a).  "This  paveoMBt  BPodsta  of 
the  flban  of  hard  wood,  impregnated  wiUi  a  preeervative  compauad  and  bound  with 
a  bituminous  material.  The  fiber  used  is  the  toogfaeat  dnaw  of  hard  wood  tanalaiag 
after  the  daterimable,  avapomble  aap,  essmeaa  and  aofter  portiaitB  of  tba  wood  have 
beeo  Ktiaeted  and  removed.  It  la  obtained  as  a  Iqr-iirodiKt  ot  tba  nuumlaetnn 
of  tannin  and  i>th«  enencea.  In  preparing  ttie  material  (or  pavamcBt  purpoees,  the 
fihm  are  removed  from  the  extract  vata  by  endleas  belts  and  conveyed  to  vacanai 
driers.  After  being  dried  they  are  scre«ned,  the  largoat  chip  used  bdng  that  panAig 
a  S-mash  atsve.  Foot  different  slsad  sieves  are  used,  tba  varioua  ataas  of  cfalpa  bdag 
afterwards  mechanically  mixed  la  tha  predetermined  proportioDB.  from  the  larger 
ifaea  down  to  wood  fionr.  Tba  dry  graded  tbifm  are  naat  aouTayad  to  a  Bdmr,  wbwa 
the  Imiwapiatiug  pnaamtive  Is  added,  and  are  tbm  esatad  with  mottw  a«halL 
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Tim  adxton  h  mat  dkAuiBd  fate  maUa  ft  by  ft  md  CMiiiifwJ  into  4  ft 
tor  e  ft  blo^  tmOy  far  ifalinnint. 

"Id  IkSFinc  the  pKvmwnt  the  prepKnd  nwtcrUl  h  tUnied  in  bloelB  to  the  rite  of 
the  work.  The  Uodn  m  then  chof^Md  up  Into  iati  plecee  and  |d*Md  in  s  qwdkl 
portable  rdwBttnc  machine,  fnun  which  the  material  k  dSeduUfed  hot  onto  the  pr*. 
pared  road-bed,  and  meehaaica)ly  spread  by  an  attaefanwat  to  the  machine  to  a  uniform 
<tepth  of  4  Id  unoompramod.  The  hot  material  ia  then  tamped  by  hand  by  laffe  wooden 
tampa,  lint  dipped  In  water  to  avoid  iHcldnc  up  the  sticky  DiateriaL  The  tamirinc 
opwatioo  is  ft^wed  a  aeriea  of  ateam  rolUnga  until  the  material  ie  oompremed  to 
a  compact,  "tiomogeneaaa  mam  2  In  ttdek,  tbk  cooetltating  the  wearing  aurfaee  ol 
tbe  road.  The  coat  of  the  reheating  machine  complete  ia  12600.  and  It  ia  stated  that 
the  entire  fiwoe  required  for  Its  operation,  iochuUng  ahaping  and  tamping  of  the 
tMcliankally  qnead  material.  omiiitB  of  1  azpvt,  1  foremaD,  1  ^ginti*  and  12 
laborara.  In  addition  tiiere  will  be  the  eteam  roller  opera tora.  Tbe  eoet  of  tbe  pre- 
pared mataclal  lM.h.  eui  la  stated  to  be  about  4S  oanta  per  sq  yd  of  thiUsd  road, 
and  it  ia  further  Matad  that  2-(a  pawMit  ean  ba  «wtMlarwted  at  a  eoat  of  about  60 
amti  par  aq  yd,  tUa  takdudng  rt^fMm,  )ab»  tad  all  eimica.'* 

21.  Constnictioii  Cost  Data 
The  cost  of  tutuminoua  ooocrete  pavementa  vbtIm  with  the  kind  and 
quantity  of  bituminouB  material  used,  the  character  of  the  aggregate  and 
ibe  method  of  conBtruction  employed.  Uoing  an  aggr^iate  at  stone  varying 
from  H  to  1 H  in  in  loDvest  dimeoaioiu,  mixed  with  5  to  8%  of  bitumen, 
nod  a  leal  ooat  erf  K  sal  per  aq  yd,  the  cost  of  a  2-in  wearing  couraa  should 
be  30  to  60  cents  per  aq  yd  in  exoeaa  of  water-bound  broken  atone  roads. 
Tbe  cost  of  pavements  of  Classes  B  and  C  usually  varies  from  tl  to 
(2.50  per  sq  yd,  including  foundations  and  light  grading.  Asphalt  block 
pavements  on  6  or  6-in  oemratHXuiarete  foundation  vaiy  in  cost  from  S3 
to  93  per  sq  yd. 

RacMdiSC  Cost  Data  for  Oasa  B  FavamBta  by  WUta  (T8a).  Id  descril^  the 
eonatruction  of  btamdnoa  eoaersto  pavKMBts,  Sooth  Park,  Chloago,  the  (oUowing 
details  of  reeordfaig  ooata  of  opoiatioB  of  a  linfeMt  Portable  A^halt  Plaat  and  the 
laying  of  tbe  daily  output,  which  frequently  amoaatad  to  1S60  aq  yd  of  2-in  auifaee, 
ara  cftwL 

"Tbs  auftaoa  tomaaali  nport  on  work  order  No.  SUl  of  the  same  data  raooids; 
Date;  work  nnoilMr;  loeatiMi  of  wd<^;  thldmeei  of  asphaltic  eupgato  laid;  aqnara 
yards  of  each  thldoMae;  number  and  duties  of  each  man  employed;  number  of  houn 
and  rate  per  hour  of  eadi  man;  total  batdwe  received  from  each  asphalt  plant;  num- 
ber galloQs  for  aqueagee;  number  cubic  yarda  and  kiad  of  sand;  number  of  pounde 
«<eoaL 

"Tha  aoifaea  lormoan^  labor  repnt  on  work  ordv  No.  2201  o(  the  aama  data  abo 


Number 
of  mao 


How  Oerap4ed 


Rata 
per  Hoar 
taCento 

Hours 
Worked 

40.0 

9.0 

S8.0 

42.0 

S8.0 

10.S 

82.0 

SLO 

27Xt 

42.0 

11.5 

vijn 

llJi 

26.0 

10.0 

27.fi 

2.0 

fi6.fi 

21.6 

fi6.« 

1.0 

Top  foreman  

laborers  raktag  

Laborer  tamfd^  badi.. 

[^borata  tampiqt  

Laborers  qtreading  

lAborar  dum^ng  earta. 
Laborer  painting  joints, 
laborer  spreadtng  sand. 

TimeksepOT  

Tm-ton  nrilarB  

Gensral  foreman  
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"Tte  ddlr  nport  of  tha  Mphalt  idut  foranwn  raewds:    Date:  worii 
location  of  worit;  total  batchea  dslivBred  by  each  aq>halt  plant:  hours  dalar  i 
cauae;  Dumber  and  dutiea  trf  each  man  employed;  number  of  hoan  and  lata 
hour  of  each  man;  amount  at  aaphatt  und;  amount  and  Idnda  of  atone  uaed; 
and  Idnda  of  aaod  uaed;  amount  of  ooal  und;  amount  of  gaaoUne  uaed. 

"In  order  to  Ilhiatrata  tfa«  data  aa  to  Dunbar,  rata,  and  boura  of  man  — ^riirH 
in  tbe  aaphalt  plant  cr«wm,  the  aq>halt  ptaBt  ^onmanli  fvpoit  OB  woA  ordar  No.  SSei 
of  July  1, 1B12,  ia  quotod  aa  foUowa: 


How  Oceupiad 


Rata 
par  Hour 
ItkCcnta 


Houia 
Warisad 


OcMnl  aonatiiiotion  foramaa 

Aaphalt  plant  fomman  

Traction  ancin— ■  

Fir«n«  

Awhalt  «utt«ra  

Tankman.  

Feedera  

Mizera  

Coal  DMn  

Mwi  elaantag  up  

Lineman  

Oiler, macfalm  tander. ....... 

Carta  haaUng  bot  aobpalt.. . . 

Carta  movinK  matwial  

Team  deaniog  up  

Tlmriaaper.  

nmdcaapara  

Watchman  

Watar  boy  


B6.6 
SU 

SU 
29.7 
25.0 
25.0 
25.0 
25.0 
25.0 
21.8 
2&0 
80.0 
B0.0 
50.0 
68.T 
38.8 
27.1 
25jO 
12.6 


1 
» 
12 
18 
36 
86 
61 
86 
18 
64 
36 
12 
84 
12 
8 
2 
4 
18 
8 


Coat  Data  KalatlTa  to  Claaa  B  Bitumlnona  Gravel  Coocreta  Pavenunt  built  in  1SI6 
OB  tha  Alexandria-Aceotink  Road,  Fairfax  County.  Va.,  under  tha  fraction  of  tha 
U.  S.  O.  P.  R.  (e7d).   For  dataila  of  cooatrtieUon,  aae  Art  14. 

UtfiT  Pbicb  or  Labm,  Tbaub  and  Trccks:  Foremen,  njlamon  and  aUUed 
laborers,  $4  per  S-hr  day;  common  laborers, '81.60  to  82.00  per  day;  teams,  14.60  per 
day;  trucks,  %1  per  hr. 

Luos  CoOTB  in  cania  par  aq  yd:  Hauling  aaphalt,  lJ2ti  mLdnc,  16.166;  hanlinc 
mix,  6.64;  setting  headara,  1.421;  qireadinc  mix,  8.627;  roUbc  0.766;  nallng,  U15: 
hanling  pea  gravel,  0.777.  . 

Costs  or  Matb»uls:  Gravel,  10  cents  per  cu  yd  and  0.91  oenta  per  aq  yd  of  2  !n 
wearing  course;  asphalt,  |16  per  ton  and  14.69  centa  per  sq  yd;  Umeatone  dost,  86  per 
ton  and  1.63  ceota  per  aq  yd;  pea  gravd  tor  seal  coat,  $1.60  per  boa  and  1.43  canta  per 
sqyd. 

Total  Con:   Ijibor  per  aq  yd,  81.18  coita;  material  for  bltumlnoua  oonereta  par  aq 

yd,  18.46  oenta;  total  cost  of  2-in  bituminous  gravel  cooiTete  wearing  oourse,  49.58 
oenta  per  sq  yd. 

Cost  Data  RalatiT*  to  Topeka  and  Bitulithic  PaTemonta.  In  Tables  IV 
and  V  are  given,  for  several  localitioB  in  the  United  States,  1916  prioea  of 
Topeka  and  Bitulitbio  pavements  on  cement-concrete  foundationa. 

Coat  Data  Detaila  of  Topeka  Pavement  in  Holland,  Mich.  (61a!l.  "The  paving 
proper  consisted  of  6  in  of  Portland  oement-conerete  and  2  in  of  aqthaltic  concrete; 
the  latter  bring  tbe  ccnnbinatiwi  known  aa  T<q>eka  apedflcalim.  Tha  material  tor 
the  Utmnlnoua  wearing  surface  coat  aa  foUowa:  Pionaar  aqriialt,  10.1  nnta  par 
gal;  atones  M  iii>  81.80  f.o.b.  on  tha  dodt,  average  haul,  1  mile:  sand,M  eenta  par  yd. 
Taama  coat  84  par  day;  labor,  82  per  day  oa  a  »-lir  baaia;  and  an  Inqieetor  and  fom- 
man Gomblnsd.  85  par  day. 


D>qiti;M  by 


Art.  21 
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Table  IV. — Coat  of  Topeka  Pavemanta  in         ia  Saraial  CMaa 
Vma  Engineerinf  and  CotUraOatg,  April  4,  1917 


Square 

Price* 

Wearing 
Cvurae 

CoNcaan 

FOOMDATION 

Tarda 

par 

tin  Yii 

ancoa 
Years 

ThlekneM 
Indea 

TUekneai 

Propor- 

Inehea 

tiona 

18  898 

»1.71t 

6 

1' 

6 

1:3  :6 

10  Sfil 

1.83+ 

6 

4 

1:8  :6 

TT     111  1  ill  OhiA 

1  Rfi 

1  .oo 

K 
9 

9 

4 

1:6 

South  Band,  Ind.  

87  444 

1.48t 

6 

2 

5 

1:8  :6 

Chicago  ^Khta,  m.  

Ftmd  du  Lac,  Via.  

67  000 

1.00 

6 

2 

6 

1:3  :6 

22  876 

1.63 

5 

2 

6 

1:3  :S 

9S  860 

1.64 

2 

6 

1:8  :6 

Sfoux  Falla,  3.  Dak.  

84  248 

1.6»t 

6 

2 

6 

1:21:6 

Manhattan,  Ka^.  

41  000 

1.22t 

S 

2 

6 

1:8  :6. 

32^ 
18  000 

1.40f 
1.601 

5 
5 

2 
2 

6 
5 

1:3  :6 
1:3  :6 

Vallafo,  Cat  

40  000 

i.ost 

1 

4 

1:2|:6 

♦Price  covers  pavemaot,  foundation,  and  ihaplng  aubgiade. 
tDoca  oot  include  ahaplng  aubcrade. 


"Siztaen  men  were  used  in  the  eonerets  gang  and  18  men  tn  the  aaphalt  gang,  tha 
latter  Including  the  roller  man  and  engine  tender.  Two  Rafdd  mbters  were  uaad, 
the  same  macbiaea  being  need  for  both  Portland  oement-eonento  and  Mtominoua 
concrete.  The  paving  machinery  having  been  purchased  by  tha  atreet  fund,  6  ooits 
per  sq  yd  was  paid  into  this  fund  for  the  use  of  the  machinery,  or  a  total  of  f  987.26. 
One  hundred  doUars  was  also  paid  Into  the  same  fund  for  the  use  ot  the  dty  roller. 

"The  6-in  concrata  baae  was  put  down  for  41.2  ceota  pa  aq  yd  and  the  Z\a  asphaitle 
coocnts  top  toi  B4.2  centi  per  aq  yd,  naldaf  a  total  coat  ii  pavanuat  of  9&4  enta 
per  yd." 


TaUa  v.— Coat  of  BitulitUe  Pavamanta  In  1916  In  Sareral  Clflai 
From  Bnginmrint  and  CotUraeUng,  April  4, 1917 


City 

Sguare 
Yacda 

Price* 
per 
Bq  Yd 

Guar- 
antee, 
Years 

Wearing 

Course 
Thieknesa, 
Inehes 

CoNcaara 

Foundation 

Thieknen, 
Inches 

Propor- 
tions 

10  810 

$2.76 

5 

2 

6 

1:21:6 

20  662 

2.10 

6 

2 

6 

1:8  :6 

Elmira,  N.  T  

10  648 

2.26 

5 

2 

6 

li21:6 

18  G12 

2.20 

6 

2 

6 

1:8  :« 

Cinditnatt,  Ohio  

1  088 

2.40 

6 

1:8  :6 

Battle  CreMC,  Mich  

68  948 

1.28 

2 

6 

1:6 

26  616 

1.83 

6 

2 

5 

1:6 

Sioux  Falls.  N.  Dak.  

42  784 

2.  lot 

6 

2 

« 

I:2|:fi 

Greensboro,  N.  C  

8  616 

1.60 

2 

4 

1:8  :6 

60148 

2.00t 

2 

6 

1:6 

S8M8 

2. 66 

S 

2 

4 

1:8  :6 

26  000 

2.00 

5 

8 

6 

1:8  :S 

«Priee  covers  pavement,  foundation,  aad  ahapfnf  anbfradei, 
tPooB  not  iDHude  ahaplnf  subgrade. 
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Table  VL—Coet  of  Asphalt  Block  PMrementt  In  1114  in  Sefeiel  CItiies, 
From  Engimmrim  mi  Cvwtra^mg,  ApcQ  7, 191 K 


Sqiun 
Ywdi 

Prictf* 

per 
SqYd 

Giur> 
■nta*, 
Ywn 

COMOC 

<  Fdumu 

ThidcoeM, 
Inches 

wm 

flOM 

tiCHIB 

TaMo.Ofakh  

ttafbUtSMk.  

BM7 
94S8 
84  166 
7  794 
86  086 
MGS6 

«2.8S 

2.86t 

2.62 

2.00t 

2.76t 

8.00 

6 
6 
6 
IS 

4 

6 
6 
6 
6 
6 

1:S1:S 
l:S):i 
1:S  :6 
1:S1:C 
1:2  :4 
1:6 

*Priee  covm  pavoMiit.  f onndBtloB,  and  ■baping  anfagiadeh 
tDoM  not  InaudB  •hapliix  mbgnda. 


Coat  Data  Detail*  of  BitnliUiic  PiTomont  in  Porttuid,  Ore.  (62).  "The  casta  of 
materials  and  labor,  both  at  the  paving  plant  and  on  the  street,  are  baaed  npoa  daily 
coat  records  kept  by  the  Bureau  oC  Standards  of  the  CSty  ol  PcatlsBd  in  1916  and  1916 
involving  tba  laying  of  24  848  sq  yd  of  S-in  BttoUthle  wsaring  surtsce. 


MATBUixa  Par  Sq  Yd 

Aqihaltoemmt  St  110.60  par  ton   10.128 

Sand  at  10.45  per  eu  yd   0.018 

Rock  screodnBi  at  fO.98  per  cu  yd   0.032 

Portland  cement   0.000 

Cniabad  rock  at  $0.98  per  cu  yd   0.088 


<0.216 

Mdono  Plant  Costs 

Labor   $0.0840 

Fuel  oil,  f  1.10  pa-  bbl   0.0190 

Lnbrlcatiiig  oQ    0.0007 

Power   0.0080 


»0.OS67 

Kaul,  average  (rf  8  miles   90.0610 

Stbbo?  Costs 

Labor   $0.0480 

Coal  for  rdler,  $6  par  ton   0.0005 

CoaloQatfO.lOpargal   O.OOOC 


$0.04S» 

Total  r«  MATmui.  and  Labob   $O.S800 

OVBUBAD 

ICalntoasMs  and  rqwiis  to  plant  and  aqulpDMnt   10.020 

Depredation  snd  obatdacance  ct  plant  and  squipmHit;  20%  .  0.M6 

Interest  on  plant  and  equipment  at  6%   0.014 

Supervision  and  ofHce  expense   0.06S 

l^ues  and  use  of  plant  rite   0.067 

Insurance   O.DOS 


Total  superintendmce  and  ova-head   $O.ISS 

Total  FOR  Pavbmbnt   $0,665 


Nona:  The  coat  allomnoe  of  $0.02  pn  sq  yd  for  maintraance  and  nqiaiis  to  plant 
ii  baaad  upon  tbs  setnal  gnaraatae  that  raaaufaetnreta  of  certain  paving  plaata  aia 
wlIQng  to  mte  at  tiwir  planta  for  a  nuiderata  amount  o<  pavb^. 
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"  The  eoKt  factor  lor  dipweMltoB  ind  dbmilmBmem  i»  b—td  qpai  plant  tmi  •quipimat 

vmhiiad  mt  f  Ifi  000  Mid  upon  m  yavly  oal|nit  of  6K  000  tq  yd,  which  ma  ttw  ontiMit  of 
the  coBtncton'  plants  In  191K.  The  (actor  of  20%  for  depradadon,  which  b  band 
OD  the  allowance  made  for  depredation  on  the  Dbtrict  of  Columbia  P«v1d{  plant,  ia 
Hbeiml,  for  tha  Warren  Brotbera  Co.  uae  a  factor  of  10%  depredation  on  tbdr  planta. 

"ThB  eoat  of  niperviaion  and  ottee  enenaa  ia  baaad  upon  tfae  toUowtas  toreai  A 
BuperintanJwt  at  92400  pn  year,  oaa  boouaaper  at  11200  par  year,  and  a  atMOfr^fan 
at  <600.  TIdi  fwee  la  conddered  aa  worldnc  thmoot  Urn  year  asd  da>«otiBc  all 
Ita  attention  to  pavinc,  tfao  in  actual  practice  a  form  of  tUa  kind  bandlai  wy  <rthar 
contract  Ituna  than  pnvinc  In  a  year'a  wwk. 

"The  coat  item  of  taxea  and  uae  of  plant  aita  la  baaad  vpan  the  ptyoNnt  «l  a  rant^ 
of  $200  pw  month  for  a  plant  dta.  TMt  ia  a  tar  hl|lur  rata  than  probaUy  any  of  tho 
l^t»  in  Portland  pay." 


The  peroantaoe  (rf  f  ailuree  of  bitununoUB  oonerate  pa'venieatfl  b  muoli 
■malleff  than  in  the  cue  <tf  bituminoua  maoadam  paveDtants.  FaihiTM 
may  be  oooaidered  from  the  Btandpoint  of  inadequate  drainage  and  found»- 
tions,  the  materiala  employed,  and  methods  of  oonstniction  adopted. 
Many  failures  have  occurred  because  the  type  of  pavement  used  vaa  not 
suitable  for  the  traffic  or  other  local  oooditions.  From  an  ecooomic  stand- 
point, numerous  failures  are  due  to  inefficient  maintenance. 

Failnras  Dim  to  Froat  Actfam  ««  Aahnkan,  H.  T.,  noways  IfO).  "At  a  numbar  of 
culvert*  which  had  heaved  with  the  froat,  a  freater  thfcknaaa  than  the  tbeoretteal 
2-in  wearing  coune  was  neosHaiy  aa  it  waa  crasidered  advisable  not  to  daeinaae  tho 
thidcneai  of  the  bottom  coorae  of  eruahed  atone  over  the  culvert,  but  to  five  the  road 
a  gentle  alope  each  aide  of  the  culvert.  Numeroua  bumpa  or  warta  on  the  road  which 
were  removed  proved  to  be  caused  by  the  worldag  up  of  boulden  by  the  froat  The 
boulders  varied  in  dae  from  2  to  200  cu  ft  These  at  the  time  of  constnietian  had  either 
been  below  the  sub-grade  or  had  been  leveled  off  to  that  grade,  it  bdng  thought  better 
to  keep  them  in  place  rather  than  remove  thnn  with  coDsequoit  ecrft  places  in  the 
foundatlao.  This  work  waa  accomplished  with  the  City'a  foreea  by  hairing  and 
wed^ng  or  by  li|^t  diarges  of  powdsr." 

Materials.  Poor  and  unsuitable  materials  have  been  accountable  for 
certain  failuree.  In  some  eases  an  apparent  cause  of  failure  has  been  an 
excess  of  flux  or  of  the  volatile  constituents  in  asphalt  cements.  Pavements 
constructed  with  such  materials  are  frequently  wavy,  due  to  the  movement 
of  the  surface  under  heavy  traffic.  The  use  of  bituminous  cements  having 
too  low  penetration  has  resulted  in  the  cracking  or  general  disintegration 
of  the  pavement.  Many  causes  of  failure  would  be  eliminated  if  engineers 
would  devote  more  time  to  a  consideration  of  the  physical  and  chemical 
I«opraties  of  the  materials  which  they  emidoy.  If  a  Utuminous  material 
laboratory  is  not  oonnected  with  tho  department,  it  should  be  neither 
expMudve  nor  diflteult  to  secure  ootified  analjrsea  made  by  reputi^de  chem- 
ical enginens. 

Either  too  Urge  broken  stone  or  stone  of  too  uniform  mie  may  cause  a 
failure.  Especially  is  this  the  case  with  very  har4  and  tough  broken 
stone.  The  rocking  of  the  stone  causes  the  formation  of  fine  cracks  which 
eventually  lead  to  disintegration.  Poor  combinations  of  sixes  of  broken 
stone  and  sand  have  resulted  in  segregation  during  mixing,  transportation 
at  spreading,  reaulting  in  a  pavanent  of  varsrhig  density  and  stahiHty. 

CoualriMtton.  Many  esses  are  reported  where  materials  have  been 
ovniieated  due  to  the  belief  that  all  materials  may  be  and  even  should  be 
heated  to  the  same  tempnature  before  udag  and  that  it  is  impossihle  to 
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Injure  MtUlninotU  materials  by  heating  to  high  iempOTatures.  OverheatinK 
of  the  mineral  asEnaate  has  caused  burning  of  the  bituminous  material  in 
some  infltanceB  or  the  formation  of  a  thin  film  of  bituminous  material  over 
the  broken  stone  which  is  not  of  sufficient  amount  to  bind  the  adjacent 
particlee  together.  The  use  of  a  wet  aggregate  will  result  in  a  poor  mix  with 
consequent  unsatisfactory  results.  In  many  instances  the  seal  ooat  has 
not  been  applied  uniformly.  The  result  is  either  uneconomical,  due  to  the 
necessity  of  a  second  apidication  before  75%  of  the  muface  requirca  le- 
treatment,  or  the  disintegration  (tf  the  pavement  whenever  bare  ^>ots 
occur  in  pavements  where  a  coarse  aggregate  was  used  and  where  there  is 
considerable  horse-drawn  veUcle  traffic.  Some  faihiiee  have  hem  caused 
by  using  unheated  stone  with  bituminous  cements  which  will  not  adhere 
sati -factorily  or  which  mix  only  with  great  difficulty  under  such  conditions. 

CauM  of  WsTinesa  hj  Smitti  (60a).  "Whatavw  type  of  oonBtruetko  !■  dacidsd 
vptm,  it  must  alwaya  be  boms  In  mind  that  a  bitmnlaoiis  maring  surfaea  fa  fluDils 
and  will  only  pre  good  service  wben  it  Is  properiy  sumxMtad  by  ao  adequate  fooatd^ 
tioD,  Soft  spots  or  wmk  places  In  the  [cniadatioD  will  man  a  settlement  of  the  ow- 
lying  waaring  surface  which  will  result  In  rapid  deterforadtni.  Water  will  ctdleet 
in  such  low  Bpota  and  rmpidly  deetooy  the  bond  between  the  bitumlnoaa  Moder  sad 
Um  minaial  aggfepttoh  The  wheefa  of  each  vddck  pawing  ant  waA  dspnMkBB 
wHI  strike  a  heavy  bknr  as  tbqr  drop  Into  than  and  eanse  dtaptaosnicot  of  the  waatlng 
surface,  resulting  in  the  formation  of  a  ridge  which  still  further  adds  to  the  vtbratka 
of  the  aprings  and  causes  aucceasive  blows  to  be  dealt  to  the  pavement  until  the  ^uii^ 
vUwation  l>ecomes  nonnal  again.  This,  of  course,  results  in  tlie  formaticMi  of  waves. 
In  most  heavy  commercial  vehicles  tbe  sp rings  are  comparatively  short  sad  stiff. 
The  vibrationa  are,  tlierefare,  quick  and  tend  to  strike  very  heavy  blows,  resultiag  la 
wave  formation  at  right  angles  to  the  Itne  of  traffic  having  thdr  crests  frcna  3  to  4  ft 
apart.  This  ia  plainly  noticeable  on  roada  having  a  bituminous  wearing  surface  and 
It  is  atill  more  fivident  on  water-bound  macadam  roada.  The  poorer  and  leas  rigid 
the  foundation  the  more  pronounced  the  waves.  This  ia  quite  diatinct  from  the 
shearing  or  shovlnK  action  exerted  by  vehicles  rounding  curves  at  a  moderately  tug)* 
rate  of  speed.  The  motor-bos  is  perbiqM  more  directly  reaponribte  for  thfa  type  of 
wave  formatioB  than  any  other  modwn  type  of  vehicle.  In  Ensland,  more  irrrfla'far 
in  the  neighborhood  of  London  and  other  large  dties,  it  is  easy  to  pick  oat  tlraee  roads 
which  carry  motor-bus  traffic,  as  they  Invariably  show  the  kind  of  wave  formatioo 
above  desolbed.  On  water-bound  macadam  roads  it  is  no  uncommon  thing  to  find 
eonafdMsble  stretches  la  wliich  tba  dlffwwtce  in  level  between  the  wave  cnsta  and 
troughs  atsounts  to  4  in  and  over.  TUs  wave  fomatioB  is  nottetaUa  fa  rock  and 
siieet-eaphalt  pavements  laid  oa  9  in  of  conetete  as  well  as  oa  coon  try  roada  covered 
with  sheet-asphalt,  tarred  slag,  blttuninous  concrete  or  bituminous  macadam.  Gen- 
erally apeakins,  the  wave  formation  in  sheet  or  rock  asphalt  pavements  laid  aa  eaa.- 
crete  faundationa,  while  noticeable,  is  not  ezceaaive,  whereas  in  bituminous  suifaon 
OB  interior  macadam  foundations  it  is  one  of  the  primary  causes  of  dlsintegratka. 
The  eonnatency  of  the  bituminoua  Under  used  in  these  Engliah  roada  is  on  the  avenge 
somewhat  harder  tJian  that  used  la  the  United  States  and  there  are  no  kmg  hot  pniodi 
to  soften  them  up  such  as  ara  fteqnetit  hera.  In  tbdr  very  moist  dbnate  it  has  beat 
found  tliat  a  harder  bitumen  adb^es  more  tenadoualy  to  tha  ndneral  aggr^te  and 
fa  kaa  affected  by  water  action.  It  ia  fair  to  avume,  therefore,  that  tbdr  road  sBi^ 
faces  are  at  least  no  more  plastic  thsn  ouis  and  personal  examinatian  showed  that, 
in  the  majority  of  them  tbe  bonding  qualities  of  the  bitumen  had  not  been  wcakmed 
by  water  action  and  that  tbe  grading  the  mineral  aggregate  was  numal.  It  fa 
beUeved  that  mudi  of  this  could  be  avoided  by  having  longer  and  more  flexible  ^ulnp 
on  vehicles  of  this  type,  thus  greatly  leeaening  the  road  shock. 

"Slow  moving,  heavily  loaded  vehides  sre  much  more  prone  to  cause  di^tlscemeot 
and  wave  formaticm  than  are  tbe  lighter  type  <rf  vehides  moving  at  a  speed  of  fron 
16  to  25  miles  per  hr.  This  was  dearly  shown  by  a  VMt  atrsat  In  one  of  ear  saslsn 
dties,  which  wss  paved  ^th  a  Utuminmis  concrete  mixture  eontalidng  more  itoM 
than  the  avmge  Topeka  mixture.  The  foundatitm  was  K  in  of  eonerate  and  tbi 
avenge  grade  about  8%.   A  trolkor  Une  In  the  cmtter  of  the  stiaet  ahaiply  divided 
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the  moving  traffic.  The  trafllc  up-hfll  was  composed  tifieiy  of  atow-moviOf  >  loaded, 
3  to  4-toii  horae^rawn  vefaielea  and  a  few  motor  trucka,  whereas  on  the  down  grade 
it  waa  confined  to  Ught  delivery  wagons  and  empty  trucks,  but  the  number  ot  vehicles 
oa  each  aide  waa  about  equal.  Ttie  pavement  on  the  up-hill  aide  very  soon  developed 
wave  formation  to  auch  an  extent  as  to  reqaire  a  large  amount  of  resurfacing,  whereas 
that  on  the  down-hill  side  gave  satiBfactory  service  for  a  long  period  with  practically 
DO  wave  formation.  Both  sides  were  laid  with  the  same  ndxture  and  at  the  Bame 
time.  The  concrete  fn  many  places  waa  defective  and  at  these  p<rints  the  wave  for- 
matloD  waa  moat  marked." 

Thaorj  of  Cause  of  Wares  In  Bttmlaoa*  PamMiits.  Hempelman  (35)  stataa  that 
fs  St-  Louis  tliere  has  been  recorded  on  the  surface  of  bituminous  pavements  a  tenw 
perature  of  142"  F  and  in  leas  than  6  months  a  temperature  of  4°  below  aero.  It  waa 
thought  that  there  might  bo  a  auffident  differuiGe  in  temperature  betweoi  successive 
imaginary  layen,  "'"g  at  different  deptfaa  from  the  surface  in  contact  with  the 
iriwda  fA  the  pasiiiig  vehlde,  as  to  result  in  a  material  change  in  the  coadsteney  ot  the 
asphaltic  or  tar  binding  cement  for  these  various  deptfaa  under  the  climatic  conditions 
such  as  obtain  in  MisBourl  and  other  statea  of  the  central  Mfaslsrippi  valley.  It  is 
not  ancommoB  in  this  section  to  experience  a  dry,  hot  spell  of  from  5  to  8  weeks,  during 
which  period  the  atmoapberfe  temperature  may  not  fall  beiow  SO".  In  other  words, 
there  ia  not  a  marked  cooling  of  the  atraaq>here  with  sundown,  and,  henoe,  the  pave- 
ments do  not  cool  to  the  same  extent  for  tb^r  entire  depth,  aa  in  other  localities,  all  ot 
which  means  the  pavement  tends  to  remain  soft  or  idastt^  due  to  the  softening  or 
change  In  conaiateocy  of  the  bituminous  cement. 

The  temperatures  recorded  in  Table  VII  were  obtained  by  drilling  holes  Into  the 
pavement,  inserting  thermometers  to  the  depths  Indicated,  and  paddng  the  spaces 
■bout  the  thennometers  with  a  mixture  of  sand  and  a  heavy  flux  oil. 


Table  VII, — ^Teuperatuns  at  Different  Depths  ia  a  Bitalithic  Parement 
on  Sept.  12,  W12 


Time 

Air:"F 

llnr'F 

1} In:°F 

2In:«F 

21  In:  op 

90.0 

94.0 

91.5 

90.0 

88.0 

10.00  AM  

98. 0 

97.5 

94.2 

91.8 

89.6 

95.4 

101.6 

97.6 

94.8 

91.8 

99.0 

104.0 

S9.2 

96.0 

98.6 

11.80  AM  

102.0 

109.0 

104.6 

100.6 

97.6 

104.3 

111.2 

106.8 

103.0 

100.2 

104.0 

118. 0 

108.6 

106.0 

102.2 

103.0 

113.8 

110.0 

107.0 

104.2 

1^  p,il  

104.0 

114.5 

111.0 

108.0 

106.0 

2.00  F,M  

104.0 

114.0 

111.0 

109.0 

107.0 

103.0 

118.2 

110.6 

109.0 

107.8 

100.0 

109.2 

107.6 

107.6 

106. S 

SMtm  

98.6 

106.0 

105.0 

105.5 

106.0 

4.00  PJI  

96.0 

103.6 

102.8 

104.0 

108.5 

4MTM  

98.0 

101.0 

100.8 

102.8 

102.0 

Conclusion.  Hempelman  concludes  that  with  the  difference  in  temperature  for 
the  diffnvnt  depths,  as  Indicated,  it  would  seem  that  the  change  in  eonalsteniy  of 
the  asphaltie  cement  for  these  different  depths  might  essUy  permit  the  shifting  of  the 
wearing  Burfaea  material  wbera  the  Utuminoua  cement  used  waa  of  a  susceptible 
nature,  that  Is,  a  material  wMdi  changes  deddedly  in  consistency  for  sUght  change*  in 
tnnperature. 

Causes  of  Failure  of  Bituminous  Gravel  Concrete  Pavements  by  Howard  (89). 
The  practical  obieetion  to  the  use  of  gravel,  as  found  in  a  bank  or  pit;  is  the  ladt  of 
onifcnnlty  aa  stored  by  nature.  Where  poorly  graded  alaee  have  been  used,  voids  or 
podnta  ate  funned  s  even  tho  some  aasd.  ate,  b  mixed  with  the  gravel.  Rain  and  the 
alementa  of  weather,  the  worst  enemies  of  roads,  causa  water  to  enter  these  voids  and 
diriotsgrata  Hie  roads,  aided  by  tieeilng  and  atpandlng.   The  weather,  and  emedally 
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cootncdoo  in  eald  matfaer,  mw  many  minute  endn;  ud  traffic  dbeoiacM  the 
garni  and  rareb  the  road  mrfaee.  Other  (ailuree  occur  when  too  hurts  aixa  a<  cravd 
ara  med,  where  ■to&ee  are  of  greater  or  almoat  as  gnat  diametar  as  the  ttadmeaB  of  the 
weaiinc  auiface.  If  wateraoluble  cementitiaus  day  ia  preeent  on  the  fravel,  then  it 
remaina  aa  a  film  or  layer,  coatinc  each  particle  of  gnvel,  and  thua  prevents  the  bitona- 
Bous  oement  from  eoming  in  contact  with  and  adhering  to  the  gravel.  If  the  surla«e  of 
m  gravel  is  too  smooth  and  polished,  bituminous  cements  stnnetiniea  fail  to  adhen. 

"The  bituminous  gravel  concrete  roada  or  pavements  which  have  succMdad  in  •  feif 
parts  at  the  United  States  are  tboH  eontaining  very  hard  and  durable  gmv^  loi^ng 
aurfooea  to  vUdt  Utumn  can  adharak  and  of  audi  aspnnly  gndad  t^at  Piek 
gravel  can  be  combined  with  tome  sand  and  suitable  finer  filler  to  make  a  denae  mlaenl 
maM  with  a  low  percent  of  voids." 


Kapaln  to  S«al  Coati.  Due  to  ordinaiy  mar  under  traffic,  the  seal 
ooat  of  a  bituminous  concrete  pavement  usually  requires  repairing  in- 
dependent of  repairs  to  the  iHtuminoua  concrete  of  the  wearing  coiirse. 
Wear  of  seal  coats  ia  generally  choracteriied  by  the  development  of  small 
areas  of  surfaoe  devoid  of  a  thin  coat  of  bituminous  cement.  Kmilar  bare 
spots  will  be  found  early  in  the  life  of  some  pavemeots  due  to  lack  of  uni- 
formity in  the  distributioa  of  the  bituminous  cement  for  the  seal  coat 
during  the  construction  of  the  pavement.  Such  areas  may  be  satisfactorily 
repaired  by  the  following  meliiod:  Thoroly  dean  the  exposed  surfaoe  of 
the  wMring  course  of  bituminous  concrete,  when  dry,  by  fiiat  brushing 
with  stiff  brooms  and  then  removing  the  fine  dust  by  brushing  with  fine 
fiber  brooms,  auch  as  those  made  from  bass  wood;  apply  with  a  broom  or 
brush  the  hot  bituminous  cement,  using  from  Hto  ^  eaX  tier  aq  yd,  depen- 
dent upon  the  porosity  of  the  bituminous  concrete  surface  and  the  kind  of 
bituminous  oement  used;  for  close  mosaic  surfaces,  cover  the  bituminous 
cement  with  a  thin  dressing  of  Portland  cement,  and  for  porous  surfaces 
use  a  covering  of  grit,  i»«ferably  atone  chips  free  from  dust. 

Long  tutnow  sbips  of  exposed  surfaoe  may  be  repaired  by  usmg  a  oonical 
pouring  can,  such  as  is  used  for  filliog  joints  of  block  pavementa  with 
bituminous  cement.  By  brushing  or  squeegeeing  the  stream  of  bituminous 
cement  thus  distributed,  a  satisfactory  coating  of  Utuminous  cement  may 
be  secured.  For  large  areas  requiring  renewal  of  the  seal  coat,  pouring 
pots  or  haod-drawn  distributors  from  which  the  Utuminous  cement  flows 
in  the  form  of  a  sheet,  or  hand-drawn  pressure  distributors  may  be  efficiently 
used.  Wide  squeegeea  or  brushea  should  be  used  immediately  following  the 
application  of  the  bituminous  cement  to  insure  uniform  distribution.  For 
large  areas  it  is  usudly  better  to  use  stone  chips  rather  than  Portland 
cement  for  a  dressing. 

The  bituminous  cement  used  should  be  of  the  same  general  type  as 
employed  in  construction.  If  tar  cement  was  employed,  a  tar,  which  may 
be  applied  hot  or  cold,  may  be  used  with  good  results.  If  asphalt  cement 
was  used  for  the  original  seal  coat,  a  cut-back  asphalt  or  an  asphalt  cement 
may  be  used.  The  penetration  of  the  asphalt  cement  under  a  load  of  100  g 
for  5  sec  at  25°  C  (77°  F)  should  be  between  »0  and  120  for  oil  aapbalta 
and  as  high  as  140  to  170  for  cements  umilar  to  Bermudei  asphalt  cement. 
It  will  not  be  difficult  to  secure  a  satiafactory  bond  between  an  amhalt 
oement  and  the  suiface  of  the  wearing  course  provided  the  surface  is  dry 
and  the  work  is  done  when  the  air  temperature  ia  not  leas  than  about  20^  C 


Renewal  of  Sell  Coats.   The  details  of  the  meUiods  outlined  for  repair- 
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inf  Mttl  ooata  apply  with  equal  force  to  the  renewal  of  seal  eoata.  On  wc- 
tkmB  over  2000  ft  in  length,  a  different  plant  equipment  Bhould  be  used. 
Altho  by  using  pouring  cans  and  hand-drawn  distributors  satisfactory  re- 
sults may  be  secured,  it  usually  will  be  more  economical  to  use  large  pressure 
distributors,  horse-sweepers  for  the  first  brushing  and,  in  some  casM,  horse- 
drawn  cr  motor  mechanical  stone  chip  or  sand  spreaders. 

Patching  Wearing  Coarse  by  the  Layer  Method.  The  repairs  of  small 
areas  ol  the  wearing  course,  varying  in  character  from  depresdonB  of  H  in 
in  depUi  to  iwtchee  having  depths  equal  to  the  thickness  of  the  bituminous 
eonorets,  have  bem  made  by  the  layer  method,  eepedally  in  tiie  ease  aS 
Class  A  pavements.  This  method  ocmsists  of  coating  the  cleaned  depression 
with  bituminous  cement,  adding  a  layer  of  road  met^  and  repeating  the 
operation  until  the  depression  Is  filled.  Altho  fctisfactory  results  have 
been  obtained  under  expert  supervision  and  other  favorable  conditions, 
usually  there  results  an  unstable  patch  which  has  been  rapidly  displaoed 
if  the  pavement  is  subjected  to  heavy  traffic,  especially  one  including 
horse-drawn  or  motor  trucks. 

Patching  Wearing  Course  witii  Cold  Hiztoret.  Satisfactory  results  have 
been  obtained  1^  intching  bituminous  ooncrete  pavements  using  mlzturas 
of  unbeated  road  metal  and  either  an  unheated  eut-baok  as[dialt  <»  a  tar 
cement  Due  to  the  crude  manner  of  mixing  employed,  this  method  has 
been  most  satisfactorily  used  with  bituminous  concrete  of  Class  A.  The 
details  of  mixing  and  b^dng  and  the  kind  of  material  used  in  this  method 
of  patching  are  well  oovcved  by  the  ft^wing  spedfloations  of  the  Ohio 
SUte  Highway  Dept. 

Hethod  of  Patddng.  "The  d^weerion  or  area  to  be  patdisd  ihiU  be  thoroly  daansd 
of  an  kMNi,  matted  dirt  or  tonlga  material,  and  ampt  dsan  of  aQ  dost.  When  dcaa 
and  dry.  the  dapresdon  ihall  be  pAited  with  the  same  kind  of  bituminous  material 
as  Is  and  in  prqiaring  the  bituminous  concrete.  When  the  depression  !■  deeper  than 
Sin.  itdianjMflntfUledto  witUoZ  inol  the  roadnufaee  with  No.  2 stone  (see Sect 
IB,  Art.  11),  wUdi  shall  be  thoroly  tamped  fa  plaes.  The  dviesdon  shall  then  be 
filled  with  UtamiBoas.ewcrete  prqiared  as  dssntbed  below.  In  saflWent  qaaatlty  to 
fill  the  depreariw  to  the  level  of  Ute  surface  of  the  surrounding  pavement  after  the 
bituminous  concrete  ia  thoroly  compacted.  The  patdi  ■hall  be  covered  with  sufficient 
No.  6  grit  (see  SecL  15,  Art,  II)  to  prevent  the  bituminous  material  from  sttddng 
to  the  wheels  of  the  roller,  and  then  thoroly  compacted  by  rolling.  The  surfaoe  ebaU 
he  covered  with  No.  6  grit,  or  dean,  eoarae  aaod,  to  protect  the  patch  while  setting  up. 

"  The  Bituminous  Concrete  shall  be  prepared  by  one  of  the  two  fallowing  methods, 
using  the  same  kind  of  aggregate  as  wis  used  In  the  original  constructioo  of  the  road; 
also  bituminous  material  same  as  original  construction,  that  Is,  dther  tar  or  asphalt. 

1.  When  an  asphalt-bound  road  is  to  be  patched,  the  bftumlnoos  eooente  shall 
consist  of  a  mixture  of  bituminous  material  A.C.B.  and  No.  A  site  stone  or  slsg  (see 
SecL  IS.  Art,  11)  ia  the  proportiaa  of  1>^  gal  (rf  A.C.B.  to  1  cu  ft  of  aggregate.  The 
aggrsgates  shall  be  thoroly  and  untformly  mixed  on  a  tight  platfoim  hy  haad  methods 
or  in  a  eoaerete  mixer,  until  each  parti d*  of  atone  Is  completely  coated  with  the  Utu- 
mincuB  material.  After  mixing,  the  bituminous  concrete  shall  be  stored,  where  It 
will  be  free  from  dust  or  dirt  tor  24  hr,  or  until  the  bituminous  material  stiffens  sufll- 
Gaently  to  bind  when  the  patch  is  made.  When  required  by  the  commlaaioner,  a  small 
amount  of  dean,  eoane  sand  shall  be  added  to  the  aggni^te. 

2.  When  a  tar-hotud  road  Is  to  be  patched,  the  bituminous  concrete  shaD  GOBsbt 
of  a  mixture  of  bituminous  material  T.C.B.  and  No.  4  slse  stone  or  stag  In  the  pro. 
pMti(»i  of  !i  to  1  gal  of  T.C.B.  to  1  cu  ft  of  stone.  The  aggregate  shsll  be  thoroly 
and  unif«mly  mixed  on  a  tight  platform  by  hand  meUiods  or  in  a  concrete  mixer, 
nntll  eadi  partide  of  stone  is  completely  coated  with  the  bituminous  material.  After 
tB&dng,  the  Irituminous  concrete  shall  be  stored,  where  It  will  be  free  from  dust  ot 
dbt,  fer  ssveral  ds^  untU  the  Utuminous  mlxton  stlflsBS  sulHdsntly  to  Mod  irtisa 
the  patdi  Is  nade. 
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"In  dtber  of  the  abow  method!  the  Btone  ehaU  be  dty  irim  ndnd  wItt  As  Uto* 
minoaa  nuterlkl  &nd  neither  atone  or  bituminoua  materiil  ihaD  have  a  tenpetmtiuv 

of  km  thu  10°  C  (W  F)  when  mixed  together. 

"AsidiAlt  Cnt-Bftck.  The  material  ■hall  be  m  cut-back  aaphalt  prepared  in  a  atfll 
by  compounding  85%  of  a  diatUate  meeting  the  following  specUlcatiuu  tor  diatiDate 
and  6S%  or  an  aaphalt  meetinf  the  requirementa  aa  q>edfied  for  Bituminoua  Uatcrial 
AS,  Sec  6^. 

"The  diatiUate  ahall  have  a  spedfle  gravity  o(  not  teas  than  0.7S6  nor  greater  tte 
0l78B  at  2B"  C  err  F)  and  ihaU  have  aa  and  pdnt  of  ■*'-*™-*V'n  ol  170"  C  ^SS*  V). 
"Tlw  ent-badc  aq>lialt  ahall  eoabwm  to  tha  loUowIng  teati: 

1.  It  ahall  be  homogmxeoua  in  eharact«. 

2.  It  ahall  have  a  ^edflc  gravity  of  not  leaa  than  0.90  at  2S°  C  (77*  F). 

8.  When  20  g  of  the  material  are  heated  for  6  hr  In  a  cylindrical  tin  cUdi  approxi- 
natdy  tiiloin  diaraetar  har  H  ^  «t  >  tempetaton  of  188*  C  (825*  F)  tl»  ka 
In  weight  AaU  ha  between  85%  and  40%.  The  peBetratfan.  5  ne^  26'  C  CTT*  F). 
No.  2  needle,  100  g  wdgbt,  of  the  reridoe  ahaU  he  not  kn  than  8.5  nun  nor  nun 
than  6.0  mm. 

4.  The  spedfle  vtacodty  aa  determined  oa  the  flrat  fiO  cu  cm  by  maaoa  of  an 
Tiaeodmetar  at  26°  C  (77°  F)  ahall  be  not  leaa  than  26  nor  mora  than  86. 

6.  Wb«t  diatUIed  in  an  Engler  dlatilling  flaak  to  170°  C  (888°  F)  tha  material  dwD 
yield  a  distillate  having  a  gravity  of  not  leas  than  0.786  nor  greater  than  0.786  at  25°  C 
(77°  F). 

6.  The  reddue  fn»n  the  above  diatfUatfon  shall  have  a  duedUlr,  Dow  mold,  of 
not  lem  than  80  cm. 

Tar  for  Cold  Apflkatfoik   fitnmlnoai  natwU  T.C3.  sball  nsst  tha  foOowbv 

requirwMnta: 

1.  It  shall  hava  a  qwdfla  gravity  of  not  kai  than  I.I6  nor  Man  than       at  25*  C 

(77°  F). 

2.  On  extraction  with  earb(»i  disutphide  it  ahaU  contain  not  mora  than  16%  nor 
teas  than  8%  free  carbon. 

8.  Upon  ignitifm  it  shall  show  not  over  0.6%  iaorganie  raddoe. 

4.  Than240eucmotthe  taranhaatadin  anEnglvvlae(Mimrterto60*C  OtT  F) 
and  maintained  at  this  temperatun  for  at  least  8  min,  the  first  60  cu  em  which  flow 
thru  tha  aperture  shall  show  a  specific  viacodty  of  not  leas  than  8  nor  more  than  15. 

6.  When  distilled  by  the  method  proposed  by  the  Am.  Soc  Teat  Uat.  not  itm 
than  16%  shaU  distiU  below  236°  C  (456°  F);  not  mora  than  85%  shaU  dktfll  below 
800*  C  (672*  F).  The  reddua  from  tha  loragdng  dtrtllatfan  shaD  have  a  mMm 
pobit  not  grnter  than  76*  C  (187*  F]  by  the  cube  mathod. 

6.  Tlie  tar  shall  be  free  from  water, 

7.  AH  bituminous  material  used  in  a  flivw  eooatnwtlon  shall  ba  uniform  in  char- 
acter, appearance  and  vieeodty." 

Plant  Operation  in  Ohio,  by  Hlnkle  (37).  "A  very  eoevnifsnt  way  to  handle 
work  of  this  Idnd  la  to  do  all  the  mixing  and  storing  ol  niatwials  at  one  point,  near 
the  middle  of  tlie  aection  of  road  to  be  repaired,  and  then  use  a  wagon  whoae  box  la 
divided  into  compartmenta  to  hold  a  barrel  of  tar  or  asphalt  for  painting  the  surface 
the  bituminous  concrete,  sand  fen-  cover,  etc,  and  have  the  wagon  follow  along  aa  tha 
woric  progrenea.  A  central  station,  where  the  bituminous  concrete  may  be  mined 
by  machine,  may  be  provided  and  all  the  bituminoua  concrete  required  for  a  diatrict 
mixed  is  one  place.  The  bituminous  eoocnta  eaa  be  hauled  ta  trucks  from  the  eentnl 
pfaint  and  deUvered  to  the  repair  crews  worldag  at  varioaa  plaesa  on  tha  nnd.  Vhih 
sndi  a  statiooary  plant  is  very  practical  imdn  some  cmdltions,  it  would  not  be  ime- 
tlcal  where  but  a  small  amount  of  the  mixture  b  wanted  as  here  the  mixing  would 
likely  be  done  by  band  to  better  advantage  on  the  road.  Also  where  a  large  amount 
of  the  concrete  fai  wanted  on  one  mad,  the  plant  should  be  located  on  the  rand  or  at 
the  ddlvary  atatlon  of  the  materials  for  that  road." 

Pwn.  Stat*  Hi^way  Dept  Ptactlea  by  BOm  (18).  glvlnf  nwona  far.  and  maOodi 
of,  repairing. 

"CaACUNO  OF  m  Subfacb  is  one  of  the  greatest  as  well  as  one  of  the  eariiast 
defect*  that  may  develop  in  bituminous  pavemeats.  This  may  be  due  to  one  cms* 
or  a  eonUnation  of  several  canasa.  FreiqiMnt  enes  am  noted  In  "*—*—■  waatl^ 
mifiNN  wlildi,  altbo  apparntly  mOkUetaiy  BtatniH  ta  wJk  ctksr  rnvadi^  aortns* 
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M  the  baae  Koatnetm  moA  creek  opeo  at  exactly  the  nine  point  u  the  foundation. 
Again,  eawa  an  noticed  of  otherwl»e  aatfafactory  pavements  which  creek  becauM 
of  thdr  taihim  to  receive  the  araount  of  traffic  nnniaiy  to  five  the  pavement  its 
fun  compraadoB  or  to  inn  out  and  deae  up  the  surface  after  low  tempenturea  have 
made  it  tend  to  open  up  by  stretching  the  bituminous  Under.  A  condition  of  the 
eort  last  deecrilied,  however,  may  have  be«i  liaetened  considerebly  or  even  caused 
directly  by  what  mi^t  be  called  improper  dwrign  ol  the  pwvonent  in  the  first  place. 
The  bitmniBoa  eutfaoa  adxtona  aapartaJ  to  nerive  heavy  tnOe  ahouM  be  toogfa 
and  Mifr  hard  In  ordw'  to  nalat  dtsplawment.  Those  dnf^ied  tar  Hgfat  tnffie  should 
be  softer  and  more  yielding,  and  this  Is  accompHabed  by  i^ng  a  softer  bitumen,  that 
is,  one  of  a  higher  penetreticm.  Failure  to  do  so  means  that  aa  the  pieces  of  mineral 
aggregate  contract  or  'shrink  in  volume  during  cold  weather,  they  exert  a  spreading 
lores  in  the  aurroundlng  bitumen,  which  tt  cannot  withstand  becMisa  of  its  lack  of  light 
fluxing  <rflB  and  eorreqxntdlng  ductility  or  aUU^  to  stretch;  In  other  wmds,  pavements 
CMitalning  hard  or  non-ductile  bituminous  material  will  have  a  greater  tendency  to 
etadt  in  cold  weather.  Similar  reaults  and  even  general  dldntegretion  of  the  wearing 
smface  may  have  been  produced  by  too  Uttle  bitumen  In  the  mixture,  since  this  is 
hlggriy  a  measure  of  tiie  life  and  elastid^  of  the  pavement,  and  sfmilarly,  overiieated 
mix  tores  suffer  a  hardening  and  reducti«t  of  bonding  power  of  the  Utumen,  with 
consequent  tendency  to  oack  and  wear.  Aside  from  teulty  drainage,  poorly  propw- 
tiooed  mixtnrea  and  unsnitaHe  Ingredienta  coo  tribute  largely  to  the  failnm  in  tUa 
type  of  pavement.  A  cracked  Mtnmlnoua  surface,  unhas  the  creeks  are  caused  by  some 
Mrious  form  of  disintegratiini  In  the  pavement,  can  be  rewired  by  cleaning  the  cre<^ 
out  thoioly  and  pouring  them  full  <^  dther  a  hot  or  cold  bituminous  material  of  the 
proper  grade,  and  thersaiter  *«»ipim  or  wedging  Aoat  chips  into  the  creek,  thoroly 
analing  It.  U  the  crack  la  wide  SDongh  and  the  edgea  have  crumbled  or  broken  off, 
they  should  ba  cut  down  evenly  and  the  opening  filled  and  tamped  wlfli  a  ndxtute  of  the 
bituminous  conent  and  stone  chips  in  a  proportion  of  1  part  bituminous  cement  to  B 
parts  chips.  In  soffldent  qoaotity  to  Insure  complete  dosure. 

"POT-HoLW  AMD  DnoBKHiB  csD  be  repaired  by  cutting  oat  the  affected  areas 
down  to  Om  fooadadon  and  replacing  whh  new  mixture.  The  character  of  the  Uttmd- 
n^os  material  to  use  depends  entirely  upon  the  coBdltkna  In  each  case.  UolesB  the 
repair  work  Is  eztenslva,  it  Is  not  deemed  advisable  to  use  hot  bituminous  compounds 
in  this  work,  not  only  from  the  standpoint  of  economy,  but  from  a  point  of  convenience 
as  welL  Small  repain  In  the  proper  season  can  be  handled  economically  and  effldently 
with  oidd  Utumlnous  cesnent,  and  If  the  proper  mixture  is  used  In  the  r^ular  working 
snasnn  excellent  reaults  can  be  obtained.  It  is  conceded  that  hot  Utumioous  repairs  are 
not  generelty  satisfactary  when  made  at  low  temperatures,  but  hi  some  places  the 
avoidance  of  this  practice  has  been  carried  almost  to  a  fault.  As  an  example.  In  some 
of  the  larger  mnnldpallties  when  ddeeta  have  devek>ped  In  the  surface  during  the 
winter  months,  the  affected  porticaiB  have  been  removed  and  repaired  with  brick  or 
stone  block.  This  method  is  not  only  objectionable  on  account  of  the  aimoyance  to 
traffic  but,  when  the  regular  season  for  repairs  arrivaa.  It  la  usually  loond  that  addi- 
tional work  is  required,  occasioned  thru  Uie  inequality  of  the  sorfaee.  It  ban  bean 
stated  by  some  of  the  advocates  of  this  method  that  it  la  an  sssnraaca  that  the  affeeted 
portions  will  not  be  overlooked  when  the  repair  work  la  taken  up  in  the  spring.  It 
has  been  demonstrated,  however,  that  where  conditlcaiB  are  so  acute  that  this  method 
is  warranted,  there  is  Justiflcatlon  for  making  spedsl  arrangement  for  preparing  and 
placing  a  aultable  bltumioom  mixture  which  will  be  more  satirfaetory  bt  the  Inttfim 
and,  tbo  probably  not  a  complete  suecess,  will  offer  as  good,  if  not  better,  opportunities 
to  eorreet  later  than  the  firat  method  which  seems  only  to  be  justified  when  repairing 
cuts  made  in  the  pavements  by  public  service  corporations  In  the  winter  season. 

DnmiOUrtON  or  PAVnmr  Boom.  "The  w«ufaic  and  detcodoration  altmg  the 
edgea  of  Utmninous  pavawnts  wheia  there  Is  no  bander,  la  nspondUe  for  on*  of  the 
most  troublaaoma  and  expensive  forms  of  repairs  to  roads  of  this  type.  The  traffic 
mntinuoUy  Irons  out  the  surface  along  the  edges  and  this  spreading  or  Battening  out 
produces  a  featlMr  edge  along  the  side.  The  moisture  and  fordgn  material  tradced 
OB  from  the  shouUsr  sotm  atudi  the  bftunUnoua  matoial  and  result  in  the  crumbling 
or  luaatliig  away  ol  the  surface  which  occiafaiis  extensive  repoire.  This  condition  is 
num  praBoiiBM  wbn  the  nsterial  tn  tht  riwnklHs  itotu  iiaii>|ioroiiB  twtnr*  or  Is 
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poorly  dralMcL  lo  tiw  repain  to  tb*  edgoi  <rf  a  UtumiiuMiB  pAvemeat  not  coafiiMd  bj 
beaden,  tlw  flrat  mai  moet  CHentfal  thine  to  do  is  to  eamtt  the  canoe,  If  poMibk.  U 
1^  dnlnac*  ol  the  ahoulden  or  baae  !■  fulty.  tUa  ■hould  be  taken  toto  coDsidentiaa 
tat  and  unple  provision  nuule  tber«tor.  On  abouldcra  which  are  oompoaed  ol  nm- 
porouB  material,  it  is  adviaaUe  to  cat  aoqipen  or  anall  aorface  ditchea  at  btt«rrsb  ol 
approximately  20  ft  akns  the  road  and.  In  addltka  to  tUa,  tha  malarial  immMMtdr 
aioag  the  edge  of  the  pavsiiHat  abould  be  r^laced  for  a  depth  of  a  few  faiclMa  adth 
broken  etooe  or  gravel  tanped  into  plaoa  to  produce  a  more  ataUa  buttren  for  the  new 
bituminoua  materUL  The  patchei  should  be  made  by  removing  the  affected  ana  aad 
repisdng  with  new  mixture.  Suecamlul  repain  abould  neltbw  be  above  nor  below 
the  aorroundlnc  Mifaee  wbm  fbmlly  coapactad. 

Plant  EquinfBNT.  "In  miuiidpalitiM  where  there  la  enoiVh  yardage  to  waiiMit  a 
eentral  mizing  plant,  thia  la  the  moet  satiitfaetory  method  of  tt.fn<M».£  bjtamiBoa 
rapaira.  With  every  facility  at  hand  to  compound  the  mixture  propwiy,  mora  uni- 
tottni^  is  aaaured  aad  mudi  of  the  posooal  equation  reaultinc  frmn  aepant«  ocgaBh^ 
tloaa  it  aUa^nated.  Tliere  are  localitiea  wboa  poadUy  email  portable  mfadac  pbnta 
Muld  maet  tba  raquiramenis  and  give  aatlafaetiny  taaidla.  Howevtf,  tnider  ordbiaiT 
condition*,  the  problem  ia  generally  a  amall  town  with  iHvbably  aeveral  short  iitiaala 
or  scnne  other  unit,  such  as  a  county  or  state,  with  condnuoos  atretchea  ol  aailaa  of 
interurban  bituminous  pavementa  or  hl^waya.  In  cither  case.  It  means  csm  outfit 
or  a  number  of  outflta  performing  the  rq>air  work,  which  condltfoBB  glrs  atrength  to 
the  demand  i<a  simple  and  ef&dent  methoda.  With  trained  men,  good  hot  faitandBoiiB 
mixturm  haT«  been  prepared  by  liand,  but  ffr-i^i**tf  the  chancea  talceo  in  over- 
hnifing  the  ntaterial,  the  carclses  proportioBlng  and  mizing,  and  the  extra  eripacae  In 
connection  with  the  tiainilltig  (rf  the  equipment,  etc,  this  method  ia  not  juatifled.  The 
cold  tdtuminous  mixture  with  the  propw  matwial  is  ttie  moat  economic*!  and  fool- 
proof method  for  ordinary  repairs.  The  mat«a1al  can  be  mUed  on  a  regular  mixtaic 
board,  atock  prepared  for  ftitnre  use,  if  need  be,  and  atored  at  cwveokot  httanala 
ahms  the  road  and,  adde  from  the  amall  toola,  audi  aa  ahovd^  taksa  aad  tampan,  no 
other  equ^nnant  li  absolutely  neeemry.  Retain  bavt  ban  made  irith  cold  Ut»* 
minoua  mixturca  on  eztnsnely  heavUy  travded  roads  that  are  in  exeellaat  oofKHtion 
after  four  seasons  of  wear." 

n.  S.  O.  p.  R.  1918  Spedficationa  for  Tar  for  Cold  Patchinc>  and  Rmok- 
mandations  for  Use. 

"Gbnhkal.   The  tar  shall  be  homogeneoua. 

"PHraiCAL  AND  CHOmcAL  PBOPBBTm.    It  shall  meet  tba  foQ owing  laqulnKumts: 

1.  SptdOe  gravity  26' /26'  C  {77- AT°  P),  1 . 100  to  1 .200; 

2.  Specific  viacoaity  at  40"  C  (104»  F),  40  to  70; 
a.  Total  diatillate  by  wd|^: 

To  170°  C  (S88°  F),  not  lam  than  2.0%: 
To  270"  C  (518°  F),  16  to  26%; 
To  S00°  C  (672"  F).  not  more  than  80.0%; 
4.  Total  Utomen,  solubta  In  carbon  dlaulphide,  not  leaa  than  80%. 
"MaraoDa  of  Twaroia.   Taata  ol  the  physical  aad  chemical  pnpeitiea  el  tha  tar 
Aall  be  made  hi  aeoordanee  wit2i  the  fdlowing  methoda: 

1.  ^wdflc  gravity:  Bui.  U.  S.  Dept.  Agr.,  814,  p.  4. 

2.  ^wdfic  viscoai^,  on  flnt  60  cu  em;  Bui.  U.  S.  Dept.  Agr.,  814,  p.  7. 
8.  DiBtillatlon  test:  Bui.  A.  S.  T.  M.  Standard  Test  D  20-lS. 

4.  Total  Utumen:  Hal.  U.  S.  Dept.  Agr.,  814,  p.  25. 

"Nom:  This  spedScation  provides  for  a  material  to  be  used  In  the  rwdr  ot 
Burfaee  biaaks,  holea  and  depreastons  in  bituminous  bound  and  surface  treated  roada. 
It  Is  intended  to  cover  preparatlaas  consisting  <A  gas-houae,  coke-oven  or  wsta^i^ 
tare  or  pitciwa  which  have  been  rendered  aulBdeotly  fiuid  by  the  addition  of  djatillataa 
to  mable  them  to  be  handled  without  heatiDg. 

"Mbthom  op  Patchino.  Fw  aurfaoe  breaks  and  shallow  depress  mil  or  Aoaa 
which  In  gaB<»l  do  not  cseaed  H  la  hi  depth,  a  patdi  may  be  made  1^  painting  ttw 
bottom  of  the  depremion'  with  the  tar,  and  scattering  ovw  it  a  anflMMt  amount  H 
stoDe  chips  to  01]  the  depremion.  In  repairing  deeper  dapriionB  and  holes,  the  oU 
material  rinuld  be  ranorcd  to  yield  a  clean  bottom.  ThaatdaaelUwholsahMildbaant 
apimMdmatelywtical.  AmlxtniaolimdodbntaBatoawwtth  jtiataMiAdntami«t 
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<rf  Ur  to  tkorabr  cost  e*ch  pvtide  thotild  be  preiwnd,  ud  firmly  tampsd  Into  tha 
hole  to  tarm  e  neet  p*tch  in  the  Buifftce.  A  thta  tayar  of  nnd  or  eerMnioBs  over  the 
patdl  will  imvent  It  from  fncldng  up  under  tnUte" 

Patchins  and  ReconatnictiDC  Waaiing  Coarse  with  Hot  Mixtures.  The 
moot  efficient  method  of  repairing  IntuiuinouB  concrete  wearing  courses 
is  to  use  the  same  kind  of  tnineral  aggregate  and  the  same  land  of  bitu- 
minous cement  that  was  employed  in  the  construction  of  the  pavement. 
Usually,  fulfilment  of  the  above  requirements  necessitates  the  beating  of 
the  mioeral  aggregate  as  well  as  the  bituminous  cement.  By  this  method 
of  fepairins,  maximum  htnnogeiieity  of  the  wearing  course  is  obtsinod  and 
auflBudent  stability  is  secured  to  prevent  tbe  newly  laid  Utuminous  concrete 
fnmi  being  disi^aoed  by  traffic.  Tbe  efficiracy  of  this  system  depends 
upon  the  kind  of  plant  equipment  and  repair  orgsnisation,  and  the  loestbo 
and  character  of  the  Intuminous  concrete  pavements  in  a  given  system. 

Tbb  Patrol  Btbtek  of  maintenance  generally  is  not  applicable  to  this 
method  of  repairing  due  to  the  plant  equipment  required  to  manufacture 
suitable  bituminous  concrete. 

Th>  Mobils  Gxho  Stbtkk  has  worked  out  satisfactorily  1^  using  either 
a  statioiiaiy  or  portaUe  plant.  Under  such  oondltions  as  exist  in  munid- 
palitiBS  or  in  highway  systems  outside  of  urban  districts  such  as  the  Asfaokan 
Reservoir  Division  of  the  Board  of  the  Water  Supi^y  of  New  Yoric  Ci^. 
where  32  miles  of  one  type  of  bituminous  concrete  has  been  constructed, 
the  utilisation  of  a  staUonary  mixing  plant  and  motor  trucks  for  the  trans- 
portation of  the  hot  mix  is  justifiable  on  economic  grounds.  When,  how- 
ever, the  bituminous  concrete  pavements  are  widely  scattered  thniout  a 
county  or  state  system  of  highways,  the  portable  plant  will  prove  economical. 

The  following  i^ant  equipment  would  prove  satisfactory  for  the  main« 
tenanoe  ot  50  miles  of  bitominous  macadam  and  bituminous  concrete  pave- 
ments well  distributed  over  «i  area  of,  say,  2000  sq  miles.  The  equipment 
should  include  a  motor  truck  and  a  trailer.  Tbe  truck  would  be  used  for 
transportation  of  broken  atone,  sand,  cement,  fuel,  bituminous  materials 
and  small  tools  and  accessories.  A  trailer  should  be  permanently  equipped 
with  a  small  mixer,  drier,  and  melting  kettles.  In  many  cases  the  following 
accessories  could  be  used  efficiently:  A  hand-drawn  gravity  distributor, 
pouring  cans  which  distribute  the  material  in  the  form  of  a  sheet,  conical 
pouring  cans  such  as  are  used  for  the  application  of  bituminous  fillers, 
coarse  fiber  and  bass  fiber  brooms,  a  heavy  hand-drawn  loUer,  tampers, 
■uoothing-  irons,  squeegees,  a  large  hand  power  bellows,  a  small  surface 
heater,  and  other  small  tools,  such  as  shovels  and  picks.  If  large  aieas 
are  to  be  repaired,  a  horse-drawn  sweeper,  a  small  pressure  distributor, 
and  a  tandem  roller  should  be  included  in  the  equipment. 

ftVlisli  Patriae  UeOods  with  PUot  Mixed  BitaniiDouB  Coaoet*  by  Hooley  (38b). 
"ObMrratioa  must  be  made  after  lala  wher*  boles  or  dapreadons  appear  and  water 
■tsft^  Eaeli  langtbniaa  must  aacertain  to  what  extent  watw  standa,  and  muat  then, 
by  aeratehlnc  with  a  sttang  nail  around  the  edge  of  the  water  puddle,  mark  how  much 
ezeavatioB  will  be  neeMsaiy  to  ndea  tbe  depreadon  up  to  tbe  adjominc  surface.  This 
marie  most,  directly  the  road  ia  acain  diy.  be  marked  de^r  by  a  pick  U  the  work  of 
patching  ouiBot  be  at  once  undutaken.  When  ttte  work  of  patcbioE  U  cwnmuiced, 
each  Iff  t**"*""  muat  have  a  auffidntt  quantity  of  IH-ia  and  H-ia  tarred  material  at 
Imad  to  deal  with  tbe  patch,  and  on  no  aeoouat  must  one  patch  be  commenced  before 
tbe  oUm  ia  flaished  and  the  road  levelled.  He  must  be  provided  with  two  sharp 
plekSt  a  eoane  and  s  Ane  brush,  an  8-lb  rammer,  and  a  stra^t-edce. 

"Tbit  top  layer  ol  material  within  tbe  marlied  area  must  be  thon^  exAvated  to  a 
depth  of  sU^dy  more  than  IM  in.  m-  a  Kttlt  dwpir  Oan  the  depnntOBj.tbs  bottom 
most  be  Wt  aa  ro«fh  by  pkUax  aa  poa^tle.  Kwy  traee  o<  looss  v  wit  inat«lal  rnnst 
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be  (wept  out  with  th*  ctwraa  ud  flna  bniabM,  ao  that  a  nufh,  clean  twM  ia  preaented 
with  the  edgsB  ilutped  to  «  ihup  urta  to  the  rwnaialiig  row!  nufan,  aiid.  U  poMiblB. 

Ktightly  deeper  on  the  outside  edge  than  the  oenter  of  the  patch.  The  ania  adga  mmt 
■thai  be  treated  with  a  layer  of  ^d  the  center  irith  lH4n  tarred  matoial,  every 
piece  of  the  material  bcdng  made  to  touch.  Any  overplus  of  must  be  swept 
towards  the  center -and  every  erevice  fiUad  with  M^a.  TIte  iriiole  must  then  fas  well 
•nd  regularly  rammed  until  perfectly  leveL  This  level  will  at  once  be  found  1^  the 
applieatloa  of  the  straight-edge.  On  no  account  must  any  featlier«dge  be  left.  Tha 
patch  must  be  in  the  hole,  and  on  no  account  be  made  to  overlap,  tor  it  overlappinf 
takes  place,  the  edges  will  at  once  break  a«^  and  fret." 

McintanuiM  of  AsphtU  U«ck  PaTements      Moiriaon  (48). 

"There  are  three  principal  thingi  to  be  guarded  against  In  the  maintenanee  and  - 
repair  erf  asphalt  Mode  pavements:  (1)  Altoiring  small  defecU  to  go  unrep^dr«d  imtfl 
they  grow  into  actual  holes  in  the  ;maring  surface;  (2)  ""htng  an  incomplete,  and 
thmefote  ineffectual,  repair  by  simply  pluggim  the  bc^  and  falling  to  make  a  npnr 
of  saffldent  area  to  resten  the  lurfaea  of  the  pavanat  to  its  original  grade  and  cootonr; 
<S)  neglecting  or  fmling  to  utilize  the  old  blocks  In  a  proper  and  ^ective  manner. 

"Blocks  that  are  ten  or  more  years  old  are  generally  hard  and  dry,  the  reancoi  for 
which  will  be  described  later,  and  in  taking  up  and  relaying  them  the  edges  and  comcn 
are  liable  to  be  damaged.  If  the  joints  are  simply  filled  with  sand,  the  edges  crumble 
under  tniKe,  producing  a  rough  and  unsightly  surface.  The  only  proper  method  of 
treating  tiie  jcrints  is  by  the  use  ot  an  asphaldc  filler.  Where  ttis  jdnts  are  laiser  or 
the  edges  and  corners  badly  chipped,  they  sluxild  be  filled  with  dry  tr^i  rock  grits  befon 
pouring  the  asphaltic  filler. 

"The  joints  should  be  made  water-tight.  The  sqihaltlc  filler  is  up  read  out  by  trafEl^ 
thus  protecting  the  surface  of  the  block  as  well  as  the  ji^t.  The  importance  of  treating 
the  joints  In  tUs  manner  cannot  be  overstated.  Such  a  repair  results  in  a  smooth 
surface,  which  under  tlie  action  of  ttnfflc  rmdera  the  patch  indistinguishable  in  m  very 
short  time,  whereas  a  patch  made  with  the  same  blocks,  with  sand-filled  jolnta,  gM> 
erally  produces  a  rough  surfaee  witii  a  percentage  of  bad  j4^tB  iriddh  are  nib}Mt  to 
deterioration  under  traffic  during  the  winter.  The  coat  of  applylnig  the  aqthalt  filler, 
which  will  be  described  later,  la  small  and  insigniflcant  when  balanced  against  the 
bowflts  accruing  from  it.  In  making  repain  to  aaplnlt  l>lock  pavonenti,  tlie  old 
blocks  should  be  used  to  the  utmost  extent,  and  the  new  ones  should  be  placed  in 
cmtlnuous  areas  by  themselves.  The  old  l>Io^  wlileh  are  of  the  same  tomnla,  age 
an:I  wearing  quality  will  thus  be  brought  togetlier,  and  from  the  new  blocks,  laid  by 
theTiselves,  will  be  derived  their  utmost  serviceability.  Practically  evwy  whole 
block  can  be  salvaged  and  effldently  used.  This  is  tnie  even  where  tba  Uodm  haw 
one  surface  badly  mutilated  and  are  of  unequal  tlUmknaw,  rfnee  tbs  bad  and  irracolar 
mrface  can  be  bedded  in  the  mortar  and  the  smooth  surface  of  the  Uodm  iii]imiii1 
to  trafKc 

"The  brittle  condition  of  the  old  blocks  (due  to  the  use  of  a  very  hard  asphalt  oement, 
which  gradually  grew  harder  with  the  lapee  of  years  as  the  volatile  matter  in  the  fltu 
oil  e^porated)  led  to  the  inauguratioD  of  a  series  of  experiments  to  determine  a  satis- 
factory and  economical  method  of  surface  treatment  which  would  softm  the  hard 
asphaltic  cement  and  prevent  the  chipping  of  the  blocks  In  winter.  The  method 
which  produces  the  desired  result  is  to  dissolve  a  heavy  bituminous  (ril  In  a  volatile 
solvent  and  apply  it  to  the  surface  of  the  old  blocks  in  tlie  form  of  a  tliin  wash  or  paint 
coat,  ^ven  one  or  more  appUeations,  as  conndtswl  necessary.  The  solvent  penetnttae 
a  conndemble  distance  into  the  blocks  and  then  evaporates,  leaviBg  a  coating  of  faaavy 
stable  Utumen,  which  mixes  perfectly  with  ttte  old  ssphalt,  softening  and  glidsg  It  new 
Ufe  while  producing  a  malleable  surface  on  the  old  blodtt  very  dmllar  to  that  produced 
by  the  formulas  now  used  in  the  manufacture  of  new  blocks.  After  the  ^qilicatioB 
of  the  paint  coat  the  entire  surface  oi  the  pavement  should  be  covered  with  a  very 
thin  layer  of  dry,  fine  trap  rock  screenings,  passing  a  ig-in  screen;  or  any  rinsn 
dry  Bsnd  will  answer  the  purpose  if  trap  rock  Is  not  availatde.  The  fine  trap  rock, 
sand  and  dust  serve  the  double  purpose  of  preventing  the  of]  fram  being  picked  up  by 
the  shoaa  of  pedeetrlans  and  tires  ot  vehldas,  and,  what  is  mm  important,  cause  the 
oO  to  be  ground  by  baffle  Into  the  JolntB  and  inequaHdw  of  the  surface.  Where  the 
Joints  are  ooly  sUgbUy  broken  down  thk  simple  applleatioa  Is  all  that  ts  needed  to 
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rartoK  tfaa  ■tufaos  of  u  old  iqtfaalt  block  p*v«ment  to  a  ntisfactory  oondltioa.  The 
oat  of  this  MUfMS  bmtment  wfaeo  appUad  to  lais«  *mm  nngaa  (ram  2  to  4  eenti 
per  Ki'yd."  ■ 

BrooUTa,  H.  T..  1914  Spedflcatioija  fw  Repair  of  Aaphalt  Block  Pavements  (48). 

"The  mak  aball  eon^t  of  the  removal  of  the  preaent  aapfaalt  blodc  pavement  and 
mortar  bed;  tba  npalr  ei  the  pNaent  eonetete  foundatioB;  the  repaving  of  tlw  nmSumy 
with  aqdmh  blocka  made  up  in  part  by  new  blocin  and  in  part  .by  old  blocka  taken 
frcMn  the  present  pavement;  the  treatment  of  the  mrfaoe  6t  the  old  blodts  and  all 
work  incidental  thereto;  all  in  accordance  with  the  plana  and  spedficationa  on  file  In 
the  Bureau  of  Highwaya,  and  over  such  arena  aa  the  engineer  may  direct. 

"The  thidmeea  of  the  mortar  bed  und  under  the  culled  blo^  which  an  repaved 
over  the  ftbom  areas  shall  be  appnoinmtely  H  In,  but  sufflcient  to  brins  the  upper 
■nrface  of  the  rahdd  blocka  to  an  even  grade  with  the  adjacent  pavement  surface. 

"The  asphalt  bloeliB  forming  the  pment  pavement,  as  taken  from  the  street,  shall 
be  carefully  culled  and  bloda  which  show  a  depth  of  1}4  In  or  over  and  are  otherwise 
ndtable  i^all  be  piled  aeparatety  and  used  for  repaying.  The  old  asphalt  blodn 
which  can  be  uaed  again  shall  be  used  to  repave  such  areas  aa  the  engineer  may  direct. 
In  addition,  the  contractor  shall  fumiah  and  lay,  as  directed  by  the  engineer,  new 
a4>halt  blodn,  wlileh  shall  conform  in  all  partJcuIara  with  the  currwt  asphalt  block 
vedficatioBa  ^  the  Bureau  of  Highways,  Borough  of  Brooklyn,  whidi,  so  far  as  they 
mppty,  am  made  a  part  of  this  specifleati<Hi. 

"Tbs  surface  of  the  preeent  pavement  which  has  not  iieen  disturbed,  and  those 
anas  iriiidi  havs  been  rqiaved  irith  blocks  culled  from  the  preaent  pavement,  shall  be 
tboroty  brouiimd  over  with  steel  brooms  and  the  joints  cleaned  and  freed  from  all  dirt 
and  loose  matniaL  Into  Ute  iotnti  lietween  the  l>lochB  shall  be  poured  qoartx  gravd, 
craahed  gianlte  or  trap  nek,  which  shall  be  dean,  approximately  cubical,  free  from 
all  foredgn  materials  and  shall  pass  a  Ji^n  mesh  sieve  and  be  retained  by  a  20-meBh 
rieve.  It  shall  be  artificially  heated  and  dried  in  proper  appliancee  placed  near  the 
woik  bafora  bring  placed  in  the  Jofaila,  K  lequtnd  by  the  engtoeer. 

"Immadlatoly  fdlowliig  the  appUeation  ot  the  gravel,  the  Jdnto  shall  be  poured 
with  an  aiphaltic  cement  conforming  to  Ute  following  requirements:  The  block  filler 
shaO  be  a  blown  asphaltic  oO  product,  or  a  residual  asphalt:  (1)  It  shall  contain  not 
leas  than  9S%  <rf  bitumen  soluble  in  carbon  disulphide;  (2)  it  shall  contain  not  less 
ttMn  98.5%  <d  total  bitumen  sohible  in  carbon  tetrachloride;  (3)  it  shall  have  a  pena- 
tratioB  at  26'  C  (77^  F),  under  a  load  of  100  g,  for  6  sec,  of  not  leas  than  66  nor  mora  76; 
(4)  it  shall  have  a  praetrati<m  at  0°  C  (32°  F^,  under  a  load  of  200  g,  for  60  sec,  of  not 
kaa  than  26;  (6)  it  shall  have  a  penetration  at  46°  C  (116°  F)  under  a  load  of  60  g,  (or 
5  sec,  of  not  more  than  200;  (6)  it  shall  have  a  ductility  at  26°  C  (77°  F)  oS  not  less  than 
S  nor  more  than  26  cm. 

Notbb:  "When  the  spedflcatlons  were  prepared  it  waa  expected  that  the  work 
would  be  done  in  midsummer  and  that  the  treatmmt  of  the  joints,  aa  previously 
described,  would  be  auffldant  for  thdr  protection,  and  that  the  suunier  tiwflla  would 
datribute  the  asphaltic  filler  owr  the  surfaos  (rf  the  bloeka  sufficiently  to  protect  than 
against  any  tradeucy  to  pit  or  rough  up  during  the  succeeding  winter.  This  treatment 
would  undoubtedly  have  been  suOdent  if  the  work  had  been  done  in  midsummer,  but 
m  it  waa  actually  done  in  the  cold  weather  at  late  November  it  wss  crauidered  advisabis 
to  add  to  the  treatment  described  in  the  spedfications  a  surface  treatment  of  the  entire 
area  of  old  blods.  This  conslBtod  of  a  pdnt  coat  composed  of  crude  oD  and  a  heavy 
Bq>haltlc  maltha  of  about  12°  B,  mixed  half  and  half,  applied  hot  and  aqueagead  ovar  the 
surface,  followed  by  «  thoro  sprinkling  arith  fine  tap  rode  grita  and  dust  pssslng  a  20- 
meah  sieve." 

Maintenance  Record  of  CUm  A  Utamliioaa  Concrete  PATementl  Jn 

Jamaica,  N.  Y.  (67b). 

Thw  azperimantal  road,  26  ft  wide,  was  built  in  Aug.  and  Sept,  1911.  The  work 
eoosMed  in  resurfacing  a  20DO-ft  length  of  badly  worn,  water-bound  macadam  pave- 
ment on  BilUde  Ave.  Before  the  experimental  woric  was  begun  the  oM  macadam 
sorfaoe  was  scarified  and  rsbuilt  to  a  crown  of  K  In  psr  ft  by  addition  of  material  and 
Idling,  The  aggngates  uasd  in  aU  the  eaperimenta  wars  clean,  erariwd  trap  rod^. 
scTMnadaoeordingtothafbllowiaggndee:  M-fn  atone,  passing  lK-h>  dreularppsning 
and  retained  on  H4u  opsning;  ^Hn  stooe  sereeninp ,  from  which  dust  had  bsan  removed. 
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A  TMVnO  CMWiln  1911  ihoMd  m  at  14M  tcUcUb  pw  dv  o<  «  hr, 

2S%  of  whidi  wM  hoM-dnwB  neon  aad  motor  tradn.   On  Sab,  lUy  18,  Am, 
Hay  19,  uul  Moa.,  Mv  80.  1»12,  tlw  Inffle  «h  S9»,  61M  mad  ITM  rMdtm,  n- 
■pM^vely;  the  avinw  aunbar  <<  hooB^wn  w^{ou  aad  notar  trodn 
SO  iMing  460. 

Abpuliic  CoNCun  cowtnietad  with  fiuzed  njitive  asphalt  uaed  in  the  mix  mad 
for  tha  Mai  coat.  Datalla  of  cooatructioa  ware  as  foUowa:  Compacted  d^th  2  in: 
propartlotu.  7.6  cuft  ot  H-ia  drM  Btoaa  to  £.5  gal  of  A.  C.  heatad  to  IST  C  (U0«  F); 
surface  Aaiahed  with  teal  coat  of  A.  C.  and  ^t-in  atone- 

Racord  of  cooditiQii  and  uaiutananoe  oa  datei  given.  Uay,  191^  azcaUent  coDdi- 
tioD,  vKcepC  at  BtatioD  6+  OOf  a  alight  dcpraaaion  due  to  wear;  npidiad  bf  applyinc 
an  oU-a>phalt  aeal  coat.  June,  1918,  aUghtly  wavy,  otharwiae  in  mallMit  enadtthi 
Jan.,  1916,  all  in  good  condition,  except  in  idacea  where  hooaa  aewer  caoaeetleBa  wec« 
made.   Jan.,  1916,  same  aa  when  laat  iuqiected. 

Tax  Concmtb  conatructed  with  refined  coal  tar  used  in  the  nuz.  Detaik  of  eoo- 
atruetlon  were  aa  followa:  Proportfona,  10  eu  ft  H-^  dried  atooa  to  7  gal  tar;  for  tha 
aeal  coat,  coal  tar  waa  used  for  the  flrat  160  ft,  <dl-avkalt  for  the  aeoond  160  ft. 

Record  of  condltioa  and  nudntenance  on  datea  given.  May,  1912,  aeal  ooat  of  ott- 
aaphalt  In  good  eondltloB;  awl  coat  of  refined  coal  tar  entirely  won  off;  saw  bmI  eoat 
of  li^t  ooal  tar  at  the  rats  ot  Q.2S  gal  per  sq  yd  a^iUed  from  atatfoa  8+00  to  atation 
8 +70  and  from  atatloa  8+70  to  ataticoi  9+60,  seal  coat  of  tar  asphalt  pr«t>aiatbm 
applied.  June,  1918,  slightly  wavy;  otluowlae  in  excellent  condition.  Jan.,  1916, 
•eetfam  in  azceUott  condition,  except  for  wavy  surfaea  in  plaom  and  for  a  Uiw  anaU 
■pota  iriwrs  seal  coat  was  worn  off.  Jan..  1918,  wavy  cb  sfaks;  oantar  In  food  cgnA- 
tloni  on  south  side  surface  emmUlng  wbore  seal  eoat  has  bean  wora  off. 

Ezcerpt  from  report  of  committee  of  aupervlsiDg  engiseera,  coveting  inveotlgatlMia 
made  in  Uardi,  1916.  "Theeaat  end,  which  carries  an  asjrimlt  seal  coat,  is  in  exeeUent 
ccmdition.  The  surface  ia  much  amoother  than  where  a  tar  eoat  has  been  aiqiUMl,  aad 
the  aeal  eoat  la  aUU  intact.  At  the  preaent  time  this  portion  of  tba  exparlnant  li 
probably  the  moat  satisfactory  from  the  Btandp<^t  of  aervieeabflity  that  baa  dwaioped 
bi  oonnectioa  wltb  the  entire  series  of  experiraoits." 


1.  Abbott,  N.  B.  Bituminons  Conerate  PaveiiMnti  as  Lidd  in  tbs  Ihdted  States 
R,H.VUUntACo. 

S.  Add,  T.  R.  Tbs  Constmetlon  of  Roads  sad  PawMnta:  Cb^t.  16^  Panetrsftlon 
and  Mixed  ""-^"n  Reads  snd  Psvaments;  Chiq).  1^  Sbeet-Aqibalt  and 
Asphsltic  Concrete  Surfaces;  McGraw-Hill  Book  Co. 

8.  BaksK,  J.  O.  Roads  and  Pavementi:  Chap.  10,  Bitumlaous  Uaeadam  and 
BitumltMNU  Concrete  Roads;  Chap.  16,  Asphalt  Pavanents;  John  Wiley  A  Sons. 

4.  Blahohabd,  A.  H.  and  Dnowtoi,  H.  B.    <■)  Hl^way  Wngtnasrlng,  dmp.  14. 

Bttnmlnous  Concrete  Rivements,  Joba  "WQay  A  Sons;  <b)  Highway  TTihIimiiii  lug 
as  Presented  at  the  Second  International  Road  Congrem,  Bi^Mds,  1910,  C%ap. 
II,  Bituminous  Favementa,  John  WHey  ft  Sons. 

5.  BouLNOiB,  H.  p.    Praetleal  Koad  Bnglnaering,  Sect.  2,  Surface  Construction  and 

Treatment,  St.  Bride's  Preas. 

8.  Byrnb,  a.  T.   Highway  Canatnetlon,  Chap.  B,  AqilMltnm  and  Coal  Tar  Paw- 

mmta,  John  Wiley  &  Sona. 

9.  CoAN%  J.  M.   AuatralasiaD  Roads,  Chap.  11,  Tar  Uaeadam  and  Aqilmltiim 

Roads,  George  Robertaon  &  Co. 

8.  BOBBAXD,  P.  (a)  Durt  Preventfvea  and  Road  Blodera,  Chap.  18,  The  ApidleatioB 
of  Tar  and  Cfmstructioo  of  Bituminous  Macadam,  John  Wiley  &  Sona;  (b) 
UbMatory  Manual  of  Bltn^lnoua  Matarlala,  Part  8,  Chaiseteristlcs  of  the 
Uflt*  Important  Bitaminoos  Materials,  John  Wflsy  ft  Som. 

8,  MtnuN,  C.  A.  Paving  Economy,  Industrial  and  EdueatlanalpM  of  UontnaL 
^  '^^SlSt?^'  ^-  Asphalt  Constmetlon  for  Pftvwiento  and  HWhwan  HeOnw 
Hm  Book  Co. 


34.  Bibliograplv 


BOOKS 


Art.  24 


Bibliography 


935 


U.  Road  Boabd  of  Enoiand.    G«acnl  Directions  and  SpcdflMUoiii  Relatfaif  to  tW 
Tkr  TmtDMDt  o(  iUiadib  Waterlow  A  Sou. 

IX.  SHm,  J.  W.   DoitlMi  Roadi  Tir  Maodwn.  Chat.  GiMBd  ft  Co. 

IS.  TouoK,  O.  W.   Stteet  Pavemmta  and  Paving  Materiata,  Chap.  8,  A^>Iialt 

PavcSMnts,  John  WUay  &  Sona. 
U.  WHn«Y,  S.   Sp«dfleatioB>  for  Stmt  Roadw^r  Favmanta,  Part  1,  AqduOt 

Block  and  Bitumfnooa  Concrete  PaveOMota,  MoGraw-HQl  Book  Co. 
li.  Wood,  F,    Modem  Road  Construction,  Chapa.  7  and  8,  Ibthodi  of  XMnf  Tar 

•ad  BitUMOt  Chaa.  Griffln  ft  Co. 


1*.  ASui,  J.  flhaet  A^thalt  and  Bitamlnoui  Conoeta  PavfOMnti,  Pena.  Ki^ny 
Howa,  UMtdt-AptH,  1916,  p.  6. 

17.  Ak.  Soa  C  E.  DiKuariona:  (a)  The  Um  of  Bltumlnoua  Matariab  by  Hixinc 
Uathodi,  T^ana.  VoL  73,  1911,  p.  99;  (b)  Uaa  of  Bltumlnow  MaterlaU  in  Pena- 
tration  and  Hizinx  Uothoda,  Trana.  VoL  76.  1912.  p.  672;  (e)  Equipment  for 
the  Conatructkm  of  Bitnminooi  Pavementa,  Trana.  VoL  77,  19U,  p.  171;  (d) 
EqnlpinaBt  and  Uathodi  of  MaintaiBlnc  Bitumfnoaa  FavaoMBti,  Tiana.  ToL 
77, 1914,  p.  IIH.  Spae.  Cm.  Mat.  Bowl  Cobb.,  («)  1918  Bop..  Froe.  Dec  IHT, 
P.2S46. 

IS.  Bnxs,  G.  H.  RaUtlre  EfBcbDcy  of  Metlioda  of  Repairs  to  Bltumlnoua  M&cadam 
and  Bttumlnooa  C<nerete  Pavements,  Good  Roads,  Jan.  19,  1918,  p.  £9. 

19.  Blahchabd,  a.  H.  (a)  The  Mafaitananca  ot  Maqdam  and  Other  Roads,  Trana. 
Am.  Soc  C.  B.,  V<^  61,  1908,  p.  446;  (b)  Dusthoi  Roads  fa  Europa,  Bnc.  ft 
Coat.,  Oct.  6,  1910,  p.  289;  (e)  The  PrMsnt  Statua  of  the  TTaa  ol  BttumiDoua 
Uaterlab  in  the  Construetitm  and  Halntenanee  of  Roads  In  the  United  States, 
Good  Roads,  April,  1911,  p.  139;  (d)  DIstributlnK  and  Mixing  Machinery  for 
Constnietlon  and  Maintenaoee  <^  Bituminous  Pavementa  and  Surboss,  Mun. 
Eoi;,  Hov.,  1911,  p.  864;  («)  Beosnt  Developmanta  In  BttamfaMOS  Pavamsnta, 
Hm.  Kbs.,  Jtna,  1916,  p.  231;  (!)  Bngllah  aad  Amsrfean  Ftaetle*  In  the  Co»- 
alznetfam  of  Tar  Surtaeeo  and  Pavements,  Mun.  Jonr^  June  1, 1918,  p.  443  and 
Jnna  8,  1918,  p.  466. 

M.  Boaid  ot  Water  Supply  of  New  Yorit  City.   Aahdom  BItamlnous  Coicreta 

PvnmmaM,  Bapa.  1914  to  1817,  ine. 
U.  BUBV  H.  B.   RaasBt  Developments  fai  the  Deolsn  and  ConatnwUon  of  Boad 

Snbees.  Bettv  Roads,  Jan.,  1918,  p.  18. 
Bk  BUHH^  J.  S.   Snggeationa  Towards  a  Standard  SpeeUtatloii  for  Bttamtatous- 

Boond  Carriaceways,  Surveyor,  Aug.  23,  1912,  p.  260. 
tt.  BnooK^  U.    (ft)  History  of  Bituminous  Concrete  Pavementa  h  Warfdngtan, 
,  _      Eng.  Rec/Fsb.  8, 1912,  p,  182;  (b)  Bituminous  Concrete  Pavement  Cooatrue- 

tfam  In  Washington,  D.  C,  Eng.  ft  Cont.,  April  7,  1915,  p.  326. 
M.  Bbown,  C.  C.    (a)  The  Dedipi  of  Bituminous  Pavements,  Mun.  Eng.,  Feb.,  1917, 

p.  42;  (b)  Construction  of  Bttumlnous  Pavements,  Mun.  Eng.,  May,  1917,  p.  226; 

(c)  Maintenance  of  Bituminous  Averaents,  Uun.  Eng.,  June,  1917,  p.  286. 
BR*  CoNZBLMAN,  J.  H.   Blstory  of  Concrete  Pavmenta,  Eng.  ft  Cont., 

March  26,  1914,  p.  872. 
SI.DUM,A.W.  8aidaadAqAaMieOaRoitds,Am.CI^,''T.ftC.Ed.,Da&.»lT, 

p.  498. 

Wit  Eko.  ft  Cont.,  Staff  Arta.  (a)  A  New  Type  of  Pavement;  Wood  Chips  and 
Bitmani,  Nov.  20,  1912,  p.  670;  (b)  Average  Cost  of  BitumlnoOB  Macadam  and 
BttOBAMmB  CoBosta  ConstmetlOB  In  Several  States,  May  14,  1918,  p.  646; 
Ce)  Bftnmtnoqs  CoMnta  IMog  Oystar  Shdl  Agsraiate,  Oet.  1,  1914,  p.  849; 
W  SpsdOeatSoaa  lor  Bternihwqs  PaviOMnti  Coostmctad  In  Waahlngton, 
D.  C  in  1887.  Jima  6, 1918,  p.  668. 

».  Eno.  Nmu  Stair  Art.  (■)  Early  HIatoty  of  BttumiBoos  Street  Pkvanenta,  July 
80. 1914,  p.  286. 

M,  Smo.  Rk.,  BdttosU.  W  UiiBd  va  Psaatntlon  Roads,  Jan.  24,  1914,  p.  8^ 
aod  FA.  7, 1914,  p.  175.  Stalt  Art.  (b)  Tairad  Msaadam,  JUy  28. 1898,  p.  164. 


PERIODICAL  LITERATURE 


936 


Bituminoua  Crauirete  FaTemsnta 


Sect.  18 


N*  FAmHOTCmt  W.  W.  (ft)  Equipment  and  M«Utod«  tot  MalnUbiing  Bltumioona 
SuilUM  and  Bituminoua  Fsvusents,  Eng.  ft  ConU,  April  16,  1914,  p.  444; 

(b)  Sand  nndOU  RoMto  and  SurfnoM,  Jour.  Boaton  Soe.  C.  E.,         ISlfl^  p.  43; 

(c)  Bituminoua  FavwMoU  and  TtmXnmAM,  Proa.  Am.  Road  Bldnu  Atm^ 

1917.  p.  69. 

SL  Foster,  S.  D.   Bitumliuna  Coutmetion,  Good  Roada,  Dae.  ^  1913,  p.  388. 
13.  Fm-wBtLsn,  W.  H.   Tbe  Davelopmeat  of  Ifodcn  Road  Surfana,  Jour.  FkanUiB 

IiuL,  Sept.,  1909,  p.  156  and  Oct..  1909,  p.  290. 
SS.  Oaoe,  R.  B.    The  Funetiona  Performed  by  Stona  in  the  Ktumlnoaa  Conoala 

Pavement,  Good  Roada,  March  4,  1916,  p.  122. 
Si.  Good  Roads,  EditoriaL    (a)  Bituminoua  Macadam  and  Bituminoua  Generate, 

Jan.  13,  1917,  p.  25.  Staff  Arts,  (h)  Road  Cotutruction  at  the  AAokao  Rmt- 

Toir  of  tbe  New  York  City  Water  Supply,  Sept.  6,  1914,  p.  97;  (c)  Bftoriag 

Pavement,  May  6,  1916,  p.  216. 
34.  HncPBUiAN,  W.  L.   Bumpa  and  Waves  In  Bituminoua  Pav«ment«,  Mun.  Enc-, 

April,  1918.  p.  138. 

St.  HBUsntBBT,  G.  p.   Aqihalt  Blodi  Pavement,  Comril  dr.  Engr.,  Harttt-Aptfl. 

1915,  p.  360. 

SI.  HiNKLB,  A.  H.   Bituminoua  Connet^  Cold  Mix,  for  FmUhSag  Itamit,  Battar 

Roada,  Sept.,  1917,  p.  389. 
S8.  HoOLVr,  E.  P.    (a)  Tar  and  Ita  Uaaa  In  Madera  Road  CoBBtructloii,  Can.  Bngr., 

Sept.  24. 1M9,  p.  8SS;  (b)  Pot-Holea  and  Their  Remedy.  The  Car,  Vmy  17, 191«. 
St.  Howard,  J.  W.   Bituminous  Gravd  Concrete  Pavements.  Mnn.  Jour.,  June  19, 

1913,  p.  851. 

M.  Hubbard,  P.  («)  Bituminous  Roada  and  Pavementa  and  Thdr  Matariak  of 
Construction,  Jour.  Franldta  Inat..  April,  1912.  p.  343;  (b)  Tho  Uae  of  Bft&- 
minouB  Materials  In  Country  Road  Construction,  BuL,  UbIt.  of  Midi.,  SqiC, 

1916,  p.  95. 

41.  Ebnnboy,  C.  C.   A  Logarithmic  Aggregate  Card  and  Its  Apidleation  to  A^altie 

Paving  Mixtures,  Eng.  3t  Cont.,  March  7,  1917,  p.  230. 

42.  Kinsley,  E.  A.    Bituminoua  Pavemmta,  Patented  and  Otherwise.  Proc  Am.  Soc 

Mun.  Imp.,  1910.  p.  116. 
AS.  KnscHBBAUN,  L.    (a)  Some  New  Departures  in  AaiAaltie  Concreta  Cooatnietioa 
Tried  Out  In  Oak  Pkrk,  HL.  Better  Roada,  Vah.,  1916,  p.  6;  (b)  FaeUvs  in 
ConatracUmi  ot  Bituminous  Pavements,  Better  Roads.  May,  1916,  p.  8;  («} 
Bituminoua  Foundationa  for  Sbeet-Aaphalt  Surfaces,  Eng.  New»-R«c,  June  21. 

1917,  p.  691;  (d)  Bituminous  Foundationa  tor  Streets  and  Hlghwaya.  Am.  City, 
C.  Ed..  March.  1918.  p.  196;  (e)  Bituminous  Pavements  Adaptable  to  Various 
Coaditiaaa  with  Spedai  Relennoa  to  Typa  and  Thirkn—,  Mnn.  Biw,  Hank, 

1918,  p.  101. 

U.  LftA,  S.  H.    Patching  Bituminoua  Pavementa  without  an  Asphalt  Plant  or  a 

Steam  Roller,  Eng.  Neva,  Feb.  11,  191S,  p.  258. 
4JL  Uttlb,  J.  C    Bituminous  Concrete  in  the  Roland  Park-GuOford  Diatriet,  Man. 

Eng.,  July,  1914,  p.  66. 
M>  Ltkicbh,  H.  G.   Bituminoua  Ctmerote  VrnmoBBtM,  Pioe.  Am.  Soc  Hun.  Impi„ 

1911,  p.  60. 

47.  McLkan,  W.  A.    HistMjr  ot  Tar  Concrete  Pavementa  in  Ontario,  Can.  Bnir., 

Jan.  11,  1912,  p.  133. 

48.  Morrison,  E.  J.    Maintenance  and  Itepair  of  Aq>Iialt  Block  Pavmsnta,  Eng. 

Newa,  Aug.  19, 1916,  p.  3K. 
4t.  MUU.BN,  C.  A.  (a)  Aaphaltic  or  BitumioouB  Concrete  Pavcmanta,  Mun.  Eng., 
April,  1913,  p.  334  and  July,  1913,  p.  60;  (b)  The  Saint  Auguatin-Quebee  Im- 
proved Topeka  Asphaltic  Concrete  PavenMnt,  Can.  Engr.,  Feb.  7, 191S,  p.  lOt; 
(c)  Aspiialt  PavemenU  for  Modem  Road  Buildhig,  Cont.  Roe..  May  16,  1918; 
p.  894. 

ft.  MuK.  Eng.,  Staff  Arts,  (a)  Wood  Flbo-  and  Aaphalt  m  Paving  Matoials,  May, 
191B,  p.  292;  (b)  The  Conitrnetlon  at  Concrate  Curbs  for  A^>>slt  Road%  OaL, 
1917,  p.  186. 

jH.  Mun.  Jour.,  Staff  Arta.  (a)  MunMpal  Paving  in  HoDand,  Mich.,  Dae.  IS,  1918, 
p.  868;  (b)  A  Cdbridal  BitumliKMia  Pavmant.  3m  10,  X916,  p.  807  and  Aqg. 

IS,  1916,  p.  183, 


Art.  34 


BibUograi^ 


037 


SX,  Orb.  Soc  Engrs.  Com.  on  Compar«tive  Coati  of  Oregon  PavwMnti,  1917  Ref>.. 
Eog.  ft  Cont.,  Nov.  7,  1917.  p.  8«8. 

fiS.  PATIMBSOH,  I.  W.  (ft)  Bituminous  Macadam  Roadi  in  RbodB  IiUwd,  Hun.  Ens-, 
Dec,  1914,  p.  437;  (b)  Rhode  Island  PractiM  in  CoBatnietlon  of  Bituminous 
PavementM,  Eog.  &  Cont..  Feb.  6,  1918,  p.  163. 

H.  PniOMS,  G.  H.  BttuUthic  PavenHBtand  Wunnlto  Rondny,  Jour.  BoaUm  Soc. 
C.  E..  Mareh,  1914.  p.  119. 

M.  RsBVB,  C.  S.  and  Andbmon,  B.  A.  The  Effsela  of  Exposure  on  Tar  Products. 
Jour.  Franklin  lut.,  Oct,  1916.  p.  46S. 

M.  RBMva.  C.  S.  and  I^WIS,  R.  H.  Tomhiw  of  Bituminous  AcgrsKates.  Jour. 
Agr.  Research,  Aus.  IS.  1917.  p.  819. 

ST.  RiCHABDSON,  C.  (a)  The  So-Called  Tiq>eka  Surfaea  for  Hiihways,  Eng.  Roe.. 
June  29.  1912.  p.  718;  (b)  Stone-Filled  Asphalt  Surface  or  Fine  Aq>haltie  Con- 
ereto,  Eog.  Ree.,  Dee.  12.  1914.  p.  634;  (e)  Concrete  Foundations  for  Asphalt 
Pavonents  and  Rends  Subject  to  Heavy  Tiavd,  Good  Roads,  Uay  6,  1916, 
p.  20S;  (d)  Colloidal  Clay  In  Bituminmis  Pavement  Conrtmetion,  Good  Raaib, 
Dec  2,  1916,  p.  2SS;  (e)  Stone-FUled  Sheet-Asphalt  SufToa  fnnn  Inattention  to 
Detaa,  Eng.  Newft-Ree..  Jan.  17.  19Ig.  p.  109. 

SS.  Sarr,  F.W,  Methods  and  Costa  of  Road  Maintenance.  Repair  and  ReoonstnietkiD 
In  New  Yorlc  State  in  1916,  Good  Roadi^  July  14.  1917.  p.  18. 

n.  Sbabplh,  p.  p.  MaUiodi  and  Utztnraa  Used  hi  CMiabuetiBK  Tar  CoDCrato 
Pavementa,  Eng.  A  Cont.,  March  17, 1916,  p.  256. 

M.  SutTH.  F.  P.  (a)  Types  of  Bituminous  Pavements.  Proc  Am.  Soc.  Uun.  Imp.. 
1916,  p.  120;  (b)  E^Bsential  Phywcal  Properties  of  Sand,  Gravel,  Sine  and  Broken 
Stone  for  Use  in  Bituminous  Pavements,  Better  Roads,  Marrii,  1916,  p.  IS; 
(c)  The  Hot-Mix  Method  of  Bituminous  Construction  Using  an  Asphaltis 
Binder.  Can.  Engr..  Mareh  16.  1916,  p.  347;  (d)  The  Utilization  of  Piilverfced 
E^arth  in  Asiatic  Paving  Mixtures,  Good  Roads,  May  6,  1916,  p.  208. 

•1.  SiOTH,  J.  W.  (a)  The  Improvement  of  Highwaye  to  Meet  Modem  Conditions 
of  TrafBe,  Proc.  Inst.  C.  E.,  Vol.  186,  1910-1911.  Part  IV,  p.  176;  (b)  Tar- 
Uaeadam,  A  Plea  for  Standardisation,  Surveyor.  April  22,  1910,  p.  S41;  (e) 
Construction  of  Bttnmlnooa-BoUBd  Brtdcen  Stone  Roads,  Good  Roads,  Sept.  6, 
1918,  p.  99. 

•8.  SrmcHB,  W.  B.  (a)  Bituminous  Concrete  Pavements,  Can.  Bngr.,  Sept.  26, 1918, 
p.  498;  (b)  Three  Years'  Experience  with  Portable  A^ialt  Plants,  Mnn.  Eng., 
Mareh,  1917,  p.  134. 

a.  Stbelb,  G.  D.  Portable  Asphalt  Plants  for  Country  Roads  and  City  Streets, 
Better  Roads,  Oet,  1916,  p.  8;  Nov.,  1916,  p.  8;  Dee.,  1916.  p.  8  and  Feb.,  1917, 
jt.  S8. 

H.  SnWABT,  8.  J.  Bituminoua  Gravel  Conereta  Pavemoita,  Better  Roads,  July, 
1913,  p.  41. 

W.  Tkibd  Int.  Road  CoHo.,  1913.  Construction  of  Macadam  Roads  Bound  With 
BitumlDoas  Materials,  R^».  17  to  27,  inc;  ConelusionB,  Proc,  p.  687. 

W.  USUB,W.D.   Resarfadngof01dRoadi,Proe.Fan-Ain. RoadCtnig.,  1916,p.l9L 

•7.  U.  S.  O.  P.  R.  (a)  Ptogress  Reports  of  EaperlnMnts  ta  Dust  Prevention  and  Road 
Preservation:  Cir.  U-  S.  O.  P.  R.,  89,  1908;  Cir.  90,  1909;  Cu-.  92,  1910;  Cir.  94, 
I9I1;  Cir.  98,  1912;  Cii.  99,  1913;  Bui.  U.  S.  Dept.  Agr.,  106,  1914;  Bui.  267, 
1916;  (b)  Jamaica.  N.  Y.,  Experimental  Pavements,  Bui.  U.  S.  Dept.  Agr.,  407, 
1916,  p.  65;  (e)  Standard  Forms  for  Specifications,  Tests,  Reports,  and  Methods 
of  Sampling  for  Road  Materials,  Bui.  U.  S.  DepL  Agr.,  666, 1917;  (d)  Bituminous 
Gravel  Pavement,  fUrfax  County.  Va.,  Bui.  U.  S.  D«pt.  Agr.,  686, 1918,  p.  16. 

•B.  Vak  TkuhP,  I.  The  Effect  of  Traflle  on  Bituminoua  I^vamenta,  Proc  Am.  Soe. 
Mun.  Imp.,  1912,  p.  160. 

Ct.  VosRBLL,  J.  T.  S<Hne  Details  of  Bituminoua  Macadam  Construction,  Good 
Roads,  April.  1911,  p.  160. 

n.  Wabbmn,  F.  J.  The  Deveiopmont  at  the  Bituminous  Macadam  Pavement,  Eng. 
Rae.,  Oct.  11,  1902,  p.  848. 

71.  Waubi,  G.  C.    (»)  Bituminous  Roads,  Mixed  and  Poured,  Good  Roads,  Aug., 

1910,  p.  812;  (b)  Bitnmlnoui  Concrete  Pavemoita,  Proc  Am.  Soc  Mun.  Imp., 

1911,  p.  76;  (e)  The  Effect  of  Leaking  DluminaUng  Gas  on  Bitnndnoua  Pave- 


988 


BituminouB  Oonorete  PavoiMnta 


Sset.  19 


BMBtB.  Prod.  Am.  See.  Mu.  Imp.,  1914,  p.  804;  (4)  RdaOw  Eeoaomj  of  Ca»- 
■tmetbic  Bltumlaout  ConwU  PavvuBts  and  Bftamtaew  Prnvcmmta 
PwMtntloB  UatlMck.  Bsttar  Boad^  Fib,  1914.  p.  iB;  (•)  Fablte  RMopitiM 
of  Pstanta  and  fl^edflaitkiH  for  pRtoitod  Vvmumit,  Mm.        Hardi,  ISlfih 

p.  172. 

7X.  Warn,  D.  H.    U«du>d  and  Coat  of  BltulitUa  Vvrtnt  In  Ptaraa  Coimty,  WaA.. 

Enc-  N«wa,  Uajr  25.  1916,  p.  976. 
n.  WHim  L.    ^)  Paric  Drivaa  and  Boulavanla,  Una.  Sng^  Fab.,  MIS,  p.  SB;  (h) 

A^tUtte  Courata  m  Favtais  for  BwMiaa  Otwaa,  CoaC  Hac.  Ave  U.  UU. 


L.ooQle 


SECTION  17 


SHEET-ASPHALT  AND  ROCK  ASPHALT 
PAVEMENTS 


BY 

FRANCIS  P.  SMITH 

CONBULTINO  CKBCIGAL  AND  PAVmO  BNOtMBH,  KKW  TOM  CITT 

SHEET-ASPHALT  PAVEBIENTS 


GENERAL  DATA 

Art.  Tmgo 

1.  Description  and  Historical 

Development   940 

2.  ChaiBoteristioa   941 

3.  Foundations   042 


MATERIALS  ' 

4.  Sands   944 

5.  Flllera   950 

6.  Binder  Stone   951 

7.  Refined  Asphalts   951 

8.  Fluxes   953 

9.  Asphalt  Cements   954 

10^  Theory  of  ShecVAsphalt 

Pavements   956 

1 1.  Inspection  and  Sampling 

of  Materials   962 

12.  Spedficatknu  for  Materiala  966 


CONSTRUCTION 

Art. 

Pace 

13. 

970 

14. 

Methoib  of  Manufaeture. 

978 

16. 

984 

16. 

Inspection  of  Manufacture 

989 

17. 

Spedfications  for  Con- 

997 

18. 

Construction  Cost  Data. . 

1000 

MAINTENANCE 

19. 

1004 

20. 

Methods  of  Repairing .... 

10(» 

21. 

1011 

22. 

Specifications  for  Mainte- 

toil 

BOCK  ASPHALT  PAVEMENTS 


GENERAL  DATA 
Art.  FssB 

23.  Description  and  Historical 

Development   1012 

24.  Characteristics   1013 

MATERIALS 

25.  Bituminous  Limestones 

and  Sandstones   1013 

26.  Theory  and  Composition 

of  Rock  Asphidt  lave- 
ments  1016 


CONSTRUCTION  AND 
MAINTENANCE 
Art.  Psga 

27.  Methods  of  Manufacture 

and  Laying   1016 

28.  Specifications  for  Con- 

struction 1017 

29.  ConstructioD  Coat  Data. .  1018 

30.  Methods  of  Maintenance.  1018 

31.  Bibliography   1018 

»  D.qitiie<il>vG00gle 


MO 


Sheet- Asphalt  Pavementa 


Sect.  17 


SHBBTnASPHALT  PAVB1IEHTS 
GENERAL  DATA 
1. '  D«8cripti<m  and  Historical  Devdopnent 


DeieripttOD.  Sheet-uphalt  pavements  differ  broadly  from  other  typea 
of  bituminouB  pavements  by  havinft  a  wearing  surface,  the  mineral  aggre- 
gate of  which  contains  no  particles  which  would  be  retained  on  a  H-ia  screen. 
As  usually  laid  they  consist  of  two  distinct  courses  laid  on  a  foundation  of 
old  macadam,  bituminous  concrete  or  Portland  cement-concrete. 

1.  Binder  course:  Composed  of  aspbrit  cement,  broken  stone  and  usu- 

ally sand.  Sometimes  a  paint  coat  composod  of  asphalt  dissolved 
in  naphtha  is  applied  to  the  surface  of  tha  concrete  foundation  and 
the  binder  course  ia  oniitted. 

2.  Wearing  course:  Composed  of  sand,  filler  and  asphalt  cement. 
Hittarietl  DeTslopment.    Mixtures  of  coal  tar  with  sand,  gravel,  broken 

stone,  ashes,  and  materials  of  a  similar  nature  were  employed  in  the  United 
States  prior  to  1865  on  sidewalks  and  croes-walka.  They  undoubtedly 
were  the  first  step  in  the  development  of  the  modem  sheet-asphalt  pave- 
ment, as  the  general  principle  involved,  of  mixing  hot  sand  with  a  bitu- 
minous cementing  material,  is  substantially  the  same  in  both  cases.  This 
is  also  true  of  the  method  of  laying.  A  mixture  of  this  land  was  laid  on 
one  of  the  highways  in  Prospect  Park,  Brooklyn,  N.  Y.,  in  1867  and  was 
so  Hucoessful  that  a  similar  pavement  was  put  down  ^e  following  year 
on  Diamond  St.  in  Brooklyn.  The  foandation  of  this  pavement  was  5  in 
thick  and  was  composed  of  2-in  broken  stone,  sand,  coal  ashes  and  tax. 
The  wearing  surface  was  of  similar  composition  except  that  the  atone 
used  in  it  was  not  larger  than  1  in  in  its  greatest  dimension.  This  is  prob- 
ably the  first  street  in  the  United  States  which  can  be  considered  as  hav- 
ing had  a  bituminous  pavement.  Shortly  after  1870  a  number  of  coal- 
tar  pavements  were  laid  in  Washington,  D.  C.  The  base  used  was  broken 
stone,  4  to  6  in  in  thickness,  which  was  cemented  together  with  coal  tar. 
This  base  was  covered  with  a  lander  course  averaging  about  1  in  in  thick- 
ness and  composed  of  gravel,  fine  broken  stone  and  coal  tar.  Generally 
speaking,  the  foundation  and  binder  course  were  substantially  the  same  in 
all  cases  but  the  wearing  courses  differed  considerably  and  were  laid  under 
numerous  patents.  Some  of  these  pavements  were  very  good  and  some 
were  very  bad  but  even  the  best  of  them  became  very  soft  in  summer 
and  could  not  be  regarded  as  generally  satisfactorj-,  and  where  the  traffic 
was  at  all  considerable  their  cost  of  maintenance  was  high-  This  appears 
to  be  the  first  recorded  development  of  the  modem  binder  course.  In 
1870,  E.  J.  deSmedt,  who  was  familiar  with  the  art  of  laying  bituminous 
rock  pavements  as  developed  in  Paris,  laid  an  asphalt  sand  mixture  in 
front  of  the  city  hall  in  Newark,  N.  J.,  which  proved  successful.  This 
was  undoubtedly  the  first  asphalt  pavement  laid  in  the  United  States, 
altho  its  exact  composition  ia  in  doubt.  It  was  followed  by  similar  pave- 
ments in  New  York  City  and  Philadelphia.  As  a  result  of  these,  Pennsyl- 
vania Ave.  in  Washington,  D.  C,  was  paved  with  an  asphalt  sand  mixture 
in  1877.  The  use  in  Washington  of  this  t3T>e  of  pavement  rapidly  in- 
creased and  other  asphalts  began  to  be  used  for  the  same  purpose  and 
from  this  beginning  the  use  of  sheet-asphalt  pavements  rai^tu^  ^reloped 
thntout  the  country.  It  was  not  until  many  years  later  that  dieet-f>9>halt 
pavements  were  laid  in  England  and  on  the  Continent, 
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2.  CharacteriBticB 


Sheet-asphalt  pavements  are  smooth,  non-productive  of  dust,  almoet 
noiselesa,  waterproof,  non-abeorbent  and  easy  to  clean.  They  are  capable 
of  sustaining  very  heavy  traffic  and  also  last  well  under  light  traffic.  They 
are  therefore  well  adapted  for  business  and  reaidence  streets  and  the  facility 
with  which  they  may  be  kept  clean  makes  them  espeiually  desirable  in 
tenement  districts.  They  are  ea«y  to  repair  and  offer  but  slight  resistance 
to  traffic.  They  are  somewhat  softer  in  summer  than  in  winter  but  when 
property  laid  never  become  too  soft  for  use  even  in  the  hottest  weather. 
When  dry  and  clean  they  are  not  slippery  and  their  slipperineas  in  moist 
or  driuly  weather  is  largely  due  to  the  presence  of  a  thin  film  of  mud  caused 
by  the  collection  of  street  detritus,  and  this  can  be  greatly  reduced  by 
washing  or  keeping  them  clean.  For  this  reason  they  are  less  slippery 
in  a  heavy  rain  than  in  a  drizzle.  Horses  accustomed  to  granite  block 
pavements  instinctively  put  their  hoofs  down  and  slide  them  until  they 
obtain  a  foothold  in  the  crevices  of  the  pavement.  As  there  are  no  such 
crevices  in  a  sheet-aqibalt  pavement,  it  takes  a  little  time  for  them  to 
become  aecustomed  to  it  but  th^y  soon  learn  to  adapt  themselves  to  a 
smooth  Burfaoe. 

While,  as  previously  stated,  Bheet'-asphalt  will  sustain  a  very  heavy 
traffic,  this  statement  applies  more  especially  to  a  traffic  largely  composed 
of  quick  moving,  light  to  medium  loaded  vehicles,  such,  for  instance,  as 
prevails  on  Fifth  Ave.,  New  York  City.  It  is  not  the  most  suitable  type 
of  pavement  for  a  very  dense,  slow  moving,  heavily  loaded  traffic.  Wood 
block  and  granite  block  will  outlast  it  under  these  conditions.  It  will  not 
give  satisfaction  where  there  is  practically  a  total  absence  of  traffic,  as  it 
then  is  liaUe  to  develop  cracks,  apparently  requiring  the  kneading  action 
of  mffic  to  equalise  the  stresses  set  up  contraction  and  expansion  and 
to  keep  it  in  proper  condition.  It  is  entirely  suitable,  however,  for  traffic 
▼arjnng  from  the  light  delivery  traffic  of  residence  streets  to  the  dense  but 
quick  moving  traffic  of  Fifth  Ave.,  New  York  City,  or  the  Thames  Em- 
bankment, lAjndon.  Very  recent  figures  as  to  the  traffic  on  Fifth  Ave.  are 
not  available,  but  a  record  taken  between  3%d  and  34th  Sts.  during  the 
months  of  Nov.  and  Dec,  1904,  shows  it  to  be  heavier  than  on  the  Thames 
Embankment,  and  is  given  below: 


On  account  of  their  smoothness,  sheet-asphalt  pavements  are  not  suit' 
able  for  use  on  excessive  grades.  Generally  speaking,  streets  carrying  a 
fair  amount  of  traffic  can  be  paved  with  asphalt  if  the  grade  does  not  exceed 
6%,  In  some  cases,  where  the  traffic  was  very  Ught  and  a  smooth  pave- 
ment was  coneidered  essential,  it  has  been  laid  on  grades  iiunning  up  to 
10  and  1S%,  but  this  is  rather  exertional.  Whrae  the  traffic  is  heavy, 
a  3  to  4%  grade  is  usually  considered  as  the  limit.  In  most  of  the  largest 
rities  of  the  United  States  the  maximum  grades  on  which  this  type  of 
pavement  is  laid  vary  fiotn  4-4  to  8%,  regulated  largely  by  the  traffic  apd 
climatic  conditions. 


Tonnage  per  llhr  , 

Average  tonnage  per  lin  ft  of  width  per  11  hr 

Average  tonnage  per  hr  

Average  number  of  vehicles  per  1 1  hr  

Average  tonnage  per  vehicle  


19  274.47 
481.85 


1  752.20 
11  787.00 


1.64 
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S.  Foundfttions 


Am  a  flheet-aaphalt  pavetneat  has  not  raffidoit  internal  stability  to 
permit  it  to  bridge  over  depressions  or  soft  spots  asd  aa  ezcenive  vibra- 
tion will  tend  to  produce  rapid  disiDtesration,  it  must  be  supported  by  a 
rigid  and  unyielding  foundation  of  sufficient  strength  to  carry  the  traffie. 
The  character  of  the  foundation  required  will  depend  upon  the  following 
ConditionB:  Traffic,  climate,  character  of  subaoil  and  drainase.  The 
strength  of  the  foundation  must  be  directly  proportional  to  the  WMg^t 
of  the  traffic.  In  oold  climates,  whcve  the  ground  freesea  to  a  oonnder- 
able  depth  in  winter,  the  spring  thaws  produce  a  very  unstable  cooditioa 
of  the  Bubeofl  and  th=  foundation  in  such  cases  must  be  stronger  than  is 
required  in  climates  where  there  is  little  or  no  frost.  A  well  drained  aandy 
soil  is  much  lees  affected  by  theee  temperature  changes  than  is  a  heavy 
clayey  soil.  The  treatment  of  the  eubsoil,  therefore,  is  of  primary  import 
tance,  especially  where  the  traffic  is  heavy.  It  should  be  drained  and 
thoroly  compacted  by  rolling  to  such  an  extent  that  it  will  be  free  from 
displacement  thru  settlement  or  froat.  All  soft  spots  should  be  excavated 
and  filled  with  suitable  material  and  all  trwohea  must  be  thoroly  back- 
filled. In  sandy  soils  this  may  be  done  by  tiw  aid  of  water;  in  clayey  or 
heavy  soils  they  must  be  slowly  filled  and  carefully  tamped  for  each  0 
in  of  fill.  In  certain  localities  in  the  northwestern  portion  of  the  United 
States  and  Canada  very  heavy  clay  soils  are  found.  In  winter  these  fre- 
quently develop  cracks  from  4  to  6  in  in  width  and  heave  very  badly. 
In  such  cases  cross  trenches  should  be  dug  every  25  or  30  ft  and  filled  with 
coarse  broken  stone  and  connected  with  longitudinal  trencdieB  at  the  side 
of  the  street,  similarly  filled  and  draining  to  catch  basins.  It  is  inadvia- 
able  to  li^  concrete  directly  on  such  a  soil.  Sand  and  gravel  should  fiist 
be  sivead  upon  it  to  such  a  depth  that  whra  rolled  it  will  Imn  a  layw 
3  to  4  in  in  thickness  and  the  concrete  should  be  placed  on  this.  Wbera 
the  subgrade  is  marshy  or  swampy  or  comnsts  of  a  fill  made  on  such  ground, 
and  it  is  impracticable  to  thoroly  drain  it,  concrete  of  suffidcait  strength 
must  be  employed  to  bridge  over  soft  spots  and  distribute  the  load  ow 
as  great  an  area  ss  possible.  Depending  upon  traffic,  subsoil  and  climatio 
conditions,  a  number  of  different  types  of  foundations  have  been  sucoeas- 
fully  employed,  such  as  old  macadam;  broken  stone,  either  rolled  dry  or 
cemented  together  with  some  form  of  bituminous  cement;  old  oobblestone; 
Belffun  block  or  granite  block  pavements;  old  brick  or  aqihalt  bloi^ 
pavements;  bituminous  concrete;  natural  cement-concrete  and  Portland 
cement-concrete. 

Broken  Stone  Foundations.  Where  the  traffic  is  lisht,  the  climate  mild, 
and  the  subsoil  conditions  favorable,  old  macadam  roads  which  have  been 
properly  constructed  and  drained  have  given  very  excellent  results  as 
foundations.  In  some  cases,  notably  the  Thames  Embankment  in  London, 
a  foundation  of  this  kind  covered  with  an  asphalt  pavement  has  sufficed 
to  carry  a  very  heavy  traffic,  but  ite  use  under  severe  conditions  is  to  be 
deprecated  and  more  failures  than  succeaees  have  resulted  ftata  it.  Stones 
screened  out  from  an  old  broken  stone  road-bed  are  always  well  rounded 
on  the  edges,  showing  tiiat  tiiey  move  under  traffic  and  that  a  broken 
stone  road,  however  good,  doee  not  form  a  rigid  foundation.  Many  so- 
called  broken  stone  roads  have  been  constructed  without  any  attention 
to  drainage  by  simply  dumping  stone  on  top  of  old  earth  roads  and  con- 
solidating it  by  traffic  with  little  or  no  preliminary  rolling.  These  should 
not  be  regarded  in  temperate  climates  as  suitable  foundations  for  any 
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pernuuieDt  type  of  psvnnnt.  Where  a  laioken  stone  toad  is  used  and 
the  grade  will  permit,  it  is  far  bettw  to  build  up  deprenions  and  reduce 
the  crown  if  necessary  by  adding  broken  stone  on  the  quarten  and  thoroly 
eompreasiiig  it  with  a  roller.  Any  attempt  to  remove  portiona  of  the 
surface  by  Bcarifyinx  it  will  fieriously  diaturb  the  bond  of  the  broken  stone 
and  impair  the  consolidation  and  solidity  resulting  from  years  of  travel. 

Old  Pavements  of  Brick,  Granite,  etc,  should  not  be  used  as  a  base  if, 
owing  to  height  of  curb  or  any  other  reason,  it  is  necessary  to  reeet  them. 
In  tb^  orivual  oondiUon  they  are  satisfactory  where  the  traffic  is  not 
heavy.  Relaid  blocks  are  not  and  have  a  tendency  to  rock  and  sheet- 
aq>halt  pavements  laid  on  such  foundations  in  New  York  City  have  rapidly 
disintegrated  wherever  they  were  e^XMed  to  heavy  baffic.  In  almost 
every  case  the  active  centws  of  disintegration  have  been  found  to  be  di- 
rectly over  blocks  which  were  not  firmly  bedded.  If  a  foundation  of  this 
kind  is  to  be  used,  the  relaid  blocks  should  first  be  subjected  to  travel 
for  a  considerable  period  of  time  and  any  blocks  which  do  not  thus  become 
firmly  bedded  should  be  reset.  BoUing  and  ranuning  them  will  not  produce 
the  desired  tesults.  ' 

Csmnt-^Toncrcte  Tovi^tl«ns.  Whwe  the  toaffic  is  heavy,  no  base  but 
Portland  oement-concrete  should  be  used  and  its  thickness  should  depend 
upon  local  conditions.  The  requirements  of  modem  traffic  are  constantly 
iocreasing  in  severity,  and  where  a  few  years  ago  6  in  was  considered  ample, 
9  in  is  in  many  instances  now  required.  In  London,  all  streets  subjected 
to  motor-bus  traffic  are  being  provided  with  9-in  concrete  foundations, 
as  6-in  foundations  were  found  to  shatter  tmder  traffic  impact.  In  some 
cases  6  in  of  reinforced  concrete  is  being  trieiS,  but  this  has  hardly  passed 
the  experimental  stage  as  yet.  Where  the  traffic  is  «miparatively  li^t 
and  the  subsoil  at  all  unfavorable,  it  is  much  better  to  use  4  or  6  in  of  con- 
crete than  to  expoiment  with  questionable  macadam.  A  permanent  and 
adequate  base  can  slwi^  be  used  again  when  the  pavement  requires 
teeurfaciag,  whereas  any  serious  failure  of  the  base  requires  a  complete 
reconstruction  of  the  street.  Many  authorities  advocate  the  roughening 
of  the  upper  surface  of  the  concrete  so  that  the  pavement  may  key  into 
the  depressions  thus  formed  and  in  this  way  reduce  the  tendency  to  shoving. 
Various  methods  of  producing  this  roughened  surface  are  employed.  In 
some  oaass  oroos  dq>ressions  are  made  the  use  of  pieces  of  timber  em- 
bedded in  the  concrete  while  wet  and  subsequently  removed.  In  other 
cases  the  concrete  is  not  tamped  sufficiently  to  fill  alt  the  surface  voids 
with  mortar,  thus  leaving  a  rough  stone  surface.  Broken  stone  is  some- 
times BprinUed  over  the  surface  of  tibe  concrete  just  before  it  acquires  its 
initial  set.  Special  rake-like  implements  are  aLio  used  to  rake  over  the 
surface  and  score  it  before  it  has  set.  While  it  is  true  that  pavements  as 
a  whole  sometimes  slide  on  a  smooth  base,  exhibiting  when  taken  up  a 
slickensUde  effect,  it  appears  very  questionable  whether  any  pavement 
which  lacks  inherent  stability  to  such  an  extent  that  it  will  shove  up  to  an 
undesirable  degree  under  traffic,  will  have  its  resistance  to  this  action 
■nat^fmlly  Increased  by  roughening  the  oonorete  ii4uch  lies  3  in  below  its 
surface.  A  reasonaUy  smooth  ooncrete  is  favored  as  it  tends  to  produce 
a  more  uniform  thickness  of  pavement.  Proper  selection  and  grading  of 
the  mineral  aggregate  will  prevent  shoving.  Where  street-car  rails  are 
present  in  a  street,  they  must  be  placed  on  rigid  fotmdations  and  man- 
holes and  boxee  must  be  similarly  treated.  Any  excessive  vibration  in  them 
wUi  destroy  the  pavement  adjacent  to  them  and  in  many  cases  will  permit 
iba  entrance     water  between  the  pavanuit  and  the  concrete.   The  usual 
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proportions  for  concrete  vsry  from  !  :  2  ;  5  to  1  :  3  :  6,  altho  with  properiy 
RTiidcd  stone,  auch  aa  crusher  run  passing  a  2-in  screen  and  returned  on  a 
%-m  Hcreen,  in  which  the  voids  are  comparatively  am^l  in  siie,  the  pro- 
portion  of  stone  may  he  inorcaaed  considerably  and  the  resulting  ooncrete 
will  be  better  and  stronger  in  every  way  and  will  be  much  easier  to  com- 
pact by  ranunins  and  leas  liable  to  segregation.  Bituminous  concrete  is 
in  most  oases  more  exprasive  thwi  cement-ooncrete  and  has  no  great  bridg- 
ing strength.  When  used,  therefore,  it  must  be  idativelr  thicker  than 
would  be  necessary  with  a  Portland  cement-ooncrate  and  its  use  on  unfa- 
vorable sabsoils  is  not  to  be  recommended. 

MATERIALS 
4.  SuadB 

Swentlal  Charactaiistica.  Sand  constitutes  from  76  to  80%  of  a  sheets 
asphalt  pavement  and  takes  practieally  all  the  wear  resulting  from  tra£Se. 

Sand  for  paving  work,  therefore,  must  be  hard,  clean  grained  And  moder- 
ntely  sharp  and  must  have  a  suitable  tnesh  composition.  The  surfores 
of  the  grains  must  be  of  such  a  character  that  aephalt  cement  will  satiji- 
factorily  adhere  to  Ihcni.  A  careful  examination  und^r  the  microscope 
should  therefore  always  be  made  of  all  sands  proposed  for  use.  This 
must  be  supplemented  by  a  sieving  test.  Hardness  is  necessary  in  order 
that  the  grains  may  not  crush  to  an  undesirable  extent  under  traffic.  For 
this  reason  sands  composed  almost  wholly  of  quarts  Krains  must  be  selected. 
Sands  composed  largely  of  calcareous  grains  or  gnuns  composed  of  silicates 
are  not  suitable  for  paving  purposes  altho  where  the  traffic  is  very  light 
and  the  climatic  conditions  favorable  and  no  other  kinds  have  been  avail- 
able, they  have  been  used  with  fairly  successful  results.  The  surfaces  of 
the  grains  must  be  reasonably  free  from  fine  dust  of  such  a  character  that 
it  will  bake  oti  them  when  heated  and  prevent  the  asphalt  cement  from 
adhering  to  them  with  the  requisite  tenacity.  Sharpness  is  essential  in 
order  that  the  grains  may  key  together  to  such  an  extent  as  to  offer  strong 
resistance  to  the  shoving  action  of  traffic.  A  sand  composed  entirdy  of 
spherical  grains  would  have  so  little  inherent  stability  that  a  pavement 
made  with  it  would  rapidly  form  into  waves  under  the  action  of  traffic. 

The  Mesh  Composition  of  Paving  Sands  is  Detennlited  by  passing  them 
successively  thru  sieves  having  various  square  apertures. 

The  following  method  for  making  a  mechanical  analysis  of  sand  or  other 
hne  highway  material,  except  for  fine  aggregates  used  in  cement-concrete, 
was  adopted  in  1916  by  the  Am.  Soc.  Test.  Mat. 
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Art.  4 


"  The  metlwd  shall  oonnrt  of  (1)  drying  at  not  over  1 10**  C  (230"  F)  to 
a  cooBtont  weight  a  sampte  weighing  dO  g;  (2)  passing  the  jsample  thru 
each  of  the  following  mesh  sieves  (Am.  Soc.  Test.  Mat.  at&ndard  sieTfla) 
(Note:  The  order  in  which  the  sieves  are  to  be  used  in  the  prooew  of  sifting 
is  immaterial  and  shall  be  left  optional;  but  in  reporting  resulta  the  order 
in  which  the  sieves  have  been  used  shall  be  stated) ;  (3)  determining  the 
percentage  by  weight  retained  on  each  sieve,  the  sifting  being  continued 
on  each  sieve  tmtil  less  than  1%  of  the  weight  retained  on  each  sieve  shall 
pass  thru  the  sieve  during  the  last  minute  of  eiftinc;  and  (4)  recording 
the  mechanical  analysis  in  the  following  mazmer: 

Passing  SOO-mesh  sieve   % 

Passing  100-meeh  sieve  and  retained  on  a  200-mesh  sieve  % 

Passing  80-mesh  sieve  and  retained  on  a  100-meeh  sieve  % 

Faaamg  60-meeh  siere  and  retained  on  an  80-mesh  aere  % 

   % 


100.00% 

Sometimes,  in  sifting  a  sand  it  is  first  plaaed  on  the  200-meBh  sieve  and 
the  amount  passing  thru  that  sieve  is  determined.  The  residue  left  on 
that  sieve  is  then  placed  on  the  lOO-mesh  sieve  and  the  amoimt  pasring 
thru  it  is  next  determined  and  so  on  thru  the  entire  range  of  sieves.  In 
this  way  the  individual  percentages  wiU  add  up  to  100.  It  is  customary 
to  speak  of  the  grains  passing  the  200-mesh  sieve  as  200-me8h  material 
or  grains;  that  passing  the  lOO-mesh  sieve  as  lOO-meeh  material  or  grains, 
and  this  practice  is  followed  thruout  the  entire  range  of  sieves.  The  proper 
mesh  composition  of  a  sand  varies  with  the  teaffic  to  whi<di  the  pavement 
is  to  be  subjected.  In  light  tnuBSo  pavements,  a  coarser  sand  ean  be  used 
than  in  teavy  traffic  pavements.  This  will  be  discussed  at  length  under 
the  theory  of  sheet-asphalt  pavements. 

Standards  for  the  Mesh  Composition  of  a  Paving  Sand  are  ipven  bdow: 


UgfatTrslBs 

Heavy  neHle 

Psadng  KKNuoh  deve  

PsMing  SMnaah  Steve  

Oto  5% 

ill 

10  to  40% 
10  to  80% 
10  to  20% 
10  to  1S% 
6  to  12% 
Oto  6% 

B  to<0% 
6  to  80% 
10  to  15% 
6  to  10% 
2  to  8% 
None 

It  is  but  seldom  that  a  single  sand  can  be  found  which  will  fulfil  these 
requirements.  Mixing  must  therefore  be  resorted  to  and  ordinarily  a 
mixture  of  two  sands  will  be  all  that  is  reqtiired.  In  some  cases  three  and 
even  four  sands  have  been  mixed  before  the  necessary  mesh  composition  was 
obtained.  VHien  more  than  one  sand  is  being  used  it  sometimes  bapjketiS 
that  the  only  available  supply  of  a  certain  grade  is  composed  of  grains 
that  are  not  wholly  satisfactory  as  to  composition  or  sharpness.  Unless 
such  a  sand  is  wholly  unsuitable  its  admix^ira  with  other  sands  of  more 
satasfaetiMy  eharaeter  will  often  remove  n^iat  would  be  a  valid  objection 
to  its  use  if  it  were  employed  alone. 
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Typical  Kzamptoi  of  AdmlztarM  of  Two  Sands  are  given  below: 


1 

2 
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8% 
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0% 
0% 
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7% 
22% 

ll 

16^ 
14% 

6% 
879i 

2% 

16% 
11% 

Paaing  SO-naita  rim  

lUC^nad-OB  10-mwh  dmn  

10% 
11% 
8% 
8% 

18§ 

ivi 

88% 
lfi% 
18% 
16% 

10% 

100% 

100% 

100% 

100% 

100% 

100% 

(1)  3*nd  A.    (2)  Sand  B.     (3)  Mixtun  o(  two  puta  of  MUtd  A  with  one  part  ai 
maa  B,  ntiiteetory  m  to  m«afa  eompoaiUQD.    (4)  Smnd  C.    <6)  Sand  D.    (6)  Mizton 
Ottwo  pwtaof  MUia  C  vith  tluM  partaofMiMl  D,  MtUutorjr  u  to  mnh  cqmporitina. 

A  Tyi^cal  Bxam^e  of  Uio  Admixtvr*  of  Throe  Sandi  ftdlowa: 

7  8 

9 

10 

13% 
11% 
88% 
U% 
18% 
11% 

18% 
46^ 
88^ 
2^ 

1% 

15^ 
24% 
16% 
11% 
10% 
24% 

s% 

16% 
17% 

28% 
11% 
10% 

100% 

100% 

100% 

100% 

m  Sand  B,  (8)  Sud  F.  (9)  Sand  G.  (10)  Mixture  of  9  pHtoMnd  E,  S  paif> 
Modr,  4  parta  Mnd  G,  aatLrfaetory  as  to  meah  compoaitloii. 


Snrfice  Character  of  Grain*.  This  coDsideration  ia  of  the  highest  im- 
portance as  it  vitally  affects  the  cementiag  qualitiea  of  the  asphalt  cement, 
and  if  this  fails  the  entire  pavement  fails.  The  beat  Bands  in  this  respect 
are  those  which  have  rough,  pitted  surfaces  similar  to  the  Cowbay  sands. 
Those  which  have  beeo  polished  and  worn  smooth  on  the  surface  are  not  so 
desirable,  as  they  will  not  take  as  thick  a  coating  of  aaphalt  oemenL  This 
ifl  also  iufluenoed  by  the  composition  of  the  grains.  Limeattme  grains  are 
soft  and  porous  and  generally  undenrable  in  paving  work  but  a  coating 
of  asphalt  cement  adheres  very  strongjy  to  them.  Flint  grains  are  ex- 
tremely tmdesirable,  as  they  take  a  very  thin  coating  of  asphalt  cement 
and  it  does  not  adhere  strongly  to  them.  Some  of  these  peculiarities  in 
the  attraction  of  certain  types  of  grains  for  asphalt  cement  and  vice  vena 
are  not  easy  to  explain,  as  surfaces  apparently  identical  act  very  differ* 
ently  in  this  respect.  To  be  on  the  safe  side,  choose  clean  quarts  grains 
with  •comparatively  rough  and  pitted  surfaces  and  avoid  those  having 
coated  or  polished  sxirfaces  and  composed  of  flint.  Where  undesirable  sands 
have  to  be  used  they  should  be  mixed  at  as  high  a  temperature  as  poeeibte 
without  injuring  the  asphalt  cement  and  the  time  of  ""i^ng  riuHiId  be 
increased,  thus  insuring  as  far  as  possible  satisfaetoiy  coating  <tf  the  graiiM 
and  adhesion  of  the  asphalt  cement  to  them. 
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Sands 
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SoDTMS  of  Sn^lT.  Sand  ia  finely  divided  rook  detritus  and  baa  usually 
been  deposited  in  the  place  where  il  is  found  by  water  actio  a.  Where 
the  current  has  been  swift  or  the  water  violently  agitated,  ooarse  saod 
ia  usually  deposited,  the  finer  grains  b^ng  dqxMited  frtm  ocMnparatively 
■till  watw.  Wind  k  also  aa  important  agency  in  the  movement  of  aand, 
as  witnesa  ■Wfting  sand  dunes  in  many  localitisa.  Air  oornats  at  ld|^ 
vdoeity  will  transport  very  coarae  sand  and  even  gravel,  while  at  loww 
velocity  only  fine  sand  will  be  displaced.  These  facts  often  indicate  where 
fine  or  ooarse  sands  may  be  searched  for  with  hope  of  success.  In  protected 
areas  and  where  eddies  arc  formed  along  river  banks,  deposits  of  fine  sand 
will  usually  be  found.  Where  the  flow  of  the  current  is  unrestricted  the 
bed  of  the  stream  will  usually  produw  gravel  or  coarse  sand.  Variations 
in  current  veloeity  due  to  natural  causes  will  frequently  produce  very 
great  changes  within  24  hr  in  the  mesh  composition  of  sand  dredgsd  from 
a  river  or  hay.  Ao cording  to  the  localities  in  wluch  they  are  found,  sftuds 
may  be  classified  aa  follows:  Beach  sands,  from  sea  and  lake  shores;  river 
sands;  and  bank  or  pit  aands. 

Beach  Sands  from  the  S«a-sbore  are  usually  unsuitable  for  paving  work. 
The  grains  are  often  polished  and  rounded  to  an  undeeiTable  extent,  altho 
thia  is  not  always  the  case.  They  are  usuaUy  composed  largely  of  80  and 
SO-meah  particlea  and  if  used  would  therefore  require  mixing  with  both 
fine  and  coarse  sands  to  produce  a  satisfactory  mesh  oompositicai. 

Beach  Sands  from  Lake  Shores  are  frequently  used  in  paving  work. 
The  grains  oi  which  iitey  are  composed  are  usually  man  rounded  than 
ia  the  case  with  bank  sands,  but  in  many  iostanoes  this  action  has  not 
taken  place  to  an  undesirable  extent.  The  mesh  c<»nposition  of  sands  of 
this  type  does  not  ordinarily  show  such  an  excessive  accumulation  of  8&- 
and  50-meefa.  grains  aa  do  sea  beach  sands.  They  are  of  course  deposited 
thru  water  action,  but  this  is  ordinarily  lees  violent  and  continuous  than 
on  the  sea-shore,  as  there  is  no  tidal  action.  Even  when  more  rounded 
than  wholly  desirable,  the  admixture  with  them  of  sharp  pit  sands  is  fre- 
quently suflKoient  to  remove  this  objection.  Suitable  paving  sawls  are 
obtained  in  large  quantities  from  Late  Michigan,  Lake  'Exio,  Lake  On- 
tario and  Lake  Pontchartrain,  tsincal  siftings  of  which  are  given  below; 
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SlT*r  Saitda  are  found  either  in  beaches  or  in  the  beds  of  streams.  In 
the  latter  case  they  ue  usually  obtained  by  dredging,  altho  centrifugal 
pumps  an  also  empbyed  to  a  large  extent  for  this  purpose.  They  form 
a  very  important  source  of  supply  for  paving  work  and  are  very  varied 
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iD  eharaoter.  River  sands  geDerally  powees  strongly  distiQguishing  ohar- 
aeteristice  peonliar  to  the  particular  river  from  which  they  are  obtained. 
This  is  due  largely  to  the  diffttent  rock  formations  ftrom  which  th^  wan 
derived  and  the  pievaiUns  conditions  of  floiar,  shape  and  loud  of  liver 
bottom,  etc.  Attention  must  be  celled  to  the  peculiaritieB  iA  many  of  Ae 
river  sanda  obtained  in  the  United  Statea  in  the  Mississippi  Valley.  The 
bitumen  of  an  asphalt  cement  does  not  appear  to  adhere  to  than  as  stron^t? 
as  it  does  to  sands  from  eastern  or  western  rivers  and  mizturee  made  fnuo 
them  will  carry  lees  bitumen  and  usually  mark  up  to  an  undesiraUe  nrtent 
in  hot  summer  weather,  even  tho  they  are  entirdy  eatiBfoctoiy  from  the 
standpoint  of  mesh  com[>osition. 

Bank  or  Pit  Sands  are  differenUated  from  the  other  types  previonsly 
deseribed  by  not  having  been  deposited  by  recent  or  present  actitm.  Their 
ori^nal  derivation  includes  every  known  source  of  origin  and  method  of 
deposition;  by  the  a«ency  of  river,  sea,  glacial  or  wind  action.  Bank 
sands  cover  a  wider  range  of  mesh  compositioo  tiian  do  river  or  bea^ 
sands  and  are  therefore  of  the  greatest  value  in  the  paving  industry.  They 
vary  from  what  is  really  a  fine  gravel  to  the  wind*blown  saods  of  the  far 
west,  many  of  which  latter  are  almost  entirely  composed  of  fine  quarts 
particles  which  will  pass  a  200-meeh  sieve.  Wbwe  a  fine  tempting  sand 
is  required  oanying  Ugh  percentages  of  100  and  SD^neeh  grains  it  is  tiaually 
sought  for  and  found  in  bank  or  pit  deposits.  When  digging  sands  from 
a  bank  or  pit,  it  is  eaaential  to  soe  that  the  deposit  is  properly  stripped 
and  the  top  layer  of  loam  removed  from  it;  otherwise,  as  the  face  of  the 
bank  is  cut  into,  the  loam  will  fall  down  and  become  mixed  with  the  sand. 
In  some  instances  these  deposits  are  stratified  in  comparatively  thin  l^ers 
so  that  by  careful  selection  almost  any  desired  mesh  composition  can  be 
obtained  from  a  single  pit.  Careful  working  of  such  a  deposit  is  necee- 
sary  to  insure  getting  the  proper  proportion  from  the  various  strata,  other- 
wise hopeless  irrqularity  in  output  will  result.  Oladal  sanda  are  found 
in  those  parts  of  the  country  which  during  the  Glacial  Period  were  covered 
with  an  ice  sheet.  Bitumen  appears  to  adhere  with  great  tenacity  to 
sanda  of  this  character,  notably  those  obtained  from  Cowbay  and  other 
localities  on  the  north  shore  of  Long  Island,  N.  Y.,  and  such  sands  have 
been  used  with  great  success  in  paving  work  in  New  York  City.  The 
presence  of  undesirable  quantities  of  clay  or  loam  render  many  bank  sands 
unsuitable  for  paving  work,  as  this  bakes  on  the  surface  of  the  grains  suffi- 
ciently to  adhere  to  them  during  the  mixing  process,  thereby  preventing 
the  bitumen  coating  from  coming  in  close  contact  with  the  true  surface  of 
Uie  larger  grains  altho  they  may  appear  to  be  well  coated.  Undn*  streea  of 
service  thia  baked  coating  is  liable  to  come  off  and  carry  the  bitumen  wiUi 
it.  In  other  cases  the  clay  or  loam  bakes  into  small  balls  of  sufficient 
tenacity  to  pass  thru  the  mixer  without  breaking  up.  These  are  coated 
on  the  outside  with  bitumen,  but  when  laid  in  the  pavement  break  open 
under  traffic,  revealing  a  mass  of  loose,  uocemented  material  which  washes 
out  on  the  first  application  of  water.  This  leaves  a  pit  in  the  surface  in 
which  water  accumulates  and  carries  on  its  diantegrating  action.  Where 
only  clayey  aands  are  available,  they  may  be  rendered  suitable  for  use 
by  washing  them.  Certain  sands  have  their  grains  more  or  less  coated 
with  a  ferruginous  cement,  notably  the  red  sands  of  New  Jeraey.  Thia  la 
also  the  case  with  many  of  the  sands  associated  with  the  London  gravek. 
An  asphalt  coating  applied  to  these  English  sands  has  frequently  com- 
pletely washed  oflT  in  less  than  a  month  and  tills  btm  Jortty  earned  th» 
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type  of  san^  to  be  r^arded  with  fliuplcion  ■Itho  omm  have  oooumd  where 
entirely  sucoessful  pavements  ^ve  been  laid  with  thMn.  Sanda  in  which 
the  graina  are  largely  oompoeod  of  flint  should  bo  viewed  with  eztoame 
suapioion,  as  it  ie  difficult  to  get  the  bitumen  to  adhere  properly  to  them. 
In  a  limited  number  of  instances  artificial  sand  produced  by  crushing  stone 
has  been  suoeessfuUy  used  by  itself  or  mixed  with  natural  sand  in  paving 
work. 

Virids  in  Sand.  Before  the  eenerally  accepted  grading  for  paving  sands 
was  determined,  the  question  of  voids  was  possibly  regarded  as  of  greatw 
impOTtanoe  and  interest  than  at  the  present  time.  It  was  at  flnt  consid- 
ered that  the  total  percentage  of  voids  in  a  sand  should  be  as  low  as  pos- 
sible and  that  all  the  voids  should  be  completely  filled  with  asphalt  conent. 
Of  recent  years,  however,  the  tendency  baa  been  to  keep  the  voids  aa  small 
in  siie  as  possible  and  use  sufficient  asphalt  cement  to  thoroly  coat  all 
the  particles  regardless  of  whether  or  not  this  completely  filled  the  voids. 
A  solid  block  of  stone  wotild  possess  no  voids  at  all,  but  it  would  not  be 
a  iheet-asphalt  pavement;  also,  of  two  sands  having  approximately  the 
same  mesh  composition  and  different  percentages  of  vt^ds,  the  one  to 
be  prefeixed  would  usually  have  the  la^er  total  peroeoitage  of  voids  and 
yet  have  thnn  smaller  in  siie  than  the  other.  So  many  condderationa 
enter  into  the  selection  of  a  sand  for  paving  use  that  there  is  a  danger 
of  too  great  attention  being  pven  to  the  subject  of  voids  if  one  bectHnea 
an  enthusiast  on  that  subject.  From  a  theoretical  standpoint  a  sand  com- 
posed of  spheres  of  the  same  size  should  have  approximately  26%  of  voids, 
but  in  practice  it  is  impossible  to  obtain  this  figure  owing  to  the  difficulty 
of  compacting  the  spheres  to  the  maximum  point  and  the  nearest  approach 
to  it  has  produced  a  mixture  showing  31%  of  voids.  Where  the  grains 
are  of  uniform  siie  the  percentage  of  voids  will  vary  with  the  shape  of 
the  grains  but  not  with  the  sise  of  them.  This  is  oleariy  shown  by  the 
following  taUe  by  Richardson  (7). 

Voids  in  Different  ^e«  of  Cniihed  Quartz 


Pwmbis  S-meah  deva  and  ivtalned  on  10-mesh  slaTS   48.8% 

Pasdag  20-m«sh  aim  and  rvtalned  on  BO-meah  riem   *^  *% 

Paaring  MMflnA  risvs  apd  retained  on  lOO-DBsA  risve   44.1% 


Generally,  rounded  grains  will  pack  more  closely  than  sharp  grains  but, 
as  already  noted,  rounded  grains  are  not  desirable.  Where  the  grains 
ecmnst  of  particles  of  varying  siae,  the  voids  are  lower  than  where  they 
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an  ftU  of  one  bim,  and,  an  in  to  be  expected,  the  finer  sands  usually  Aow 
a  higher  percentage  of  voida  than  the  well  graded  eosner  ooea  canyinit 
a  reasonable  peroentage  of  fine  material.  Ttds  to  ahown  by  the  precadiBg 
table  by  Richardson  (7). 

The  addition  of  Unieetons  dust  or  Uler  up  to  a  eertaia  pofatt  will  stiB 
further  reduce  the  voids  in  a  sand  hat  \styoaA  that  pdnt  thar  will  sradu- 
^ly  increase.  The  critical  point  appears  to  be  approximately  that  wfam 
the  amount  of  added  dust  exceeds  the  voids  oriciiially  present  in  Um  sand. 
The  addition  of  approximate  36%  of  filler  to  a  nand  originally  containing 
36%  of  voids  will  reduce  them  to  approximately  20%,  but  it  is  not  pne- 
ticable  or  advisable  to  use  this  amount  of  fUler  for  Teaaona  which  will  be 
oxj^ained  later.  In  calculations  involved  in  t^e  determination  of  voids 
the  specific  gravity  of  the  particlea  in  a  quarts  sand  is  usually  taken  as 
beinc  2.6S. 

Prospectiac  for  Sand.   Sand  dealers  who  have  not  been  accustomed  to 

furnishing  paving  sand  should  bo  approached  with  the  explanation  that 
concrete  or  mortar  sand  is  not  beinR  sought,  ns  this  type  of  sand  is  loo 
coatrse  Cor  paving  work.  It  should  be  impressed  upon  them  that  some- 
thing much  finer  or  softer  is  deatred.  In  many  cases  they  consider  tint 
an  asphalt  sand  is  a  loamy  sand,  the  this  is  really  not  the  case. 


Essential  Characteristics.  This  la  used  to  fill  in  the  interstieee  between 
the  grains  of  sand  in  the  wearing  courae  and  render  it  more  compact  and 
dense.  F^neoeas  is  therefore  an  esacntial  requiremmt.  As  very  little  of  the 
sand  used  passes  a  300-mesh  sieve  and  as  a  conaideraUe  quantity  ci  It  does 
pass  a  tOO-mesh  sieve,  it  is  apparent  that  the  bulk  of  the  filler  should  pass 
a  200-mesh  nievc.  Most  specifications  require  that  at  least  66%  of  the 
filln-  shall  pass  a  ZOO-mesh  sieve.  The  finer  the  portion  which  passes 
the  200-me8h  sieve  the  better  the  filler  and  two  fillers,  both  showing  the 
same  amount  of  ZOO-meah  material,  may  vary  very  greatly  in  this  respect. 
Generally  speaking,  a  filler  should  be  free  from  organic  matter,  should 
be  composed  of  particles  to  which  bitumen  will  adhere  readily  and  should 
be  capable  of  pacld&g  solidly  togctim  when  diy.  This  last  jfsogtrty  adds 
greatly  to  the  stability  of  the  mixture  to  which  the  fllln  is  added. 

Materials  Used  m  FIU«n.  A  great  variety  of  materials  have  been 
used  aa  fillers,  including  rock  dust  of  almost  every  sort,  Portland  cement, 
natural  cement,  ground  silica,  slacked  lime,  clay,  marl,  fine  sand  dust 
from  dust  collectors  and  ground  waste  lime  from  beet  sugar  factoriee. 
Of  the  difTcrcnt  varieties  of  rock  dust,  ground  limestone  is  undoubtedly 
the  best  and  has  been  used  more  extensively  than  any  other  filler.  For 
ordinary  traffic  conditions  there  is  probably  nothing  better.  It  packs  well 
when  dry  and  asphalt  cement  adhnea  to  it  tenaciously  and  is  to  a  certain 
extent  absorbed  by  it.  For  streets  carrying  very  heavy  traffic,  Portland 
cement  or  a  mixture  of  Portland  cement  and  limestone  dust,  is  probably 
superior  to  Ihneetone  dust  alone,  as  they  undoubtedly  add  to  the  stafailltsr 
of  the  mixture  and  seem  to  increase  its  wear  reidsting  quaUtiee.  The  reason 
for  this  is  not  well  understood,  but  a  mixture  made  with  a  Portland  cement 
"filler  will  rake  stiffer  and  stand  up  with  a  more  vertical  face  when  dumped 
from  the  wagon  than  will  an  otherwise  exactly  similar  mixture  made  with 
a  limestone  dust  filler.  Natuml  hydraulic  cement  has  been  used  with  some 
Bucoess,  but  a  number  of  unfavorable  results  have  been  attributed,  peiliapa 
unjustly,  to  itania  and  at  the  pment  time  it  ia  seldom  employwl.  GrmumI 
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■lies  w  qnarti  has  been  largely  used  in  past  yeara  in  pavementa  in  New 
York  Ci^  but  it  has  falkn  into  disuse.  Bitumen  does  not  adhere  to  it 
as  well  as  it  does  to  limeetone  dust  or  Portland  cement  and  mixtures  made 
with  it  do  not  resist  water  action  as  well  as  do  those  made  with  the  other 
two  fillers  moitioned.  fflaked  lime  has  been  uaed  in  coal  tar  pavements 
but  to  s  very  nnall  extent  in  sheet-asphalt  w(»k  and  can  not  be  elaased 
as  a  desirable  filler.  Clay  would  probably  make  an  excellent  filler  were 
it  not  for  the  extnme  difficulty  of  keeping  it  from  balling  after  drying 
and  pulverising  it.  Entire  rpads  have  been  oonstructed  of  bituminous 
sand-clay  mixture*  which  have  given  excellent  satisfaction.  Ground  tnari 
has  also  been  used  in  eome  instances  but  it  is  very  light  and  its  use  renders 
work  on  the  mixing  platform  very  trying,  due  to  the  dust  produced.  Much 
of  the  finer  material  blows  aw^  during  the  mixing  process.  Sand  dust 
is  tmdeeirable,  as  it  does  not  {»adc  dry  and  its  use  makes  the  mixture  very 
mushy  and  lacking  in  stability.  Ground  waste  lime  from  beet  sugar  fac- 
tories oontains  an  undesirable  ixoportion  of  organie  matter.  The  weight 
of  expenienoe  is  decidedly  in  favor  of  the  use  of  limestone  dust  tta  ordbuuy 
trafl^  conditions  and  Portland  conent  where  the  traffic  is  exe^tional^ 
heavy.  In  wet  climatee  It  is  especially  unwise  to  experiment  with  fillen 
that  have  not  proven  themeelvee  satisfactory  from  long  experience. 


As  the  binder  course  does  not  take  any  of  the  actual  wear  of  traffic  but 
servce  as  an  intermediate  course  between  the  foundation  and  the  wearing 
course,  the  selection  of  the  materials  used  in  it  does  not  require  the  same 
care  as  must  be  applied  to  the  selection  of  a  sand.  Almost  any  variety 
of  good  hard  stone  may  be  uaed.  The  maximum  nse  of  the  stone  should 
not  exceed  thiee-qaarters  of  the  thicknesB  of  the  binder  course  to  be  laid 
with  it.  For  instance,  with  a  l)^in  binder  course  the  stone  shouM  all 
paas  s  l}^in  screen;  for  a  1-in  binder  course  it  should  all  pass  a  K-i" 
aenon.  The  atone  should  not  bo  weathered  or  soft  and  should  preferably 
be  free  from  all  particles  which  will  pass  an  S-mesh  sieve.  This  insures 
a  stone  free  from  dust,  which  is  desirable  because  stone  which  contains  a 
Urge  amount  of  screeuingi  segregates  very  badly  in  a  pile  and  because  in 
stone  containing  dust,  more  eq>eciaUy  if  it  has  been  weathered,  the  dust 
mwears  to  adhere  to  the  larger  particles  to  such  an  extent  aa  to  ftrevent 
the  Mturnen  frcnn  properly  adhering  to  them.  The  stone  should  be  graded 
from  ooarse  to  fine  with  a  preponderance  of  the  larger  particles.  The 
voids  between  these  should  be  filled  with  the  next  siee  particles,  and  so 
on,  thus  producing  a  compact  rigid  mass  in  which  the  voids  are  reduced 
to  the  smallest  sise  compatible  with  the  materials  used.  Extreme  small- 
neas  of  voids,  such  as  is  striven  for  in  the  wearing  course  is  not  essential 
or  desirable  in  a  binder  oourse.  Gravel  has  been  used  as  a  substitute  for 
'broken  stone,  but  it  is  not  to  be  recommended,  as  a  binder  course  made 
with  it  laeki  tiguUl^  and  stability  and,  genmlly  speaking,  txtumen  does 
not  adhere  as  well  to  gravd  as  it  does  to  broken  stone 


Refined  asphalt  usually  forms  the  basis  of  the  asphalt  cement  which 
binds  together  the  particles  of  the  mineral  aggreKate  of  a  sheet-asphalt 
pavement.  In  the  earlier  days  of  the  industry  the  refined  asphalt  was 
always  of  such  a  hard  consistency  that  it  was  necessary  to  soften  it  by 
the  addition  of  a  flux.   At  the  present  time  a  considerable  proportion  of 
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th«  aephalt  employed  in  paving  work  is  refined  to  the  proper  oonustcDcy 
for  use  and  requires  no  fluxing.  The  refined  ^pih&lt  must  poesess  such 
properties  that  when  ready  to  be  used  in  the  pavement,  cither  with  or 
without  the  addition  of  a  flux,  it  will  firmly  bind  together  the  miners 
particles  and  resist  the  disintegrating  action  of  traffic  and  the  elements. 
These  neeessary  properties  will  be  discussed  at  length  under  asphalt  cbmbmt 
mad  the  indlvidaal  chuacteiistics  of  the  different  asphalts  will  be  found 
in  Sect.  13,  Bmnuwous  uatEhiau.  The  primary  sqnrce  of  asphalt  of  all 
kinds  is  undoubtedly  petroleum.  Some  petroleums  consist  chiefly  of  what 
are  termed  asphaltic  hydrocarbons  and  others  contain  these  constituoita 
in  very  small  proportion.  Only  the  former  class  are  suitable  for  the  pro- 
duction of  asphalt  and  asphalts  found  in  a  hard  state  in  nature  are  un- 
doubtedly derived  from  them.  The  asphaltic  hydrocarbons  are  of  com- 
plex structure  and  consist  largely  of  saturated  and  unsaturated  cyclic  and 
polycyelie  oompounds  and  their  non-metallic  derivatives.  In  many  locali- 
Um,  ibra  natural  oauses,  asphaltic  petroleum  has  lost  its  more  volMile 
eonstituents  by  condensation  or  evaporation,  or  both,  and  has  left  behind 
a  more  or  less  solid  residue  of  asphalt.  These  residues  have  in  some  cases 
filled  natural  depressions,  from  which  has  arisen  the  term  aspsalt  lakks. 
The  crude  material,  either  solid  or  liquid,  requires  refining  before  it  can 
be  used.  The  water  and  light  oils  are  driven  off  by  heat  and  the  residue 
is  employed  for  paving  purposes.  In  the  case  of  some  of  the  hard  nati\'e 
asphalts  as  much  as  30%  of  water  must  be  removed,  while  with  some  of 
titb  asphaltic  petroleums  as  high  as  60%  of  li^t  oils  must  be  distilled 
before  the  residue  is  of  the  proper  consiBtsnay.  During  the  earlier  stacm 
of  the  industry  great  stress  was  laid  on  the  merits  of  asphalts  ocnning  from 
eertain  deposits  or  localities,  but,  as  the  knowledge  of  the  art  of  paving 
increased,  the  really  essential  qualities  necessary  for  a  paving  asphalt  won 
pretty  definitely  ascertained  and  methods  for  determining  th«n  became 
faiiiy  well  standardised.  At  the  present  time  among  those  who  are  posted 
upon  the  subject,  the  source  of  an  asphalt  is  not  necessarily  regarded 
as  any  index  of  its  quality.  It  must  in  every  case  fully  meet  standard 
requirements.  In  this  connection  it  must  be  borne  in  mind  that  diSerait 
asphalts  have  their  Individual  chaneteristios,  which  in  many  instaneca 
sharply  differentiate  them  from  all  other  asphalts  and  their  efliofamy  fur 
paving  purposes  is  to  a  certain  extent  represented  by  the  mean  of  tfewjr 
various  physical  and  chemical  properties.  One  asphalt  may  possess  a 
certain  quality  to  a  much  higher  degree  than  another,  but  this  does  not 
necessarily  mean  that  it  is  better  for  paving  purposes,  as  the  othw  aqihalt 
may  and  probably  will  have  its  particular  points  of  superiority  also.  No 
one  asphalt  can  be  said  to  be  preeminently  superior  to  all  others  in  every 
raspect.  It  is  unwise  to  attempt  to  set  a  definite  absolute  Tninimum  per- 
missible standard  for  any  one  phyncid  or  chemical  fwoperty  beeaose  a 
owtain  asphalt  might  have  its  low  standard  in  one  particular  reweet  offset 
by  certain  other  high  qualities.  To  apply  this  low  standard  without  re- 
striction to  other  asphalts  which  do  not  possess  the  offsetting  qualities 
would  be  duigerous  in  the  extreme.  Because  of  this  and  because  physical 
and  chemical  tests  are  not  always  absolutely  conclusive  in  the  present 
state  of  our  knowledge,  service  tests  ore  of  great  value  in  determining  the 
fitness  of  an  asphalt  for  paving  purposes.  A  knowledge  of  the  kind  of 
crude  material  from  which  an  asphalt  is  derived  is  extremdy  valuable 
because,  when  the  asphalt  is  manufactured  strictly  in  accordance  with 
modem  methods  of  re&ting  from  a  particular  crude  nuterial,  it  will  poseooc 
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certain  ohuBetoriBtics  and  a  pnxhiot  from  this  crude  which  varien  maric- 
edly  from  this  standard  should  not  be  unreservedly  aooepted  as  fit  for  uae 

until  ita  worth  has  been  proved.  The  argumeDt  that  even  in  spite  of  such 
a  departure  from  standard  methods  it  is  still  Buperior  in  all  respects  to  the 
minimum  acceptable  for  all  other  kinds  of  asphalt  should  not  be  given 
weight  for  the  reasons  above  stated.  It  has  not  been  possible  to  define 
the  effect  of  variations  in  any  one  physical  quality  in  terms  of  increased 
requirements  in  other  qualities.  In  all  cases,  therefore,  the  refining  must 
be  carried  on  with  care  and  by  the  most  approved  methods  in  order  to 
insure  the  production  of  an  asphalt  of  good  quality.  The  finished  product 
is  of  varying  degrees  of  purity,  depending  on  the  Idnd  and  source  of  the 
erode  material  and  it  is  guwraUy  tiM  in  woodm  or  iron  barrds  or  in  tank 
cars. 


The  fluxes  now  in  use  are  the  liquid  residues  left  after  distilling  ofF  the 
lighter  products  from  petroleum.  At  first,  reeiduums  from  parafliLn  base 
peUoleums  were  used  almost  exclusively  altho  a  few  natural  mftithnw  were 
employed  to  a  limited  extent.  Some  .of  these  fluxes  contained  as  hi^  as 
30%  of  scale  paraffin,  tho  the  average  was  S  to  12%,  tatd  asphalt  oemrats 
made  with  them  consisted  of  26%  of  flux  and  only  contained  65%  of  bitu- 
men. The  bitumen  in  these  asphalt  cements,  therefore,  contained  from 
3  to  9%  of  scale  paraffin.  Judging  from  the  excellent  service  record  of 
many  of  these  pavements,  the  presence  of  this  amount  of  scale  paraffin 
in  the  bitumen  could  not  have  beeh  detrimental,  altho  much  has  been 
said  as  to  the  harmfulness  of  this  ingredient.  Of  late  years  the  use  of 
asphalts  containing  up  to  5%  of  scale  parafBn  has  become  wide  spread 
and  iheai  service  records  are  exedlent,  so  that  the  question  paraffin 
contents  is  no  longer  generally  considered  as  of  prime  importance.  Most 
-natural  malthas  rapidly  harden  on  heating  and  produce  hard,  pitch-like 
reridues.  Their  use  has  therefore  been  abandoned.  Residuums  prepared 
from  Bsphaltic  and  semiasphaltic  petroleums  are  generally  considered  su- 
perior as  fiuxetf  to  paraffin  residuums,  owing  to  their  asphaltic  nature. 
The  bulk  of  the  fluxes  now  employed  are  of  this  character.  A  flux  to  be 
suitable  for  use  in  the  paving  industry  must  be  permanent  in  character 
and  stable  under  heat.  It  must  be  a  good  solvent  for  the  bitumen  of  the 
asphalt  irtuch  is  to  be  softened  with  it  and  must  combine  with  it  in  such 
a  manner  as  to  produce  an  asphalt  cement  poBBessing  the  necessary  prop- 
erties. Unless  a  flux  is  free  from  light  oils,  these  oils  will  evaporate  in  the 
pavement  and  soon  leave  the  bitumen  so  hard  that  the  pavement  will 
crack.  Unless  they  will  stand  exposure  to  tbe  elements  without  being 
rapidly  affected  by  them,  a  similar  result  will  take  place.  They  are  mixed 
with  the  asphalt  at  temperatures  from  149°  C  (300°  F)  to  177"  C  (360°  F) 
and  the  asphalt  cement  so  produced  is  sometimes  kept  at  or  near  this 
temperature  for  several  days.  If  they  decompose  or  volatilise  to  any 
oonnderable  extent  under  these  conditions,  asphalt  cemMits  made  with 
them  will  harden  rapidly  in  the  melting  kettles  and  require  the  additioa 
of  more  flux  and  such  a  residuum  would  probably  also  harden  rapidly 
in  tbe  pavement  with  the  e£Fect  above  described.  Unless  they  are  good 
solvents  for  bitumen  they  will  not  properly  soften  a  hard  asphalt  and 
produce  a  homogeneous  cemect  in  which  the  hard  bitumens  are  completely 
dissolved  in  the  aoltew  ones  and  this  will  result  in  a  low  cementing  value 
gf  the  asphalt  oezoent.  If  the  flu  it  a  poor  solvent  for  the  latumen,  much 
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more  can  and  time  must  be  taken  in  the  preparation  of  the  aai^ialt  oonent 
to  insute  a  complete  aolutioo.  With  limited  'kettle  capacity  this  is  a  very 
important  oonsiderstioQ.  Certain  fluxee  are  suited  for  use  with  certain 
asphalts  and  not  with  others.  In  some  cases  this  is  due  to  their  solveDt 
action,  but  this  is  not  the  only  consideration.  Certain  asphalts  are  Urlritig 
to  a  greater  or  lees  extent  in  certain  constituents  and  this  lack  can  often 
be  supplied  hy  the  use  of  a  suitable  flux.  Otbw  floiM  may  be  equally 
good  solvents  but  may  not  contain  suflSdent  of  the  lacking  oonstituents 
and  an  asphalt  cement  made  with  them  mi^t  be  totally  unsuitable,  or 
at  best  of  poor  quality.  An  exhaustive  examination  of  both  aaphalt  and 
flux  might  be  sufficient  in  some  casea  to  determine  this  without  a  pbyaical 
test,  but  chemical  analyses  do  not  always  reveal  physical  defects  and  it  is 
customary  therefore  to  actually  flux  some  of  the  asphalt  to  be  uaed  with 
the  fltix  under  examination  and  test  the  [diysical  properties  of  the  reeulting 
aq)halt  cement.  Because  a  certain  flux  gives  good  results  witit  a  certain 
asphalt  is  no  criterion  that  it  will  be  equally  sultaUe  ttx  another  kind  of 
a^ihalt.  Bmdb  fluxee  of  ooune  are  more  univeraally  suitable  thui  others. 
In  most  cases  an  undue  amount  of  cracking  in  the  preparation  of  a  re- 
siduum is  undesirable  as  it  is  liable  to  produce  unstable  compounds  in  the 
reodiram.  Sometimes,  however,  this  is  not  the  case,  as  a  certain  amount 
of  cracking  may  result  in  the  formation  of  more  stable  compounds  than 
those  oriffuially  present,  provided  the  light  oils  produced  are  removed 
by  distillation.  Desirable  fluxes  should  all  stand  heating  to  163°  C  (325°  F). 
for  5  hr  without  losing  more  than  5%  or  beccnung  hard  and  should  fladi 
above  177<*  C  (350*>  F)  to  insure  ntety  in  the  phmt.  Fhnc  is  usually  par- 
chased  in  barrris  or  tank  can. 


Essential  Characteristles.  As  prevkmsly  indicated,  this  term  is  ttppBnd 
to  the  bituminous  cementing  material  which  is  used  to  bind  together  the 
mineral  particles  entering  into  the  composition  of  a  sheet-asphalt  pave- 
ment and  is  prepared  either  by  refining  liquid  bitumen  to  the  proper  con- 
sistency  or  by  mixing  a  hard  aaphalt  with  a  suitable  flux.  Howe\'er  pt«- 
pared,  it  is  essential  that  it  should  possesB  certain  properties  in  order  to 
fit  it  for  use  in  the  asphalt  paving  industry.  These  may  bo  diecussed 
under  the  following  heads:  (1)  Pnmanence  when  exposed  to  climatic  and 
traffic  conditions;  (2)  permanmce  when  exposed  to  worldnB  temperatures 
in  the  manufacture  of  the  pavement;  (3)  lack  of  undue  susceptibility  to 
changes  in  temperature;  (4)  purity;  <5)  cementing  value;  (6)  ductility. 

Pemanenee  under  Climatic,  Traffic  and  Hannfactttflng  Conditions. 
The  coating  of  asphalt  cement  which  is  applied  to  each  sand  grain  is  neces- 
sarily very  thin  and  great  permanence  is  therefore  required  to  enable  it  to 
resist  the  deteriorating  influences  of  traffic  and  weather.  Only  those  grains 
which  are  on  the  surface  of  the  pavement  are  directly  exposed  to  climatie 
influences  and  as  they  wear  away  the  grains  below  form  a  new  surface^ 
If  this  wear  is  too  rapid  the  pavement  will  not  last  as  long  as  it  should. 
Once  the  bitumen  has  lost  its  cementing  power  the  grains  become  looBe 
and  are  washed  or  swept  or  blown  away,  or  groimd  out  imder  traffic.  Aa- 
phalt pavements  are  expected  under  normal  conditions  to  give  an  average 
of  10  years  of  service  and  during  summer  time  in  a  temperate  climate 
often  atUiu  a  temperature  of  60"  C  (140°  F)  or  over.  In  winter,  a  pave- 
ment often  reaches  a  temperature  below  —18°  C  (0°  F)  end  in  many  cases 
pavements  are  continually  wet  with  no  opportunity  of  drying  out  for 
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weeks  at  a  time.  During  all  these  severe  conditiooa  they  must  success* 
fully  carry  the  traffic  passiag  over  them,  so  that  the  conditions  affecting 
permanenoy  are  very  severe  indeed.  The  aq>hnlt  lament  must  resist  the 
dirintegrating  aod  deteriorating  effect  itf  high  and  low  temperatures  and 
extreme  wet,  for  on  its  ability  to  resist  these  influences  depends  the  whole 
integrity  of  ^  pavement. 

Hon-SiMceptibllity  to  Changes  in  Temperature.  When  the  same  min- 
eral aggregate  is  used  pavements  made  with  asphalt  cements  possessing 
different  physical  properties  will  vary  very  considerably.  Some  asphalt 
cements  are  much  more  affected  by  changes  in  temperature  than  are  others; 
that  is,  become. softer  in  summer  and  harder  and  more  brittle  in  winter, 
^thin  limits,  this  tendency,  more  especially  the  softening  in  summer,  may 
be  counteracted  by  the  more  careftil  selection  and  grading  of  the  mineral 
aggregate.  The  use  of  a  sharper  and  better  graded  sand  and  an  increaae 
in  the  quantity  of  dust  or  filler  will  increase  the  stability  of  the  mineral 
aggregate  and  render  the  pavement  less  soft  in  summer.  Under  the  con- 
(Utions  ordinarily  prevailing,  asphalt  cements  which  vary  considerably  in 
susceptibility  to  changes  in  temperature  may  be  successfully  employed. 
In  certain  localities,  however,  it  is  impossible  to  secure  sands  of  the  best 
type,  as  previously  noted  under  sands,  and  under  these  conditions  it  may 
be  necessary  to  limit  the  muceptibilifcy  to  changes  in  temperature  of  Hne 
asphalt  cement  used. 

Purity  is  essential  up  to  the  point  where  it  is  possible  to  use  the  asphalt 
eement  as  a  cementing  material.  A  mixture  containing  only  25%  of  Intu- 
men  could  hardly  be  regarded  as  an  asphalt  cement.  Excessive  quantities 
of  mineral  matter  would  make  it  very  difficult  to  melt  such  an  asphalt 
eement  and  keep  it  in  such  a  state  of  agitation  that  it  would  have  a  uni- 
form bitumen  content.  Undesirable  impurities  which  would  tend  to  rot 
'or  disintegrate  the  pavement  should  also  be  excluded. 

Cemwntiiig  Valve.  The  chief,  if  not  the  oofy,  function  of  the  asphalt 
cement  in  a  imveineDt  is  to  bind  the  particles  of  the  mineral  aggregate 
together  so  that  it  will  sustain  the  traffic.  It  is  eaeratial,  therefore,  tliat 
tt  should  possess  cementing  value  to  a  very  high  degree.  From  a  theo- 
retical standpoint  the  degree  required  would  depend  upon  the  service  con- 
ditions. Where  the  sand  is  properly  graded  and  the  grains  are  thus  brought 
together  in  close  contact,  it  is  perhaps  fair  to  assume  that  less  cementing 
value  is  required  than  when  the  grading  is  poor.  Similarly  an  asphalt 
cement  which  is  low  in  cementing  value  might  be  successfully  employed 
on  light  traffic  streets  altho  it  would  fail  under  heavy  traffic.  Certain 
sands  are  much  more  difficult  to  K>at  than  are  others  and  in  such  cases 
a  very  high  degree  of  cementing  value  in  the  asphalt  cement  is  absolutely 
essential.  .  From  the  practical  standpoint,  however,  the  severity  of  the 
ctmditions  met  with  in  service  makes  it  extremely  dangerous  to  set  up 
anything  but  a  very  hi^  standard  for  the  cementing  value  of  all  asphalt 
cements  used  in  paving  work.  A  light  traffic  street  of  to-day  may  become 
a  heavy  traffic  street  of  to-morrow  and  the  science  and  art  of  paving  has 
not  reached  that  stage  where  it  is  possible  to  prescribe  definite  cementing 
values  for  certain  conditions. 

Ductility.  Pavements  are  frequently  subjected  to  very  rapid  and  great 
changes  in  temperature,  which  inevitably  produce  expansion  and  con- 
traction. Uulesa  the  aqihalt  cement  possesses  sufficient  ductility,  this 
will  result  in  the  craddng  of  the  pavement  and  for  this  reason  ductility 
is  eonsidered  as  one  of  the  neoesBWy  qiulitiee  of  an  asi^t  cement.  When 
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the  pavement  is  suhjoeiAd  to  a  considerable  amount  of  traffic,  tiie  stKoaca 
set  up  by  contraction  and  expannoD  are  equalised  to  a  oonsiderable  extent 
and  for  thiB  reaaoD  pavements  on  light  traffic  streets  are  more  liable  to 
onok  than  are  pavonenta  on  streets  carrying  heavy  toaffie. 


Broadly  Bpealdng,  the  governing  principles  are:  (1)  The  selection  of  a 
mineral  aggregate  of  sufficient  faardnesa  and  denaeness  to  resist  the  abrasive 
action  of  traffic;  (2)  binding  the  various  particles  of  the  mineral  aggregate 
together  in  such  a  way  that  the  pavement  will  maintain  a  smooth  surface 
and  resist  the  disintegrating  action  of  traffic  and  the  elements. 

General  Functions  of  Sand,  Filler  and  Asphalt  Cement.  Relative  cheap- 
ness of  the  various  ingredients  is  of  course  essential.  It  is  probably  cor- 
rect to  assume  that  sand  is  the  last  and  most  permanent  stage  of  tbe  min- 
eral ingredients  of  tbe  earth's  cruet  and  sooner  or  later  all  rocks  whea 
exposed  to  weather  become  reduced  to  the  state  of  sand.  If  the  sand 
particles  were  bound  together  with  a  rigid  cementing  materia)  it  would 
make  a  hard  imyielding  pavement  and  a  more  or  leas  noisy  one  and  ex- 
pansion and  contraction  would  play  a  large  paft  in  its  disintegration. 
By  using  a  non-rigid  bituminous  cement  many  of  these  disadvantages 
are  overcome.  As  the  bituminous  cement,  however,  becomes  soft  in  sum- 
mer the  requisite  stability  of  the  pavement  in  hot  weather  must  be  secured 
by  proper  grading  of  the  sand  and  mixing  It  with  a  sufficient  quantity 
of  finely  ground  mineral  filler  so  that  the  voids  between  tbe  mineral  par- 
ticles shall  be  reduced  to  the  smallest  practicable  sise.  The  consistency 
of  the  bituminous  cementing  material  must  be  such  that  it  will  not 
be  too  brittle  in  winter  or  too  soft  in  summer  and  it  must  adhere  tenaciously 
to  the  grains,  bind  them  together  firmly  and  resist  traffic  and  weathering. 
These  broad  general  principles  were  far  from  being  well  understood  at  the 
commencement  of  the  industry.  At  that  time  sand  was  sand  and  the 
function  of  the  filler  was  not  clearly  recognised  and  what  constituted  a 
good  asphalt  or  a  bad  asphalt  was  large^  a  matter  of  advertising  and 
clever  promotion  work.  The  two  factors  influencing  the  design  of  a  dieet- 
asphalt  pavement  to  meet  specific  requirements  are  traffic  and  climatic 
conditions  and  these  affect  both  the  mineral  and  bituminous  ingredients. 
Where  the  traffic  is  dense  and  consists  largely  of  slow  moving,  heavily  loaded, 
iron-tired  vehicles,  it  is  evident  that  the  crushing  strain  on  the  individual 
sand  grains  will  be  very  great.  Where  a  sand  grain  is  crushed  it  leaves 
a  depression  in  the  pavement  in  which  water  geui  collect  and  where  a  large 
number  of  these  grains  are  crushed  this  has  a  very  seriotis  effect  upon  the 
life  of  the  pavement,  more  especially  in  wet  climates.  Fcur  very  heavy 
traffic  of  this  kind  it  is,  therefore,  essential  that  tbe  pr(^>ortion  of  10  and 
20-me8h  gr^os  should  be  very  small  and  in  pavements  laid  in  Glasgow, 
Scotland,  where  the  climate  is  very  wet  and  the  traffic  was  extremely  heavy 
practically  no  grains  coarser  than  40-mesh  were  employed.  This  produced 
a  pavement  which  in  very  hot  weather  would  have  been  somewhat  lacking 
in  stability,  but  as  the  summer  temperatures  in  Glasgow  are  comparatively 
low,  this  was  not  a  serious  defect.  The  stability  of  the  mineral  aggre- 
gate is  greatly  increased  by  the  presence  of  10  and  20'me8b  grains  and 
where  they  are  absent  this  must  be  compensated  for  by  the  use  of  a  filler 
which  gives  the  maximum  staUlity  and  if  necnsary  by  the  use  of  a  ali^tly 
harder  asphalt  cement. 


Sluet-Aapludt  in  Dry  and  Wet  Climates.   In  very  wet  oUmatee,  ewfr- 
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cially  when  the  traffic  ia  heavy,  the  omUdk  of  bitumen  on  the  und  gniiu 
niiut  be  thiclcer  than  Is  requb«d  under  drier  etmditioiu  and  tiie  tempera- 
ture at  which  the  ingredients  are  mixed,  aa  well  as  the  duration  of  the 
mixUiK  procesa  should  be  increased  in  order  to  insure  the  maximum  adherenoe 
of  the  bituminous  coating  to  the  a&nd  erains.  The  difference  between  wet 
and  dry  conditions  on  a  sheet-asphalt  pavement  in  which  the  grains  were 
thinly  coated  with  bitumen  is  clearly  shown  by  a  test  at  the  National 
Physical  Laboratory,  at  Teddingtoo,  England,  in  the  winter  of  1914-lOlfi. 
This  teat  was  conducted  by  The  Road  Board  of  Great  Britain  on  its  specially 
deaioned  road  machine.  In  this  machine  iron-tired  wheels,  each  provided 
with  its  own  motive  power  and  which  can  be  loaded  to  any  desired  extmt, 
pass  over  the  surface  of  the  test  pavement  which  is  laid  on  the  concrete 
foundation  of  a  circular  track.  The  same  mixture  had  been  laid  on  a 
considerable  area  of  roads  in  the  immediate  vicinity  of  Teddington,  and 
during  the  dry  weather  immediately  following  their  construction,  gave 
excellent  satisfaction.  This  was  followed  by  a  period  of  unprecedently 
wet  weather  during  which  the  roads  broke  up  very  badly  and  it  was  then 
decided  to  test  the  mixture  in  the  road  machine.  The  mixture  which 
had  failed  was  accordingly  duplicated,  unng  the  same  materials,  machinery 
and  men  and  laid  on  the  track  of  the  testing  machine.  Analyses  of  the 
old  and  new  mixtures  showed  them  to  be  substantially  identical.  The 
test  pavement  analysed  as  given  in  ctrfumn  A. 


Bitumen  

PassElig  200-mesh  sieve 
Passing  lOO-mesh  sieve 
Passing  80-mesh  sieve 
Passing  50-meBh  sieve 
Passing  40-mesh  sieve 
Passing  SO-mesh  sieve 
Passing  20-mesh  sieve 
Paanng   10-mesh  sieve 


A 

B 

8.9% 

11-6% 

7.0% 

W.7% 

9.2% 

8.4% 

15.6% 

10.0% 

37.0% 

28.3% 

12-0% 

13.4% 

6.6% 

7.8% 

2.5% 

3.4% 

1.2% 

2.4% 

100.0% 

100.0% 

Under  a  dry  test  this  pavement  lasted  for  weeks  and  showed  no  signs  of 
undue  wear.  The  test  was  then  conducted  under  the  same  conditions 
except  that  the  surface  of  the  pavement  was  kept  continual^  wet  and  it 
then  broke  up  so  badly  that  the  machine  had  to  be  stopped  within  a  few 
hours  from  the  time  that  the  wet  test  commenced.  In  order  to  prove 
that  the  materials  used  were  not  at  fault,  a  mixture  using  the  same  machin- 
ery, men,  sand  and  bitumen  was  made  and  tested  in  the  road  machine. 
Owing  to  the  limitations  imposed  by  the  conditions  of  teA,  'he  grading 
could  not  be  greatly  improved  but  the  quantity  of  filler  and  asphalt  cement 
was  increased.  This  mixture  analysed  as  given  in  column  B,  and  stood, 
without  breaking  up,  the  test  given  in  the  table  on  following  page.  For 
purposes  of  comparison  it  ahtmld  be  stated  that  the  best  test  which  any 
mixture  has  ever  given  tmder  similar  conditions  on  this  machine,  which 
was  purposely  dodged  to  test  pavements  to  destruction  in  a  comparatively 
limited  time,  was:  Pry  test,  11  hr,  27  min;  wet  test,  06  hr. 
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DoimtloB 

Total  iMd  pM- Whari 

SpMdof  WhMk 

7S  mln 
120  min 
186  min 
120  min 
100  mln 
107  nlB 

S  cwt 

10  cwt 
12H  ewt 
IB  cwt 
20  cwt 

1  mQe  per  hr 
1  mile  par  hr 
1  mils  per  hr 
1  mile  per  hr 
1  mile  per  hr 
J  njjg  hr 

■iTlirZTintn 

11    cwt  Kvmi*  ImhI  # 

1  mOe  per  hr 

WfltTMt 

- 

Diuatfaa 

Total  Load  pv  Whaal 

SpMdflf  Whode 

Uhr 

I  12Hewt 

1  mDM  par  hr 

Saad  Ondloc  Bitamea  Contaiit.  Under  light  trafBe  a  aand  con- 
taining s  emnparativety  large  i»roportion  of  coarse  grains  ia  desirable  for 
■everal  reasona.  The  finer  the  grainB  the  greater  the  suiface  area  to  be 
covered  with  bitumen.  This  can  be  readily  uDderstood  from  a  consideni- 
tion  of  the  following:  A  1  ft  cube  has  six  sidee  each  1  sq  f t  in  firea.  Cut 
it  in  two  and  there  are  eight  sides  of  the  same  area  and  each  time  it  is  cut 
sew  surfaces  are  created.  Of  two  pavements  each  having  the  same  bitu- 
men content,  the  one  containing  the  larger  proportwn  of  coarse  grains 
will  therefore  have  the  thicker  coating  of  tatumen  on  the  grains,  owing 
to  the  nnaUer  surface  area  which  the  given  quantity  of  Htumen  has  to 
cover.  The  kneading  action  of  traffic  upon  a  pavement  tends  to  equalise 
the  atroBBQB  set  up  by  contraction  and  expansion  and  to  keep  the  life  in 
the  bitumen.  Where  the  traffic  is  very  light,  all  asphalt  pavements  have  a 
tendency  to  crack  for  the  above  reasons  and,  other  tUngs  being  equal, 
those  in  which  the  grains  are  thinly  coated  with  bitumen  crack  first.  In- 
creasing the  amount  of  bitumen  in  a  fine  grained  heavy  traffic  mixture 
would  tend  to  remedy  this,  but  loo  much  bitumen  would  render  it  slopi^, 
and  it  would  be  much  more  expensive  to  lay  than  the  ooarsH  mixture 
carrying  a  lower  percentage  of  bitumen  and  the  coarser  mixture  would 
carry  the  light  traffic  just  as  well.  The  sand  gradings  whidi  have  been 
found  to  give  the  best  results  in  practice  for  stability  and  wear  are  Riven 
elsewhere  under  sand,  as  well  as  the  effect  of  rounded  grains  and  different 
surfaced  grains.  With  the  standard  grading  the  normal  bitumen  content 
of  pavements  in  the  United  States  varies  from  10.5  to  12%  and  except 
under  special  conditions  this  gives  satisfactory  results.  In  England,  where 
the  climate  is  much  wetter  and  the  extremes  of  temperature  not  so  great, 
the  percentage^  of  bitumen  varies  from  11  to  13.  Where,  on  account  of 
excessive  moisture,  the  Intumen  must  be  increased  and  the  variaticms  in 
temperature  are  great,  Portland  cement  is  perhaps  the  best  filler  to  use, 
as  it  increases  the  stability  of  the  mineral  aggregate  to  a  marked  extent. 
It  is  also  advisable  to  increase  the  amount  of  filler  used  up  to  a  maximum 
of  20%  of  200-meBh  filler  in  the  mixture. 

Asphalt  Cement.  On  a  very  heavy  traffic  street  the  statuUty  of  the 
mixture  as  well  as  the  cementing  strength  of  the  Iritumen  is  increased  by 
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hardening  the  asphalt  oement.  The  averaee  penetration  of  all  aapbalt 
oementfl  used  in  sheet-asphalt  pavements  laid  at  the  present  time  in  the 
United  States  lies  Bomewheie  between  60  and  60,  but  on  very  heavy  traffic 
streets,  even  in  fairly  cold  dimatee,  as  low  as  20  has  been  suoceasfuily  used. 
On  a  li^  txalBe  street  a  pavement  laid  with  a  30  penetratioa  aqihalt 
cement  would  inevitably  cxmok  badly  but  under  heavy  traffic  the  con- 
traction stresees  are  equalised  almost  as  soon  as  they  are  set  up  and  hence 
crackmK  doee  not  take  idoce.  For  normal  traffic  it  is  desirable  to  u«e  as 
soft  an  aq^ialt  cement  as  possible  to  offset  tiie  hardening  effect  of  time 
on  ail  bituminous  cements.  To  do  this  successfully  requires  that  especial 
attention  be  given  to  the  stability  of  the  mineral  aggregate.  This  stability 
is  Bovemed  by  three  main  factors:  (I)  Grading  of  mineral  aggre^te; 
(2)  shape  of  sand  grains;  (3)  Idnd  and  amount  of  filler  used. 

Grading  of  Mineral  Aggref>te.  In  an  ordinary  sand  mixture  a  certun 
proportion  of  10,  20  and  30-mesh  grains  add  greatly  to  stability  and  the 
lO^oesh  partides  add  rdatively  mora  than  do  ^  20  and  3&-ine8h  particles. 
Provided  the  balance  of  the  grading  and  the  shape  of  the  grains  are  satis- 
factory, a  mixture  containing  5,  8  and  10%  of  10,  20  and  SO-mesh  grains 
respectively,  will  have  the  requisite  stability.  Increatdng  the  percentage 
of  these  site  grains  up  to  a  reasonable  amount  will,  under  the  conditions 
stated,  increase  the  stability,  but  when  the  traffic  is  heavy,  this  is  objec- 
tionakde  for  the  reasons  previously  given.  Where  larger  siied  particleB 
are  used,  as  in  binder,  care  must  be  taken  not  to  use  enough  fine  mataial. 
such  as  sand,  to  force  the  larger  particles  apart,  as  this  will  reduce  the 
stability  of  the  mixture.  In  hinder  the  maximum  stability  is  secured 
permitting  the  large  partides  of  stone  to  interlock  as  closely  as  .posable 
and  filling  up  the  spacee  between  them  with  just  enough  sand  to  reduce 
the  siie  of  the  voids.  In  this  way  the  stones  are  held  more  firmly  in  place 
by  increasing  the  contact  area  of  the  bitumen  coated  particles.  Where 
stone  alone  is  used,  more  especially  if  it  is  not  well  graded,  but  'oompara- 
tively  few  parts  of  any  one  particle  are  in  contact  with  other  partides 
and  the  effective  cementing  action  of  the  HtumiDOua  cement  is  therefore 
reduced  to  the  minimum.  Where  the  mixture  ocmtains  10  to  30%  of 
partides  pasring  a  >4-in  acreen  and  retained  on  a  screen,  the  balance 
being  made  up  of  partieks  paanng  a  10-meeh  deve,  a  very  sli^t  excess 
of  bitumen  renders  it  very  unstable.  In  such  a  mixture  the  larger  grains 
are  forced  apart  by  an  excess  of  fine  material  and  they  are  sufficiently 
large  to  allow  traffic  passing  over  them  to  exert  a  leverage  action  upon 
them  tending  to  displacement  of  the  pavement.  This  is  not  the  case  with 
10,  20  and  SO-mesh  grains.  Beyond  a  certain  sise,  therefore,  the  addition 
of  coarse  material  does  not  tend  to  increase  stal^ty  unless  it  is  carried 
to  the  point  where  the  coarser  grains  are  permitted  to  interlock  to  the  maxi- 
mum ntant  iwsnble. 

Shape  of  Sand  Grains  and  Kind,  and  Amount  of  Filler.  Grains  which  are 
comparatively  round,  and  therefore  move  upoo  each  other  readily,  are 
much  less  stable  than  angular  grains.  The  increased  stability  obtained 
by  the  addition  of  finely  ground  filler  to  a  sand  can  readily  be  obserx'ed 
by  mixing  filler  with  sand  in  varying  proportions  and  consolidating  the 
dry  mixtiire  by  succCTsively  placing  small  amounts  of  it  in  a  cylindrical 
vessel  from  1  to  2  in  in  diameter  and  10  to  12  in  high  and  consolidating 
it  by  tapping.  Care  should  be  taken  to  avoid  segregation.  After  a  suffi- 
cient amount  <^  filler  has  been  added,  it  irill  be  possiUe  to  turn  the  eylhider 
iqiside  down  without  any  of  the  mixture  running  out.   In  otiwr  words 
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it  will  pack  dry.  Up  to  a  certain  point  the  ability  to  pack  dry  will  increaee 
with  an  increaaed  proportion  of  filler.  Beyond  that  point,  which  varies 
with  diffwent  sands,  it  will  apparently  decreaae  until  the  pcnnt  is  reached 
where  the  mixture  conmata  very  largely  of  filler,  when  it  will  again  iuereaae. 
For  this  reason  mixtures  composed  almost  wholly  of  100  and  200-atesh 
angular  partidee,  nioh  as  are  found  in  French,  Italian  aiMi  German  nek 
asphalt  pavamenta,  are  exceedingly  stable.  Tbrae  is  not  much  appar^t 
diiferenoe  between  dry  mixtures  made  up  of  the  same  sands  uaing  lime- 
■tooe  and  Portland  ocnnent  fillere  respectively  of  the  same  de«ree  of  fineness. 
When  the  bitumen  is  added  to  the  mixture,  however,  the  one  in  which 
Portland  cement  was  used  will  be  considerably  stiff er  to  rake  and  will 
possess  the  greater  stability.  The  cause  for  this  is  not  clearly  understood, 
but  it  evidently  can  not  be  due  to  any  setting  action  of  the  Portland  cement, 
aa  the  grains  are  all  comed  with  asphalt  cement,  thus  excluding  mosture 
from  them  and  the  effect  is  notknaUe  as  soon  as  the  hot  mixture  is  made 
or  dumped  upon  the  street.  The  filler  ie  almost  always  added  cold  to 
the  hot  sand  just  before  it  is  mixed  with  the  asphalt  cement.  If  it  were 
added  to  the  cold  sand  and  fed  with  it  to  the  drying  drum,  much  of  the 
filler  would  be  carried  off  as  dust  by  the  draught,  besides  which  the  lime- 
stone might  be  decomposed  by  the  heat  and  segregation  would  inevitaUy 
take  place  in  the  hot  sand  bin.  The  different  batches  would  consequently 
vary  very  greatly  in  mesh  composition.  The  maximum  amount  of  cold 
filler  which  can  be  added  to  a  mixture  obviously  depends  upim  the  abOity 
of  the  hot  sand  to  bring  the  mixture  of  sand  and  cold  filler  up  to  the  iHoper 
temperature  for  mixing  it  with  asphalt  cement.  Too  much  filler  would 
chill  the  sand  to  an  undesirable  extent.  It  would  also  increase  the  amount 
of  bitumen  required  by  the  mixture  taid  beyond  a  certain  point  might 
render  it  sloppy.  For  these  reasons  the  amount  of  filler  added  rarely 
exceeds,  under  normal  conditiona,  18%  of  the  mixture.  Some  asphalts, 
such  aa  Trinidad  and  Mariel  (Cuban),  contain  a  large  proportion  of  finely 
divided  mineral  matter  which  acts  as  a  filler  in  the  mixture  and  this  re- 
duces the  amount  of  filler  necessary  to  add  when  audi  aqthalt  cementa  are 
used.  Amorplunu  and  ooUoidiU  fillers,  BU<di  as  (day,  abmb  the  Utumen 
with  which  they  are  coated  and  their  particles  therefore  retain  the  coating 
much  more  tenaciously  than  do  crystalline  and  non-absorbent  particles. 
This  is  undoubtedly  one  of  the  reasons  why  the  use  of  clay  as  a  filler  is 
indicated  from  a  theoretical  standpoint.  For  the  same  reasons  mixtures 
made  with  a  limestone  filler  resist  water  action  much  more  strongly  than 
mixtures  made  with  a  ground  silica  filler.  When  determining  the  amount 
of  filler  to  be  added  to  a  mixture  consideratkin  must  be  given  to:  (1)  Traf- 
fic and  climatic  conditions;  (2)  kind  and  grading  of  sand;  (3)  mesh  etHupoei- 
tion  of  filler;  {4)  mineral  contents  of  asphalt  cement.  In  ve^**  wet  climates 
more  filter  should  be  used  than  is  necessary  under  drier  ccmditiona  in 
order  to  make  a  mixture  in  which  the  voids  are  of  minimum  aiie,  thus 
preventing  water  from  entering  the  pavement.  Under  theee  conditions 
the  percentage  of  200-meBh  filler  in  a  mixture  may  be  carried  as  high 
as  20%.  Under  favorable  climatic  conditions,  with  light  traffic  and 
good  sands,  the  200-meBh  material  in  the  mixture  may  vary  from  8  to 
12%.  Under  heavy  traffic  the  limits  may  be  considered  as  lying  between 
10  and  15%.  As  previously  noted,  200-meBh  sand  is  uodenrable  in  a 
pavement,  as  it  tends  to  make  a  mushy  mixture  and  should  not  be  re- 
garded as  a  fitter.  Wliere  a  sand  ot  suitable  mesh  composition,  aa  de- 
scribed under  band,  contains  pnctical^  the  same  amount  of  100  and  SO- 


'Art.  10 


Theory  of  Sheet- Asphalt  Pavementa 


961 


mesh  graiuB,  mcwe  filler  obd  be  added  to  it  in  aertain  cases  thao  if  the  ino- 
poiiion  of  SO-mesh  gnuna  was  low.  Mixtures  dafideot  in  100  aad  SO-mesh 
grains,  especially  the  latter,  are  liable  to  ball  up  and  rake  with  extreme 
difficulty  if  the  normal  amount  of  filler  be  added  to  them.  The  true  rem- 
edy of  course  is  to  secure  sand  with  a  proper  amount  of  SO-meab  material 
in  them.  If  this  is  impossible,  it  is  better  to  use  an  asphalt  cement  which 
is  extremely  fiuid  at  ordinary  working  temperatures,  such  as  California 
uphalt,  rather  than  to  reduce  the  amount  of  filler  used  below  the  gener- 
ally established  limits.  Generally  speaking,  sands  of  ralfaer  unsatisfactory 
medi  oomposition  and  having  roui^ed  gnUns  require  more  filler  than  do 
saoda  of  more  suitable  character.  With  sands  of  tills  character  it  is  desir- 
aUe  to  use  an  aqphalt  cement  which  does  not  readily  become  fluid  on  the 
^iplicatitm  of  heat. 

Determination  of  Amount  of  Filler  and  Bitumen.  It  is  of  course  always 
necessary  to  determine  what  percentage  of  filler  will  pass  a  200-meBh  sieve. 
If  a  mixture  is  desired  oontaining  15%  of  200-mesh  material  derived  from 
the  filler  alone,  and  the  filler  contains  75%  of  200-meBh  roaterial,  it  will 
he  necessary  to  use  20%  (16%  -i-  76%)  of  the  filler  in  the  mixture.  The 
mineral  contents  of  an  asphalt  cement  will  of  course  depend  upon  the  oom- 
poaitifHi  of  the  refined  aq)halt  med  in  it.  Let  it  be  assumed  that  the  re- 
fined asphalt  to  be  used  contains  60%  of  bitumen  and  that  the  balance 
is  finely  divided  mineral  matter  which  can  properly  be  regarded  as  a  filler. 
Assume  further  that  20  lb  of  flux  per  100  lb  of  refined  asphalt  is  to  be  used 
in  the  preparation  of  the  asphalt  cement  and  that  this  asphalt  cement 
will  be  kept  continuously  and  thoroly  agitated.  Its  mineral  and  bitumen 
contents  would  be  determined  by  the  following  calculation:  100  lb  refined 
asphalt  containing  00%  bitumen  »  00  lb  pure  bitumen;  20  lb  flux  contain- 
ing 100%  bitumen  =  20  lb  pure  bitumen.  Hence,  120  lb  asphalt  cement  will 
contain  80  lb  pure  lutumen,  equivalent  to  66.6%  of  bitumen.  The  balance, 
33.3%,  in  this  case  is  all  miner^  matter  which  was  assumed  to  he  a  satisfactory 
SSiet.  If  the  mixture  is  to  ooQtam  11%  of  bitumen,  16.5%  (11%  -i-  66.6%)  of 
this  asphalt  cement  must  be  added  to  it.  From  the  asphalt  cement,  therefore 
the  mature  would  derive  6.5%  (16.5  -  11)  of  filler  and  if  a  total  of  10% 
were  desired,  only  sufficient  filler  must  be  added  to  insure  the  presence 
of  4.5%  (10  —  5.5)  more.  If  the  filler  contains  75%  of  200-m©8h  material, 
this  would  require  6%  (4.5%  -i-  76%)  of  filler  to  be  added  to  the  mixture. 
The  proper  amount  of  bitumen  to  add  to  a  mixture  is  not  always  ix>ssible 
to  detennine  in  advance.  With  a  normal  sand  and  standard  grading  it 
usually  varies  from  10.5  to  11.5%  in  the  Uidted  States.  As  previously 
•xj^a^ied,  it  Is  a  function  of  the  surface  area  of  the  grains  to  be  covered 
taken  in  connection  with  the  thickness  of  the  coating  deored  to. meet  the 
conditions  involved.  Generally  speiddng,  a  mixture  in  which  the  grains 
are  sufficiently  covered  will  produce  a  stain  on  manila  paper  if  the  hot 
mixture  is  placed  on  it,  the  paper  folded  over  and  a  smart  blow  given  to  it. 
The  hotter  the  temperature  of  the  mixture  the  deeper  the  stain.  Bitumens 
which  are  very  liquid  at  149^  C  (300"  F)  will  give  deeper  stains  than  those 
which  are  less  liquid,  so  that  a  certain  amount  of  skiU  and  experience  {a 
necessary  befMe  the  results  of  the  pat  test  can  be  coirectly  interpreted. 
Onoe  this  fs  acquired,  the  pat  test  is  a  most  valuable  one  for  use  with  normal 
mbttures.  Where  the  conditions  call  for  an  excesnveJy  rich  mixture  the 
test  is  of  no  use,  as  the  paper  is  stained  so  heavily  that  no  conclusions  can 
be  drawn  from  it.  It  fregumtly  happens  that  two  sands  may  have  ex- 
aetly  the  same  mesh  ctmpositifm  and  yet  one  will  require  2  or  3%  more 
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bitumen  than  the  other.  Preliminaty  eztunioation  of  the  Band  will  not 
alway*  leveal  tbia,  but  the  pat  teet  will  invariably  deroonetrato  it  con- 
olwively.  It  is  alao  gmBrafty,  but  not  bo  poeithrelsr,  indicated  hy  the 
■ppaannoe  and  working  of  the  mixtura.  Certain  sandB  with  rounded 
crainfl  will  not  take  as  much  as  10.fi%  ol  bitumen  without  making 
a  miztiire  which  is  undesirably  aloppy.  To  the  trained  eye,  the  woridng 
of  the  mixture  on  the  street  will  usually  suggest  what  changes  should  be 
made  io  it,  and  this  has  been  diseuaaed  at  length  imder  methods  of  laying. 
As  all  batches  of  surface  mixture  are  baaed  on  a  definite  weight  of  sand, 
it  is  ouatomary  to  give  the  plant  foreman  a  formula  based  on  100  lb  of 
sand.  If  the  plant  used  measures  the  sand  instead  of  weighing  it,  the 
Tolume  of  the  sand  box  must  be  ascertained  as  well  as  the  wei^t  of  a 
cubic  foot  of  the  dry  hot  suid  which  is  to  be  onployed.  A  simple  calcu- 
lation will  then  give  the  number  of  pounds  of  sand  per  batch.  Assume 
that  the  sand  and  filler  have  been  examined  and  that  the  asphalt  cement 
has  been  detefmined  as  shown  abo\'e,  or  by  actual  aneUysis,  to  contain 
66.6%  of  bitumen.  Alao  assume  that  it  has  been  decided  to  add  15  lb 
of  filler  to  every  100  lb  of  sand  and  that  the  fijiished  mixture  is  to  contain 
11%  of  bitumen.  The  number  of  pounds  of  bitumen  to  add  to  the  above 
mixture  of  sand  and  filler  can  readily  be  calculated  as  foUowi:  o  ->  lb  of 
sand  and  filler  116;  b  ~  percent  bitumen  in  asidialt  cement  » 
c  "  percent  bitumen  desired  in  pavement  —  11.0%.  Then 


Hence  the  formula  will  be:  Sand,  100  lb;  dust,  IS  lb;  asphalt  cement, 
22.75  lb.  If  the  contents  of  the  sand  box  were  found  to  weigh,  for  example, 
860  lb,  all  the  figures  in  the  above  formula  would  require  to  be  multi- 
plied by  8.5  (850  -^  100). 

In  connection  with  the  foregoing  diaciiseion,  the  following  taUe  showing 
the  composition  of  pavements  laid  in  vaiious  cities  of  the  Ututed  States 
and  Great  Britain  may  prove  of  interest. 

The  English  mixtures  are  typical  heavy  toaffie  nuxtures  for  wet  elimatcs. 
The  Seattle  mixture  is  for  medium  traffic  and  a  wet  climate.  The  poor 
Ottawa  mixture  cracked  very  badly  while  the  one  designated  as  good  has 
given  very  satisfactory  service.  The  poor  Montreal  mixture  alao  cracked 
very  badly.  The  balance  of  the  mixtures  are  for  medium  to  hea\-y  traffic 
and  normal  rainfall  with  the  exception  of  the  old  Washinfcton,  D.  C,  mix- 
ture, which,  while  very  unorthodox,  gave  good  results  under  very  light 
traffic  and  the  New  Brunswick  ndxtuie,  which  may  be  regarded  as  a  tsrpkal 
light  traffic  mixture. 


Broadly  speaking,  a  eomprehenrive  system  of  inspection  of  bituminous 
materials  and  pavements  or  roadways  made  from  them  may  be  subdivided 
as  follows:  (1)  Preliminary  inspection  of  raw  materials;  (2)  inapectiou  of 
materiala  and  processes  during  construction  work;  (S)  insiwction  of  fi^MtHwl 
work. 

Preliminary  Inspection  of  Raw  Materials.  These  are,  or  should  be, 
assembled  by  the  contractor  sufficiently  in  advance  of  starting  the  work 
to  permit  of  their  Iwing  tested.  They  usually  consist  of  refined  asphalt 
or  asphalt  cement;  residuum  flux;  crushed  stone  or  gravel;  sand;  and 
filler.  All  of  these  materials  shoiUd  be  sampled  from  deliveries  actually 
on  hand  on  the  woric    Ebnept  where  the  manufacture  of  the  matnial 
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ii  iiupect«d  at  the  re  finery,  this  rule  dmuld  never  be  departed  from  in  the 
caae  of  the  bituminous  matArtals  themselves;  that  is,  the  refined  asphalt 
or  asphalt  cement  and  the  residuum  flux.  In  the  case  of  the  materials 
which  constitute  the  mineral  aggregate  of  the  pavement  or  roadway,  con- 
tractors are  often  unable  to  judge  thenurives  whether  or  not  a  particular 
material  passes  the  requiremeats  of  the  specifications  and  before  placing 
their  order  for  them  they  frequently  submit  samples  obtained  from  differ- 
ent dealers  for  approval.  In  the  case  of  crushed  stone  or  gravel,  these 
samples  usually  fdriy  represent  the  kind  of  material  which  will  be  delivwed. 
This  is  also  true  in  the  case  of  filler.  With  sands,  however.  sam[>Ies  sub- 
mitted by  the  dealers  frequently  vaiy  very  greatly  from  actual  deli\'eries. 
It  often  happens  that  the  selection  of  sand  has  not  been  pven  sufficient 
attention  or  has  been  deferred  until  the  last  moment,  with  the  result  that 
no  really  suitable  samples  are  submitted.  In  such  caaee  it  is  frequently 
to  the  interest  of  all  parties  concerned,  altho  perhaps  not  strictly  the  duty 
of  the  inspector,  to  personally  visit  and  examine  availaUe  BOuxiceB  of  sand 
in  the  immediate  nel^borhood.  '  In  this  way  much  better  material  may 
often  be  obtained  than  would  otherwise  be  the  case. 

Sand  and  gravel  banks  arc  usually  stratified  and  where  the  deposit  has 
been  made  from  comparatively  still  water  the  lower  strata  will  usually 
contain  coarser  material  than  the  upper  strata.  In  every  case  the  sand 
dealer  should  be  impressed  with  the  necessity  of  carefully  stripping  the 
top  of  the  bank  to  remove  deposits  of  clay,  loam,  etc,  as  this  material  is 
undesirable  and  will  usually  ball  up  in  the  heating  drums.  Where  the 
strata  vary  oonsiderably  and  can  not  be  dug  separately,  ii  will  be  neees- 
sary  to  take  an  average  sample  of  the  run  of  the  face  of  the  bank  in  order 
to  determine  what  will  be  tho  compositioD  and  character  of  the  average 
output  of  the  deposit.  In  certain  cases  it  is  necessary  to  select  d^ioite 
strata  and  have  all  the  sand  taken  from  them.  In  other  cases  the  sand 
is  dredged  from  river  or  creek  beds  and  in  order  to  obtain  a  satisfactory 
supply  it  is  sometimes  necessary  to  go  on  board  a  dredge  with  a  set  of 
screens  and  a  sand  scale  and  sample  the  sand  obtained  from  varkms  por- 
tions of  the  river-bed.  When  prospecting  outlying  country  for  available 
sand  deposits,  a  small  frying  i>an  is  a  very  convenient  utensil  to  cany, 
together  with  the  sand  sieves  and  scales.  By  means  of  it,  ^™pl»»  of  sand 
taken  from  various  pits  can  be  dried  over  a  small  fire  and  sifted  on  the 
spot,  which  avoids  the  necessity  of  carefully  marking  them  for  identifica- 
tion and  taking  a  lot  of  samples  back  to  the  laboratory  or  office.  When 
securing  samples  of  materials  for  examination,  theee  ^ould  be  carefully 
selected  so  that  they  really  represent  an  average  of  the  materials.  The 
quantities  necessary  for  examination  are  about  as  follows:  Refined  asphalt 
or  asphalt  cement,  1  lb;  residuum  flux,  >^  to  1  qxuut;  crushed  stone  or 
gravel,  1  to  3  lb;  sand,  1  lb;  filler,  ^Ib.  When  theee  are  sent  to  a  central 
testing  laboratory  they  should  be  pli^y  marked  with  the  following  informa- 
tion: Kind  of  material;  date  material  was  received  at  paving  yard;  date 
when  sample  waa  sent;  quantity  of  material  represented  hy  sample; 
name  of  manufacturer  or  from  whom  purchased;  name  of  paving  con- 
tractor who  is  to  use  the  material  represented  by  the  samples;  name  of 
mty  or  town  in  which  work  is  being  done. 

Hediod  of  Obtaining  Samples.  RanNBo  Aspsaup.  This  is  usually 
^pped  in  barrels  containing  from  300  to  500  lb  each.  It  will  depend  ou 
dreumstances  and  the  quantity  of  material  on  hand  how  many  barrels  should 
be  examined.    Where  the  barrels  are  marked  with  the  dates  or  batch 
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Qumben  and  different  batches  are  represented,  it  will  usually  be  sufficieat 
to  take  a  single  sample  from  each  batch.  Certain  specifications  give  a 
permissi]t)le  limit  of  variation  in  the  penetration  or  cotunstency  of  different 
diipmentB  of  asphalt.  In  such  oases  it  will  be  necessary  to  test  for  pene- 
tration a  sample  from  each  batch  number,  in  which  caee  all  of  the  samples 
taken  must  be  kept  separate.  Where  no  such  provision  is  included  in  the 
q)ecifications  and  the  inspector  is  tissured  from  lus  past  experience  that  the 
partioular  manufacturer  from  whom  the  material  was  purchased  is  careful 
in  his  output,  a  fewer  number  of  samples  will  be  necessary  than  under  other 
circumstancefl.  In  some  cases  an  average  sample  made  up  of  different 
Aamplee  taken  from  the  requisite  number  of  barrels  will  be  all  tiiat  is  re- 
quired. The  packagBB  or  barrels  used  l^y  different  manufaeturm  are  very 
often  chuaetaristic  of  the  product,  and  this  is  also  true  of  the  odor  and 
general  ^pearanoe  of  the  material.  A  qualified  inspects  will  often  be 
able  to  determine  from  observation  whether  or  not  the  contractor's  state- 
ment as  to  the  source  of  the  material  which  he  intends  to  use  is  correct. 
In  taking  the  samples,  material  should  be  selected  which  is  free  from  dirt, 
etc,  and  which  has  not  been  exposed  to  the  air.  In  other  words,  a  piece 
of  refined  asphalt  should  not  be  taken  from  the  top  or  immediately  adjaoent 
to  the  outside  of  the  barrel.  * 

Abpbjlvt  CiaiBNT,  This  is  quite  often  diipped  in  tank  oars  and  in  such 
eases  a  sini^  sample  taken,  preferably  after  the  contents  of  the  car  have 
been  melted,  will  be  sufficient. 

CansHBD  Stoni)  ob  Gratbl.  Various  samples  from  different  portions  of 
the  pile  should  be  taken  and  mixed  together,  and  from  the  mixed  portion 
sufficient  should  be  selected  for  test.  It  is  always  advisable  to  dig  into 
the  surface  of  the  pile  a  little  way  in  order  to  get  material  which  has  not 
been  exposed  to  the  atmosphere  and  which  possibly  has  lost  thru  the  acdon 
of  wind  or  rain,  or  botli,  a  considerable  portion  of  its  fine  material. 

SaNn.  It  is  almost  impossible  to  secure  a  fairly  representative  sample 
of  dry  sand,  as  the  eoarser  grains  have  a  different  angle  of  flow  tram  the 
finer  grains  and  are  found  in  different  portions  of  the  pile.  The  pUe  should 
always  therefore  be  dug  into  some  distance  below  the  surface  until  damp 
sand  is  reached.  After  sampling  the  pile  in  this  way  in  a  number  of  places, 
the  samples  so  obtained  should  be  ndxed  together  and  sufficient  taken  for 
test  from  tlie  mixed  lot. 

FlLLBR.  This  is  usually  Portland  cement  or  finely  grotmd  limestone 
dust,  and  cornea  in  bags.  No  particular  difficulty  attends  the  sami^ing 
of  this  but  a  sufficient  number  of  bags  should  be' opened  and 

samples  obtained  from  them  and  mixed  together  in  order  tiiat  the  sample 
sent  for  test  shall  correctly  represent  the  average  quality  of  the  material. 

The  examination  of  the  samples  so  obtained  is  usually  conducted  in 
accordance  with  detailed  specifications.  As  these  vary  somewhat  in  their 
requirements,  it  is  impossible  to  lay  down  a  general  rule  which  will  cover 
the  examination  of  raw  materials  for  paving  work.  After  the  materials 
have  been  examined  in  the  laboratory  and  found  to  be  suitable  for  the 
work  and  in  accordance  with  the  specifications,  the  Inspector  can  frequently 
be  of  great  service  in  suggesting  to  the  contractor  the  best  formula  to  use. 
All  paving  specifications  allow  contdderable  leeway  as  to  the  composition 
of  the  mineral  aggregate  and  the  percentage  of  bitumen  required  in  the 
mixture.  Sometimes  the  decision  lies  entirely  with  the  engineer  on  the 
work  and  where  he  is  fiUly  competent  to  decide  these  questions  it  should, 
of  oourse,  be  left  to  him.   As  the  eontraotor  usual^  has  to  assume  a  guar^ 
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antee  on  the  completed  work,  he  naturally  feels  that  he  ahookl  be  oon- 
nilted  as  to  the  fonniihi  uaed.  SMDetimes  hia  dndra  to  reduce  the  eoet 
of  his  work  will  lead  hun  to  employ  a  formula  v^ch,  while  cfmiplyins  with 
the  minmium  requirements  of  the  spedficationa,  ia  really  not  suited  to 
the  work  in  hand.  Whenever  poadble,  cooperation  between  the  inspector 
and  the  contractor  will  always  secure  the  best  results  and  a  little  tact  used 
in  this  connection  will  usuaUy  be  all  that  is  required.  It  frequently  hap- 
pena  that  two  or  more  kinds  of  sand  or  stone  have  to  be  mixed  together 
in  order  to  secure  a  suitable  mineral  aggregate.  Maity  contractors  are 
exceedingly  careless  in  keeping  their  different  kinds  of  materials  separated. 
Unless  tUs  is  done  it  is  imposnUe  to  make  a  uniform  mixture  of  the  various 
materials  and  provision  for  the  piling  in  separate  and  con'ranient  plaoea 
(rf  the  different  materials  should  always  be  raiade  before  they  are  deUvMed. 
This  is  a  very  important  consideration  and  lack  of  attention  to  it  will  not 
only  hamper  the  execution  of  the  wwk  but  impair  its  quality  as  welL 
It  is  necessary  and  advisable  to  impress  on  all  the  dealers  fumbhing  raw 
materials  the  necessity  of  a  uniform  supply.  This  ia  particularly  tfae  case 
with  sand  dealers,  who  are  often  small  men  who  have  been  accustomed 
to  supply  sand  to  builden  and  parties  requiring  it  in  small  amounts.  Afaiioet 
invariabiV,  men  of  this  type  will  not  realise  the  great  difference  which  a. 
to  them,  small  variation  in  the  mesh  composition  of  the  saod  will  make 
to  the  xwving  contractor. 

18.  Spedflcfttioiis  for  Materials 

The  following  specificaUona  for  materials  used  in  sheet-asphalt  pavements 
were  adopted  in  1916  by  the  Am.  Soc.  Mun.  Imp.  At  the  oonclusion  of 
the  specifications  comments  and  explanations  pertaining  to  several  sections 
of  the  specifications  have  been  appended. 

"  2.  Th9  msterisls  used  must  comply  witti  the  lequiremenl*  of  these  qisdfleatkM 
and  be  suitable  for  use  upm  the  street  or  atnsts  to  be  paved.  Thsy  dMll  be  ndsad 
la  dcAntte  proportions  by  welflitt  d^MwUns  upon  tbdr  duraetsr,  and  the  tnttke 
upon  the  atreet,  and  audi  materials  and  proportiotu  must  fce  vtisfaetary  to  the  Enji- 
neer. 

"3.  Methods  (rf  Testinf.  All  testa  herein  spedfled  must  be  oonductad  accordinf 
to  official  methods  on  Ue  in  tbe  office  of  the  Engineer.  All  pcMtratkms  at  26"  C 
(77°  F)  are  expressed  in  hundredths  of  a  ceo  time ter  and  are  to  be  taken,  except  where 
otherwise  specified,  with  ■  No.  2  needle  acting  lor  5  aae  without  apptedsble  friction 
under  a  total  wetsht.of  100  e- 

"  4.  Refiaed  Asphalts.  Tfae  refined  sMulta  admittad  under  these  mpaMemOam 
AaU  be  prepared  from  a  natural  mineral  bftameo,  either  solid  or  liquid,  or  tram  eoo^ 
Unationa  thereof,  by  aueh  methods  of  nAning  ss  wilt  prodaoe  a  prothiet  ooeiqri^int 
with  the  requirements  hereinafter  tivKD. 

"The  preparation  and  refining  of  all  saphalta  admitted  under  these  apedfieatiaaa 
shall  be  subject  to  mch  inspection  at  the  paving  plants  snd  refineries  as  Ute  Eafinev 
may  direct.  Every  refned  asphalt  admitted  under  these  apedficatiOBs.  tl  tequbsd 
by  the  Engineer,  shall  be  equal  in  quality  to  the  recognhed  standard  let  Its  paitloilBr 
kind  or  type  of  saphalt.  If  deslKd,  the  Contractor  may  use  an  asphalt  eement  pre- 
pared at  the  reflnery.  To  be  aocefMable  this  aq>bslt  cement  must  comply  with  the 
foregoinK  general  lequirements  for  refined  asphalt,  as  well  aa  requIreniMta  a,  b,  o,  ^ 
and  e  for  asphalt  cement. 

"Asphalt  obtained  by  the  refining  of  natural  liquid  bitumena  ahall  not  he  reduced 
in  the  refining  proeeas  to  a  penetration  at  26"  C  {TV  F)  of  leas  than  80. 

"AU  refined  sqthalts  admitted  under  tbMa  qiedfieatlsna  must  eonidr  wtA  tlw 
following  requireniMitB. 

a.  All  aUpmwta  ot  lefiaed  asphalt  of  any  one  Und  shall  have  the  batch  aunber 
pUaly  marfcad  on  each  package  or  container  and  shall  ha  uniform  1b  ruMlalMiji 
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and  compcnitioti  and  ihall  not  nry  fmn  mudBum  to  mora  Uian  16  pointa 

ia  iMBatntioB  >t  26°  C  (77*  F). 

b.  Htnety^ht  anil  cm  half  par  omt  td  tlw  total  Utnman  of  bH  nflnd  •qdwlla 
■ban  be  aohibte  In  carbon  tetrachloride. 

e.  VThm  nuula  into  an  aapfaah  onnant  \^  the  uae  of  auch  materials  and  mathoda 
aa  are  deacrfbed  bt  tbeae  apedficaHoaa.  tb^  must  produoe  an  asphalt  cement  com- 
plyfBK  wftb  an  the  raqnlNuaita  dnwbera  set  forth  heraiii  for  asphalt  oements. 

-  S.  Roxea.  Theaa  shall  be  tbe  nMum  obtained  by  the  disCUUtkm  of  paraffin, 
avhaltk,  or  aemiaiphaltie  petrokuma.  They  ahall  be  of  such  chaiacter  that  they 
wOl  comUne  with  the  asphalt  to  be  used  to  lorm  an  acceptable  and  afqiroved  aqthalt 
eement  complying  with  the  requirementa  vt  Umb  qpadllcatloiH.  AH  iwUunina 
must  pass  the  following  cenetal  teata: 

a.  They  rouat  have  a  penetration  gnKbet  than  860  with  a  No.  2  needle  at  26^  C 
err  F)  under  a  50  c  weight  for  1  sec. 

b.  TW  AmU  bun  m  apedOo  gravltar  at  ZK'  C  (77*  F)  bstween  0.92  and  1.02. 
Whn  20  g  of  ttta  floK  ta  baatai  lor  6  hr  at  168°  C  ISOSf  F)  In  a  tin  boat,  2H  in 

la  dluneter  and  H  in  da^t,  after  tibe  maaMr  offldaHy  praaerlbed,  the  loaa  ahall  not 
«GGWd  6%  by  weight  and  the  reddue  left  after  auch  heating  shall  flow  at  26°  C  (77*  F). 

d.  They  shaU  not  flaah  bdow  17r  C  (850°  F)  whan  tested  In  a  doaed  oil  teater. 

e.  They  shall  be  aohible  in  carbon  tetrachloride  to  the  extent  of  not  Ism  than  99%. 
*•  &  Btador  SCoWk   Thfa  ahall  be  dean,  hard,  broken  atone,  baa  from  any  partkln 

ttat  haTO  been  waathaiad.  or  are  aoft.  If  the  atone  doea  not  eoatain  the  pnver  amount 
flf  material  paaring  the  yi-in  screen,  the  deficiency  may  be  made  up  by  Ute  addition 
«l  gravel  or  sand.  Niaety-Ave  percent  of  tbe  binder  agEresste  shall  pan  a  screen 
having  drcular  openings  vhoaa  diameter  shall  be  three-fourtha  the  Uiickneaa  of  tbe 
Under  courae  to  be  laid.  The  remaining  6%  shall  not  exceed  in  their  largeat  dimen- 
tkm  the  thtcknaa  of  th«  Under  eourae  to  be  laid.  The  binder  aggregate  shall  be  so 
graded  from  ooaiae  to  fine  aa  to  have  tbe  following  meah  composition,  sieves  to  be  used 
in  the  order  nanwd: 

Paaslng  j       Total  psssiog 

UMnesb  j  15to8B%I  u-fa  86to86% 

>^  drcular  opening  and  retained  on  lO-meah.. .  .20  to  60%  ) 

"Tba  above  limits  aa  to  meah  compoaitioD  are  intended  to  provide  foffaucfa  permls- 
Aia  variatkoa  an  mar  !>•  r«nd«nd  nesMMuy  l>y  available  aottroea  of  nwply  aad 
tba  diaraetw  ot  tbe  wwfc  to  be  doDau  Tlw  nwah  eompoidtion  aBd  diararter  of  the 
stofM  may  be  varied,  within  the  Umlta  above  specified,  at  the  discretion  of  the  Bngl- 
aav,  dnwmdlng  upon  the  kind  vl  a«lialt  aaad  and  the  traffic  eondittaia  vpoa  the 
atnat  or  atraets  to  bo  paved. 

"T.  Sand.  Tha  aand  ahall  ba  hard,  dm  gralnad  and  modeiatdy  diarpw  On 
aUdng  it  ahall  have  the  following  mesh  oompoaltioa,  sieves  to  be  uaad  in  tha  order 
named: 

Faaetng 

200-Buah  Oto  6% 

^S^'^!!^!^'^?2^"•^  •^2i"^^Wotdpa■dng«Mnedl  and  retained 
80-meah  and  retained  on  100-mesh. .  6  to  20%  /  IJilTl"?  ""^"^  ^m^iM. 

SO^neahandntainedon  SC^meah..  6to40%  "'"•^^  »)hHO% 

40-nwah  and  retained  on   60-mesh. .  6  to  30% 
80  mtah  and  retained  Jon  40-meah . .  6  to  26%  \ 

»  meah  and  retained  on  80-meah..  G  to  15%  I  Total  paaaiag  lOuaah  and  Ntaised 

lOnnesh  and  retained  on  20-meah. .  2  to  10%  j  on  40-miBh.  12  to 46% 

^meah  and  retained  on  lO-maah . .  0  to  6% 

"On  very  Ugiit  tnffle  streeta  a  coarser  aand  may  be  used  with  the  approval  of  the 
Engineer,  but  in  no  case  shall  a  aand  be  employed  that  oontaina  leas  than  a  total  of 
16%  paadng  an  SO-meoh  sieve,  such  total  to  contain  not  more  than  6%,  calculated 
on  the  original  sand,  pasring  a  200-meah  sieve,  or  a  mixture  erf  76%  of  sand  of  the 
rtiararter  above  qiedfled  and  2G%  of  st<»e  aereeainga  pMiini  •  acreen  and 
reCalnad  on  a  10-mesh  sieve  may  be  empkqred. 

"Tbe  above  HmHa  aa  to  meah  oomporition  are  Intended  to  provide  for  such  per- 
misaible  variationa  as  may  be  rendered  neeeaury  by  the  available  sourcea  of  supply, 
and  the  character  of  the  work  to  be  done,  it  being  understood  that  the  coarser  per- 
missible grading  la  intended  for  uae  on  light  and  medium  traffic  streeta  only,  and  that 
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tar  heavy  traffic  strmtB,  the  finer  frsdiog  ahaJl  b«  laqolMd.  The  maah  cooipoaitioB 
■nd  charMter  of  tfae  wnd  uball  be  vsried.  within  the  Units  wban  ipadfled  by  the  Enfi- 
neer  dependinK  upon  the  Mud  ot  aapfaalt  used  and  the  tnflle  conditioiM  upon  the 
atreet  or  atreeta  to  be  paved. 

"  Filter.  Thk  ahall  be  thordy  dry  UmeMooa  durt  ct  P(»tlaiid  cement,  tha  wholo 
of  whMi  ahall  pm  a  80-itMah  alava  aod  at  lonrt  U%  «<  whldt  ttaO  pmm  a  SOO^meA 
riere.  Hie  aurfaee  mlxtura  ahall  eantaln  from  6  to  20%  of  ttdi  filler,  dependlnt  upon 
tba  Idnd  of  sand  and  asphalt  uaed  and  the  tratBc  coDditknu  upon  the  atreet  or  atreuta 
to  be  paved. 

'*■.  Samplaa.  One  pound  aamplea  of  the  refined  aaphalt,  petroleom  flux  and 
aqiliall  caraent  that  the  ConttMtar  propoaw  to  vm  in  Ua  mtk,  tngathar  lOUk  m.  aUtt- 
ment  aa  to  the  nuree,  diaraeter  and  pn^Mrtloaa  of  the  auterlala  conpodac  Aan, 
muat  be  handed  Is  with  his  bid  and  no  eontract  ahall  be  awarded  to  any  Uddv  whoaa 
aamplea  do  not  comply  In  every  reapect  with  tbwe  spedfleatlons.  No  Bq)halt  other 
than  that  apedfied  in  his  bid  shall  be  uaed  by  any  Contraetw  except  witii  the  written 
consent  of  the  Encineer  and  provided  that  it  ooropHes  in  all  reapacta  with  ths  nqnlt*- 
ments  of  theae  apedficatlcxia. 

"In  addition  to  the  Bamplas  aubmittsd  with  the  bid,  other  ntnplea  taken  from  and 
actually  repreeentative  of  the  refined  asphalt,  petroleum  flux,  sand  fillor  and  binder  stono 
to  be  uaed  upon  the  street  shall  be  submitted  to  the  Engfoev  before  the  use  of  such 
matariala  In  the  work  la  permitted.  Except  at  Us  option,  no  work  on  Under  or  aurfac* 
dtaU  ba  commenced  within  8  weeka  from  the  date  when  snch  samples  were  submitted 
and  in  no  caae  shall  they  be  used  untfl  thcgr  have  been  axamined  and  aniroved  by  Urn. 
Whenever,  during  the  coujm  of  the  work,  new  deUverlea  ot  pavinx  matwUs  an  re- 
ceived by  the  Contractor,  samplea  ct  theae  shall  at  onoa  be  sidindtted  to  Om  FmlBwa 
and  thdr  use  in  the  woric  will  not  be  permitted  untD  thay  have  been  examined  and 
approved  by  him. 

"  Aapbalt  Cemaat  PteparatUn.  The  aqdialt  oraoent  ahall  be  oompoaad  oC  n> 
fined  aaphalt,  or  asphalts  and  flux,  where  fiux  is  r«qalred,  of  the  diaraeter  liewihw 
herein  qwdfied  and  moat  be  of  a  soltable  d«ree  of  pMietmtlon. 

"The  proper  proportions  of  the  refined  asphalt,  or  asphalts,  and  flux  ihalt  be  meltad 
together  at  a  temperature  between  186°  and  204'*  C  (276°  and  400°  T)  and  thwoly 
agitated  by  Stable  appliances  until  they  are  completely  blended  into  a  homogwwuua 
haphalt  cemenL  Thoeafter  the  «q>halt  cemnt  nuiat  not  be  heated  to  a  tampmrton 
exceeding  177°  C  (860°  F).  If  the  aqdialt  CMMnt  contains  material  that  will  aapanta 
by  Bubddence  irtiile  It  is  in  a  molten  condition.  It  must  be  thoroljr  agitatad  baton 
drawing  from  storage  and  while  In  use  in  the  supply  kettles.  EniBMlia  aghntloB 
with  steam  or  air  which  will  injure  the  cement  muat  not  be  used. 

"The  refined  asphalt  or  asphalts  and  flux  comprising  the  aaphalt  '—■■iit  AtlO, 
when  required,  be  weighed  aapamtdy  bt  tba  pr«iM»  ol  the  autbnriaad  In^netaw 
or  agmts  of  the  Engineer.  *  , 

"  10.  Aaphalt  Cement  RaqniremaBta,  The  a^dialt  cauMnt  dull  comply  with  the 
following  requirements: 

a.  It  shall  be  thoroly  homogeneous. 

b.  It  shall  have  a  penetration  at  25°  G  (77*  F)  of  from  80  to  KB  for  heavy  tnfllB 
streeta  and  66  to  86  for  light  traffic  streets  depwding  upon  the  aand  and  aqihnlt  naad 
and  tha  local  cUmatJe  eondltlona. 

c  It  shall  not  flash  below  177°  C  (360°  F)  when  tested  in  a  dosed  oil  teatv. 

d.  When  20  g  of  the  asphalt  is  heated  for  6  hr  at  168°  C  ^5°  F)  in  a  tin  box.  tH 
In  in  diameter  and  ^  in  deep,  after  tfae  manner  officially  preocribed,  the  loas  dull 
not  exceed  6%  by  weight  and  the  penetration  at  26°  C  (77°  F)  of  the  residue  left  aftv 
audi  heating  mnat  not  be  lem  tluin  oosrhalf  the  paoatntian  at  25°  C  C77°  Ti  of  On 
original  Hunple  beftm  heating.  ^ 

e.  Either  the  asphalt  cement  or  its  pure  bitumen  when  made  Into  a  briqu«tta,  Dow 
mold,  shall,  at  60  penetration,  26°  C  (77°  F),  have  a  ductility  of  not  leas  than  80  cm 
at  26°  C  (77°  F) ;  the  two  ends  of  the  briquette  to  be  pulled  apart  at  the  uniform  nte 
or  6  cm  per  roin. 


When  the  asphalt  cement  aa  used  has  a  penetration  other  than  SO  at  26*>  C  (77°  P) 
^"^T^  ductiU^  of  2  cm  wiU  be  required  tot  every  S  poinia  in  pwwtrattoB  above 
BO  penetration  and  a  corresponding  allowanco  will  b«  niida  bflpw  80  penetnitioB." 
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Comments  and  Biplanatfona  of  seotionB  of  the  Am.  Soo.  Mim.  Imp. 
1016  speciGcations. 

Sactloiu  4  and  10.  Under  these  speeiflcatfotis  aopludt  prepared  by  reflnJng  hud 
native  bitumeu,  aoft  native  bitumeiui  and  aapbalde  petndeiunB  or  combinattona 
thereof  are  arimltteil  provfiled  that  the  refining  proeeaMi  are  carried  en  in  bbA  ■ 
way  aa  not  to  faiiure  the  materUb  and  provided  that  tlw  finUbed  product  fa  or  is 
capable  of  producing  an  aaphalt  cement  poeseedng  the  eeaentlal  qu^dea  for  paving 
vork. 

Section  A,  Paragraph  I.  Different  asphalts  poeiote  different  pro  per  den  In  varyfatg 
degreoe  aod  it  ia  the  nun  of  theee  propertlea  iriildi  detenninea  thrir  fittKae  for  paving 
woric.  In  eatabUahing  a  minimum  pcrmiadble  itandard  for  each  «aaentlal  quaU^  tt 
fa  obviooB  that  any  one  asphalt  will  probably  exceed  thfa  mlnlmura  In  one  or  more 
inatanrea.  It  fa  not  Intended  to  encourage  the  production  of  an  asphalt  which  shal] 
only  Juat  paoa  the  roinimum  requirements  in  every  respect.  Hence  the  clause  in  the 
aeeMid  paia^ph  of  section  4  requiring  that  all  aaphalbi  "shall  be  equal  Is  quality 
to  the  recofoked  standard  for  Its  particular  kind  or  type  of  asphalt"  and  to  tnsure 
this,  providan  fa  made  for  inspection  at  the  refinery.  Aaphalts  made  from  a  eerti^ 
erada  night  be  ao  boated  aa  to  laJnra  them  materi^Iy  and  yet  Just  Mng  them  irtthln 
the  mtadmnm  zaiiniianMita. 

flecticB  4,  Claaae  a.  Comparative  uniformity  in  conMsten*^  or  penetration  fa 
very  desirable  aa  tending  to  prodtice  uniformity  In  the  aqthalt  cement  prepared  at 
the  paving  plant,  aa  once  the  requislta  amount  of  flux  fa  determined.  It  will  not  have 
to  be  'chafed  materially.  Marking  the  batrefa  with  batdi  numben  makes  it  pcasfUe 
to  sample  the  cootents  of  a  car  satisfactorRy  without  opening  an  exccarive  number 
of  barrela.  Vltiuiut  thfa  precaution,  three  or  four  samples  taken  from  a  car  contaJning 
barrels  from  aevwal  batches  might  all  come  from  the  same  batdii. 

Sectian  4,  Paragraph  t  and  Clause  b.  Overheating  or  too  prolonged  beating  fa 
herein  guarded  against. 

Section  I.  Thfa  providea  Cenerally  for  the  use  of  a  suitable  flux  and  one  whidi, 
regardleaa  <tf  Its  compoaition  or  characterfatica,  must  combine  with  the  refined  asphalt 
used  to  produce  aa  acceptable  asphalt  cement.  Fluxes  might  pass  all  the  testa  pre- 
acribed  and  yet  be  unraltable  for  use  with  a  given  asphalt  even  tho  they  were 
satisfactory  with  other  aq>halts. 

Sectioa  i,  Oanse  a.  Thfa  provides  lor  a  liquid  flux  because  without  thfa  provision 
certain  aoUd  aaphatta  might  be  to  be  fluxea  and  therefore  exempted  from  the 

requfaenenta  govcndag  soUd  asphahs. 

Section  K.  Clanae  b.   Thfa  prevents  the  use  of  too  Ught  or  too  heavy  a  flux. 

Sectioa  i,  Claaae  e.  Thfa  limits  the  percentage  of  light  oils  and  the  hardening 
due  to  their  evaporatkm.  A  fftix  which  hardened  unduly  under  heat  would  produce 
an  aqihalt  cement  iriileh  would  harden  rapidly  In  the  kettles  and  in  the  pavemmt 
attv  it  «aa  bid. 

Section  l>  Claaae  d.  TUi  Insures  a  flux  which  will  not  produce  dangerous  quanti- 
ties of  inflammable  vapor  when  used  In  the  plant. 

Section  i,  Claase  e.  To  a  certain  extent  thfa  clause  fa  Intended  to  prevent  over- 
beating  to  such  an  extent  as  to  decompose  the  flux  or  crack  it  to  an  undealtabte  degree. 

Sectioa  <■  Thfa  apedflea  the  kfaid  and  dae  of  atone  to  be  oaed  for  bindar  and 
would  appear  to  call  for  no  detailed  comment  other  than  that  which  already  has 
been  given  under  bindbb  8T0NB. 

Section  7.  Thfa  describes  the  sand.  The  Qmits  given  are  suflklently  wide  to 
provide  for  both  light  and  heavy  traffic  mixtures.  These  Umlta  are  of  course  wider 
than  should  be  applied  to  any  particular  set  of  conditions.  Under  tiie  provUons 
ef  thfa  section  the  iglnaHr  may  and  should  narrow  the  llmlta  to  suit  the  ccsiditicHis 
prevailing  upon  the  streeta  to  be  paved  and  the  available  local  material.  Thfa  fa 
tufly  dhetimetl  under  band. 

Soctloa  7,  Paragn^A  4.  The  provisions  of  thfa  see^n  are  In  accord  with  the  prln- 
ttfltm  dbcuand  under  mLsa. 

flortinn  •.  Thfa  fa  an  important  section,  more  especially  where  it  relates  to  the 
Mmpiss  to  be  taken  from  the  materials  wfaidi  are  actually  to  be  used  in  the  woric 
and  have  been  aasembled  for  that  purpose.  Bidding  samples  are  required  of  only  the 
refined  asphalt,  flux  and  asphalt  oMnaat  and  these  of  course  must  comply  with  the 
requlrea— ita  of  the  ^wrfflcatioiM  in  order  to  insure  eonsidaratlpn  oi  the  bid.  Bide 
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are  fraquantly  made  a  long  time  In  advance  the  work  and  it  ottm  happMU  that 
the  matflriak  supplied  to  the  contractor  are  not  exactly  the  same  as  his  bidding  samplM. 
When  the  variation  b  slisht,  this  is  not  an  important  matter,  but  he  should  not  be 
permitted  to  dumze  the  chumcter  and  Idnd  ot  the  mattsrlals  widiout  the  knowledge 
■nd  canaent  of  tlie  engineer.  Samples  aaad  and  stone,  if  obtained  from  dealce^ 
frequently  differ  greatly  from  actual  dellv«1es  made  by  them.  For  this  reaam,  aampl— 
should  be  taken  from  actual  deliveries  before  too  great  an  amount  has  aecuniulated 
at  the  plant.  If  the  samplea  are  unsatisfactory,  rejection  will  then  not  work  great 
hardship  to  the  contractor.  It  is  often  difficult  to  obtain  ntjefaetoiy  nnd  and  tt  may 
be  iiiiiiii— iji  to  prospect  for  and  open  new  pits.  This  tains  wnaMwable  time  and 
unlcaa  the  samples  are  secured  suAdeatly  In  advance,  laying  of  the  binder  andsurfaes 
may  be  delayed,  which  in  many  eases  is  very  underirable.  Contractors  are  praia  to 
delay  the  furnishing  of  working  samples  until  the  last  moment,  hence  the  provWoai 
contained  in  this  section  as  to  the  time  for  banding  In  these  aamiples. 

Section  9.  This  dnseribea  the  preparation  of  the  asphalt  cement  and  tnvohrea 
princb>lee  pnviouriy  Jipni— d  at  lengUi.  Tha  provldMi  tor  a  miwlmwrn  tanqMnttara 
of  204''  C  (400°  F)  during  fluxing  la  to  provide  for  thoaa  a^halts  which  an  dUBcultly 
soluble  in  the  flux.  Once  the  solution  ia  complete,  Ota  maximum  tcmpcntore  is 
limited  to  177°  C  (850"  F). 

Section  CliuiM  a.  This  clause  Is  Intuded  to  insure  that  the  fhu  and  laAnad 
aai^lt  are  la  complete  solution  and  that  any  finely  divided  mineral  matter  which 
the  asphalt  cement  may  contain  is  evenly  and  uniformly  distributed  thruout  its  man. 

Section  10,  Clause  b.  This  provides  that  the  asphalt  cement  shall  be  of  a  saitabie 
consisteney  (penetration)  for  the  use  intended.  The  ressons  for  varying  the  pene- 
tration in  accordance  with  tlie  traffic  an  fuUy  diacumed  under  iHBOBT  or  taaaa- 

ABPHALT  PAVmiBNTB. 

Sectioa  Ut,  Chuie  c  This  insures  an  asphalt  cement  which  will  not  imdoca 
Janceraus  quantities  of  inflammable  npor  iriien  used  In  the  plant  and  also  Bmlta 
the  amount  of  Ught  oUs  which  It  may  nmtain. 

Section  10,  CUnse  d.  This  also  Umits  the  percentage  of  light  oils  which  the  as- 
phalt cement  may  contain  and  prevents  the  use  of  an  asphalt  cement  which  would 
harden  too  rapidly  in  the  kettles  and  in  the  pavement.  The  teat  described  herein 
bidieatea  the  extent  to  whkh  hdtumena  In  tlie  eourse  of  time  lose  thdr  more  volndk 
hydfocaiixm  constituents  and  the  hardening  reeulting  tram  vdlatHtzatlon  and  diemlcal 
diange.  It  may  be  considered  as  an  accelerated  exposure  test  and  the  Umits  fjvni 
have  proven  safe  in  actual  practice. 

Section  lOt  Clause  e.  The  necessity  for  dudlity  has  been  fully  discussed  under 
ASPHALT  CSHBNT  and  THEORY.  The  test  described  herein  measures  approximately 
the  cementing  value  of  a  bitumen  but  is  not  necessarily  a  measure  of  the  relative 
cementing  value  of  different  bituminous  materials,  or  the  same  bituminous  material 
Ht  different  temperatures.  With  the  same  bitumen  an  increase  In  penetration  (soft- 
ening) results  in  an  increased  ductility  provided  a  suitable  softening  agent  is  used. 
The  introduction  of  mineral  matter  into  a  bitumen  hvquently  reduces  its  ductlUty. 
For  theae  reasons  the  minimum  allowable  ductility  is  stated  at  SO  penetration  at 
a  standard  tem))eratnre  26°  C  (77°  F),  and  if  an  Impure  asphalt  cement.  In  the  atnte 
in  whtdi  it  Is  used,  falh  belcm  the  standard  of  duetilfty,  the  pure  bitumen  which  ft 
contains  must  be  extracted  and  teated  before  the  mat«1al  Is  condemned.  If  the  pure 
bitumen  meets  the  test  the  material  is  acceptable  so  far  as  this  clause  Is  concerned. 
Asphalt  cements  as  used  are  frequently  above  or  below  50  penetration.  An  approxi- 
mate ecuxection  allowance  is  therefore  established  permitting  the  testing  of  such 
ajqihalt  cements  at  the  penetration  at  which  they  are  to  be  used. 


Operations.  In  the  manufacture  of  bituminous  pavemmts  hy  the  mix- 
ing method,  three  distinot  oi>eratioiiH  are  involved;  vix, 

1.  Dtying  and  heatinft  of  the  mineral  ajritreKate, 

2.  Preparation  and  heating  of  the  asphalt  cement  or  hitummous  cnmenting 

materials. 


CONSTRtrCTIOIf 
13.  Plant  and  Tools 
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3.  Mizing  the  hot  mineral  aggregate  with  the  hot  asphalt  cement. 

In  a  property  designed  plant,  the  machinery  for  carrying  out  each  of 
these  operations  must  be  capable  of  handling  sufficient  material  to  insure 
the  required  output.  Take,  for  instance,  a  8heet>«spbalt  plant  having  a 
capacity  of  2CllO  sq  yd  of  2-iii  wearing  surface  per  working  day  of  10  hr. 
A  aq  yd  of  surface  mixture  2  in  thick  when  comprewed  will  average  200  lb 
in  md^t  The  total  weight  of  the  output  will  therefore  be  2000  X  200 
or  400  000  lb.  Thia  mixture  will  consist  approximate  of:  Sand,  79%; 
dust  or  filler,  10%;  bitumen,  11%. 

The  different  portions  of  the  plant  must,  therefore,  be  capable  of  handling 
the  f<dlowing  quantities  of  material: 

Drier,  316  000  lb  =■  126.4  cu  yd  sand, 

Meking  tanks,  44  000  lb  ■-  22  tons  pure  bitumen,  \ 
Mixer,  400  000  lb  =  200  tons  surface  mixture. 

In  order  to  more  fully  appreciate  just  what  is  required  of  an  asphalt 
plant,  it  will  be  oecossaiy  to  consider  briefly  the  kind  of  raw  materials 
used  in  it  and  the  (wnditions  under  which  they  are  handled. 

Sand.  Depending  upon  the  temperature  of  the  atr,  this  requires  to  be 
heated  to  between  177°  and  204°  C  (3oO°and400°F).  A^'hUe  actual  paving 
work  is  not  usually  carried  on  in  rainy  weather  it  is  nevertheless  frequently 
necessary  to  run  very  wet  sand  or  stone  thru  the  drier  owinK  to  its  having 
been  exposed  to  the  weather  or  because  freshly  dredged  sand  is  lieing  used. 
Unless  ample  drier  capacity  is  provided,  therefore,  the  output  of  the  plant 
when  using  wet  sand  will  be  greatly  reduced.  Many  pavements  are  laid 
late  in  the  fall  or  in  early  winter  and  under  these  conditionB  much  greater 
drier  capacity  will  be  required  than  in  warm  weather,  if  the  maximum 
output  of  the  plant  is  to  be  maintained. 

Asphalt  Cement.  This  is  ordinarily  made  by  mixing  together  the  requi- 
site proportions  of  refined  asphalt  and  heavy  fluxing  oil,  altho  it  is  some- 
times purchased  of  the  proper  consistency  for  use.  The  asphalt  cements 
in  common  use  contain  from  60  to  100%  of  pure  bitumen.  In  order  to 
produce  a  pavement  containing  a  fixed  percentage  of  bitumen  it  is  neccs* 
■aty  to  use  much  more  of  an  impure  asphalt  cement  than  of  a  pUre  one. 
Plants  designed  for  use  with  impure  asphalt  cements  will  therefore  require 
much  greater  melting  kettle  capacity  than  if  pure  asphalt  cements  were 
to  be  employed.  There  are  a  number  of  plants  upon  the  market  which, 
iriiile  admirably  designed  for  use  with  pure  asphalts,  have  far  too  limited 
a  njelting  tank  capacity  to  permit  of  anything  like  their  normal  output 
being  maintained  if  an  impure  asphalt  is  used  in  them. 

Mixture.  The  capacity  of  the  mixer  in  a  plant  of  the  sise  under  discus- 
sion is  usually  rated  at  9  cu  ft.  This  means  that  the  batch  dumped  into 
it  contains  9  cu  ft  of  sand  plus  the  other  ingredients.  Dry  hot  sand  will 
average  about  95  lb  per  cu  ft.  In  accordaore  with  the  formula  previously 
given  and  assuming  that  a  pure  asph^t  cement  is  being  used,  aush  batch 
would  therefore  consist  of  the  following:  Hand,  8551b;  filler,  108  lb;  asphalt 
cement,  119  lb;  total  weight,  1082  lb.  It  will  take  370  batches  of  tiaa  eise 
to  turn  out  the  required  amount  of  surface  mixture.  In  a  10  hr  working 
day  this  means  37  batches  per  hr  of  one  batch  every  1.62  min.  Not  leas 
than  one  full  minute  with  a  mixer  speed  of  60  to  80  rev  per  min  should 
be  allowfMl  for  actually  mixing  each  batch  of  surface  mixture.  This  leaves 
a  total  of  only  37  sec  in  which  the  mixer  must  be  chatted  wil^  the  various 
ingredients  and  the  finished  mixture  dumped  into  the  wagons.  With  a  wdl 
organised  gang  and  a  properly  worldog  plant,  20  sec  is  all  that  is  necea- 
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sary,  but  it  can  readily  be  seen  that  thiB  ia  one  of  the  points  where  aeoonds 
count.  The  mixer  capacity  of  a  plant  is  usually  figured  very  cloaely  and 
this  makes  it  more  than  ever  necessary  that  the  nwltins  tank  and  drier 
capacity  should  be  ample  to  furnish  a  continooua  and  uninterrupted  supply 
hot  sand  and  asphalt  cement,  as  it  is  almost  fanpoaaitfla  to  mmke  up 
for  delays  at  the  iniser.  Increasing  the  siie  of  the  mixer  would  st  first 
appear  to  be  a  wy  simple  way  of  providing  against  midups  and  this  is 
quite  commonly  done  in  stationary  iJante.  Increasing  the  siie  of  the 
batch,  however,  means  increafling  the  sise  of  the  enpne,  and  this,  in  turn, 
means  increased  boiler  capacity,  both  of  which  are  very  serious  conaidera- 
tions  in  a  portable  plant.  For  this  reason  the  average  sise  mixer  on  a 
portable  plant  does  not  exceed  9  cu  ft.  Many  foremen  when  trying  for  a 
record  pm  will  reduce  the  time  of  mixtng  their  batches,  but  this  is  a  practice 
which  should  never  be  permitted,  as  an  insufficiently  mixed  pavement  can 
not  be  expected  to  last. 

The  question  of  maintaining  a  maximum  output  is  more  serious  in  a 
paving  plant  than  in  many  other  lines  of  manufacture.  To  a  partial 
extent,  the  unit  cost  of  a  reduced  output  may  be  kept  down  by  employins 
a  suitable  number  of  laborers  at  the  plant.  The  street  gang,  however, 
must  be  maintained  st  full  efficiency  and  as  they  are  trained  men,  they 
are  usually  kept  under  full  pay.  A  gang  organised  in  the  morning  to 
take  care  of  2000  aq  yd  of  pavement  can  not  be  reduced  on  short  notice 
so  that  thiv  can  lay  a  total  of  only  1200  aq  yd  duiing  the  dajr  at  tiie  bkbm 
unit  cost. 

A  consideration  of  just  what  is  required  of  the  various  parts  of  a  plant 
follows: 

Drying  and  Heating  Machinery.  This  may  be  subdivided  into :  Cold  sand 
elevator  and  drier;  hot  sand  elevator;  hot  sand  storage  bin  and  screen. 

Dribr  and  Cold  Sand  Elevatob.  Id  the  ordinary  revolving  drum  drier 
the  drum  shells  are  made  of  iV-i»  ^teel  plate  with  butt  strapped  joints 
and  are  carried  at  one  end  1^  a  four-armed  spider  and  at  the  otha  end 
by  a  head,  both  of  cast  iron.  The  bearing  at  the  hot  sand  end  takes  the 
thrust,  being  grooved  similar  to  a  propeller-shaft  bearing  and  the  cap  is 
cored  to  form  a  water  jacket,  by  means  of  which  the  bearing  box  can  be 
kept  cool.  Sheet-steel  shelves  are  rivetted  the  entire  length  of  the  interior 
of  the  drum,  which  give  additional  heating  surface  and  constantly  stir  tbe 
sand.  The  combustion  gases  pass  along  under  the  drum  in  thru  the  dis- 
charge opening,  back  thru  the  interior,  coming  in  contact  with  the  failing 
sand  and  finally  pass  out  thru  the  cold  sand  chute  to  the  fan.  In  a  per- 
manent sotting  the  drums  are  supported  on  steel  work  which  is  independent 
of  the  brick  side  walls,  hence  the  drums  expand  and  contract  without 
affecting  the  brick  work,  and  the  latter  is  not  subjected  to  vibration.  In 
a  portable  setting,  the  ends  are  the  same  as  in  the  xiermanent  setting. 
The  sides  are  made  of  steel  plate  lined  with  fire  brick.  The  roof  consists 
of  two  steel  plates,  the  inner  and  heavier  one  being  grooved  to  conform 
to  the  arc  of  the  drum,  thus  holding  the  heat  against  the  drum.  The  outer 
plate  is  carried  straight  acmaa  to  form  a  rain  shed.  The  cold  sand  elevator, 
which  serves  to  convey  tbe  cold  sand^rom  the  ground  or  bin  to  the  drier, 
is  usually  of  the  bucket  elevator  type.  In  another  type  of  drum  the  prod- 
ucts of  combustion  pass  thru  a  central  taUnder  to  which  are  rivetted  sheet- 
steel  shelves.  They  then  run  thru  the  oner  between  the  outer  and  inner 
drums  and  Rnally  pass  thru  the  exhaust  fan  to  the  stack.  The  outer  shell 
of  the  drum  is  also  provided  with  sheet-steel  shelves  whieh  are  rivetted 
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to  it.  There  an  also  direct  hoat  rotary  driers  of  the  angle  shell  type  ic 
which  the  hot  furnace  gssea  ooma  in  direct  contact  vith  the  material  to 
be  dried.  They  are  provided  with  elevating  shelves  arranged  in  substan- 
tially the  same  manner  as  thoM  in  the  other  two  ts^pes  of  drieiB  alrwuly 
described.  In  stUl  another  type  of  driw,  threa-quartere  'of  the  hot  air 
and  gases  enter  the  gylinder  by  way  of  hooded  inlet  openings.  The  bal- 
ance enters  thru  the  rear  end  of  the  drum.  By  the  admission  of  cold  air 
thru  the  sliding  doors  in  the  drier  setting,  the  temperature  of  the  heated 
air  and  gaaei  toward  the  rear  end  is  regulated  to  suit  the  material  as  it 
becomes  drier.  The  lowest  temperatures  and  the  least  circulation  are 
found  at  the  rear  end  of  Uie  cylinder,  where  the  material  is  moat  dry  and 
dusty.  All  three  types  of  driers  or  heating  drums  are  continuously  re- 
volved and  are  lower  at  the  discharge  end  than  at  the  inlet  end,  thus  insur- 
ing the  gradual  passage  of  the  material  to  be  heated  from  one  end  to  the 
Other.  The  essential  principle  involved  in  drying  a  sand  is  to  tning  the 
various  particles  in  direct  contact  with  a  large  volume  of  hot  air  which 
takes  o£F  and  carries  away  the  moisture.  No  matter  bow  much  heat  is 
applied  to  the  sand,  it  wilt  not  dry  it  unless  ample  means  are  provided 
for  carrying  off  the  moisture  which  it  contains.  For  this  reason,  almoet 
all  the  modem  types  of  driers  have  induced  drau^t.  In  the  eariier  types 
of  drums  whore  tiiis  principle  was  not  fully  recognised,  it  was  no  .uncom- 
mon thing  to  have  hot  sand  delivered  at  tiie  discharge  end  of  the  drier 
in  which  the  space  between  the  grains  were  filled  with  steam  and  when 
this  sand  cooled  down  it  was  often  found  to  be  quite  wet. 

Hot  Sium  Elkvatob  and  Scbbbn.  This  ia  usually  of  the  bucket  type 
and  is  ordinarily  enclosed  to  prevent  loss  of  heat.  It  takes  the  sand  fnnn 
the  discharge  end  of  the  drier  and  delivers  it  thru  a  revolving  screen, 
which  rejects  the  coarse  particles  of  gravel,  etc,  to  the  hot  sand  storage  bin. 

Hot  Sand  Storaob  Bin.  This  varies  greatly  in  sise  and  shape  and  is  pro- 
vided with  an  overhead  revolving  rotary  screen.  The  capacity  of  these 
bias  is  ordinarily  from  5  to  16  ou  yd,  and,  within  reason,  the  larger  th^ 
are  the  better.  When  using  a  vuy  wet  or  very  cold  sand  that  is  difficult 
to  dry  and  heat  to  the  proper  temperature,  this  bin  is  sometimes  filled 
over  night  or  before  the  reet  of  the  plant  is  started  in  the  morning,  thus 
insuring  sufficient  sand  to  keep  the  mixer  running  at  full  capacity.  Very 
frequently  the  temperature  of  the  sand  dehvered  by  the  drier  varies  con- 
siderably from  time  to  time  but  this  equalises  itself  to  some  extent  in  a 
good  used  storage  Bin.  When  the  sand  is  taken  directly  from  the  drier, 
much  of  it  will  often  have  to  be  dumped  and  discarded  as  being  entirdy 
too  hot  or  too  oold.  The  impcotance  of  a  storage  bin  of  ample  use  can 
not  be  too  strong  emphasised. 

MeltiilK  Equipment.  This  includes:  Asphalt  elevator;  fiux  tank;  melt- 
ing tanks;  draw-off  tanks. 

Aspbalt  Euvator.  This  is  employed  to  convey  the  refined  asphalt, 
either  in  barrels  or  broken  up,  to  the  melting  tanks. 

Flux  Tank.  This  holds  a  supply  of  the  heavy  oil  or  flux  used  to  soften 
the  refined  asphalt  to  the  proper  consistency  for  use.  It  ia  usually  pro- 
vided with  steam  coils  to  keep  the  contents  fltiid  and  should  be  equipped 
with  a  measuring  gauge  so  tiiat  the  quantity  drawn  off  from  it  may  be 
accurately  measured.  The  flux  is  usually  pumped  from  it  directly  to  the 
melting  tank,  sltho  it  is  sometimes  pumped  into  a  smaller  tank  set  on  a 
scale  so  that  the  amount  used  may  be  weighed  or  more  accurately  measured 
^baa  is  possible  in  a  large  tank. 
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MiLTiNO  Tanks.    These  vary  considerably  in  siM  but  awnge  about 
10  tons  capacity.    Tbey  are  heated  either  by  direct  Sre  pr  by  steam  coils, 
and,  where  impure  aaphalte  are  used,  must  be  provided  with  suitable  agi- 
tators to  keep  the  mloeral  matter  in  suspension  and  prevent  it  from  coking 
on  Um  bottom  of  the  tanks,  and,  also,  where  draw-off  tanks  are  not  used, 
to  iamn  a  supply  of  asphalt  oaneut  of  uniform  purity  to  the  miter.  Tliis 
id  a  matter  of  vwy  great  importance,  as  shown  by  the  fc^lowins:  Asmime 
that  an  asphalt  cement  is  being  used  containing  70%  of  bitumen  and 
30%  of  finely  divided  mineral  matter  that  wilt  settle  to  the  bottom  unleas 
constantly  and  thoroly  agitated.    If  the  agitation  is  insufficient  the  uppn 
portion  of  the  tank  may  easily  contain  an  asphalt  cement  carrying  80% 
of  bitimien  while  in  the  lower  portion  the  bitumen  contents  may  fall  to 
60%  of  bitumen  or  less.    The  formula  for  the  mixture  is  set  op  the  assump- 
tion that  the  asphalt  cement  contains  70%  of  bitumen  and  in  the  ordinary 
method  of  procedure  these  proportions  would  be  adhered  to  thruout  the 
Amy's  run.   Assuming  that  the  formula  used  was:  Sand,  800  lb;  dust, 
100  lb;  asphalt  cement.  ISO  lb;  total  weight,  1050  lb.     An  80%  asilrilBh 
cement  would  give  a  mixture  containing  11.4%  bitumen,  a  70%  aiqribBlt 
cement,  one  containing  10.0%,  and  a  60%  asphalt  cement,   one  con- 
taining 8.6%,  or  a  variation  of  2.8%  of  bitumen  in  the  composition  of 
the  mixture.    Ordinarily  a  mixture  which  requires  10%  of  bitumen  to 
make  a  good  pavement  would  be  dangerously  low  in  bitumen  if  only  8.6% 
of  bitumen  were  put  into  it.   Ocrasionalty  a  crude  attempt  is  made  to 
roughly  provide  f«-  this  by  putting  in  5  or  10  lb  more  aqfhalt  cement  wfaMi 
drawing  from  the  bottom  of  the  ^ttle,  but  this,  besideB  bemg  mere  gaess 
work,  is  totally  insufficient,  as  in  the  case  under  consideration  it  would 
require  180  lb  or  30  lb  more  of  60%  asphalt  cement  to  bring  the  bitumen 
contents  of  the  mixttire  up  to  the  desired  10%.    When  using  hard  asphalts 
of  high  melting  point  which  can  be  broken  up  into  small  pieces,  a  melting 
tank  provided  with  steam  coils  presents  many  advantages.    The  heat 
comM  directly  into  contact  with  a  larger  number  of  pieces  of  asphalt  and 
the  contents  of  the  tank  are  more  quickly  melted  and  with  less  danger 
of  burning  than  when  direct  fire  heating  is  employed.   The  pipes  should 
be  extra  heavy  and  continuous;  that  is,  without  joints,  to  minimise  the 
danger  from  Inks  which  would  cause  foaming  and  overflow  of  the  asphalt 
cement.    When  softer  and  more  readily  melted  asphalts  are  used  that  in 
hot  weather  are  impossible  to  break  up  into  small  pieces,  the  advantages 
of  steam  melting  are  not  so  apparent.    The  large  pieces  of  asphalt  when 
carelessly  dumped  into  the  tank  are  liable  to  bend  or  break  the  coils,  uolees 
they  are  protected  by  a  strong  grid,  and  the  melting  is  easily  and  qiiickly 
accompli^ed  without  danger  of  burning  by  direct  heat.    Where  steam 
coils  are  used,  larger  boiler  capacity  must  bo  provided  and  the  best  type 
of  mechanical  a^tators  can  not  be  installed  owing  to  the  obstruction  ofTwed 
by  the  rails.   Agitation  by  means  of  steam  or  air  jets  must  be  resorted 
to  and  these  harden  up  the  asphalt  cement  much  more  than  the  mechanical 
type  of  agitators.    Mechanical  agitators  usually  consist  of  paddles  attached 
to  a  revolving  horisontal  shaft  having  a  very  small  clearance  between'  the 
paddles  and  the  bottom  and  sides  of  the  tank.    Mechamcal  agitators,  if 
placed  in  the  melting  tanks,  are  liable  to  be  broken  by  careless  charing 
of  large  lumps  of  asphalt  and  for  this  reason  many  plants  are  provided 
with  a  drawing  off  tank. 

Drawiho-Oit  Tanks  are  ordinarily  of  the  latne  capacity  as  the  melting 
tank.   As  soon  as  the  chariie  in       piBltinit  tfl^  is  melted,  it  is  trans- 
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(ened  to  the  draw-off  tank,  which  ia  provided  with  an  agitator  and  meana 
for  Iteatins  it  and  its  contents  kept  thotoly  mixed.  With  moat  pure  as- 
phalts little  or  no  mixing  is  required  and  the  flux  combines  bo  readily  with 
them  that  a  small  air  jet  or  a  slit^t  agitation  with  a  wooden  paddle  is  all 
that  is  necessary.  With  such  asphalts  a  -few  hours  is  sufficient  to  melt 
and  Oioioty  incorporate  the  flux  wiUi  them,  whmeas  with  oihen  from  10 
to  12  hr  in  tiie  meltiDg  tanks  is  absolutely  essential  to  innire  proper  and 
uniform  resulte.  Some  draw-off  tanks  are  inovided  with  air^U^^t  covers 
and  the  melted  asphalt  cement  in  them  is  blown  over  thru  tteam-jaoketed 
pipes  by  air  pressure  directJy  to  the  mixer.  In  others  a  pneumatic  lift  is 
ttmployed  consisting  of  a  small  air-tight  tank  which  is  filled  from  time  to 
time  as  necessary  and  from  which  the  hot  asphalt  cement  is  delivered 
to  the  mixer  by  means  of  air  preasuie  when  desired.  In  some  plants  pneu- 
matic aq>balt  lifts  are  used  as  a  substitute  for  drawing-off  tanks.  These 
am  iMDvided  with  a  tank  of  small  oapadty  whieh  is  automatically  filled 
from  time  to  time  from  the  rndting  tank.  The  asphalt  cement  flows  by 
gravity  into  the  lift.  When  the  lift  has  been  filled  in  this  manoer,  the 
air  cock  is  opened  to  pressure  from  the  air  tank;  a  check  valve  in  the  inlet 
pipe  closes,  preventing  the  cement  from  running  back  to  the  tank,  and  it 
is  then  forced  up  the  vertical  outlet  pipe  over  to  the  asphalt  cement  bucket. 
All  asphalt  piping  is  steam  jacketed. 

Ml^sg  HachineiT.  This  may  be  subdivided  into:  Sand  measuring  box; 
dust  measuring  box,  bin  and  elevator;  asphalt  cement  bucket;  mixw. 

Sand  MaaBiTBiNa  Box.  This  ia  placed  directly  vnd/er  the  hot  sand  bin 
and  in  the  older  types  of  plants  the  sand  was  measured  by  volume.  The 
box.  which  was  open  at  the  top  and  rectangular  in  shape,  was  hung  on 
trunnions,  which  allowed  its  contents  to  be  dumped  into  the  mixer.  It  waa 
filled  a  little  more  than  full  and  struck  off  with  a  straiii^t-edge,  thus  insur- 
ing the  use  of  a  fairly  uniform  quantity  of  sand.  Other  types  are  enclosed 
and  fixed,  and  when  full  the  sand  spouts'  out  of  a  small  hole  in  the  filling 
chute.  The  best  type  of  box,  however,  is  the  open  one  provided  with 
a  beam  scale  and  in  which  a  definite  number  of  pounds  of  sand  is  placed 
at  each  filling.  In  an  iqien  type  box  the  temiierature  of  the  sand  is  readily 
tested  as  often  as  neeeasary  and  if  hung  on  trunnions  the  sand  when  too 
hot  or  too  cold  may  be  dumped  on  the  platform  and  does  not  have  to  be 
discharged  into  ihe  tnixer  and  then  dumped,  which  latter  proceeding  usu- 
ally neoeaaitates  pulling  out  the  wagon  which  stands  under  the  mixer  ready 
to  receive  ita  contenta  of  finished  surface  mixture.  Changea  in  the  mix- 
ture and  the  weight  per  cubic  foot  of  different  kinds  of  sanda  can  also  be 
much  more  readily  made  and  determined  than  with  the  other  types  of  boxes. 

Dust  Mbabuuho  Box,  Bin  and  Elbvatob.  A  sufficient  auppb''  of  dry 
diMt  must  also  be  provided  for  at  the  mixer.  Some  planta  have  duateleva- 
tors  and  \Am  uid  measuring  boxes  designed  on  the  same  lines  as  the  nmi- 
lar  devioea  for  handling  sand.  In  others  a  -bin  is  provided  on  the  floor 
of  the  mixing  platform  and  the  dust  ia  measured  into  pails  whose  capacity 
has' been  ascertained  beforehand  and  then  dumped  by  hand  either  into 
the  sand  box  or  the  mixer.  The  dust  is  used  cold  and  as  only  a  small 
proportion  of  it  enters  into  the  composition  of  the  pavement,  the  storage 
ficilities  are  on  a  much  smaller  scale  than  those  provided  for  aand.  In 
some  eases  the  dust  is  weighed  directly  into  the  sand  measuring  box  whidi 
Is  provided  with  a  double  beam  scale  for  this  purpose. 

Abtbalt  Cumrr  Buouv.  This  ahoutd  preferably  be  provided  with 
a  baam  scale  rfmilar  to  the  sand  meaniring  box.  A  double  beam  with  a 
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separate  weigbt  for  the  tare  ie  to  be  recommended,  m  the  accumulation 
of  asphalt  cement  in  the  bucket  changes  the  tare  from  time  to  time.  Some 
plants  still  use  a  measuring  gauge,  but  this  is  not  nearly  as  accurate  aa 
a  scale.  This  bucket  is  usually  suspended  on  trunnions  by  meana  of  iriiieh 
its  oontente  arc  readily  dumped' into  the  mixer. 

Mixer.  This  is  a  plain  or  steam  jacketed  iron  box  provided  with  two 
horizontal  sbafta  to  which  blades  are  attached.  These  blades  have  a 
{Htch  resembling  those  on  a  propdler  and  when  in  motion  throw  the  mix- 
ture from  the  ndes  and  ends  <^  the  box  toward  the  middle.  They  are 
usually  run  at  from  60  to  80  rev  per  min.  The  blades  are  detarbable  so 
that  worn  ones  may  be  readily  replaced  and  the  shafts  should  be  arranged 
so  that  they  may  be  easily  removed  from  the  box.  This  permits  re>adUy 
changing  without  undue  delay  to  a  new  set  of  shafts  in  which  the  blades 
are  not  set  so  closely  together.  This  is  a  necessary  provision  when  run- 
ning coarse  stone  or  binder  mixture  alternately  with  surface  mixture.  The 
box  of  the  mixer  is  provided  with  a  dumping  slide  on  the  bottom  by  means 
of  which  its  contents,  after  mixing,  may  be  quiokly  discharged  into  a  wagon 
waiting  below. 

Portable  and  Semi-Portable  Planti.   The  neoesri^  for  building  plant* 
/which  were  capable  of  a  large  duly  output  and  which  could  at  the  same 
time  be  moved  from  place  to  place  without  undue  expense  led  first  to 
title  development  of  the  so-called  seml-portaUe  i^ant,  and,  secondly,  to  the 
development  of  the  railway  plant. 

Road  Plants  and  Road  Machinery.  In  modem  road  building  where  bitu- 
minous roads  are  constructed  by  the  mining  method,  it  has  become  secee- 
aaiy  to  evolve  yet  another  type  of  plant  which  may  be  moved  from  place 
to  place  along  country  highways  when  railroad  transportation  la  out  of  the 
Question.  In  some  of  these  plants  all  the  machinery  has  been  placed  on 
one  unit;  in  others,  two  have  been  employed,  and  in  still  others,  the  plant 
has  been  subdivided  ioto  three  units.  Any  substantial  departure  from 
standard  sheet-asphalt  practice  and  design  in  them  should  however  be 
viewed  with  suspicion,  as,  regardless  of  the  plant,  the  principle  involved 
in  the  manufacture  of  paving  mixtures  remains  or  should  remain  the  same 
if  successful  pavements  are  to  be  laid  and  they  must  not  be  sacrificed  for 
the  sake  of  portability. 

Tooli.  The  special  tools  used  in  the  asphalt  industry  are:  Wagons, 
shovels,  rakes,  tampers,  smoothers,  asphalt  cutters,  fire  wagras, 

surface  heaters,  and  rollers. 

Waqgits.  While  ordinary  dtmip  carts  or  wagons  are  sometimes  used, 
a  special  form  of  dumping  wagon  which  is  cut  under  so  that  it  may  be 
readily  turned  in  s  narrow  street  is  desirable  and  is  usually  employed  by 
all  the  large  paving  companies.  They  should  preferably  be  lined  with 
sheet  iron  to  facilitate  the  removal  of  the  mixture  from  them.  A  body 
constructed  entirely  of  iron  would  be  undesimble  because  during  long 
hauls  in  cold  weather  the  mixture  would  lose  too  much  of  its  heat  by  radia- 
tion. Where  circumstances  will  permit,  motor  trucks  can  be,  usetf  to 
advantage,  as  work  can  be  carried  on  at  much  greater  distances  from  the 
mixing  plant. 

Shovels.  These  are  of  the  ordinary  Bhort-handled,  square-ended  va- 
riety of  contractor's  shovels,  but  it  is  desirable  to  have  the  metal  shank 
which  takes  the  handle  extend  up  some  distance  to  prevent  the  burning 
of  the  wood  when  the  shovel  is  heated  in  the  fire.  This  heating  is  necessary 
in  order  to  iH«vent  the  hot  surface  of  Under  mixture  from  adhering  to  them. 
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Bakbs  are  extra  stroog  and  of  a  special  pattern,  liavinR  teeth  about 
in  in  length  and  a  long  Bhank  and  metal  socket  to  take  the  wooden 
handle  and  prevent  it  from  being  burned  ofT  when  the  rakes  are  heated. 

TucpBBS  are  of  caot  iron  with  hollow  iron  handles  and  the  tamping 
hue  is  either  square  or  reetaogular  in  shape.  The  tunping  face  variea 
ia  aiae  but  is  usually  from  30  to  40  sq  in  in  area.  They  ore  heated  and 
used  to  compress  the  paveAent  around  manholes,  on  joints,  along  street- 
ear  tXBoks  and  in  guttws  and  generally  ia  places  vhen  the  roller  can  not 
reach. 

SuooTKSBS  are  of  cast  iron  with  hollow  iron  handles  and  have  a  rocker 
face  so  that  they  may  be  pulled  back  and  forth  over  the  pavement.  They 
vary  in  dimensions  a&d  weight  but  usually  have  a  face  about  6  by  10  in. 
They  are  heated  and  used  to  smooth  and  heat  joints  and  close  up  surfaces 
which  do  not  close  up  property  under  the  rolliBr,  more  especially  in  cold 
windy  weather.  Where  the  pavement  is  to  be  subjected  to  very  wet  con- 
ditions,  they  are  sometimes  used  over  the  entire  surface  to  bring  the  bitu- 
men to  tlw  surface  and  dose  up  the  pores,  thus  preventing  water  from 
entering  them.  They  should  be  used  with  extreme  care  and  only  be  placed 
in  the  bands  of  highly  skilled  men,  as  there  is  great  danger  of  burning 
the  asphalt  cement  in  the  surface  by  the  use  of  them. 

Sanoau  are  usually  made  of  leather  and  are  worn  by  the  rakers  and 
the  men  who  have  to  walk  on  the  newly  hud  surface,  such  as  tampers, 
nooothers  and  cement  sweepers.  By  their  use  sharply  defined  footprints 
in  the  hot  pavement  are  avoided  and  they  also  serve  as  a  protection  to 
the  men's  feet  and  shoes. 

AaPHAi/r  CdTtbss  are  used  (or  cutting  back  the  joints  and  cutting  out 
portions  of  the  pavwnent.  They  ma^  be  described  as  douUe-btaded  axes 
of  peculiar  design  having  a  blade  shaped  mora  like  that  of  a  zoattock  than 
an  axe. 

Fian  Waqonb  ara  of  iron  with  four  wheels  and  of  sufficient  size  to  heat 
the  shovels,  rakes,  tampers  and  smoothers  \ised  by  the  street  gang.  They 
are  sometimes  provided  with  racks  from  which  to  hang  buckets  of  asphalt 
eenunt  used  to  paint  joioto  and  around  the  edges  of  manholes,  curbs,  etc. 
Wood  is  preferred  to  ooke  or  coal  as  a  fuel  in  them,  as  the  surface  of  tam- 
pers and  smoothers  are  less  liable  to  be  pitted  by  it. 

SuRTACB  HmATBBS  are  of  various  types  and  are  used  to  dry  foundations 
or  soften  old  or  defective  pavements  prior  to  repairing  or  resurfacing  them. 
They  are  of  three  types;  those  using  coke,  gasolene  or  kerosene,  and  hot 
air  and  steam  as  softening  agents.  Coke  heaters  are  usually  iron  fire 
baskets  on  four  wheels  of  small  diameter  so  that  the  bottom  of  the  fire  ia 
only  a  few  inchee  above  the  pavem«it.  They  vary  in  nse,  but  3  l^r  4  f  t 
b  about  the  average.  Gasolene  or  kerosene  beaters  ara  of  the  Fsrkins  or 
WtSta  type  and  have  a  reservw  containmg  the  fuel.  This  is  fcaved  air 
prassura  to  the  burner  which  is  protected  by  a  metal  sbirid  which  also  serves 
to  throw  the  heat  and  fiame  directly  down  upon  the  pavement.  They  are 
mounted  on  wheels.  Hot  air  and  steam  heaters  of  the  Lutz  type  are 
portable  boilen  provided  with  their  own  motive  power.  They  force  a  blast 
of  air  and  steam  down  on  the  pavement  under  a  shield  or  hood  which  is 
5  by  10  ft  in  sixe.  They  are  very  rapid  in  their  softening  action  and  ara 
largely  employed  on  reeurfadng  work.  With  a  sini^  one  of  these  machines, 
from  600  to  1600  eq  3rd  can  be  resurfaoed  in  a  day.  In  aU  three  types  of 
Tna^'h*"— ,  beat  is  umiaUy  apidied  to  the  surface  of  the  iMTement  until  it 
has  been  softened  to  a  depth  of  approximately  1  in.   The  softened  aurtaoe 
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is  then  removed  by  meaiu  of  rakes  sad  ahovels  and  while  the  bottom  put 
of  the  old  pavement  is  still  warm  new  surface  mixture  ib  spread  ow  it 

and  rolled  and  finished  in  the  usual  way.  In  this  way  the  upper  ftattioa 
of  an  old  pavement  may  be  quickly  and  cheaply  removed  and  covered 
with  an  inch  of  new  wearing  surface  at  much  less  cost  than  would  be 
involved  in  the  complete  renewal  of  the  pavement. 

RoLLBRH.  In  some  instances  hand  roller#  are  used  to  give  an  initial 
compression  to  mixtures  which  will  not  take  a  heavy  roller  while  hot. 
This  is  sometimes  desirable  in  cold  windy  weather  with  certain  types  oi 
mixtures,  to  prevest  the  chilliog  of  the  surface  and  the  oonsequHit  honer- 
combing  of  the  pavement  which  would  otiwrwiae  result  if  the  heavy  roller 
had  to  be  kept  off  the  surface  mixture  for  a  considerable  lencth  ot  time 
after  it  had  been  raked.  In  the  early  da^-s  of  the  industry  band  rollers  were 
always  used  to  give  the  initial  compression  and  they  were  sometimes  bested 
by  fire  baskets  suspended  in  them.  Steam  rollers  are  usually  of  the  tandem 
type  and  vary  in  weight  from  2>^  to  13  tons,  8  tons  bung  about  the  average. 
They  should  be  balanced  so  that  the  weight  on  both  aides  ia  the  same. 
Some  of  them  are  provided  with  power  steering  gear  and  others  are  steered 
by  hand.  In  the  very  heavy  types  power  steering  gear  is  desirable.  Qaao- 
lene  rollers  are  undesirable,  as  they  usually  reverse  with  a  jerk,  which 
leaves  a  depreeslon  in  the  pavement  which  is  very  difficult  to  remove.  A 
three-wheeled  roller  has  also  been  used  to  a  limited  extent  in  England  and 
on  the  Continent,  the  three  rolls  being  of  the  same  width  and  placed  directly 
in  line.  It  is  claimed  by  the  makers  that  with  this  type  of  rollw  then 
is  lees  tendency  to  produce  waviness  in  the  finished  pavement. 

14.  Methods  td  Huufacttm 

Aiphslt  Cement.  Where  it  is  necessary  to  flux  a  hard  asphalt,  eaze 
must  be  taken  to  see  that  the  flux  is  free  from  water;  otherwise  the  con- 
tents of  the  melting  tank  are  liable  to  boil  over  and  possibly  take  fire  from 
the  fires  underneath.   The  flux  as  turned  out  by  the  manuf actum  is 

usually  free  from  water,  but  when  purchased  in  large  quantities  is  fre- 
quently shipped  in  tank  cars  provided  with  steam  coils  to  facilitate  pump- 
ing. Storage  tanks  are  usually  fitted  with  steam  cotis  also.  Where  any 
leak  occurs  in  these  coils,  water  enters  the  flux  and  can  only  be  removed 
by  heating  the  flux  above  100°  C  (212°  F).  During  this  process,  copious 
foaming  takes  place  and  unless  the  tank  has  a  large  excess  capacity  it  will 
foam  over.  If  flux  containing  water  is  added  to  a  tank  already  nearly 
full  of  hard  ssphslt,  there  wUl  be  insufficient  room  to  take  care  of  the  foam- 
ing and  the  best  must  neoeasarily  be  applied  very  gtadually.  Under  thbse 
circumstances  it  eometunee  requires  2  to  3  days  to  drive  off  the  water  and 
until  it  is  driven  off  the  asphidt  cement  can  not  be  used.  Either  the  flux 
should  be  freed  from  water  in  a  separate  tank  or  it  should  be  put  into  the 
melting  tank  and  the  water  driven  off  before  any  hard  asph^t  is  added. 
In  this  way  there  will  be  sufficient  excess  space  to  accommodate  the  foam 
and  the  heating  can  proceed  much  more  rapidly.  Agitation,  preferably 
with  air,  will  materially  assist  in  driving  off  the  water  and  reduce  the  time 
necessary.  The  propovtiona  of  flux  and  hard  asphalt  to  be  used  are  usu- 
ally determined  by  preliminary  laboratory  teats  or  drawn  from  previous 
experience  with  the  same  materials.  Different  deliveries  of  the  same  kinds 
of  hard  asphalt  and  flux  often  vary  to  a  certain  extent,  which  will  render 
necessary  a  departure  from  the  formula  decided  upon,  but  this  can  only 
be  determined  accurately  by  charging  a  kettle  to  itm  normal  capacity  and 
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tine  the  resulting  asphalt  cement.  Id  laboratoiy  tests  on  smaU  samples, 
^  eoadit^oDS  of  heating  and  the  relative  amounts  involved  and  the  aur^ 
a  exposed  to  evaporation  always  differ  from  those  found  in  practice, 
reful  record  must  always  be  kept  of  the  weights  of  both  bard  asphalt 
i  flux  charged  into  the  ketties.  The  flux  is  sometimes  measured  instead 
being  wdghed  and  its  weight  calculated  from  its  specific  gravity.  As- 
ne  tJbat  an  asphalt  ceroent  of  55  penetration  is  desired  and  that  the 
»portioDd  required,  as  shown  by  testa  or  otherwise,  are  as  follovs:  Hard 
tbalt,  100  lb;  and  ftux,  10  lb;  and  that  the  charging  record  was  hard 
ihaH,  20  000  lb.  and  fiux.  2000  lb.  Upon  testing,  the  asphalt  cement 
■  found  to  have  a  penetration  at  25"  C  (77°  F)  of  50  and  the  hard  asphalt 
30.  Evidently  10  lb  of  flux  raised  the  penetration  of  100  lb  of  hard 
thalt  20  points  (50  —  30).  One  pound  of  flux  would  therefore  raise  the 
letration  of  100  lb  of  asphalt  2  points  (20  ■¥  10).  The  asphalt  is 
Mtion  required  to  be  raised  25  points  (55  —  30)  in  penetration,  which 
old  require  12^  lb  (2S  -4-  2)  of  flux  per  100  of  hard  asphalt.  The 
tie  contained  20  000  lb  of  hard  asphalt  and  therefore  diould  have 
1  added  to  it  12H  times  20  000  divided  by  100  or  2500  lb  of  flux. 

only  2000  lb  of  flux  irere  twed.  500  lb  (2500  -  2000)  more  must  be 
led.  Let  it  now  be  assumed  that  under  the  same  conditions  the  asphalt 
lent  was  found  to  have  a  penetration  of  60  and  the  hard  asphalt 
30.  Evidently  10  lb  of  flux  raised  the  penetration  of  100  lb  of  hard 
halt  30  points  (60  —  30).  One  pound  of  flux,  therefore,  raised  the  pene- 
tion  p(  IQO  lb  of  asphalt  3  points  (30  -^  10).   The  penetration  desired 

the  asphalt  eement  was  55  and  the  penetration  of  the  hard  asphalt 
I  30,  hence  sufficient  flux  should  have  been  used  to  raise  the  penetration 
he  hard  asphalt  25  (56  -  30)  points  and  this  would  recpiire  lb  (26  -^  3) 
Buz  for  every  100  lb  of  asphalt.  Stated  in  another  wi^,  the  asphalt 
lent  riiould  contain  12  lb  (100  -^  8H)  of  hard  asphalt  for  every  pound 
3ux.  The  chains  record  shows  that  20(X)  lb  of  flux  were  used,  hence 
DOO  lb  (2000  X  12)  of  hard  asphalt  should  have  been  put  in  the  kettle, 

Mily  20  000  lb  were  put  in,  it  will  be  necessary  to  add  4000  lb 

000  —  20  000)  more  of  hard  asphalt.  These  calculations  based  on  the 
ientng  power  of  the  flux  are  sufficiently  accurate  for  practical  purposes 
.  do  not  hold  good  over  a  very  wide  range.  The  softening  power  of 
>  of  flux  added  to  a  hard  asphalt  of  20  penetration  will  usually  be  less 
□  the  irrf*iwiing  poww  irf  1  lb  of  the  same  flux  added  to  an  asphalt  cement 
iO  penetration  composed  of  the  same  asphalt  and  flux.   After  the  kettle 

been  chained  the  heat  should  be  gradually  increased  until  the  contents 
completely  liquefied,  after  which  it  should  be  thoroly  agitated  until  the 
:  and  asphalt  are  in  complete  solution.  The  time  required  for  this 
ends  upon  the  asphalt  and  flux  used  as  some  asphalts  dissolve  much 
IO  readily  than  others.  The  general  practice  is  to  charge  the  kettles 
light  and  keep  a  slow  fire  under  them,  gradually  bringing  the  tempera- 

1  up  to  149*  C  (300°  F)  1^  the  morning.  Very  often  the  night  watchman 
tB  after  the  fires,  or  steam,  if  steam  melting  is  used.  Before  starting  work 
ho  morning  the  contents  of  the  kettle  must  be  thoroly  agitated.  No 
lialt  cement  should  ever  be  drawn  from  a  kettle  until  the  contents  are 
ipletely  liquefied  and  thoroly  agitated.  If  the  asphalt  used  contains 
>n8iderable  proportion  of  foreign  matter  which  is  liable  to  settle  to  the 
torn  of  the  kettles,  agitation  must  be  kept  up  while  the  asphalt  cement 
1  use.  DiffM«nt  forms  of  agitation  are  employed,  mechanical  agitation 
IS  the  best  for  impure  asphalts,  such  as  Trinidad.   With  pure  asphalts 


980  .  Sheei-Aspfaalt  FftTementa  Beet.  17 


raqiriring  but  little  agitation,  high  preanire  eteam  or  air  may  uaad,  but 
both  of  these  coeans  of  agitation  tend  to  harden  the  aqtbali  cement  and 
therefore  should  not  be  ranployed  to  exoev.  BtMm  is  more  liable  to  cany 
off  light  oils  and  air  is  li^ile  to  (»idise  the  Mphalt  and  reduce  its  ductility- 
Care  muat  be  exercised  in  using  stwun  a^tation  to  see  that  no  water  entm 
with  it  into  the  asphalt  cement  as  this  will  at  once  cause  dangerous  foaming. 
Some  asphalts  are  more  liable  to  injury  from  overheating  than  are  others, 
and  under  ordinary  circumjaUaces  it  Is  best  to  set  140°  C  (300"  F)  as  the 
maximum  temperature  to  which  the  asphalt  cement  is  to  be  heated.  In 
certain  caaea,  owing  to  low  fur  temperature,  very  wet  sand,  long  haul,  or 
insufficient  drier  capacity,  it  may  be  necessary  to  inoreMO  this  somewhat 
in  order  to  turn  out  the  mixture  at  a  sufficiently  fai^  temperature  to  in- 
sure its  beiqg  sufficiently  hot  when  it  naehes  the  wwk.  Under  flwae 
oiroumstances  it  may  be  pennissible  to  heat  the  asphalt  cement  up  to  a 
y^^l[i^«l1fn  of  177"  C  (350*  F),  but  this  should  never  be  esceedad.  Gr»- 
luuttite  and  some  varieties  of  Cuban  asphalt  which  are  very  slow  to  dis* 
solve  in  the  flux  may  be  heated  for  a  short  time  up  to  204*  C  (400^  F)  to 
facilitate  solution,  but  once  solution  is  oomplete  the  maximum  tempera- 
tures pre\'ioualy  stated  should  be  adhered  to.  When  work  is  stopped 
before  the  contents  of  a  kettle  are  used  up.  the  heat  should  be  low^ed 
or  entirely  withdrawn,  depending  on  the  duration  of  the  stoppage.  Every 
kettle  of  asphalt  cement  must  be  tested  for  penetration  before  it  is  pot 
in  use,  and  this  also  applies  to  asphalt  cement  left  over  from  a  pnrioae 
day's  run.  Where  it  is  suspected  that  the  asphalt  cement  is  lutfdenmg 
very  rapidly  in  the  kettles,  additional  penetratioD  teats  should  be  taken 
as  it  ia  being  used  up,  and,  if  found  neceasaxy,  more  flux  should  be  added 
to  it  from  time  to  time.  In  such  cases  thoro  agitation  for  hr  aftw  the 
flux  has  been  added  will  usually  be  all  that  is  required  to  make  the  asphalt 
cement  fit  for  use.  Some  few  foremen  caa  tell  the  penetration  of  an  asphalt 
cement  within  three  points  by  chewing  it,  but  this  should  only  be  used 
as  a  guide  and  accurate  penetration  tests  should  always  be  taken.  Flow 
tests  have  also  been  used  to  check  the  penetration  of  an  asphalt  cement, 
reference  being  had  to  a  standard  esmple  for  comparison.  Aqthalt  oeoMnta 
made  from  different  asphalts  and  the  same  flux  will  have  quite  different 
flows,  however,  and  this  ia  true  also  of  aephalt  cements  made  frcun  the 
same  asphalt  and  different  fluxes.  For  this  reason  the  flow  test  is  much 
less  used  at  the  present  time  than  it  was  formeriy,  and  in  every  instance 
requires  that  a  check  test  be  run  on  a  standard  sample  made  from  exactly 
the  same  materials  as  the  asphalt  cement  being  tested.  Wherever  asphalt 
cement  is  pumped,  the  pipes  and  pump  should  be  steam-jacketed  and 
carefully  drained  when  the  vimt  is  shut  down,  otherwise  the  asphalt  cement 
will  solidify  in  them. 

Binder.  As  pre\'ioU8ly  noted,  this  is  composed  of  stone  or  stone  and 
sand  and  asphalt  cement.  The  preparation  of  the  asphalt  cement  has 
already  been  described.  When  sand  and  stone  are  used,  these  should  be 
kept  in  separate  piles  and  should  be  mixed  in  the  proper  proportions  in 
a  small  pile  just  in  front  of  the  cold  sand  elevator.  In  large  plants  pn>- 
vided  with  storage  bins  for  raw  materials  the  mixing  is  sometimes  done 
automatically  by  means  of  feeding  hoppers  ddivering  on  to  a  conveyor 
belt.  Sufficient  heat  must  be  maintained  under  the  diying  drum  to  insure 
the  deliv«y  of  the  stone  at  the  proper  temperature  to  the  atone  bin.  It  ti 
necessary  to  start  the  fires  under  the  drier  some  time  in  advance  of  passing 
stone  thru  them  in  order  that  it  shall  work  efficient^.   The  tempnratuie 
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of  the  stont;  as  it  comes  from  the  drier  must  be  tested  frequently.   If  it  is 
too  cold  the  rate  of  feed  should  be  decreased  and  the  fire  increased  and  this 
should  be  reversed  if  the  stone  is  too  hot.   By  putting  the  drum  fireman 
in  charge  of  the  feeding  this  can  bfe  regulated,  but  an  experienced  drum 
fireman  must  be  employed  if  temperatures  are  to  be  kept  uniforrn.  Elec- 
trical pyrometers  are  frequently  installed  in  the  boot  of  the  hot  sand  ele- 
vator and  their  recording  dials  placed  where  the  drum  fireman  or  feeders 
can  readily  see  tbnn.   The  pyrometer  readings  should  be  checked  up  from 
tune  to  time  with  a  thermometer  as  they  are  liable  to  derangement.  The 
temperatures  to  which  the  sand  and  stone  should  be  heated  will  vary,  de- 
pending upon  the  air  temperature,  the  length  of  haul,  the  proportion  of 
sand  used  in  the  binder  and  the  kind  of  asphalt  cement  employed.  In 
cold  weather  with  a  long  haul  the  binder  mixture  should  leave  the  plant 
at  a  higher  temperature  than  in  warm  weather  with  a  short  haul.    A  close 
binder,  Uiat  is,  one  containing  approximately  25%  of  sand,  requires  a 
higher  working  temperature  than  a  binder  composed  entirely  of  compara- 
tively coarse  stone.    Certain  asphalt  cements  require  higher  working 
temperatures  than  others.   The  guiding  principle  should  be  to  use  tem- 
peratures which  will  not  injure  the  materials  and  which  will  insure  the 
delivery  of  the  binder  on  the  street  at  the  most  favorable  tem'perature  for 
laying  and  working  it.    Depending  upon  the  different  conditions  stated, 
the  temperature  of  the  stone  or  stone  and  sand  when  it  is  put  in  the  mixer 
should  be  between  lO?"  C  (225"  F)  and  177"  C  (350"  F),  but  for  any  given 
set  of  conditions  the  limit  of  variation  should  not  exceed  28"  C  (50"  F), 
A  certain  drop  in  temperature  always  takes  place  between  the  boot  of  the 
hot  sand  elevators  and  the  discharge  of  the  storage  bin,  and  this  must  be 
determined  in  each  case  and  allowance  made  for  it  when  eetablisbing  limits 
for  temperatures  taken  at  the  boot  of  the  hot  sand  elerator.  Material 
which  is  too  cold  must  be  dumped  and  passed  thru  the  heating  dnuna 
again.   Material  which  is  only  slightly  overheated  may  be  put  in  the 
mixer  and  allowed  to  cool  off  by  agitation  before  the  asphalt  cement  is 
added.    When  it  has  cooled  down  to  the  proper  point  the  asphalt  cement 
may  then  be  added  and  the  mixing  continued  in  the  ordinary  way.   If  it 
is  much  too  hot  it  should  be  dumped  and  allowed  to  become  cool  and  again 
passed  thru  the  drums.    Segregation  is  liable  to  take  place  to  a  considerable 
extent  in  mixtures  of  stone  and  sand  during  their  passage  thru  the  heating 
drums  and  while  in  the  storage  bin.   In  many  plants,  therefore,  the  stone 
and  sand  after  being  heated  are  separated  by  revolving  screens  over  the 
storage  bins  and  are  then  recombined  in  definite  proportions  by  weight 
before  being  put  into  the  mixer.    Some  years  ago  the  sand  and  stone  enter- 
ing into  each  batch  were  always  measured  by  volume  and  this  was  also 
true  of  the  asphalt  cement.    Modem  practice  is  to  weigh  all  the  ingre- 
dients  and  this  is  much  the  better  and  more  accurate  way  altho  many  of 
the  older  plants  still  use  the  volume  method.   After  the  various  ingredients 
have  been  measured  or  weighed  out,  th^  are  dumped  into  the  mixer, 
where  ^y  should  remain  for  from  H  to  1  min  to  insure  thoro  mixing. 
A  cloea  binder  should  be  mixed  for  a  longer  time  than  is  necessary  for 
an  open  binder  and  the  slower  the  speed  at  which  the  mixing  shafts  revolve 
the  longer  should  the  mixing  period  be.    From  the  mixer  the  binder  is 
discharged  into  wagons  below.   If  the  stone  has  been  heated  too  hot  the 
ct^tents  of  the  mixer  will  give  oft  a  peculiar  blue  smoke  easily  recognizable, 
and  if  the  heating  has  been  carried  to  a  very  high  point,  204°  to  260"  C 
(400"  to  500*  F),  the  asphalt  cement  wilt  probab^  take  fiie,  in  either  case 
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the  mixture  should  be  dumped  and  discarded.  In  some  cases  old  asphalt 
pavements  are  pulveriwd  and  used  in  place  of  aand.  Where  this  is  done 
the  stone  is  heated  separately  and  the  requisite  quantity  of  cold  pulv^ 
iaed  pavement  is  added  to  it  just  before  it  is  placed  in  the  mixer.  This 
neoesaitates  heating  the  stone  to  a  higher  temperature  than  would  other- 
wise be  necessary  in  order  to  offset  the  addition  of  this  amount  of  cold 
material.  The  stone  and  <rfd  pavement  should  be  mixed  together  for  suffi- 
cient time  to  eqimlixe  their  temperatures  before  adding  the  asphalt  oement. 
Mixing  should  be  conUnued  until  the  bitumen  is  e%'Vnly  diasemiDst«d 
thru  the  mass  and  each  particle  thoroly  coated.  Fat  spots  or  accumula- 
tions of  asphalt  cement  in  the  binder  must  be  avoided  as  these  will  eofteo 
the  pavement  laid  over  them.  As  soon  as  the  plant  is  shut  down,  mixer 
and  asphalt  cement  bucket  must  be  cleaned  to  inevent  excessive  accumu- 
lation of  asphalt  oement  and  binder  mixture  upon  them. 

PiUnt  CoaL  Where  a  cheaper  form  of  construction  is  desired,  a  paint 
mat  is  sometimes  substituted  for  the  binder  course.  It  is  tiuestiMiabie, 
however,  whether  it  is  suitable  for  heavy  traffic  streets  and  in  any  ease 
great  care  must  be  taken  in  ite  preparation  and  application  in  order  to 
secure  satisfactory  results.  It  usually  consists  of  asphalt  or  asphalt  cement 
dissolved  in  gasolene  or  naphtha.  In  some  cases  gas  engine  distillate, 
heavy  naphtha,  or  turpentine  substitute  is  used  instead  of  gasolene.  Cei^ 
tain  asphalts  dissolve  readily  in  naphtha  and  make  a  paint  which  will  dry 
with  a  glossy  surface.  Other  asphalts  require  the  use  of  a  heavier  solvent 
as  they  are  not  sufficiently  soluble  in  naphtha  to  make  a  gloeey  paint. 
Too  heavy  a  solvent  should  be  avcaded,  aa  paint  made  with  it  will  not 
dry  rapidly  «nough  to  permit  the  surfara  mixture  to  be  laid  on  it  ahcntly 
after  the  paint  has  been  applied.  As  only  comparatively  small  quantitiea 
of  the  paint  are  used,  it  is  usually  manufactured  in  a  more  or  lees  crude 
way  at  the  paving  plants,  either  in  small  kettles  or  in  barrels.  If  melting 
kettles  are  used  the  proper  proportion,  which  varies  with  the  asphalt  and 
solvent  used  but  generally  averages  about  5  lb  of  asphalt  to  1  gal  of  naphtha, 
is  melted  in  the  kettle.  The  fire  is  then  completely  quenched  and  the 
naphtha  is  added  in  gradually  increasing  quantities,  with  constant  stirring, 
until  the  asphalt  is  completely  dissolved  and  the  proper  amount  of  naiAtha 
has  been  added.  If  made  in  a  barrel,  the  barrel  is  laid  on  its  side  and 
filled  about  one  half  its  capacity  with'  naphtha.  Melted  asphalt  from  a 
kettle  is  then  poured  in  thru  the  bunt^le  in  a  fine  sbwam  and  the  mixture 
thoroly  agitated  from  time  to  time  by  rocking  the  barrel.  When  the  melted 
asphalt  and  gasolene  first  come  into  contact,  the  heat  of  the  asplitdt  causes 
the  gasolene  to  boil  and  inflammable  vapors  are  given  off  which  on  a  still 
day  run  along  the  surface  of  the  ground  for  a  considerable  distance.  For 
this  reason  the  whole  operation  should  be  conducted  not  less  than  100 
ft  Kway  from  any  Are.  The  bung  of  the  barrel  should  not  be  driven  in 
until  the  solution  is  complete  and  has  cooled  off;  otherwise  the  barrel 
may  be  burst  by  the  pressure  of  the  gasolene  vapor.  The  paint  i^en 
made  should  be  tested  before  ucdng  it  to  see  that  it  dries  with  a  sufficiently 
thick  glossy'  film  to  act  as  a  cementing  agent  between  the  foundation  and 
the  wearing  course.  The  paint  coat  when  used  is  usually  limited  to  con- 
crete foundations,  which  should  be  quite  smooth  and  have  the  mortar  well 
flushed  to  the  surface,  or  to  old  brick  pavements  which  are  bdug  covered 
with  an  asphidt  wearing  surface. 

Wearing  Co  one.  The  first  step  in  the  manufacture  of  the  surfaoe  mix- 
ture is  the  feedi.ig  of  the  cold  sand  to  the  drier.   As  i»«vioudy  noted 
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under  sand,  it  is  almoBt  always  neoessary  to  mix  two  or  more  sandfl  to- 
gether in  order  to  get  the  proper  grading.    To  insure  a  uniform  mixture 
the  proportiona  determined  upon  muat  not  only  be  strictly  adhered  to  but 
the  different  aanda  mixed  muat  be  reasonably  uniform  in  quality.  Deliv- 
eries,  eqieciaUy  from  small  dealers  who  are  not  accustomed  to  the  require- 
meata  of  the  aqdialt  businen,  oft«i  vsiy  very  greatly  and  for  this  reaeoQ 
most  be  oai^nUy  watehed  and  tested.   The  different  kinds  of  sand  used 
must  be  )eBpt  in  separate  jnlee.   If'  they  become  mixed  it  is  ahnoet  impos- 
sible  to  turn  out  a  uniform  mixture.   The  various  sands  are  usually  wheeled 
to  a  pile  just  in  front  of  tiie  cold  sand  elevator  and  measured  by  wheel- 
barrow loads.    A  certain  amoimt  of  invliminary  mixing  should  be  done 
by  shovels  before  feeding  them  to  the  elevator.    In  some  cases  the  sands 
are  measured  in  a  box  or  form  as  used  in  concrete.    Where  the  main  sand 
piles  are  close  to  the  elevator,  the  sands  are  sometimes  shovelled  direct 
from  the  piles  to  the  boot  ot  the  elevator,  count  being  kept  of  the  number 
of  showUnb  from  eaidi  pile.   If  two  sands  are  being  mixed  in  the  propot^ 
tkm  of  2  :  1,  two  men  would  be  placed  at  one  pile  and  one  man  at  ihe  other 
pile  and  each  man  would  be  insteucted  to  feed  at  approximately  the  same 
rate.    Too  much  atten^n  can  not  bo  paid  to  the  mixing  of  the  sand  and 
frequent  sieving  tests  should  be  made  during  the  day  to  see  that  the  de- 
sired result  is  obtained.    Dry  hot  sand  is  very  difficult  to  sample  satis- 
factorily and  for  this  reason  it  is  preferable,  wherever  possible,  to  sample 
the  wet  sand  being  fed  to  the  drums.    Where  the  buckets  of  the  cold  sand 
elevator  dischaige  into  the  feeding  hopper  of  the  drying  drum  some  sand 
im  usually  thrown  outrale  of  the  hopjier  and  gradually  accumulates  in  a 
■mall  pOe  on  some  {mjectjng  beam  or  platform  or  the  ground.  By  clean- 
ing this  away  and  sampling  the  accumulation  during,  say,  16  min,  an  excel- 
lent average  of  the  sand  fed  thru  the  drum  during  that  period  is  obtained. 
As  this  sand  is  usually  damp,  it  can  readily  be  sampled,  after  which  it 
should  be  dried  and  sifted.    A  very  great  proportion  of  inferior  pavements 
are  directly  traceable  to  lack  of  core  in  the  selection  and  mixing  of  sands 
and  failure  to  see  that  the  sand  deliveries  were  unifoiro  and  the  piles  kept 
separate.   Where  one  of  the  sands  is  being  used  in  small  proportion,  fairly 
thoro  imlimioaiy  mixing  before  feeding  to  the  elevator  is  essential.  The 
regulation  of  the  temperature  of  the  heated  sand  is  even  more  essential 
in  a  surface  mixture  than  in  a  binder,  as  it  is  the  wearing  surface  that  is 
directly  subject  to  the  wear  and  tear  of  traffic  and  to  climatic  conditions. 
The  temperature  to  which  the  sand  should  be  heated  is  subject  to  the 
same  considerations  as  those  which  govern  the  temperature  of  the  binder 
aggregate;  that  is,  as  to  denseness  of  mixture,  weather  conditions,  length 
of  haul  and  kind  of  asphalt  used.    Some  mixtures  rake  very  much  stiffer 
than  do  others,  due  either  to  the  kind  of  asphalt  cement  used,  its  pene- 
tration, the  character  and  grading  of  the  suid  or  the  amount  and  Idnd 
of  filler  used  in  the  mixture.   Generally  ^Making,  stiff  raking  mixtures 
require  to  be  sent  out  at  a  higher  temperature  than  do  easy  raking  ones 
and  the  first  load  sent  out  ia  the  morning  and  after  the  noon  shutpdown 
should  be  as  hot  as  consistent  with  safety  to  insure  a  good  joint  with  the 
cold  material  previously  laid.    Depending  upon  the  above  conditions,  the 
penmsaibie  temperature  limits  for  the  sand  as  it  is  delivered  to  the  mixer 
varies  from  121'*  to  177"  C  (250"  to  350"  F),  but  for  any  one  set  of  con- 
ditions the  variation  should  not  exceed  88"  C  (50"  F),  and  the  lower  limits 
wodd  only  apply  to  easy  raking  and  not  very  dense  light  traffic  mixtures 
laid  in  the  vety  hottest  Bammer  weather,   ^md  which  ia  too  hot  or  too 
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cold  should  be  dumped  and  fed  thru  the  drmofl  a  second  time.  'When 
the  aand  is  very  wet,  mixing  it  with  a  certain  proportion  of  dry  sand  or 
sand  which  ie  still  hot  will  inoresae  the  output  of  the  drier.  Where  tin 
drier  capacity  is  limited  and  tiie  sand  full  of  mdstore  it  is  aometimeB  imo- 
esMuy  to  run  a  considerable  proportion  of  the  sand  thru  the  diier  twioou 
The  Band  and  divt  for  each  batch  should  preferably  be  weighed  out  and 
B  weighed  amount  of  asphalt  cement  added  to  it  in  the  mixer,  aldio  aosoe 
plants  still  adhere  to  the  old  method  of  measuring  the  various  constitu- 
ents. Once  the  formula  for  the  mixture  has  been  decided  upon,  it  sboold 
be  strictly  adhered  to  and  careless  methods  upon  the  mixing  platform 
should  not  be  tolerated.  Each  batch  should  be  given  a  full  miaitte's  mixing 
after  all  the  ingredients  have  been  brought  together  and  a  Um  time  for 
mixing  should  not  be  allowed.  This  is  based  upon  the  assumption  that 
the  blades  of  the  mixer  are  in  good  condition  and  have  a  speed  of  twam 
65  to  80  rev  per  min.  If  tbe  ndxer  speed  is  slower  than  this,  tbe  tinw 
should  be  correspondingly  increased.  In  any  event  ^e  mixing  must  be 
continued  until  all  the  grains  are  thoroly  and  evenly  coated  with  asphalt 
cement.  This  is  especially  important  where  climatic  conditions  are  severe, 
more  particularly  as  regards  rainfall.  The  more  thoro  the  coating  of  each 
grain  with  asphalt  cement  the  better  will  the  pavement  leeist  diaint^rafr- 
ing  influences.  Every  experienced  painter  knows  the  value  of  tboro  rub- 
Inng  in  with  a  brush  if  he  expects  his  painted  surface  to  stand  exposure. 
With  a  trained  ganK  and  a  well  equipped  and  dengned  plant,  a  batch  can 
be  turned  out  in  13^  min  and  still  allow  a  full  minute's  mixing.  Barring 
breakdowns  or  unforeseen  delays,  a  plant  should  average  in  a  d^'s  run 
1  batch  every  2  min,  but  this  means  that  the  plant  must  be  in  good  me- 
chanicol  condition,  the  gang  well  broken  in  and  no  delays  must  occur  in 
loading  the  wagon,  and  the  temperature  of  the  sand  must  be  kept  con- 
stantly within  the  proper  limita.  It  is  probably  not  too  much  to  say  that 
moat  of  the  failttres  in  sheet-asphalt  pavements  have  been  due  to  impropei 
sand  and  methods  of  manufacture  and  laying  rather  than  to  inferior  a^tbalt. 
The  character  of  the  surface  mixture  being  turned  out  should  be  carefully 
watched  and  the  temperature  of  each  load  taken  and  recorded.  In  the 
hands  of  a  trained  man  the  mixture  may  be  very  closely  regulated  by  the 
pat  test,  which  is  fully  described  under  the  head  of  inspecting  and  sampling 
methods.  At  a  given  temperature  very  small  variations  of  bitumen  in 
the  mixture  can  readily  be  detected  and  any  considraBble  variation  in  the 
mesh  composition  is  plainly  apparent  on  a  careful  examination  of  the 
smooth  surface  of  the  pat.  After  the  mixing  is  completed  tbe  mixture  ia 
dumped  into  carta.  In  some  plants,  in  order  to  reduce  the  time  required 
for  loading  and  overcome  sli^t  delays  in  the  arrival  of  wagons  from  the 
street,  a  hopper  nmilar  to  the  box  of  ^e  dunq)me  wagon  and  of  sufBdmt 
siie  to  accommodate  a  full  wagon  load  of  mixture  is  placed  direct^  under 
the  mixer.  This  can  be  filled  while  waiting  for  the  arrival  ot  a  wagon 
and  its  entire  contents  can  be  dumped  as  quickly  as  a  single  batch,  thus 
permitting  the  work  of  the  mixer  to  proceed  imintemiptedly  except  in 
the  case  of  serious  delays  to  the  wagon  service.  At  the  close  of  work  the 
mixer  and  asphalt  cement  bucket  should  be  thoroly  cleaned  as  noted  under. 


Tnnsportatlon.  The  hot  material  is  brought  to  the  street  in  carts, 
wagons  or  motor  trucks  uid  should  be  protected  fttm  the  air  while  in 
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trmnsit  by  caOTas  eOTcm  With  propor  lootootion  ud  raitalde  vasDiw,  the 
loss  in  temperature  of  a  load  of  hot  binder  or  aurfaoe  mixture  should  not 
exceed  5.6°  C  (10°  F)  in  2  hr  when  the  air  temperature  is  above  4°  C  (40°  t). 
In  extremely  oold  weather  the  loea  will  of  course  be  somewhat  greater. 
Beeidea  being  uneconomical  very  small  loads  are  undesirable  as  they  in- 
crease Uie  number  of  joints  in  the  pavement,  more  especially  if  they  do 
not  arrive  on  the  street  at  regulw  intervals.  Drivers  during  a  long  haul 
are  very  apt  to  wait  for  each  otiier,  which  results  in  several  loads  reaching 
the  street  at  about  the  same  time.  This,  of  course,  causes  a  gap  between 
subaaqnent  ddivwisa.  Loads  of  too  huge  a  sise  are  objectionable,  eape- 
tiaHy  for  mrfaee  mixture,  as  a  la^  mass  of  material  is  liaUe  to  beecnne 
so  oonaolidated  by  the  jarring  Incident  to  a  long  haul  that  it  can  only  be 
removed  from  the  wagons  with  great  difficulty.  In  dUes  having  large 
permanent  i^ants  the  tendency  is  to  ran  to  maximum  sised  loads.  In 
smaller  towns  and  where  the  route  of  haul  is  hilly,  the  smaller  sized  loads 
prevail  The  average  load  iiped  thruout  the  country  varies  from  2  to  4 
tons.  The  carts  should  be  kept  clean  and  if  not  provided  with  iron  linings 
are  usually  whitewashed  or  oiled  in  the  inside  every  day  to  facilitate  the 
rsmoTal  of  the  mixture  from  them.  Two^heehd  oarts  are  usually  too 
■mall  to  glv«  satMao  oiy  eervioe  for  the  reasons  previously  mentioned. 
Dumping  wagons  with  a  small  turning  radius  are  iweferable,  as  they  can 
deliver  thmr  loads  and  get  away  with  little  loss  of  time.  The  ordinary 
type  of  dirt  wagon  with  removable  bottom  slats  for  dllmping  should  be 
avoided,  as  the  mixture  cools  off  rapidly  in  them  during  transit  and  while 
being  dumped  and  much  of  it  is  lost  in  the  dumping  process.  Many  con- 
tractors carry  their  own  wagons  or  wagon  bodies  with  them  and  hire  local 
teams  and  nmning  gear.  In  certain  special  cases,  large  quantities  of  hot 
mtxturB  have  been  sent  by  rail  or  water  for  eonsiderafale  distances.  In  sueh 
cases  the  mixtare  on  the  outside  of  the  load  will  probably  ch31  to  such  an 
extent  that  it  should  be  discarded.  Reheating  the  partially  chilled  mate- 
rial from  the  outside  has  been  resorted  to  in  such  cases,  but  it  is  very  liable 
to  injure  the  mixtiu«  and  should  not  be  con^dered  as  stwdard  or  good 
practice. 

Binder.  The  surface  of  the  concrete  jhould  be'  dry  aiid  swept  clean 
before  laying  binder  upon  it.  A  slight  amount  of  dampness  is  not  objec- 
tionabie  but  the  surface  must  be  free  from  pools  of  water.  Upon  arrival 
at  the  street  the  load  of  binder  mixture  should  be  dumped  on  a  spot  near 
but  outside  Of  that  on  which  it  is  to  be  spread.  It  is  then  roughly  dis- 
tributed by  means  of  hot  shov^  over  the  area  to  be  covered  and  final 
distribution  is  effected  by  hot  rakes,  after  which  it  should  be  rolled  with 
a  steam  roller  of  from  6  to  7  tons  weight.  Those  portions  of  the  surface 
which  are  not  acceesible  to  the  roller  should  be  tamped  with  hot  tampers. 
Ad  open  binder  of  good  quality  should  appear  brifdit  and  glossy  when  it 
reaches  the  street  and  each  particle  of  stone  should  be  thoroly  and  uni- 
fmmly  coated  with  asphalt  cement.  If  an  insufficient  amount  of  asphalt 
oemeat  has  been  used,  the  stcme  will  have  a  dull  appearance,  and  this 
will  also  be  the  case  if  the  stone  has  been  heated  too  hot,  in  which  event 
much  of  the  asphalt  cement  will  run  off  during  transit  to  the  street  and 
may  be  found  in  pools  in  the  bottom  of  the  wagon.  In  either  case  the 
binder  mixture  will  be  lacking  in  bond  and  will  probably  break  up  under 
the  roller  or  by  the  aubeequent  passage  of  wagons  over  it  during  the  delivery 
of  Burfaoe  mixture  on  the  work.  Close  binder  containing  a  considerable 
jaoportSoa  ot  fin*  material  will  not  have  this  iJosqy  appearance.  *Wheo 
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fat  spota  showing  an  excess  of  asphalt  cement  are  i^parent,  theee  must 
be  cut  out  and  replaced  with  other  material.  The  practice  of  dtyiog 
them  with  Umeatone  dust  and  hot  nnoothen  is  not  to  be  reoommended. 
The  mixture  efaould  reach  the  street  at  a  temperature  between  63*  and 
163*  C  (300*  and  326"  V),  depending  upon  the  composition  of  the  UiKkr 
and  the  air  temperature.  If  too  cold,  it  can  not  be  raked  and  sprettd  eveoly 
or  properly  compressed  under  the  roller.  If  too  hot,  it  will  be  burnt  or 
lacking  in  bitumen  and  will  not  bond  together  when  rolled.  Close  binder 
should  reach  the  street  at  a  higher  temperature  than  is  advisable  or  neces- 
sary for  open  binder,  as  the  latter  variety  is  much  more  prone  to  loee  part 
of  its  asphalt  cement  by  draining  during  transit  if  the  stone  is  too  hot. 
If  the  binder  is  dumped  on  the  spot  on  which  it  ia  to  be  spread,  the  bottom 
of  the  load  will  remain  where  it  was  dumped  and  will  have  bem  oomprened 
to  a  certain  extent  by  the  weight  of  the  material  on  top  of  it.  The  balance 
of  the  load  will  have  been  thoroly  loosened  up  by  shovelling  and  imldng, 
whereas  that  which  remains  in  the  place  whece  it  was  fint  dumped  will  only 
be  loosened  to  a  small  extent  by  the  rakes.  When  the  entire  load  has 
been  spread  so  as  to  present  an  even  upper  surface,  that  portion  on  which 
the  load  was  dumped  will  be  covered  with  a  greater  weight  of  binder  mix- 
ture, owing  to  its  increased  density,  than  the  other  portion.  When  it  has 
all  been  reduced  to  a  uniform  density  by  rolling,  this  will  nsult  in  an  ud- 
e\'en  surface.  This  consideration,  while  important  in  the  case  of  bindw,  b 
much  more  so  when  surface  mixture  is  being  laid.  Concrete  is  rarely  in 
this  country  laid  to  an  absolutely  true  grade.  One  of  the  functions  oi 
the  binder  course  is  to  fill  in  the  depressions  in  the  concrete  and  bring 
it  up  to  an  even  surface  parallel  to  the  surface  for  the  finished  street.  Binder 
is  much  cheaper  than  surface  mixture  and  it  ia  therefore  to  the  intemt 
of  the  contractor  to  sec  that  all  depressions  are  filled  with  binder  and  that 
the  binder  course,  after  rolling,  is  true  to  grade.  This  is  desirable  from 
another  standpoint  as  well,  for  a  wearing  course  which  is  of  uniform  thick- 
ness will  wear  more  evenly  uid  be  lees  aubject  to  disi^acement  than  one 
which  varies  greatly  in  thickness.  While  It  ia  one  of  the  functions  of  the 
binder  course  to  fill  up  minor  depressions,  this  should  not  be  carried  too 
far.  Mistakes  in  grade  in  laying  the  concrete  which  rceult  in  de[»eeaionB 
several  inches  in  depth  over  considerable  areas  should  not  be  filled  in  with 
binder,  as  it  will  be  liable  to  displacement  under  traffic.  Maximum  com- 
pression is  not  as  neceesarj'  with  binder  as  with  surface  mixture  and  the 
rolhng  may  therefore  be  delayed  for  some  time  after  it  has  been  spread, 
more  eapecially  if  it  is  tender  or  has  reached  the  street  at  or  near  the  maxi- 
mum allowable  temperature.  A  good  binder  mixture  property  compresaed 
■hould  not  bo  damaged  by  hauling  sufficient  surface  mixture  over  it  to 
cover  it.  If  it  breaks  up  under  these  conditions  it  is  evidence  that  it  is 
of  poor  quality.  An  open  binder  in  very  cold  weather  is  much  more  liable 
to  be  broken  up  in  this  way  than  a  close  binder  and  if  found  necenaiy. 
should  be  protected  by  planks.  Generally  speaking,  as  little  hauling  as 
possible  should  be  done  over  the  binder.  The  surface  of  the  finished 
binder  should  be  k^t  clean  until  it  is  covered  with  the  wearing  course, 
which  should  be  put  down  as  soon  as  possible. 

Wearing  Course.  Before  the  mixture  is  spread,  all  dirt  must  be  re- 
moved from  the  surface  nf  the  binder  course  and  it  is  customary  to  paint 
the  edges  of  manholes  and  gutters  with  a  thin  coating  of  asphalt  eement 
to  insure  adhesion  and  prevent  the  water  from  finding  an  entrance  at 
these  points.   This  should  be  done  with  eare,  as  too  much  asphalt  cement 
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at  any  one  ptHSt  will  enrich  tlie  adjacent  surface  mixture  to  an  unde«irable 
extent  and  may  make  it  soft  enough  to  cause  shoving.  The  dumping 
and  spreading  of  the  surface  mixture  is  carried  on  in  the  same  way  as  with 
binder  mixture  except  that  more  care  must  be  exercised,  as  this  material, 
when  spread  and  rolled,  will  form  the  finished  surface  of  the  roadway. 
Great  care  must  be  exercised  to  thoroly  fiuff  up  or  loosen  the  hot  material 
to  the  same  extent  thruout  and  the  precaution  regarding  dumping  outside  • 
of  the  apot  on  which  it  fa  to  be  1^  should  be  strictly  observed.  The 
rakan  should  not  be  ponnitted  to  stand  in  the  hot  material  while  raking 
it  and  for  thia  reason  no  more  should  be  deposited  in  place  by  the  shovellan 
at  any  one  time  than  can  be  handled  by  the  rakers.  They  should  votk 
it  up  thoroly  with  their  rakes  and  with  a  stiff  dense  mixture  this  la  often 
hard  labor.  The  temperature  at  which  the  mixture  should  reach  the 
street  depends  upon  its  composition,  the  air  temperature,  and  the  physical 
characteristics  of  the  materials  used.  The  usual  limits  are  from  110°  to 
177"  C  (230°  to  350°  F),  but  the  lower  limit  only  applies  to  the  less  dense 
light  traffic  mixtures  made  with  aaphalta  which  become  extremely  liquid 
at  comparativ^y  low  temperatures  and  which  are  being  laid  in  the  hottest 
mimmer  weather.  Generally  speaking,  the  temperature  should  be  such 
that  the  mixture  can  be  raked  without  too  great  difficulty,  but  very  dense 
mixtures  ar^  always  more  or  less  stiff- to  rake  and  different  sands,  fillers, 
and  aspbalta  affect  this  quaUty  to  a  marked  extent.  Bounded  sands  tend 
to  make  easy  rakmg  mixtures  and  those  containing  limestone  dust  as  a 
filler  rake  easier  than  those  in  which  a  Portland  cement  filter  is  used.  Ae- 
phalts  which  do  not  liquefy  readily  under  heat  tend  to  make  stiff  raking 
mixturee.  Much  can  be  told  concerning  a  mixture  by  obswving  how  it 
acta  when  dumped  the  wagon.  Dense,  heavy  traffic  mixtures  stand 
up  and  the  |»Ie  partly  retains  the  shape  of  the  wagon.  This  is  true  of  the 
best  type  of  heavy  trafiSe  mixturee  regardless  of  what  asphalt  they  are  made 
with.  Very  rich  mixtures  will  always  be  more  or  less  sloppy  and  those  made 
with  hard  asphalt  cements  will  be  stiffer  than  those  made  with  soft  asphalt 
cements.  A  mixture  which  appears  dry  and  crumbly  under  the  rake  is 
usually  deficient  in  bitumen  and  mixtures  with  normal  sand  grading  and 
bitumen  contents  which  lack  cohesion  are  usually  deficient  in  Slier.  Dif- 
ferent asphalts  have  their  own  peculiar  odor,  and  mixtures  made  with 
them  frequently  exhilat  certain  peculiarities  by  which  they  may  be  recog- 
nised by  the  trained  eye.  After  the  mixture  has  been  spread  and  raked, 
it  is  tamped  alcmg  gutteta  and  railroad  tracks  and  around  manholes  and 
is  then  rolled  with  a  6  to  10-ton  roller.  Some  mixtures  are  quite  tender 
when  hot  and  will  not  stand  a  heavy  roller  without  undue  displacement 
which  will  result  in  a  wavy  pavement.  In  such  cases  it  is  sometimes  advis- 
aUe  to  run  the  lights  end  of  the  roller  over  the  surface  first.  When  the 
weather  lb  warm,  rolling  may  be  delayed  until  the  mixture  has  cooled  to 
a  sufficient  extent  to  stand  the  weight  of  the  roller.  Where  H  is  cold  and 
windy  it  is  advisable  to  use  a  .light  steam  or  huid  roller  to  close  up  the 
Burfoee  and  prevent  it  from  chilling  on  the  top  to  such  an  extent  that  the 
pavement  will  appear  honeycombed.  Vety  hot  mixturee  will  pick  up  by 
adhering  to  the  roller,  more  eepeciafly  if  it  is  rough  from  being  used  on 
roiling  grade.  This  may  be  remedied  by  keeping  the  rolls  wetted  with 
a  mixture  of  keroeene  and  water.  Steam  may  also  be  used  to  wet  the 
rolls  but  flooding  them  with  fine  streams  of  water  which  run  down  on  the 
surface  of  the  hot  mixture  is  not  good  practice.  Keroeene  and  water  ii 
tbt  beat  and  it  materially  helpe  to  elon  up  the  suiiace  of  the  pavement 


r 


088 


Sheet-Aqilialt  PftVements 


Sect.  17 


under  unfavwable  Mudltiona.  After  tlie  pralimiiieiy  rolling,  it  ie  eurtonwy 
to  sweep  oemeDt  or  limestone  dtat  over  the  Burfaoe  and  then  complete  the 

rolling.  This  is  often  done  too  close  to  the  freshly  rsked  mixture  and  the 
dust  is  ouried  on  to  it  by  the  wind,  making  it  difficult  to  close  it  up  pnq>aly. 
The  dust  should  be  kept  off  until  the  rolling  is  practically  finished,  as  in  this 
way  defects  in  the  surface  are  more  easily  detected  and  honeycombed  apota 
may  be  readily  closed  up  with  a  smoother.  Once  the  dust  has  been  swept 
on,  it  is  difficult  to  detect  minor  surface  imperfectiQos  and  much  more  dif- 
ficult to  remedy  them  with  smoothers.  Generally  speaking,  maximum 
compressum  should  be  given  to  the  pavenient  and  this  can  only  be  Beonred 
by  rolling  while  It  Is  hot.  The  roller  should  therefore  be  run  over  the 
mixture  just  as  soon  after  it  is  raked  as  the  physical  pecuharitiee  of  the 
mixture  will  allow  uod  the  rolling  should  be  kept  up  as  continuously  tbero- 
after  as  possible  until  maximum  compression  has  been  effected  and  the 
surface  is  smooth  and  true  to  grade.  The  more  unfavorable  the  weather 
conditions,  the  more  important  it  is  that  the  roller  should  keep  cloee  up 
to  the  rakers.  Rolling  a  cold  mixture  has  Httle  or  no  effect  upon  it.  Roll- 
ing should  at  first  be  conducted  parallel  to  the  curb  and  each  rolling  should 
partially  overlap  tin  preceding  one.  Wtm  n^Ung  ibaight  woi^  the  p(»nt 
at  whieh  the  n^r  stops  on  the  first  roU  should  be  2  or  3  ft  distant  from 
the  point  at  which  it  stops  on  the  second  roll.  The  stopping'point  on  the 
third  roll  may  coincide  with  that  on  the  first,  and  so  on.  In  looking  aeroai 
the  rolled  work  the  points  of  stoppage  of  the  roller  will  then  form  a  stag- 
gered line  across  the  street.  A  certain  amount  of  mixture  rolls  up  in  a 
wave  ahead  of  the  roller  and  the  method  of  rolling  just  described  preveata 
the  formation  of  a  continuous  wave  across  the  street  and  makes  it  easier 
to  finish  the  surface  true  to  grade.  Where  the  width  ,of  the  street  permits, 
it  is  customary  to  roll  diagonally  the  seooiul  time  wad  to  finish  hv  atnd^t 
rolling  parallel  to  the  ciu>b.  Cross  rolling  is  also  sometimee  used  on  wide 
streets  and  a  skilled  roUennan  will  vary  bis  methods  in  accord aace  with 
drctmistances  and  the  peculiarities  of  the  mixture.  Quick  rolling  is  not 
desirable,  as  it  does  not  give  the  slow  kneading  action  which  is  essential 
to  thoro  compression.  Two  huDdred  square  yards  per  hour  is  about  the 
maximum  area  of  pavement  that  can  be  properly  rolled  by  one  roller  and 
to  do  this  satisfactorily  the  roller  must  be  kept  in  continuous  operation. 
Tampers  and  smoothers  must  be  used  with  great  care,  especially  the  lattw, 
to  avoid  burning  the  noixture,  which  will  cause  it  to  8Mle  or  grind  out. 
Under  favorable  conditions  with  a  suitable  mixture  the  pavement  should 
close  up  properly  under  the  roller  and  the  smoother  only  be  required  on 
the  joints.  Under  unfavorable  conditions  it  may  be  necessary  to  employ 
smoothers  more  extensively,  but  they  should  not  be  heated  too  hot  and 
should  be  placed  in  the  hands  of  skilled  men.  Any  defects  of  surface,  such 
as  honeycombing,  which  requires  their  use  should  be  given  attention  im> 
mediately  after  the  pavement  has  received  its  first  rolling,  as  it  is  then 
hot  and  a  very  short  appUcation  of  the  smoother  will  suffice  to  cloee  it  up. 
After  it  is  cold,  there  is  much  more  dimger  of  burning  it,  as  the  heat  must 
be  applied  for  a  longer  time.  When  fresh  material  is  laid  up  against  a 
cold  joint  it  is  always  advisable  to  iron  it  so  as  to  heat  the  oold  pavement 
sufficiently  to  insure  a  perfect  bond.  In  finishing  a  di^'a  wcffk  vnmiiaa 
must  be  made  for  joining  new  material  to  the  pavement  previously  lakL 
One  method  is  to  roll  the  finished  pavement  to  a  feather  edge  and  cut  It 
back  so  as  to  expose  a  fresh  surface  of  the  full  thickness  just  befoi«  com- 
mencing the  next  day's  work.    This  cut  should  be  bevelled  and  not  t» 
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tical.  Tbe  exposed  surface  is  BometimeB  lightly  painted  with  asphalt 
oemeDt  but  ezc^t  in  very  cold  weather  this  is  not  to  be  recommended 
tiwing  to  tbfi  liability  of  getting  too  much  asphalt  cement  at  certain  punts 
and  thus  softenins  the  pavement  in  spots.  Tbe  more  modem  and  better 
method  of  making  a  joint  is  to  attach  a  canvas  flap  to  a  ^-in  rope  and 
lay  this  on  top  of  the  edge  of  the  wearing  course  while  it  is  being  rolled 
and  roll  the  pavement  under  it  to  its  final  compression.  The  rope  is  al- 
lowed to  remain  in  place  until  just  before  work  starts  the  next  day,  when 
it  ia  removed  and  tiie  usw  surface  mixture  raked  upon  the  fresh  auif ace 
thus  exposed. 

16.  Inspection  of  Manufacture  and  Laying 

Inspection  of  materials  and  processes  during  construction  work  may  be 
subdivided  into  plant  and  street  inspection. 

Plant  Inspection.  During  the  progress  of  the  work  additional  quanti- 
ties of  raw  materials  will  from  time  to  time  be  delivered  to  the  contractor's 
plant.  These  should  be  sampled  and  examined  in  the  manner  previously 
described  for  the  preliminary  inspection  of  raw  materials  and  no  deliveries 
should  be  used  in  construction  work  until  after  they  have  been  examined 
and  tested  and  found  to  be  in  accordance  with  the  requirements  of  the 
specifications.  Owing  to  delays  in  the  arrival  of  shipments  this  may  at 
times  be  difficult,  if  not  impossible,  but  in  such  cases,  if  it  ia  inadvisable 
to  shut  down  the  work  temporarily,  the  inspector  should  make  all  the 
tests  possible  at  the  plant  in  order  to  convince  himsdf  tiiat  the  materials 
are  suitable  for  the  work.  If  he  is  able  to  determine  definitely  that  th^ 
are  unsuitable,  they  should,  of  course,  be  rejected  and  work  shut  down 
untH  other  suitable  material  is  available.  At  times  it  may  be  necessary 
for  him  to  assume  tbe  responsibility  of  passing  tbe  materials  and  permit- 
ting their  use  pending  an  authoritative  report  from  the  central  testing 
laboratory.  Sometimes  there  will  be  but  little  risk  in  doing  this;  under 
other  circumstances  it  may  be  advisable  to  permit  the  contractor  to  pro- 
ceed with  his  work  with  the  distinct  understanding  that  if  the  materials 
are  found  not  to  comply  with  the  requirements  of  the  specifications  he 
will  take  it  up.  Such  an  arrangement  should  only  be  made  in  writing  and 
with  the  consent  of  the  resident  or  supervising  engineer.  Where  sand  is 
delivered  by  wagon-load,  it  will  usually  be  sufficient  to  take  an  average 
sample  of  the  day's  deliveries  and  test  it.  Where  the  sand  is  deUvered 
by  rail  or  barge,  ihe  contents  of  each  car  or  barge  should  be  tested,  if  pos- 
sible before  unloading  it.  These  instructions  apply  also  to  stone  and  gravel. 
It  is  extremely  important  that  deliveries  of  various  grades  of  stone,  sand 
and  gravel  should  be  kept  separate. 

GenenOy  speaking,  the  processes  involved  in  the  manufacture  at  the 
jAuit  of  bituminous  paving  material  are:  Preliminary  mixing  and  heating 
of  the  mineral  aggregate;  preparation  and  heating  of  the  asphalt  cement 
ot  bituminous  binder;  mixing  of  the  heated  mineral  aggregate  with  the 
hot  asphalt  cement  or  bituminous  binder. 

Prbuhhtabt  Mntnto  ahd  Heating  of  the  Minebal  Aqoregate.  The 
proportions  in  which  the  various  constituents  of  the  mineral  aggregate  are 
to  be  mixed  will,  of  course,  depend  upon  their  character  and  the  specifica- 
tioos  under  which  the  work  is  being  carried  on.  The  method  of  mixing 
the  different  ingredients  depends  somewhat  upon  the  feeding  arrangements 
Bt  the  plaot  and  the  diaf)osition  of  the  raw  materials.  In  certain  large 
idsnts  the  raw  materials  an  stored  in  bins.   In  acme  instances  these  bins 
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have  automatic  feeding  devices  wiaeik  deliver  the  contenta  of  the  fatm 
upon  a  conveyor  belt.  Iq  such  caaes  the  automatic  delivery  devices  should 
be  set  at  the  proper  points  and  during  their  operation  should  be  watched 
from  time  to  time  in  order  to  see  that  they  are  delivering  the  deeired  quan- 
tity  of  material.  With  certain  mixtures  a  mere  inspection  of  tfa^  mixed 
assregate  as  it  is  being  fed  to  the  heating  drums  will  enable  the  inspector 
to  roughly  determine  whether  or  not  the  proportions  are  beuis  adhered  to. 
With'othw  ^pes  of  mixtureB  this  is  very  diffioult  to  regulate  hy  obaerv*- 
tion  at  this  point.  In  the  majority  of  iuBtancee,  planta  are  not  prorided 
with  storage  bins  of  the  type  previously  described  and  the  materials  an 
dumped  in  piles  on  the  ground.  These  piles  are  usually  arranged  so  that 
the  material  from  them  can  be  easily  conveyed  to  the  feeding  device  for 
the  heating  drumis  by  means  of  wheelbarrows  or  horse  slips.  Where  the 
mixture  consists  of  sand  and  atone  of  various  sises,  with  a  considerable 
proportion  of  stone,  it  is  advisable  to  have  the  mixture  made  in  a  pile  ad- 
jacent to  the  feeding  device.  This  can  frequently  be  done  satisfactorily 
by  having  the  requisite  number  of  wheel barrowfuJs  of  the  various  ingre- 
dients dumped  on  a  certain  spot,  this  jnle  to  be  roughly  mixed  by  shovels 
and  then  ahovelled  over  into  the  feedhig  device.  Whoe  a  simple  mixing 
of  two  grades  of  sand  is  required,  this  can  frequentb'  be  done  satisfactorily 
by  building  a  small  box  or  boot  around  the  bottom  of  the  cold  sand  elevator 
and  having  the  fine  sand  placed  on  one  side  and  the  coarse  sand  on  the 
other  side.  One  man  on  each  of  the  two  sand  piles  can  then  shovel  the 
material  into  the  box  above  mentioned  in  accordance  with  the  mixing 
formula  determined  upon.  Aaauming  that  two  parts  of  coareo  sand  were 
required  to  one  part  of  fine  sand,  the  man  on  the  coarse  sand  inle  would 
have  to  throw  two  shovelfuls  of  sand  into  the  box  to  eveiy  one  shov^ul 
thrown  by  the  man  on  the  fine  sand  pile.  The  feeding  of  the  sand  thus 
thrown  into  the  box  would  be  attended  to  hy  a  third  man,  who  would 
feed  it  to  the  buckets  of  the  elevator  by  means  of  a  hoe  or  shovd.  Usually 
the  fireman  who  is  in  charge  of  the  firing  of  the  heating  drums  is  able  to 
supervise  the  operation  of  the  feeding  gang  and  see  that  they  feed  a  prop- 
erly proportioned  mineral  aggregate.  In  mixtures  of  sand  and  large  sised 
stone  there  is  liable  to  be  a  certain  amount  of  segregation  of  the  material 
in  its  passage  thru  the  heating  drums.  Certain  plants  are  provided  with 
an  overhead  screen  to  separate  the  heated  material  after  it  comes  from  the 
drums  into  the  variotis  «ses  and  distribute  them  into  differmt  bins.  The 
material  contained  in  these  bins  is  then  drawn  out  into  the  measuiing  bca 
in  definite  proportions  accwding  to  weight.  This,  td  course,  is  the  most 
accurate  method  of  making  mixtures  involving  the  use  of  a  larae  proportioii 
of  relatively  coarse  stone. 

The  function  of  the  heating  drums  is  to  dry  and  heat  the  min^id  aggre- 
gate. Unless  ample  air  circulation  is  provided  for  to  cany  off  the  mois- 
ture in  the  shape  of  steam,  the  drying  will  not  be  effectively  conducted. 
It  is  essential  to  regulate  the  rate  of  feed  and  the  temperature  of  the  heat- 
ing drums  so  that  the  mineral  aggregate  deliva«d  iram  them  will  be  diy 
and  at  the  proper  temperature.  This  operation  is  usually  in  charge  of  the 
fireman  for  the  heating  drums.  The  most  modern  plants  are  provided 
with  a  pyrometer  inserted  in  the  delivery  chute  from  the  heating  drums. 
This  pyrometer  has  a  plain  or  recording  dial  which  is  traced  at  the  feeding 
end  of  the  drums,  where  it  is  under  the  observation  of  the  drum  fireman.  This 
makes  it  easy  for  him  to  regulate  his  fires  and  the  rate  of  feeding  necessary 
to  secure  the  desired  results.   IVhere  no  pyrometer  u  inserted,  it  is  neces* 
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sary  for  him  to  test  the  temperature  of  the  material  iBsuing  from  tbe  delivery 
end  of  the  hot  sand  drums,  from  time  to  time,  «s  often  aa  may  be  required 
in  order  to  produoe  aatisfaetory  reaults.  It  is  a  otnnpanttivdy  simple  mat- 
ter to  take  the  temperature  of  heated  sand,  but  where  tbe  mineral  agsre- 
ptte  oonaiBts  of  larRe  etone  particles,  it  is  a  much  more  difficult  and  unaat- 
iflfactory  operation.  Certain  types  of  mixing  plants  are  so  constructed 
that  it  is  very  difficult  to  obtain  samples  of  ihe  hot  mineral  aggregate 
before  it  is  mixed  with  the  asphalt  cement  or  bitmninouB  binder.  Regard- 
lesB  of  the  difficulty  involved,  it  is  good  practice  to  teet  the  tempuvture 
of  every  batch  of  mineral  aggregate  in  plants  of  this  type  before  It  is  mixed 
with  the  asphalt  ownent;  otherwise  uniform  mixtures  cannot  be  expected. 
Even  when  the  greatest  eare  poeaible  is  exerdaed,  there  wilt  be  consider- 
able variation  in  the  mesh  composition  and  temperature  of  the  mineral 
aggregate  as  delivered  to  the  mixer.  Tbe  permisrible  variations  are  usu- 
ally set  forth  in  the  speoificatioiw  and  should  be  closely  obsnred.  Mix- 
tures which  vary  very  greatly  in  meeh  composition  will  require  different 
amounts  of  bitumen  in  order  to  make  the  beet  possible  type  of  mixture. 
Within  ordinary  limits,  no  correction  will  have  to  be  made  for  this,  but, 
generally  speaking,  a  mixture  containing  a  large  proportion  of  fine  par- 
tides  will  require  more  bitumen  to  cover  these  partides  thwi  a  mixture 
eontafning  a  smaller  tnopordon  of  thm.  This  is  due  to  the  fact  tiiat  the 
finer  the  mixture  the  greater  the  nnfaee  area  to  be  eovaed  with  bitumen. 
In  oeder  to  secure  a  satisfactory  output  from  the  idant,  it  is  absolutdy 
esBontisI  wat  the  greatest  poeeiUe  eare  should  be  taken  in  tbe  mixing  and 
heating  of  the  mineral  aggregate.  In  order  to  insure  the  proper  mixing 
of  the  mineral  aggregate,  it  will  be  necessary  from  time  to  time  to  take 
samples  of  the  mixed  aggregate  and  sift  them  for  meeh  composition. 
Owing  to  the  extreme  difficulty  of  securing  an  average  sample  of  hot,  dry 
mineral  aggregate,  great  care  must  be  exercised  in  selecting  the  samples. 
The  arrangement  of  the  plant^  and  the  kind  of  mineral  aggregate  used 
will  determine  where  and  how  often  theee  samples  should  be  tested. 
%Tnpl*B  for  test  should  be  obtained  fnnn  the  overflow  of  the  feeding 
device  used  in  conveying  tbe  cold  mineral  aggregate  to  the  heating  drums. 
This  is  usually  done  by  a  chain  and  bucket  elevator.  Where  these  buckets 
dump  into  the  chute  at  the  entrance  of  the  drying  drums,  there  is  almost 
always  a  small  overflow  which  gradually  piles  up  uodemeath  this  chute. 
Assuming  this  to  be  the  case,  the  pile  can  be  cleaned  off  at  a  given  time 
and  the  material  which  accumulates  during,  say,  a  H  hr  run  can  then 
be  sampled,  dried  and  sifted.  ■  It  is  much  easier  to  sample  the  damp  mate- 
rial than  it  is  the  dry,  and  this  not  oiHy  obviates  some  of  the  difficulties 
attendant  upon  sampling  dry  material  but  gives  the  inqtector  an  average 
of  the  material  fed  into  the  drums  during  the  H  hr  while  the  pile  was  accu- 
mulating. In  this  way  much  better  average  results  are  obtained  and  the 
inspector  is  not  liable  to  be  misled  hy  temporary  and  unimportant  lapses 
in  the  feeding  of  the  material.  In  other  cases,  samples  of  the  hot  material 
are  obtained  from  the  delivery  end  of  the  drying  drums.  In  such  cases 
a  number  of  samples  should  be  collected  and  mixed  together  and  the  resultant 
ndKture  sifted. 

Pkbpaution  Aim  Hbatinq  or  thb  Asfhai;t  Cbusht  ob  BmnnNOUB 
BniDBB.  Fdrthepreparationof  the  asphalt  cemMtt  or  bituminous  binder,  the 
oontractfn*  mi^  purchase  a  hard  tntuminous  material  and  add  sufficient  flux 
to  U  to  hnag  it  to  the  proper  eonsistem^,  or  he  may  purchase  an  aq^ialt 
cement  of  tbe  proper  consistency  for  use  without  the  additum  of  any  flux. 
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In  the  firat  instance  the  melting  ketUea  will  have  to  be  charged  with  the 
proper  proportions  of  flux  and  bard  aapbalt  to  produce  the  deeired  asphalt 
cement.  In  large  plants  this  is  generally  done  at  the  doee  of  the  day's  run. 
The  materials  are  then  kept  under  a  gentle  beat  during  the  night  and 
brought  up  to  the  desired  temperature  in  the  morning.  The  contents 
of  the  IcetUes  are  then  thoroly  agitated  in  order  to  insure  complete  Tnmng 
of  the  different  ingredients  and  a  sample  from  them  is  taken  and  tested 
for  penetration  befwe  the  contents  of  this  kettle  MB  permitted  to  be  used. 
If  it  is  too  hard,  more  flux  will  have  to  be  added  to  it.  If  it  is  too  soft, 
more  hard  asphalt  will  have  to  be  added  to  it.  After  the  additions  are 
tboroly  melted,  the  contents  of  the  kettk  must  be  again  agitated  and 
tested  before  using. 

In  sampling  the  asphalt  cement  care  must  be  taken  to  eee  that  the  sample 
taken  really  represents  the  contents  of  the  ketUee.  Dippers  in  use  in  the 
kettles  usually  accumulate  a  considerable  amount  of  dirt  and  hardened 
aapbalt  cement  on  them.  The  dipi>er  should  be  immersed  in  the  melted 
material  for  a  sufficient  length  of  time  to  thoroly  soften  all  material  adbcr- 
ing  to  it.  It  should  then  be  used  to  stir  up  the  contents  <rf  the  kettle,  which 
will  further  assist  in  cleaning  the  dinw.  If  the  ast^ialt  cement  contains 
a  considerable  proportion  of  mineral  matter  and  there  is  doubt  as  to  the 
completeness  of  the  agitation,  the  dipper  should  be  immersed,  bottom 
upwards,  and  held  in  that  position  until  it  reaches  approximately  the 
center  of  the  kettle.  It  should  then  be  turned  right  side  up,  thus  filling 
it  with  material  obtained  approximately  from  the  center  of  the  tank.  Tbe 
sample  when  obtained  should  be  protected  from  dust  while  cooling.  Where 
the  asphalt  cement  is  piped  to  the  measuring  bucket,  samples  should  only 
be  taken  from  the  delivray  spout  after  sufficient  material  has  passed  thru 
it  to  insure  getting  a  lepreeentative  sample.  Unleas  a  circulation  ayotetn 
is  maintained  by  means  of  a  pump,  ssmples  fnr  detenuinlng  the  oonaisteney 
of  the  asphalt  cement  before  use  should  not  be  drawn  from  the  piiHng 
system  as  it  will  contain  too  taqte  a  proportion  of  a^balt  cement  previously 
used.  Certain  asphalts  are  more  difficult  to  flux  than  are  others  and  require 
a  longer  period  of  heating.  Overheating  of  the  kettles  will  result  in  undue 
hardening  of  the  asphalt  cement.  If  the  flux  or  hard  asphalt  contains  any 
considerable  proportion  of  water,  this  will  foam  very  badly  in  the  kettles 
and  frequently  cause  them  to  run  over.  No  asphalt  crawnt  or  bituminous 
binder  should  be  used  until  the  water  has  been  thoroly  removed  from  it. 
Where  the  asphalt  cement  or  bituminous  binder  oon tains  a  ooosiderable 
proportion  of  mineral  matter  or  impurities,  the  contents  lA  tbe  melting 
kettles  must  be  kept  thoroly  agitated  during  the  time  that  tbey  are  being 
drawn  upon  for  use.  Suitable  mechanical  agitation  is,  perhaps,  tbe  most 
advisable,  as  in  this  way  tbe  iMtuminouB  material  is  hardened  ^leaB  Uian  if  a 
steam  or  air  blast  is  used. 

Violent  agitation  with  steam  or  air  will  very  rapidly  lower  the  penetra- 
tion of  the  contents  of  the  kettles.  In  the  case  of  asphalt  cementa  con- 
taining a  considerable  proportion  of  mineral  matter,  unless  the  oontente 
of  tbe  kettles  are  thoroly  agitated,  the  material  drawn  from  them  will  vaty 
in  purity  or  bitumen  content  with  the  result  that  the  portion  first  taken 
from  the  kettle  will  Usually  run  much  higher  in  bitumen  than  the  portions 
last  taken  from  it.  Assuming  that  the  proportions  of  the  mixture  have 
been  set  to  give  the  desired  quantity  of  bitumen,  based  on  the  average 
bitumen  content  of  a  tboroly  mixed  kettle,  the  mixture  turned  out  with  tbe 
asidialt  cement  first  drawn  from  the  meltiof  kettle  will  be  too  rich  in  bibH 
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men  and  that  turned  out  witii  the  aqihalt  oemeat  lut  drawn  from  the 
kettle  will  be  too  low  in  bitumen.  It  ia  impoenble  to  estimate  by  obimva- 
tion  the  changes  in  weights  of  asphait  cenMnte  neceeaary  to  overcome 
thie  and  the  only  proper  way,  therefore,  is  to  bo  agitate  the  contents  of 
the  melting  Icettlea  that  the  supply  of  bituminous  materia  drawn  from 
them  will  be  uniform  in  tntumeo  content.  If  for  any  leason  the  asphalt 
coment  for  a  certain  dso''"  nm  is  not  entirely  used  up,  it  should  ahraan 
be  tested  1f«  penetration  befoie  permitting  its  use  oa  a  subsequent  day's 
run.  Thne  it,  of  ooune,  no  objection  to  filling  up  the  balance  of  the  kettle 
with  new  material  and  mixing  it  thoroly  with  the  portion  left  from  the 
pnvioos  day's  run.  It  should  then  be  considered  as  a  new  batch  of  asphalt 
cement  and  tested  accordingly.  Where  hard  asphalt  and  flux  are  to  be 
melted  together,  the  contractor  should  never  be  permitted  to  draw  any 
material  from  the  melting  kettles  until  their  contents  have  been  com- 
pletely melted  and  thoroly  mixed.  Even  where  the  asphalt  cement  is 
purchased  ready  for  use,  it  is  not  good  practice  to  draw  from  a  kettle  con- 
taining lunqw  of  unmelted  lotaminouB  material.  Sufficient  melting  kettle 
os^Mcity  shaild  be  inaiated  upon  to  avind  the  neoessity  of  doing  t^.  With 
the  ezoeption  of  the  fluxing,  the  foregoing  remarks  uffp^  equally  to  bitum>> 
nous  binders,  purchased  by  the  contractor,  of  the  proper  consistency  for  use. 

Mexino  or  THB  Heatbd  Mehubal  AoaBXOATK  WTiH  Tsx  Hot  A0PHAi;r 
CncsNT  OR  BiTUHiNODS  BiNDBs.  It  is  Unquestionably  the  best  practice 
to  wei^  out  the  various  ingredients  entering  into  the  composition  of  the 
finished  mixture.  Where  the  different  ingredients  are  measured  by  volume, 
much  greater  variations  will  occur  than  when  they  are  measured  by  wei^t. 
If  measmed  hr  volume,  the  contents  of  the  vazious  mesauring  devkas 
must  be  carefully  checked  up  before  the  oommeuoement  of  the  work  and 
the  gauges  set  at  the  proper  i>oint.  It  is  advisable  to  check  up  the  setting 
of  these  gauges  from  time  to  time  to  see  that  they  have  not  been  displaced, 
either  intentionally  or  otiierwise.  In  determining  the  volume  occupied  by 
the  desired  wei^ta  of  the  different  ingredients,  it  is  necessary  to  measure 
them  at  the  temperatures  and  under  the  conditions  used  in  actual  work. 
In  other  words,  heated  dry  sand  or  stone  must  be  filled  into  the  measuring 
ben  and  the  weight  ol  the  box  when  filled  to  the  proper  mark  determined, 
lliia  is  also  tme  of  the  bucket  or  measuiing  device  used  for  asphalt  .cement 
or  bituminous  Under.  If  the  asphalt  cement  should  contain  any  water, 
this  will  produce  foamii^  and  it  will  be  impoesibte  to  measure  it  accurately. 
If  the  foaming  is  at  all  excessive,  it  will  be  impossible  to  get  the  required 
amount  of  asphalt  cement  in  the  ordinary  sised  measuring  bucket.  This, 
by  itself,  constitutes  a  sufficient  reason  for  not  permitting  the  use  of  any 
asphalt  cement  which  contains  water.  Where  the  materials  are  measured 
by  weight,  the  tare  of  the  empty  measuring  devices  must  be  carefully 
obtained  and  this  tare  added  to  the  weight  of  materials  which  it  is  desired 
to  use.  In  determming  the  tare  of  the  aqihalt  cement  bucket,  it  must 
be  borne  in  mind  that  after  an  hour's  run  there  is  a  considerable  accumula- 
tion, amounting  to  several  pounds,  of  asphalt  cement  on  this  bucket  idiich 
will  increass  its  tare  above  that  obtained  by  weighing  the  bucket  in  a  per- 
fectly clean  state.  After  once  determining  the  tares  and  setting  the  weights 
or  gauges  at  the  proper  point,  their  position  on  the  scale  beams  or  elsewhere 
should  be  checkeid  up  from  time  to  time  to  see  that  they  have  not  been 
displaced.  Occasionally  the  accumulation  of  surplus  material  on  the  scale 
platforms  of  the  measuring  device  for  the  mineral  aggregate  will  change 
the  twe  Kuaewhat.   Any  such  accumulation  should  be  removed  a* 
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often  u  neoesBBiy.  nnforeseen  happeningi  will  occaidonally  influenoe  the 
tare  of  the  measuring  devioM.  It  was  found  in  one  case  that  tbe  mix- 
ture being  turned  out  woe  entirely  too  sloppy,  altho  but  a  abort  time  before 
tbe  tare  and  gross  weights  of  the  vaiioua  ingredients  entering  into  H  had 
been  oarefully  cheoked  up.  Upon  iuveatigation,  it  waa  fouiid  that  the 
^KMit  carrying  the  materiab  from  the  hot  aand  bin  bad  been  Aifted  bgr 
vilnrstion  of  the  maohinery  bo  that  it  rested  part  ot  ita  wdght  upon  the 
sand  box,  thus  iocrea^ng  its  tare  by  approzimatdy  200  U>.  Each  batch 
of  mixture  turned  out  under  these  conditions,  thwefore,  ooatained  200  lb 
too  little  mineral  aggre^te,  which,  of  course,  accounted  for  its  sloppinen. 

The  method  of  mixing  vbiim  in  different  plants.  In  the  larger  siied 
paving  plants  almost  invariably  the  pug  mill  mixer,  which  is  recognised 
as  tbe  beet  type,  is  used.  The  blades  in  this  mixer  should  be  examined 
to  see  that  tlMy  are  property  set  and  not  unduly  worn,  thus  producing 
an  imperfect  mixture  at  the  bottom  and  rides  of  the  miier.  OnUnarilr 
tihey  ^ould  revolve  at  a  speed  of  from  60  to  80  rev  per  min.  bi  mixtuies 
of  the  sheet-asphalt  type,  one  full  minute  should  be  allowed  for  mfAig 
each  batch  of  material.  Where  tbe  mixture  is  a  comparatively  open  one 
oonsisting  largely  or  entirely  of  stone,  this  mixing  time  may  be  reduced 
somewhat.  Whatever  the  type  of  mixer  employed,  the  proper  time  fw 
obtaining  a  thoro  mixture  should  be  determined  and  rigidly  adhered  to. 
Tbe  tempwature  of  tlw  mineral  aggregate  ileliveied  to  the  mixer  sbould 
be  tested  as  often  as  may  be  neoesBsty. '  This,  of  course,  will  depend  upiw 
the  ^pe  ot  plant  used  and  is  a  oheek  upon  the  dram  fireman  and  the  feed- 
ing operations  of  the  mineral  aggregate.  Tbe  temperature  of  the  asphalt 
cement  in  the  melting  ketties  should  also  be  tested  as  often  as  may  be 
necessary  in  order  to  be  certain  ^at  it  is  imiformly  maintained  at  tbe 
proper  point.  Where  the  type  of  mixture  permits  it,  frequrat  pat  tests 
should  be  taken  of  the  material  delivered  to  the  wagons.  This  test  is 
made  by  placing  a  small  quantity  of  the  hot  mixture  upon  a  sheet  of  un- 
glased  manila  paper,  folding  over  the  papier  and  rnwning  down  upon  it 
with  a  wooden  paddle.  After  it  is  thoroly  canpranad,  the  paper  dwakl 
be  Btmek  a  Bhan>  t^ow  with  the  wooden  paddle  and  then  opoied  tor  ob- 
aorvation.  An  examination  of  the  surface  of  the  oompreeeed  mixture  wiU 
clearly  show  to  the  trained  inspector  any  marked  variations  in  the  mnb 
eompoaitioQ  of  the  mineral  aggregate.  The  depth  of  stain  upon  the  paper 
irili  measure  the  amount  of  bitumen  wliioh  it  contains.  The  tioher  tbe 
mixture  in  the  bitumen  the  heavier  will  be  the  stain.  This  stain  is  also 
faifluenood  by  the  temperature  of  the  mixture  when  the  pat  test  is  taken. 
For  tbis  reason  it  is  necessary  in  comparing  pats  to  know  exactly  the  tem- 
perature. In  obtaining  tbe  mixture  icv  the  pat  test  from  the  wagon,  ao 
«dinary  mason's  trowel  will  be  found  convenient.  No  time  should  be  lost 
after  obtaining  the  sample  in  putting  it  upon  the  manila  paper  and  m»Mng 
the  test;  otherwise  it  will  drop  very  considerably  in  temperature.  The 
temperature  of  the  material  tested  can  be  convenientiy  determined  by 
inserting  a  thermometer  at  the  place  where  the  sample  was  taken  from. 
Convenient  and  suitable  arrangements  for  making  this  test  should  be 
insisted  upon  at  tbe  plant.  This  is  a  most  important  and  valualJe  guide 
In  the  hands  of  a  competent  inspector  and  great  attention  should  be  paid  to  it. 
In  the  hands  of  a  trained  man,  a  variation  of  0.25%  of  bitumen  can  be 
detected  by  means  of  the  pat  test.  Tlds  pat  test  Is,  of  oouxse.  not  appli- 
eable  to  mbctures  oonsisting  chiefly  of  la^  portfelea  of  stone.  The  in- 
spector should  make  careful  notes  of  the  various  eoBdltioos  suiroundias 


1 


Alt.  la 


bupeetkm  of  Manufacture  and  tsyiag 


09S 


the  plant.  He  should  take  and  record  at  least  three  times  daily  the  tem- 
peraturee  of  the  asphalt  cement  aad  the  min^^l  aggregato  as  deliv««d 
to  the  mixer.  He  abould  also  record  his  aiftingB  of  the  mineral  agsregate 
tocetber  with  the  jMoportioiw  used  in  moldng  the  mixture  ud  of  the  asphalt 
cement. 

All  deliTetieB  <4  matoial  at  the  plant  should  also  be  noted  and  a  record 
kept  of  any  tests  made  on  them.  These  records  should  be  kept  on  prop- 
erly deeigned  forms  and  should  state  the  name  of  the  street  on  which  the 
mixture  is  being  laid,  the  kind  of  mixture  and  the  kind  and  proportion 
of  the  various  ingredients  entering  into  it.  He  should  also  keep  a  record 
oi  the  number  of  batches  turned  out  from  the  plant,  as  this  is  a  valuable 
aid  in  checking  up  the  thloknoM  ct  tlw  pavmoutt  laid  on  the  attest.  At 
the  otHnmenoement  of  the  dmr's  run  it  is  eustomavy  to  send  out  mixture 
which  is  a  little  hotter  than  that  aeait  out  duriziK  the  average  operations 
of  the  [dant.  This  is  done  in  order  to  enable  the  workmen  on  the  street 
to  make  a  dose  and  intimate  joint  with  the  pavement  laid  during  the 
'  prerioUB  day's  run.  While  safe  temperature  limits  should  not  be  exceeded 
at  any  time,  the  maximum  limits  should  be  approached  in  sending  out  the 
first  few  loads  in  the  morning. 

Street  Inspection.  Prior  to  the  delivery  of  any  iatuminoua  materials 
upon  the  street,  the  foundation  must  be  completed  in  accordance  with  the 
requiremMtta  of  the  qwoifications.  The  finished  foundation  must  then  be 
■wept  (dean  of  all  dirt,  etc.  Knowing  the  type  of  mixture  to  be  laid  and 
the  number  of  pounds  used  in  each  batch  and  the  number  of  batches  per 
wagon4oad,  it  is  usually  possible  to  det^mine  in  advance  how  many  square 
yards  should  be  cov««d  by  each  wagon-load.  The  beet  street  foremen, 
before  laying  any  bituminous  material,  measure  the  width  of  the  street 
and  calculate  the  number  of  linear  feet  which  ^ould  be  covered  or  pulled 
by  each  load.  A  tape  is  then  laid  along  the  curb  and  a  ebalk  mark  made 
at  the  point  wime  tiie  nSad  matcritd  from  each  load  should  end.  Whore 
the  fotmdation  ia  reasonably  smooth  and  In  accordanee  with  the  contour 

01  the  finished  pavemuit,  this  method  is  one  ftf  the  best  checks  for  deter- 
mining the  tbickneos  of  pavement  laid.    Ordinary  sheet-asphalt  pavonent, 

2  in  thick,  will  weigh  200  lb  per  sq  yd.  Pavements  containing  a  large  pro- 
portion of  good  aised  stone  will  vary  somewhat  from  this  weight,  but  the 
«act  wei^t  per  square  yard  can  easily  be  determined  during  the  first 
6ay'a  run. 

As  soon  as  the  material  reaches  the  street,  its  temperature  should  be 
noted.  The  hot  material  should  be  dumped  outside  of  the  spot  where 
it  is  to  be  laid  in  order  that  all  irf  It  will  have  to  be  eoixnyed  to  its  final 
resting  place  by  means  of  shovels.  This  results  in  a  preliminary  spread- 
ing material  of  approximately  the  same  density.  Where  the  load  is 
dumped  on  the  epot  on  which  it  is  to  be  spread  it  will  inevitably  be  tramped 
upon  and  certain  portions  of  the  heated  mixture  will  receive  more  comprea- 
sion  than  others,  which  will  eventually  result  in  an  uneven  surface  to  the 
finished  pavement.  In  certain  classes  of  bituminous  mixtures,  notably 
those  containing  large  particles  of  stone,  where  the  haul  is  long,  the  coarser 
particles  may  settle  to  the  bottom  of  the  load.  If  this  takes  place  to  any 
great  extenti  the  load  when  dumped  should  be  remixed  by  turning  over 
with  hot  ahoveU.  In  sbovelling  the  hot  mixtures  into  place  the  shovellen 
should  not  dig  into  the  top  of  the  pile  Init  should  shovel  from  the  bottom  ol 
it,  fllwuiT"g  ap  the  loose  material  aa  they  go.  If  this  is  not  done,  tbo  Iowa 
layer  of  the  pile,  in  oold  weather,  will  have  become  ohiUed  bp  ita  oontaot 
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mtb  the  oold  foundataon  and  it  will  be  difficult  to  remove  it  oomidetdy 
and  uneven  distribution  and  compreesioQ  will  result.  The  miztuie,  after 
having  been  deposited  roughly  in  place  by  means  of  shovels,  is  spread  by 
means  of  hot  rakes.  During  this  operation  the  rakers  should  not  stand 
in  the  hot  mixture  any  more  than  is  neceesary.  Care  should  be  taken 
to  TpBintrio"  a  uniform  and  even  grade  so  that  there  will  be  no  depramns 
in  the  finished  pavement  which  will  hold  wato*.  Some  mixtures  com- 
press very  much  more  than  otherB,  so  that  it  is  impossible  to  establish 
any  definite  rule  for  the  depth  to  which  the  hot  mixture  shall  be  raked. 

As  soon  as  possible  after  raking,  the  mixture  should  be  rolled.  Some 
mixtures  are  more  tender  than  othen  and  must  be  allowed  to  cool  off  some- 
what before  putting  the  hot  roUOT  on  them.  The  hotter  the  mixture,  the 
greater  will  be  the  compression  and  it  is,  therefore,  desirable  to  roll  it  as 
soon  M  poMible.  bt  varjr  oold  veather,  eepeeiallr  when  a  Strang  wind 
is  blowing,  the  surface  of  tiw  mixture  will  ohQl  quite  n^idly.  With  a  ten- 
der mixture  it  is  often  advisable  to  use  a  light  hand  roller  over  it  as  soon 
as  it  is  raked  in  order  to  oloae  up  the  surface  and  then  follow  this  with  a 
heavy  steam  roller  as  soon  as  the  mixture  will  bear  it.  Undue  dday  in 
rolling  the  mixture  will  result  in  a  more  or  lees  honeycombed  surface.  De- 
pending upon  the  contour  of  the  street  and  its  width,  the  rolling  should 
be  first  done  parallel  with  the  curb.  This  should  be  followed  by  diagonal 
or  cross  ndling  and  the  final  finish  of  the  work  by  rolling  paraUel  to  the 
curb  again.  The  exact  method  of  handling  the  roller  can  usually  be  left 
in  the  hands  of  the  rdler  englnen'  if  he  is  an  expaiienoed  man,  as  he  should 
know  how  to  smooth  up  the  finish  of  the  pavonent  bettm-  than  will  the 
awage  inspector.  At  the  finish  of  the  day's  work  it  is  neoessaty  to  leave 
the  pavement  in  such  condition  that  a  proper  joint  may  be  made  with  it 
when  the  next  day's  operations  are  commenced.  There  are  a  number  of 
methods  of  doing  this.  Perhaps  the  best  is  the  rope  joint  in  widch  a  length 
of  rope  is  laid  across  the  extreme  edge  of  the  pavement  and  rolled  into  it 
while  hot.  When  this  is  taken  up  very  little  cutting  back  will  have  to  be 
done  and  the  edge  will  be  left  in  such  dupe  that  a  satisfactory  Joint  can 
be  made.  The  practice  of  painting  these  joints  with  hot  asptudt  oonent 
before  laying  fresh  pavement  adjacent  to  them  is  to  be  avoided  whenever 
possible,  as  the  tendency  is  to  put  too  much  asphalt  cement  on  the  joint. 
This  asphalt  cement  is  absorbed  by  the  hot  mixture  and  softens  it  at  that 
point  and  trafiic  is  Hable  to  displace  it.  For  the  same  reason  the  painting 
of  edges  of  curbs,  manholes,  etc,  should  be  done  with  extreme  care.  A  very 
convenient  instrument  for  determining  the  depth  of  the  finished  pavement 
is  a  putty  knife  with  a  blade  2  in  wide  which  has  been  marked  across  the 
faoe  of  the  blade  at  a  pnnt  eorrespfmding  to  the  required  depth  of  the 
pavement.  This  can  easily  be  inserted  in  the  warm  mixture  after  it  has 
been  rolled  and  the  broad  point  will  bridge  over  any  small  depressions  In 
the  foundation  and  avoid  the  recording  trf  a  greater  depUi  to  the  pavement 
than  really  exists. 

The  use  of  hot  smoothers  should  be  avoided  whenever  possible.  With 
the  proper  mixture  and  one  which  has  been  rolled  while  hot,  the  surface 
should  be  entirely  closed  up.  Under  unfavorable  weather  conditions,'  in 
order  to  close  up  the  surface,  it  may  be  necessary  in  certain  places  to  use 
hot  smoothers.  Care  should  be  taken  to  see  that  these  are  not  too  hot; 
otherwise  they  will  bum  the  pavement  and  sealing  will  eventually  result. 
The  inspector  on  the  street  should,  whenever  possible,  keep  an  accurate 
account  of  the  ntunber  at  loada  delinred.   Knowing  the  number  of  poundi 
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of  mixture  per  load  and  the  weight  per  equaie  yard,  he  can  then  check 
up  the  yardaee  which  should  have  beeu  hud  with  the  material  delivered 
on  the  street  if  it  were  raked  to  the  proper  thickneea. 

Iiispdction  of  Finithed  Work.  If  the  inspectioo  at  the  plant  and  stroot 
during  the  consteuetibn  of  the  pavement  haa  been  adequate,  the  final  in- 
apeotion  of  the  work  will  be  chiefly  confined  to  an  examination  of  the  con- 
tour and  surface  of  the  street.  During  this  examination  careful  note  should 
be  mode  of  whether  or  not  the  mixture  baa  been  tboroly  compressed  and 
18  closed  up  on  the  surface.  Where  there  has  been  no  inspection  during 
the  manufacture  and  laying  of  the  pavement,  or  where  this  inspection  has 
been  inadequate,  defects  will  frequently  dev^p  in  the  pavement.  Under 
these  circumstances,  it  becomes  necessary  to  examine  the  finished  work 
in  order  to  determine  the  reason  for  the  defects  or  failures.  In  an  inspeo- 
tion  of  this  acHt,  oareful  note  should  be  made  of  the  cotulition  of  the  sur- 
face and  its  ocmtonr.  Frequently  marked  depreaaions  occur  where  the 
pavement  has  been  laid  over  a  trench  dug  just  prior  to  its  construction,' 
and  in  which  the  back-fiUing  was  not  properiy  done.  A  thoro  examina- 
tion of  the  street  will  usually  involve  the  cutting  out  of  numbers  of  samplee 
of  the  bituminous  surface.  These  should  be  carefully  marked  as  to  loca- 
tion and  a  sufficient  number  of  them  taken  to  fairly  represent  the  surface 
examined.  They  should  be  sent  to  a  central  laboratory  for  examination 
as  to  the  percent  of  bitumen  contained  in  them,  the  mesh  composition  and 
character  of  the  mineral  aggregate  and  the  phyueal  and  ch^nical  char- 
acteristics of  the  aaphaltie  cement  used  in  the  pavement.  Wherevw  these 
samples  are  cut  out,  careful  note  should  be  made  of  the  depth  <rf  the  pave- 
ment at  this  point.  In  many  instances  it  wilt  also  be  necessary  to  cut  thru 
the  foundation  to  determine  its  character  and  thickness.  Laboratory  exam- 
inations of  concrete  foundations  are  usiially  not  very  valuable  in  detM^ 
mining  the  amount  of  cement  which  has  been  used  in  them,  but  a  com- 
bination of  physical  and  chemical  tests  of  the  foundation  will  often  estab- 
lish satisfactorily  whether  or  not  they  have  been  defective.  The  method 
of  examination  used  will,  of  oourae,  have  to  be  varied,  dej>ending  upon 
oircumstanoefl  and  the  character  of  the  defects  which  have  been 
developed. 

Laboratory  Equipment.  The  plant  laboratory  should  be  equipped  with 
a  set  of  standard  sieves,  200,  100,  80,  60,  40,  30,  20  and  lO-mesh,  and  a 
pair  of  sand  scales;  a  stiff  brush  for  cleaning  the  sieves,  which  should 
preferably  be  a  small  one  with  good,  stiff  bristles;  a  sand  sampler;  a  set 
of  screens  for  testing  binder  stone,  }4-  H  luid  I-in;  thermometers  for 
■ae  with  the  penetration  machine  and  for  testing  the  temperature  of  the 
paving  materials;  a  penetration  machine;  a  dislyMui  or  other  receptacle 
for  holding  water  at  the  standard  tmnperaturo,  in  which  to  immerse  the 
asphalt  cement  samples  which  are  to  be  tested;  two  trowels,  one  4-in  and 
the  other  64d;  a  4-in  wall  brush;  two  wooden  paddles;  a  roll  of  manila 
paper  12  in  wide  mounted  on  a  stand  provided  with  a  cutting  device,  two 
iron  pails  and  a  gas  or  oil  stove.  This  will  be  sufficient  to  carry  out  the 
simple  tests  required  by  the  inspector.  If  chemical  analjrses  are  to  be 
made,  a  mudi  moie  elaborate  equipment  will  of  couiae  be  required. 


The  following  specifications  were  adopted  in  1916  by  the  Am.  8oc.  Mun. 
Imp.  At  the  oonduiion  of  the  specifications,  comments  and  explanations 
pertuning  to  sevenl  sections  of  the  speci&oations  have  beep  upended. 


17.   Specifications  for  Construction 


008 


Sheet-Aqihalt  PaTements 


Sect  n 


FbrsBotioDB  ooming  materials,  see  Art.  12.  and  for  secttmi  oonrins  main- 
tenanoe,  see  Art.  22. 

"  1.  General  Demchptioa.  Upon  the  foundation,  prepared  and  laid  aa  elaewbg* 
bwein  spedAed,  shall  be  laid  the  pavement  proper.  Thk  shall  consirt  of:  (a)  A 
Under  oouiw  ...  in  in  thidatew  wl>ra  compreiand;  and  (b)  an  avlult  weariif 
anrface  ...  fat  in  UdeknoM  when  cdnpnaaed. 

"11.  Binder,  Preparatioii.  The  Under  idwli  be  eompoeed  «(  ttoue,  ortteas  and 
•and,  and  aaphalt  cement  of  the  charact«  dsewben  borein  apedfled  and  mixed  in 
proper  propwtiona.  The  stone,  or  stone  and  land,  and  tb»  aaphalt  eeoient  aliall 
be  heated  wparately  to  such  a  tempovture  aa  will  give,  after  niiinCi  a  Under  ol 
the  proper  temperature  for  the  materiala  emptoyed.  The  atone  what  uaed  must  ba 
at  a  tempenCure  between  107°  and  ITT"  C  (226°  and  SSO°  F>.  The  aaphatt  aetamX 
and  itone  shall  be  thoroly  mixed  by  machinery  until  a  homoceneoua  mixture  is  pni  - 
duced  in  which  all  the  particles  are  thoroly  coated  with  aaphalt  cement. 

"  12,  Binder,  Laying.  The  binder  mixture  prepared  In  tite  mantar  above  deaofiMd 
shall  be  brouKht  to  the  work  In  wapina  csovered  with  canvas  or  other  suitable  materia 
and  upon  reaching  tbe  street  shall  have  a  temperature  between  K'  and  168"  C  (200° 
and  S250  F).  The  taovetature  erf  the  Ui^  mixture  wHhin  the**  ttnita  rimD  ba 
raguiatad  aoomHng  to  IJte  tempwaton  of  the  atmoqihere  and  the  woridag  o(  tlw 
biadtt.  Oa  wchlng  the  street  It  aball  at  once  be  dumped  on  the  coBcgete  and  then 
be  deposited  roughly  in  place  by  means  of  hot  shovels,  after  which  It  shall  be  uni- 
form] y  spread  by  means  of  hot  iron  rakes  and  then  at  once  thoroly  compacted  bj 
tamping  or  r<riUng.  Tamping  ahall  only  be  permitted  in  thoeo  phuee  which  are  inae- 
ccaaibta  to  a  roller.  Rolling  shall  be  carried  on  continuously  at  the  rate  of  not  man 
than  800  sq  yd  per  hr  per  roller  until  a  eompi  lasloB  is  obtained  which  la  aatirtactaT 
to  tbe  Engfateer.  The  thickDcas  of  the  finished  Under  shall  average  ...  in  and  not 
more  than  40%  variation  from  the  average  thickneas  qiedfled  will  be  permitted  at 
any  one  spot.  The  upper  surface  of  the  finished  Under  shaU  be  paralld  to  the  estab- 
lished grade  for  the  finished  pavonent.  The  surface  after  comprea^n  shall  show 
at  no  place  an  excess  of  asphalt  cement  and  any  spot  showing  such  «xcem  shall  be 
cut  out  and  replaced  with  other  material.  All  Uwler  that  riiows  htd^  of  bond  or 
that  Is  in  any  way  defective  or  which  may  beeotne  broken  up  bafwe  it  is  covcrad 
with  weailag  surface  must  be  taken  up  and  removad  from  the  street  and  replaced 
by  good  material,  properiy  made  and  laid  in  accordance  with  these  ^ledficatioD^ 
at  the  flq>enBe  of  th&  Contractor.  No  more  binder  shall  be  laid  at  any  one  time  than 
can  be  covered  by  a  day'a  run  of  the  paving  plant  ca  surface  mixture.  Binder  when 
laid  ahall  be  foUowed  and  covered  with  wearing  surface  aa  soon  aa  Is  piaetkable  ia 
order  to  effect  the  meet  thoro  bond  between  tbe  Under  and  the  wearing  course.  The 
binder  coune  shall  be  kept  as  dean  and  aa  free  from  traffic  as  is  poaslUe  under  woridng 
conditions.  If  necessary,  it  must  be  swept  off  Immediatdy  before  laying  the  weairing 
surface  on  It.  No  binder  shall  be  laid  when  in  tbe  o|union  ot  tbe  Eng^teer  the  veetbsr 
wmdltions  are  uneui table  or  unleee  the  concrete  on  which  it  is  to  be  laid  even  tbo 
damp,  free  from  poole  erf  wter  and  has  set  a  sufficient  length  of  time. 

"  13.  Binder,  Requirements.  The  finished  binder  must  contain  4  to  7%  of  bitumen 
soluble  in  cold  carbon  disulphide,  from  16  to  35%  of  material  pasmog  a  lO-meafa  sieve, 
and  from  20  to  60%  of  material  paaaing  a  ^-in  screen,  tbe  percentage  of  bitumen 
to  be  regulated  in  accordance  with  the  mesh  compositiaD  and  character  <A  the  ndnenl 
aggregate  of  the  Und«,  and  tbe  percentage  of  mat«ial  passing  a  lO-medi  sieve  to 
be  regulatad  fn  aoeordanoe  with  tbe  traffic  oonditiona  upcn  tbe  street  or  stieeta  to 


"  14.  Wearing  Surface^  Preparatioa.  The  wearing  surface  shall  he  composed  of 
sand,  filler  and  awhalt  cement  of  tbe  character  elsewhere  herein  specified  and  mixed 
in  proper  and  d^nite  proportions  by  weight.  The  sand  and  the  asphalt  cement 
shall  be  heated  separately  to  such  a  temperature  as  will  give,  after  guxing,  a  surface 
mixture  of  tbe  prop*  temperature  for  the  materials  employed.  Tbe  sand  vrhcai 
uaed  must  be  at  a  temperature  betweoi  ISG"  and  204°  C  ^6°  and  400"  F).  The 
asphalt  cement  when  used  must  be  at  a  temperature  between  121"  and  177°  C  (260° 
and  860°  F).  The  various  ingredients  shall  be  brought  togethw  and  mixed  for  at 
least  1  min  in  a  suitable  ^paratus  until  a  homogeneous  mixture  b  prodncad  ia  whida 
all  the  puttdaa  are  thoroly  coated  with  asphalt  cement.   Tbe  weighta  of  all  matcrteb 
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enterint  into  the  coinpoBitloD  of  the  wearinc  nnAm  Aall  be  veriflad  in  the  prwtiace 
of  inspeetwa  as  often  may  be  requited  and  the  Engineer  or  bis  reprcMDtatiTee 
shall  have  acees  to  all  parte  (rf  the  plant  at  any  time. 

"  IS.  Wearing  Conne,  Lajing.  Tlie  surface  nisture  prepared  in  the  manner  above 
dfrlhad  ahall  be  broii^t  to  tiie  work  in  wagona  eonred  with  canvaa  or  other  noit- 
abte  material  and  upon  reaching  the  street  shall  have  a  temperature  between  110" 
and  ITf  C  (280°  and  860°  F).  The  tMnperature  of  the  aorfeee  mixture  within  theae 
Umlta  ehall  be  rv<>l*ted  according  to  the  temperature  of  the  atmoephere  and  the 
working  of  the  mixture  and  the  charaetw  of  the  materiak  employed.  On  rMcUng 
the  etreet  It  ahall  at  moe  be  dumped  on  a  apot  outside  of  the  wpm  on  which  U  la  to 
ba  apraad.  It  ahall  then  ba  dapodted  roqtfily  In  place  by  meana  of  hot  ahorcl^  after 
which  It  ahall  be  uniformly  qmad  by  meana  of  hot  iron  labea  in  such  a  manner  diat 
after  having  received  ita  final  eompreadon  by  rolling,  the  *w<^Imm1  pav«n«ot  ahaB 
eonfonn  to  the  eatabliabed  grade.  The  thickneea  of  the  Anidted  aurface  mixture 
•faall  average  ...  in.  Not  more  than  a  10%  variation  from  the  average  thiekncM 
apocified  will  be  permitted  in  any  one  apot.  Before  the  aurface  mixture  is  placed, 
idl  contact  surfacea  (rf  curbi,  manbolea,  etc,  must  be  well  painted  with  hot  asphalt 
cenMiL  Afto-  raldng,  the  aurface  mixture  shall  at  once  be  comprteeed  by  rolling 
or  tamping,  aft^  wbldi  a  small  amount  of  cement  shall  be  aw^t  over  it  and  it  shall 
then  ba  thoroty  compress  ad  by  a  steam  roller  weighing  not  leas  than  200  lb  to  the  in 
width  of  tread,  the  rtdling  being  canied  on  continuously  at  the  rate  of  not  mon  than 
200  sq  yd  per  br  per  roller,  until  a  compreaslon  Is  obtained  wiildi  is  aatiafactory  to 
tbe  Bnctneer.  Such  portfaHM  of  the  completed  pavement  as  are  defective  in  finish, 
iiaiUiiiadiai  or  Bompedthm.  or  that  do  not  comply  In  all  respects  with  the  fwptb*- 
iMBts  of  these  apecttcatlons^  sltall  be  taken  up,  removed  and  replaced  iritb  aultable 
material,  properly  made  and  laid  In  accordance  with  tbcae  qieciflcations.  at  the  ex- 
pense of  the  Contractor.  Whenever  so  ordered  by  the  Eni^ne«,  a  space  of  12  in 
next  to  the  mrb  shall  be  coated  with  itot  aq>hait  cement,  whkli  shall  be  ironed  into 
the  pavement  with  hot  smoothing  Irons.  No  wearing  surface  shall  be  laid  when.  In 
tbe  opinion  of  the  Sngbwer,  tfaa  weather  condldons  are  unsuitable  or  unless  the 
binder  on  wfaldi  It  b  to  Iw  placed  Is  dry.  ExcmIvb  use  of  water  on  the  steam  roller 
when  oompreering  tbe  pavement  irill  not  be  permitted.  The  finished  pavement  must 
be  wdl  protected  from  ail  traffic  by  suitable  barrindea  untjl  it  is  in  proper  con- 
dltfao  tor  use. 

"Norm  When  the  pavament  is  laid  akmgdde  of  brick  or  concrete  gutten,  street 
ear  bmeka,  manbote  hMds,  or  Knera,  It  is  recommended  that  the  finished  aurface  adja- 
cent to  them  be  left  H  in  high,  in  order  to  provide  for  mibeequent  comprearion  by 
traffic  and  to  avoid  deprasalonB  which  would  ottterwiae  be  liable  to  occur  at  Uiese  points, 

"  10.  Wealing  Coune.  Reyiiremeata.  The  finlshad  pavement  shall  ahow,  upon 
analysis,  a  mesh  compoaition  and  Utomen  coo  tents  within  tbe  following  Undts,  aeves 
to  be  used  in  tbe  order  named: 

Bitumen  9.6  to  IS.6% 

Paanng  200-m«Bh  aleve.  Not 

leea  than   10%  \  Total  passing  200, 100  and 

Passing  80-mesh  sieve   10  to  86%/    SiMoeah  Not  Ihb  than  26% 

Paadng  GO-mesh  sieve   4  to  86% 

Pasring  40-ineBh  sieve   4  to  26% 

Fassinc  90-iDesh  rievv   4  to  20% 

Fttarfag  2a«Msb  rieve   4tol2% 

Fa^ag  ItMneA  sleva   2to  B% 

Pasafaif  hnesta  sieve   Oto  6% 

"The  —iwlnmwi  amount  of  bitumen  shall  be  used  only  In  mixtures  containing  the 
mMmim  total  paoing  the  80-mesh.  The  percentage  of  bitumen  must  be  increaaed 
above  the  minimum  as  tbe  total  passing  tlie  80-mash  increasea.  On  streets  ot  vary 
light  traffic,  when  the  Engineer  liaa  approved  the  nee  of  a  coaraw  aand  or  mixture 
than  that  q>eciaed  for  general  use,  tbe  surface  mixture  mmt  contain  not  Isas  titan  6% 
ef  mineral  matter  passing  a  200-meah  sieve  and  not  Um  than  a  combined  total  of  18% 
pBMiag  tlw  too,  100  and  80-mcah  sievw.  The  maslBmu  amount  <i  tOO,  100  and 
80-meeh  material  will  be  regulated  according  to  the  kind  ol  sand  and  asphalt  used 


Total  passing  60  and  40- 

mcah   16  to  60% 

Total  pamii«  SO,  20  and 

Ifroash   10  to  86% 
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and  the  tnfflc  upon  the  street  on  whicb  the  pmvament  Is  to  be  laid,  subject  to  tte 
majdmttm  requirementa  etaewbere  herein  ■pedded  under  aand  and  filler.  Tbe  above 
UmitB  aa  to  nuah  composition  and  percent  ol  Utuman  are  intended  to  provide  for 
waA  penaiMibia  viilatioiia  aa  may  be  rendered  aie— ary  by  the  raw  nMarfala  aaed 
and  fay  tbe  character  of  tbe  work  to  ba  data.  The  eompodtian  of  the  wMiini  smfaee 
may  be  varied  within  the  limits  above  ipedHad  at  the  diacretion  of  the  Encineer, 
depending  upon  the  kind  of  sand,  filler  mod  aaiAalt  uaad  and  the  tratte  eoadftfana 
upon  tbe  street  or  streets  to  be  paved." 

CoauMnti  and  B^uutioiu  of  nctioiu  of  the  Am.  Soe.  Mun.  Imp.  1916 
apecificatioiu  follow: 

Sections  11,  11  and  IS.  The  points  in  tbne  eectloos  have  been  fully  dbeoaeed 
un<ter  BiNDMB  and  THBOBY. 

Secthma  14,  U  and  M.  Tbe  pdnti  oovered  In  these  aeetlons  have  been  fully  dia- 
euseed  under  hbtbodb  or  HANurAcruBB  and  UTtKO.  and  thbmt.  Aa  fa  Seet.  7, 
the  Umlts  given  Include  both  Hght  and  heavy  trafBe  ndxtnna  and  are  wider  than 
ahould  be  applied  to  any  partlcniar  set  of  conditions.  Under  the  provMotta  of  8ecC 
16  the  encineer  may  and  should  narrow  the  limits  to  suit  the  ecadlttoBB  pnvaiUnf 
upon  tbe  streets  to  be  paved  and  the  avaikUe  local  materiaL 

la  Conatrnctton  Cost  Data 

Costa  vBiy  greatly,  dependinc  upon  the  price  (rf  materials  and  labor. 
In  some  loealitiea  sand  and  stone  are  very  expensive  and  in  othMB  th^ 
are  quite  cheap.  Freight  rates  on  afq;)halt  and  other  raw  materials  from 
their  point  of  production  to  the  place  where  they  are  to  be  uaed  are  a  very 
important  item.  Where  the  climate  is  favorable  and  the  work  can  proceed 
uninterruptedly,  the  labor  costs  are  much  lower  than  in  rainy  climates 
where  frequent  shut-downs  are  necessary  and  fuel  and  time  are  required 
to  drive  off  excess  moisture  from  raw  materials  and  from  foundations.  Con- 
crete and  grading  costs  are  generally  so  well  understood  that  they  wiU  not 
be  entered  into  here,  aa  eaoh  engineer  is  famiUar  with  ihem  in  his  own 
particular  locality. 

Example  of  Cost  Caknlatton.  For  the  purpose  of  showing  a  typical  cost 
calculation,  it  will  be  assumed  that  the  pavement  to  be  laid  consists  of  a 
ly^-in  binder  course  and  a  IH'in  wearing  course,  and  that  the  binder 
LB  to  contain  5%  of  bitumen,  25%  of  sand  and  70%  of  stone,  while  the 
wearing  course  is  to  contain  11%  of  bitumen,  15%  of  filler  and  74%  of 
sand.  The  asphalt  cement  is  to  consist  of  90%  of  refined  asphalt  and  10% 
of  flux  and  will  contain  96%  of  bitumen.  The  prices  of  the  various  raw 
materials  delivered  at  the  i^imt  are: 

Refined  asphalt  S18.00  per  ton  gross,  5%  tare, 

Flux,  16°  B  gravity   0.07  per  gal.  no  tare. 

Binder  stone   1.26  per  cu  yd,  2600  lb. 

Binder  sand   0.90  per  cu  yd,  2500  lb. 

Surface  sand,  coarse   0.90  per  cu  yd,  2500  lb. 

Surface  sand,  fine.   1.00  per  cu  yd,  2500  lb. 

Filler   5.00  per  ton,  net  weight. 

Coal   4.50  per  ton. 

Asphalt  Cement.  Allowing  for  tare,  1900  lb  of  refined  asphalt  will  oost 
Sl8.  Flux  of  1S°  B  gravity  weighs  8.05  lb  per  gal  and  hence  would  cot 
0,87  cents  per  lb. 

1900  lb  refined  asphalt  @  $18.00  $18.00 

211  lb  flux  @  0.87  cents   1.84 

2111  lb  asphalt  cement   $19.84-0.M 

cents  per  lb  for  the  asphalt  cement. 
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Binder.  As  the  aaj^ialt  cement  is  only  95%  pure  bitumen,  the  biDder 
will  contain  5.26%  (5%  +  05%)  in  order  to  bring  its  bitumen  contents  up 
to  the  specified  amount.  This  will  cause  a  sli^t  change  in  the  peroentagea 
of  atone  and  sand  in  the  mixture. 

1  cu  yd  binder  stone  (2600  lb)  @  $1.25  $1.25        69  .81% 

0.37  cu  yd  binder  sand  (928  lb)  @  $0.90   0-33  24.93% 

196  lb  aqthalt  cemrat  @  0.94  cents   1.84  5.26% 

$3.42  100.00% 
The  sand  and  asphalt  cement  will  increase  the  bulk  of  the  stone  but 
very  little.  Allowing  for  inequalities  in  the  concrete,  the  above  amount 
of  binder  mixture  should  lay  26  sq  yd  of  bindn  eoorse  avenging  IH  in 
in  thickness.  The  cost  of  materials  for  tlu  b^dra'  course  will  therefore 
be  13.2  cents  (3.42  -f-  26)  per  sq  yd. 

SuBFACB.  As  the  asphidt  cemeat  is  only  95%  pure  bitumen,  the  surface 
mixture  must  contain  11.58%  (11%  -^  95%)  in  order  to  bring  its  bitumen 
content  up  to  the  required  amount.  This  will  cause  a  slight  change  in  the 
percentages  of  sand  and  filler  in  the  mixture.  The  sand  is  to  be  mixed 
in  the  proportion  of  three  parts  of  coarse  to  one  part  of  fine  and  will  there- 
fore coat  when  mixed  $0,925  per  cu  yd.  Filler  at  $5  per  ton  will  cost  0.25 
cents  per  lb. 

leu  yd  sand...  25001b  @  92}^  cents  per  cu  yd. .  $0,925  73.52% 

Filler   fi07  lb  @  0 .  2S  cents  per  lb   1.27  14.90% 

A^>halt  cement   3931b  @0.M  cents  per  lb   3.60  11.58% 

Surface  mixture.  3400  lb  $5,885  100.00% 

A  standard  wearing  course  1^  in  thick  after  being  compressed,  will 
wdgh  150  lb  per  sq  yd.  3400  lb  will  therefore  lay  22.7  sq  yd,  hence  the 
cost  of  materials  for  the  wearing  cotuw  will  be  $0,259  ($5,885  -^  22.7)  per 
sq  yd. 

FoBL.  The  averaf^  cost  of  fuel  for  the  plant  and  street  should  not  exceed 
2  cents  per  sq  yd  at  the  figures  given  for  coal.  It  vuies  somewhat  with 
the  type  of  plant  used  and  the  daily  output,  the  larger  plants  being  the 
more  ecomnnical.  At  the  plant  it  is  used  under  the  boilns  and  the  sand 
drins  and  on  the  street  in  the  fire  wagon  and  ndler. 
Labob  at  Plant 

One  foreman   $3.00  per  day. 

One  engineer   2.50  per  day, 

One  drum  fireman   2.00  per  day. 

One  mixer  man   2.00  per  d^. 

Eleven  laborers,  @  $1.76   19.26  per  lU^, 

One  night  watchman   1.50  per  day, 

$30.25  per  da.y. 

The  above  force  with  a  suitabte  plant  ought  to  be  able  to  turn  out  suffi- 
laent  material  for  not  less  than  800  sq  yd  of  finished  pavement  per  day 
of  10  hr.  This  assumes  the  plant  to  have  a  daily  capacity  of  1200  sq  yd 
of  surface  or  2400  sq  yd  of  binder.  Plants  vary  very  greatly  in  their  out- 
put and  the  number  of  men  required  to  work  them,  some  being  much  more 
economical  of  labor  than  others.  On  this  basis  the  plant  labor  should 
not  cost  more  than  3.78  cents  (30.25  -i-  8(X))  per  sq  yd  for  the  finished 
pavement.  Overtime,  delays  due  to  bad  weather,  and  other  causes  usually 
run  this  figure  up  to  from  4  to  5  cents  per  sq  yd  of  finished  pavement. 
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Labor  at  Stbebt 

One  foreman . 


t3.00  per  day, 
7.50  per  day, 
5.00  per  day, 
4.00  pet  day, 
5.25  per  day, 
1.25  per  day, 
1.75  per  day, 
1.50  per  day, 
1.60  per  day. 


Three  rakers  @  $2.50  . . . 
Two  tampers  @  $2.60  . . . 

One  ndler  engmeer  

Three  ohoTeUcm  @  tI.7S 

One  cement  sweeper  

One  fire  wagon  man  

One  laborer  

One  night  wstchnuui  


$30.75  per  day. 


The  above  force  should  easily  handle  and  lay  800  sq  yd  of  finished  work 
per  day  of  the  thickness  specified.  On  this  basts  the  street  labor  would 
cost  3.84  cents  ($30.75  -^  800)  per  aq  yd  of  finished  pavement,  but.  owing 
to  delays,  etc,  this  will  unially  run  from  4.6  to  5.5  cents. 

Hauu  Assume  the  average  haul  to  be  2  mika  and  that  each  wagon  will 
hold  6000  lb  of  mixture  and  that  wagons  and  teams  cost  $5  per  day.  With 
this  length  of  haul  a  wagon  should  average  five  round  tripe  per  day  of  10 
hr,  during  which  it  would  cany  25  000  lb  of  material  at  a  cost  of  $6, 

25  000  lb  3f  binder  would  lay   179  sq  yd  IH  in  thick. 

25  000  lb  of  surface  would  lay   166  sq  yd  IM  in  thick. 

The  cost  of  haul  per  sq  yd  would  thereftwe  be: 

Binder   2.8  cents  (S6  +  179) 

Surface   3.0  cents  ($5  +  160) 

Total   6.8  cents 

ADHHnBTRATiON.  When  work  of  any  magnitude  is  bdng  carried  od  a 
general  Bupwintendent  and  a  bookkeeper  are  required  together  with  an 
office..  Tbo  expense  of  this  in  a  town  where  a  plant  of  the  siie  ■nmimml 
would  work  economically  would  be  approximately  as  follows: 

General  superintendent  $6.00  per  day, 

Boolckeeper   2.00  per  day. 

Office  rent   1 .00  per  day. 

Sundries   1.00  per  day, 


This  would  amount  to  1.25  cents  per  sq  yd  ($10  -f-  800)  which  should  be 
increased  to  2  cents  to  allow  for  delays. 

General  Expense.  Under  this  item  would  come  expense  of  securing  ood- 
b'act,  promotion  expense,  head  office  expense,  etc.  This  is  such  an  uncer* 
tain  quantity  that  it  is  hard  to  figure,  but  for  ordinary  conditions  5  cents 
per  sq  yd  should  cover  it. 

Guarantee  Bonds  and  Maintenance  foh  6  Yeabb.  This  again  varies 
greatly  with  traffic  conditions,  etc,  but  will  probably  average  10  cents  per 
sq  yd  for  the  entire  period. 

Intebsst  on  Investment,  Plant  and  street  tools  for  the  output  under 
discussion  would  probably  cost  not  less  than  $15  000.  The  interest  on 
this  at  6%  would  amount  to  $900  per  annum.  Assuming  180  fall  working 
days  in  a  year,  this  would  amount  to  $5  per  day  or  H  cents  per  sq  yd. 
These  conditions,  again,  vary  so  greatly  as  to  make  it  impossiUe  to  esti- 
mate  them  accurately,  but  on  the  average  1  cent  per  sq  yd  should  be  a 


$10.00  per  day. 
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fair  charge.  Larger  plants  with  increased  output  would  cost  much  more 
thao  $15  000,  but  the  larger  yardage  of  pavement  laid  with  them  would 
offset  this.  In  many  looftlitieB  the  ccmditioDS  will  permit  of  more  than 
180  full  working  days  per  annum. 

Rbpaisb  and  Dbprbcution .  Ten  per  cent  depredation  per  i^nrmm  and  a 
yearly  allowance  of  $900  for  repairs  would  be  reasonable  for  the  conditions 
assumed  in  making  this  estimate.  This  would  make  a  total  of  $2^)0,  or 
913.33  per  working  day  for  180  days,  which  is  equivalent  to  a  cost  oS  1.66 
cents  per  sq  ^d,  say,  2  cents,  per  sq  yd. 

The  total  cost,  exclusive  of  profit,  for  the  pavement  and  conditiona 
assumed  is  therefore : 

Binder,  materials .  .    13.20  cents  per  sq  yd. 

Surface  materials   25.90  cents  per  sq  yd, 

Ftiel   2.00  oents  per  sq  yd. 

Labor  at  plant   4.50  oents  per  sq  yd, 

Labor  at  street   5.00  cents  per  sq  yd. 

Haul   5.80  cents  per  sq  yd. 

Administration     2.00  cents  per  sq  yd. 

General  expense   5.00  cents  per  sq  yd, 

Gu*arant«e  and  maintenance  for  5  yeani  10.00  cents  per  sq  yd. 

Interest  on  investment   1.00  cents  per  sq  yd, 

Repairs  and  depreciation   2.00  cents  per  sq  yd, 

Total  cost  per  sq  yd   76.40  cents  par  sq  yd. 

Character  end  Coet  vi  Sheet-As^iilt  Panments  in  19U  In  Ssrenl  CUlea 
Prom  Eittineerint  and  CmlraeUng,  April  6, 1918 


City 


Squsre 
Yards 


Boston.  Mm  

ProvidsDsa,  R.  I.. . 

Albany,  N.Y  

Bor.  m  Hanhattan, 
N«w  York  City..' 

CaBtdBa,  N.  J  

HarrUnirg,  Fa  

Battimorft  Md  

CinetoiatL  Ohki.. . 

CUeaco,  m  

Da^t,  Hich  

Hawaukee,Wis... 

Port  Dodge,  la  

Washincton,  D.  C . 
GrsMuboro,  N.  C. 

Columbia,  S.  C  

Lwdngtoa,  Ky . . . . 
Naw<maaiu,La. . 
Salt  Lake  Clt^,  U.. 

OaUand,Cal  

Fortland,  On  


88fl28 
27  628 
4S  462 

61 169 
81796 
88  661 

289  912 
29  732 

864  681 
26476 

227  833 
23  446 
35  746 
48100 
61  682 
27  170 
87  820 
6616S 
67  649 
4  286 


•Price 


Wasr'g !  BindsT 
Guai^  Course  Course  I 


CoHcaara 

FOUtatATION 


t2.25t 
1.87 
1.76 

1.82 

1.90 

1.80 

1.67t 

2.42 

1.75t 

8.02 

1.90t 

1.69 

1.78 

1.60 

1.86 

2.00 

2.26 

1.86t 

1.90t 

1.64t 


6 
6 
6 
6 
10 
5 
6 
6 

'& 
6 
6 
6 


Thick- 


Thick- 
Inchee 


2 

2 
2 

Hi 

I'' 

2 
2 
2 

2 


IH 

jii 

I 
1 

1 

m 

Hi 
14 

1 
I 

Hi 
Hi 
Hi 
1 

m 
1 


Thick- 
neai. 


6 
6 
9 

6 
6 
6 
6 
6 

S*^ 

6 

6 
6 
6 
6 
6 
6 
6 
6 
6 


Propor- 
tions 


*  Priee  oovm  pavatnent,  foandatioti,  and  pnpaiatkm  of  snbpade. 
t  Doss  not  indud*  prepantion  of  aubcrada. 


8:7 
8:6 
8:6 

8:6 
8:6 
8:7 
8:6 
8:6 
8:6 
8:6 
8:6 
8:6 
8:7 
8:6 
8:6 
8:6 
8:6 
8:6 
8:6 
8:6 
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The  general  scbeme  of  this  cost  calouUtion  has  been  purpoeely  made 
■omewlut  elaborate  to  show  how  all  the  various  dements  of  ooet  may  be 
figured.  Where  some  of  theee  elements  are  not  involved  they  may  be 
readily  eliminated  from  the  general  scheme.  Variations  in  the  price  at 
labor  and  materials  will  not  involve  any  variation  in  the  fonn  of  the  cal- 
culation. It  should  be  borne  in  mind  that  under  certain  conditions  of 
large  ouput,  short  haul  and  low  maintenance  cost,  these  figures  may  be 
considerably  reduced.  Where  the  price  of  materials  is  higher  the  cost  will 
be  correspondingly  increased.  The  cost  shown  in  tJie  above  calculation 
only  covers  binder  and  surface.  Grading,  foundation,  curbing,  manholes, 
and  extra  work  are  not  included  in  it. 

Oeneral  Coat  Data.  Owing  to  the  variation  in  tba  prioe  of  raw  materials 
and  the  laraffic  oonditicou,  it  ia  impoasibte  to  give  an  average  cost  for  stand- 
ard sheet-asphalt  paving  construction  which  can  be  considered  as  authori- 
tative or  of  great  value.  Exclusive  of  curbing  and  extra  work,  the  average 
cost  thruout  the  United  States  for  a  sheet-asphalt  pavement,  consisting 
of  6  in  of  concrete,  in  of  binder  and  1^  in  of  wearing  surface,  is  prob- 
ably about  91.80  per  sq  yd  including  grading  to  an  average  depth  of  not 
over  4  in.  As  illustrating  the  different  conditions  affecting  prioea,  the 
foregoing  table  is  given. 

UAmTENAirCE 

19.  Caases  of  Fdlure 

The  proper  maintenance  of  a  eheet-asidutlt  iMvement  Invotvea  the  mak- 
ing of  such  repoin  to  it  from  time  to  tinw  aa  are  neoeeaary  in  order  that  it 
may  contimie  to  render  effident  service  as  a  safe  and  emooth  roadway  oc 

street. 

The  deterioration  which  eventually  renders  these  repairs  necessary  com- 
mences aa  soon  as  the  pavement  is  laid  and  may  be  broadly  classified  under 
the  following  heads:  (1)  Defects  due  to  the  wear  and  tear  of  traffic ;  (2)  de- 
fects caused  by  the  deterioration,  thru  age  and  exposure  of  ihe  bituminous 
cementing  material  uaed;  (3)  defects  in  construction. 

Traffic  Deterioration.  Under  traffic  the  surface  of  the  pavement  is 
abraded  and  gradually  wears  off  and  the  mineral  particlee  exposed  on  the 
top  are  more  or  less  crushed  and  broken.  Where  theee  particles  are  large, 
this  crushing  action  is  plainly  noticeable,  but  with  the  smaller  particlee 
of  sand  it  is  hard  to  detect  it.  Under  heavy  traffic  and  unfavorable  weather 
conditions,  theee  crushed  grains  become  active  centers  of  disintegration. 
The  crushed  particles  are  not  bound  together  by  the  asphalt  cement  and 
are  soon  swept  away.  The  holes  thus  made  in  the  pavement  serve  to  re- 
tain the  mmsture  and  the  edges  of  the  holes  ara  eventually  more  or  less 
broken  down,  thua  enlarging  the  bole.  This  condition  reproduced  over 
the  surface  tends  to  make  it  wear  away  much  more  rapidly  than  would 
otherwise  be  the  case.  The  effect  of  this  action,  which  at  first  glance  ap- 
pears trivial,  has  been  so  well  established  by  years  oi  investigation  and 
experience  that  it  has  become  axiomatic  in  the  paving  industry  that  the 
heavier  the  traffic  the  finer  must  be  the  particles  composiDg  the  mineral 
aggregate.  In  hot  weather,  when  the  pavement  ia  plastic,  the  abrasion 
of  the  surface  is  much  less  than  in  cold  weather,  when  the  pa\*ement  is 
hard  and  possesses  but  little  plasticity.  In  hot  weather  the  calka  on  hoisee' 
shoes  sometimes  mark  up  the  pavement  to  a  very  considerable  axtent,  but 
the  subsequent  action  of  vehicular  traffic  wears  theie  marks  tfift  ahnoet 
pompletdy,   NevmbelesB,  In  a  rommwity  unaccustomed  to  di«Bt  an>lwtt- 
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pavements,  the  appearance  of  these  calk  marks  in  a  new  pavement  is  always 
regarded  as  an  ominous  sign  presaging  its  speedy  destruction  and  failute. 
As  a  matter  of  foot,  if  the  pavement,  espedally  when  uew^  laid,  were  not 
soft  enough  to  show  these  marks  it  would  be  an  almost  infallible  sign  that 
the  asphalt  cement  used  in  it  was  too  hard  and  that  the  total  life  of  the 
pavement  would  be  lees  than  if  a  softer  asphalt  cMoent  had  been  used. 
Tra£Ba  on  a  pavement  always  compresses  it  and  increases  its  density,  and 
for  this  reason  a  two-year-old  pavement  will  alwsye  mark  up  lees  than  a 
new  one.  The  pressure  per  square  inch  exerted  by  the  comparatively  nar- 
row tire  of  a  heavily  loaded  vehicle  is  much  greater  than  that  exerted  by 
the  heaviest  steam  roller  used  in  the  laying  of  sheet-asphalt  pavements. 
Even  if  this  were  not  the  ease,  the  kneading  action  produced  by  nurow 
tires  passing  many  times  over  the  suifaee  would  always  give  greater  com- 
pressiott  than  could  be  obtained  by  the  action  of  the  broad  tires  of  a  steam 
roller. 

When  the  traffic  ie  confined  to  a  comparativdy  natrow  ^ace  and  is 
always  in  the  same  direction,  a  distinct  pushing  force  is  exerted  on  the 
pavement  whenever  the  pavement  lacks  inherent  stability,  due  to  an 
improper  mineral  aggregate  or  bitumen  which  is  lacking  in  cementing  value 
from  natural  causes  or  the  rotting  action  of  gas  or  water,  or  a  combination 
of  these  defects,  very  distinct  waves  or  bumps  will  be  produced  by  the 
action  of  heavy  traffic.  These  waves  sometimes  occur  in  reoectly  laid 
pavements  in  which  the  asphalt  cement  used  was  of  the  highoat  quali^, 
but  in  such  cases  will  usually  be  confined  to  a  few  places.  Investigation 
will  almost  always  show  defective  binder  in  these  spots,  or  too  soft  an  as- 
phalt cement,  or  too  great  a  thickness  of  pavement  owing  to  an  error  in 
the  grade  of  the  concrete.  A  paving  mixture,  designed  to  have  proper 
statrility  when  laid  2  in  thick,  will  often  fail  in  this  respect  when  laid  4  in 
thick,  which  is  the  explanation  in  the  case  last  cited.  Too  soft  an  asphalt 
cement  will  also  reduce  the  stability  of  a  pavement.  Once  these  waves 
appear,  they  are  aggravated  traffic  passing  ovu*  them.  The  i^ieel 
of  each  vehicle  rises  to  the  crest  of  the  wave  and  then  drops  down  with 
considerable  force  into  the  adjacent  depressicm.  The  plastic  pavement  in 
this  way  is  continually  displaced  at  the  low  spots  and  shoved  up  at  the 
high  8iK>ts  until  in  many  instances  the  concrete  will  be  exposed  at  the 
bottom  of  the  dei»¥Ssion.  Similar  depressione  are  produced  by  setting 
manholes  too  high  above  the  surrounding  pavement.  Vehicles  drop  off 
these  hifl^  manhole  covers  onto  the  pavement  and  soon  pound  it  out  of 
idaee.  It  is  better  to  set  all  maidmles  slightly  below  the  grade  estab- 
lidied  for  the  finished  pavement 

Waves  are  much  less  liable  to  appear  in  those  portions  the  pavement 
which  are  subjected  to  cross  traffic;  that  is,  in  which  the  traffic  does  not 
always  move  in  the  same  direction.  This  is  usually  the  case  at  street 
intersections,  and,  if  properly  constructed,  the  pavement  in  these  locations 
almost  always  lasts  longer  than  in  any  other  part  of  the  street.  It  has 
been  seriously  suggested  that  in  order  to  increase  the  effective  life  of  pave- 
ments, the  direction  of  the  traffic  in  the  afternoon  should  be  the  reverse 
aS  that  in  the  nK»ning.  but  the  resultiug  confusion  would  probably  more 
than  offset  the  gain  frton  such  a  procedure.  Car  tracks  in  a  street  paved 
with  sheet-asphalt  may  cause  the  pavement  to  deteriorate  very  rapidly. 
Vn\em  the  rails  are  very  heavy  and  laid  on  an  adequate  foundation,  they 
wOl  vibrate  excessively  when  can  pass  over  them.  This  Is  especially  the 
case  when  teacln  deigned  for  lig^t  dty  or  town  cm  are  nbsequeiitly 
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oaUed  upon  to  oury  heavier  oan  or  can  of  the  intannbaa  type.  Not 
only  will  the  vibration  be  excearive,  but  the  raila  will  frequeotiy  uiik  below 
the  level  of  the  pavement  and  leave  depresuoos  where  the  water  will  col- 
lect- To  prevent  the  vibration  from  being  communicated  directly  to  the 
aheet-uphalt,  rows  of  paving  blocks  or  bricks  are  freqiiently  placed  along 
the  rails,  eltho  in  many  caaee  the  sheet-asphalt  is  brought  up  directly  to 
the  rails.  When  the  vibration  is  exceesive,  the  sheet-asphalt  pavement 
crumbles  or  cracks  in  a  very  short  time  and  leaves  an  opening  for  surface 
water  to  enter  between  the  wearing  auriaoe  and  the  concrete  foundation, 
thua  permitting  the  rotting  aotioa  dsewhere  daacribed  to  take  place. 

Effect  of  Af^ng  and  Bzpoaar*.  All  tatuminoua  materials  used  in  paving 
work  deteriorate  upon  exposure  to  the  elements  and  to  the  rotting  action 
of  escaping  gas,  water  and  street  liquids.  The  lighter  oils  contained  in 
them  gradually  volatilise,  thus  hardening  the  remaining  bitumen.  As  the 
hardening  procoBs  goes  on,  the  pavement  loses  its  plasticity  and  wears 
away  with  increaa^l  rapidity.  Eventually  the  bitumen  loses  its  elasticity 
and  the  pavement  cracks.  The  edges  of  these  cracks  crumble  away  and 
the  oraoks  become  sufficiently  wide  to  be  plainly  felt  by  vehicles  passing 
over  them.  The  bumiiing  action  previously  described  in  connection  with 
wavinees  is  produced  and  adds  to  the  rapidity  with  which  crumbling  taksa 
place.  In  order  to  guard  against  this  and  prolong  the  effective  life  of  the 
pavement,  the  asphalt  cement  used  in  its  construction  is  made  as  soft 
as  posnble  without  rendering  the  pavement  too  mushy  when  new.  The 
extent  to  which  this  can  be  carried  depends  upon  the  grading  and  char^ 
acter  of  the  sand  employed.  With  a  well  graded  sharp  sand  and  plenty 
of  filler,  a  much  softer  asphalt  cement  can  be  used  than  with  a  poorly 
graded  or  rounded  sand.  This  is  due  to  the  greater  inherent  stability 
of  Um  fimnear  type  of  sand.  It  is  obvious  that  a  mineral  aggregate  which 
when  dry  atnnii^  resists  displacement  will  permit  the  use  of  a  oomparn- 
tively  aoft  a«plialt  cement.  Modem  traffic  conditions  have  in  tiaa  particular 
naptet  come  to  the  aid  of  the  pavnuent  makers-  Automobilee  in  their 
passage  over  the  pavement  are  continiudly  dropping  a  certain  amount 
of  oil  on  its  surface  which  is  very  evenly  distributed  by  the  large  number 
of  vehiclee  passing  over  it.  This  oil  is  gradually  absorbed  by  the  pave- 
ment and  thus  softens  the  bitumen  and  counteracts  to  a  large  extent  the 
hardening  action  of  time  upon  it.  This  is  very  clearly  shown  in  a  certain 
pavement  In  Cliioago,  which,  prior  to  the  passage  of  any  consideraUe 
number  of  automobilee  over  it,  about  1010,  was  so  hud  and  badly 
cracked  as  to  have  practically  reached  its  limit  of  usefulness.  The  street 
in  question  subsequently  developed  into  an  automobile  center  with  the 
result  that  the  pavement  was  softened  up  by  the  dropping  of  oil  upon  it 
to  such  an  extent  that,  in  1915,  it  was  still  giving  satisfactory  aervioe.  fifth 
Ave.,  New  York  City,  is  a  somewhat  similar  case. 

Some  asphalts  are  more  easily  rotted  by  water  action  than  are  others. 
With  such  asphalts  it  is  more  than  ever  necessary  to  make  the  pavement 
as  dense  as  possible  to  prevent  the  water  from  getting  into  it.  Generally 
speaking,  with  all  asphalts  the  wetter  the  climatic  or  other  conditions, 
the  denser  and  richer  in  bitumen  should  the  mixture  be  made.  The 
action  of  water  upon  a  pavement  may  take  place  from  the  surfaoe 
downward  or  from  the  bottom  upward.  The  latter  action  is  the  more 
serious  and  the  harder  to  guard  against.  The  top  surface  is  always  cora- 
preased  to  its  maximum  density  by  the  action  of  traffic,  and  if  it  has  suffi- 
cient crown  and  grade  to  let  the  water  run  off  and  is  kept  clean  so  that 
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it  win  not  be  coverad  by  a  laym  of  wet  mud  fat  long  periodB,  but  little 
detetiiHiatiou  will  take  pUoe.  When  water  is  allowed  to  remain  in  tiia 
sutlers,  the  rotting  will  frequeoUy  be  very  rapid  and  this  will  be  still  more 
marked  if ,  aa  in  some  towns,  the  dirty  wash  water  from  houses  is  discharged 
into  the  gutters.  Too  frequent  washing  of  a  pav^nent  with  water  at  a 
hi^  preesure  is  also  bad,  as  the  abrasive  actioo  of  such  a  jet  is  very  ooo* 
■iderable  and  acts  in  the  same  way  as  the  stream  from  a  hydraulic  noule. 
In  a  number  of  eases  water  finds  its  way  between  the  wearing  surface  of 
the  pavement  utd  the  concrete  foundation.  This  may  be  due  to  the  geolog- 
ical formation  of  the  subsoil  strata  (and  it  must  be  mnembeied  that  eon- 
eiete  is  not  waterproof,  eQ>eeially  Uw  ^rpe  used  for  foundaticn  work)  or 
the  water  works  Ita  way  down  between  car  tracks  and  the  abutting  pave- 
ment, or  thru  faulty  gutter  ccmstmction,  etc  Under  such  conditions,  it 
has  little  or  no  chance  to  evapcffate  or  drain  off  and  attacks  the  pavement 
at  its  weakest  point,  that  is,  where  the  eompreeaion  is  the  least.  It  gradu- 
ally destroys  the  life  of  the  Utumen  and  renders  it  incapable  of  cementing 
the  grains  of  sand  together.  This  action  progresses  upv^ud  thru  the  pave- 
ment and  in  some  cases  is  not  apparent  until  only  a  top  shell  of  good  pave- 
ment remains.  Depending  upfu  the  conditions,  this  action  usually  mani- 
fests itself  by  shoving  and  wavinass  trf  the  pavement  at  the  point  where 
the  rotting  has  taken  place.  Owing  to  the  loss  of  the  cementing  power 
of  the  UtumMi,  the  stability  of  the  pavement  has  been  lowered  so  that  it 
can  no  longur  withstand  the  shoving  action  of  traffic  previously  described. 
If  the  pavement  is  cut  thru  at  this  point,  the  white  sand  grains  will  be 
plainly  apparent  and  the  whole  mass  can  be  readily  disintegrated  between 
the  fingers.  As  soon  as  the  rotting  action  reaches  the  surfaoe,  the  pavement 
is  quickly  worn  away  by  traffic  and  a  hole  is  produced. 

Gaa  leaks  ivoduoe  a  very  similar  result  and  the  gas  sometinKa  travels 
a  long  distance  fnon  the  pohit  of  leakage  before  it  actual^  ocohb  in  contact 
with  the  pavement. 

Another  cause  for  the  detwioration  of  sheet-asphalt  pavement  is  lack 
of  traffic.  Pavements  laid  on  outlying  remdence  streets  and  cula-de-sac 
with  little  or  no  traffic,  crack  much  more  quickly  than  if  they  were  sub* 
}ected  to  a  modraate  traffic,  which  appears  to  be  necessary  to  keep  the  life 
in  the  pavement.  This  is  probably  due  to  the  fact  that  the  surface  is  not 
in  such  cases  kept  at  the  maximum  density  by  the  action  of  traffic  and 
gradually  becomes  porous,  thus  facilitating  the  evaporation  of  the  lighter 
oils  and  also  to  the  fact  that  the  kneading  action  traffic,  like  Uie  eon- 
tinual  use  fyt  a  rubber  band,  tends  to  keep  the  life,  so  to  apeak,  in  the  bitumoi 
aai  equalises  Uw  stream  set  up  hy  contraction  and  expansion. 

Defects  in  ConsbucttoB.  These  may  perhaps  be  more  clearly  understood 
hy  a  general  discussion  of  the  prindplee  involved  and  the  correct  way  of 
carrying  them  out  and  coincidentaUy  calling  attention  to  the  particular 
defects  arisinK  frcsn  marked  departures  from  standard  practice. 

Unless  the  foundation  is  ri^  and  of  sufficient  strength  to  carry  the 
weight  of  the  traffic  passbig  over  the  finished  pavement,  no  sheet-asphalt 
wearing  surface  will  give  satiriactory  service.  Being  plastic  at  all  normal 
tampmitures,  the  wearing  surfaea  will  not  bridge  over  any  depressima 
fcMined  by  the  afaikitig  or  fisilure  of  (he  foundation,  but  wiU  link  with  it. 
The  inineiples  governing  good  foundation  work  and  design  need  not  be 
eoosideied  here  except  to  ae^  that  the  subgrade  must  be  well  rolled  and 
eompBoted  in  the  first  place  and  that  ipod  concrete  of  sufficient  Bttength 
and  tWrrlmw  should  then  be  put  in  plaee  and  allowed  to  set  before  any 
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binder  or  wearing  surface  is  put  upon  it.  Anuming  that  the  subgrade  has 
been  proi>OTly  rolled  and  that  the  concrete  is  of  the  proper  thickneos  and 
quality,  the  first  point  of  importance  is  to  see  that  it  is  Uid  to  grade.  If  it 
is  too  hi|^  in  plaoes,  the  thiokneaH  of  the  binder  and  wearing  suifaoe  murt 
be  reduced  in  order  that  the  surface  of  the  flwfahnrf  pavement  may  con- 
form to  the  established  grade.  '  Any  marked  diminution  in  the  liuekneas 
of  the  vearing  surface  will,  under  heavy  traflSc,  oozuddavbly  reduce  the 
life  of  the  pavement.  On  the  other  hand,  if  the  concrete  is  laid  too  low, 
the  thickness  of  the  binder  and  wearing  surface  will  have  to  be  ineteaaed. 
Within  limits,  this  is  not  objectiimable  if  the  increased  thickness  is  not 
carried  to  such  an  extent  as  to  affect  the  stability  of  the  pavranent,  otherwise 
it  will  tend  to  roll  and  push  out  of  du^w  under  traffic,  as  previoudy  described. 
It  is  usually  oonflid«red  better  pnotioe  to  leave  Hm  smface  of  the  finiA*i^ 
concrete  somewhat  rough  in  order  that  the  binder  may  key  into  these 
depressions  and  stiU  further  nrist  the  shoving  aetkA  <rf  traffic  After 
the  concrete  has  been  put  in  (dace,  ample  time  tboM  be  allowed  for  setting, 
and  this  will  vary  wiUi  the  weather  conditions.  Concrete  laid  in  freeiing 
weather  will  apparently  set  up  wfien  in  reality  it  has  frosen.  When  the 
hot  binder  and  surface  mixture  are  placed  on  frosen  concrete,  the  latter  is 
thawed  by  the  action  of  the  heat  and  becomes  mushy  and  has  not  suffi- 
cient strength  to  support  the  wmght  of  the  steam  rolkr.  Under  such  cir- 
oumstances  it  is  impossible  to  |»operiy  compreas  the  hot  mixture.  In  addi- 
tion to  this,  the  water  set  free  by  the  thawing  of  the  coneiete  ia  fwced  into 
the  mass  of  hot  material  and  mors  or  less  of  it  remaina  eotnined  in  the 
mass. 

In  most  fonns  of  construction,  a  binder  Is  laid  directly  on  top  of  the 
concrete,  altho  this  is  aometimes  emitted  and  a  punt  oonsisting  of  aq>halt 
diasolved  in  naphtha  is  applied  directly  to  the  dry  surface  of  the  concrete 
and  the  wearing  mixture  laid  directly  on  this. 

A  close  binder  properly  made  and  laid  will  be  superior  in  many  reepecta 
to  the  mixtures  which  have  been  laid  on  a  large  number  of  country  high- 
ways and  will  carry  a  fair  amount  cS  traffic  for  a  conslderaMe  time  without 
suffering  any  serious  damage.  Poor  binder  will  l»eak  up  VMy  eaaly,  aoma- 
times  it  can  be  kicked  up,  and  the  haiiHng  of  the  hot  surfaoe  mixture  over 
it  will  damage  it  very  seriously.  Surface  mixture  laid  on  a  Innder  of  thia 
kind  which  has  been  badly  brolran  up  mifilit  almost  as  well  be  laid  on  hmae 
broken  stone  and  will  not  give  satisfactory  service  under  heavy  traffic. 

Lack  of  compression  will  produce  an  unsatisfactory  foundation  for  the 
wearing  surface,  and,  as  previously  mentioned,  binder  which  is  too  cold 
or  made  with  too  hard  an  asphalt  oement  or  an  insufficient  quantity  of 
asphalt  cement  can  not  be  properly  compressed  into  a  dense,  tou^  mass. 
In  hauling  the  binder  to  t^  street  over  long  distaueea  or  fai  very  cold 
weather,  it  may  become  chilled  below  the  danger  point. 

Before  Isying  the  surfece  mixture  on  the  finked  binder  course,  the 
latter  should  be  dry  and  swept  clean  of  dirt;  otherwise  the  layer  of  wearing 
surface  wiU  not  adhere  properly  to  it.  When  dehvered  upon  the  street, 
the  mixture  should  be  of  such  a  temperature  that  it  can  be  properly  com- 
pressed and  should  be  evenly  spread  by  means  of  hot  iron  rakes.  In  many 
oaasa  the  loads  of  hot  surface  mixture  are  dumped  directly  upon  the  spot 
over  which  they  are  to  be  qnead.  This  is  bad  practice,  as  the  men  trample 
upon  it  while  shovelling  and  raking  it  and  the  rakes  do  not  thoro^  looeen 
up  this  trampled  material  when  passing  over  and  thru  it.  Altho  the  mix- 
ture is  raked  to  a  uniform  surface  and  apparently  even  thickness  before  it 
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is  roUed,  those  portions  which  have  been  trampled  on  before  and  during 
raking  are  really  covered  with  a  greater  quantity  of  surface  mixture  than 
those  portions  wliich  have  not  been  trampled  on  and  which  are  covered 
wholly  with  what  might  be  termed  loose  or  fluffy  mixture.  When  the 
roller  has  oompbted  its  mat  there  will,  therefore,  be  a  sli^t  unevennesa  in 
the  flnidied  surface.  Under  light  traffic  tltis  would  make  no  aptamaabio 
difliereiue,  but  under  very  heavy  traffic  the  slight  [wunding  action  raalting 
from  this  oondition  would  be  detrimental  and  lead  to  uneven  wear  of  the' 
pavement.  Proper  and  thoro  compression  of  the  finished  mixture  is  veiy 
essential  as  this  produces  a  pavement  which  in  its  earliest  stages  is  fit  to 
sustain  the  heaviest  traffic.  It  is  always  questionable  whether  portions 
which  are  very  lacking  in  compressioa  will  be  ground  vut  or  eventually 
consolidated.  Under  unfavoralde  conditions  the  chances  are  strongly  Jn 
favor  of  their  being  ground  out.  In  those  portions  of  the  pavement  which 
are  inaeoesaiUe  to  the  roller,  compression  is  affected  by  the  use  of  hot 
■moothen  or  tampets,  or  both.  If  properiy  handled,  the  desired  resulta 
will  be  obtained,  but  if  used  too  hot,  they  will  bum  the  pavement  and 
eanse  it  to  scale  or  grind  out.  Hot  smoothers  partioularb^  are  dangerous 
tools  to  put  in  the  hands  of  incompetent  or  cardeea  workmen. 

The  practice  of  painting  the  edge  of  the  joint  with  hot  asphalt  cement 
is  not  to  be  recommended,  as,  unless  extreme  care  is  exercised,  too  much 
asphalt  cement  will  be  used  and  that  portion  of  the  pavement  will  be  too 
lieh  in  Utumen  and  consequently  softer  than  the  rest,  which  will  result 
in  uneven  wear  and  possibly  shoving.  Great  caze  should  be  taken  not  to 
have  any  hump  or  depression  whm  the  joint  ia  made. 

jL  Snamary  of  tit*  ChM  Dafects  amd  FilhiCM  met  vith  in  praetiee  and 
the  contributing  causes  is  given  below. 

Cracking  is  due  to  craeldng  of  the  concrete  base;  hardening  of  the 
aai^ialt  cement  thru  age;  use  of  too  hard  an  asphalt  cement;  use  of  an 
unsuitable  asphalt  cement;  too  Httle  bitimien  in  the  surface  mixture;  in- 
Buffieiant  ccanpression;  lack  of  traffic;  improperly  constructed  joints;  ex. 
treme  and  sudden  changes  in  temperature;  vitnation  of  street-car  rails. 

DmiNTixi  RATI  ON  or  SuRTACB  is  due  to  defective  base;  imsuitable  mineral 
assragate;  insufficient  Utuman  in  mixture;  insuffici«it  compression;  use 
of  too  hard  an  aq^halt  oraoent;  use  of  overheated  mixture;  burning  chw  to 
nae  of  exoesaivdy  hot  smoothers;  action  of  water;  action  of  illuminating  gas. 

Vn^vmaa  is  due  to  use  of  an  unsuitable  sand ;  use  of  too  soft  an  asphalt 
cement;  unstable  binder;  lack  of  stability  in  mixture;  too  great  a  thick- 
ness of  mixttue;  projecting  manholes;  action  of  water;  action  of  illumin- 
ating gas;  uneven  raking;  too  mucb  bitumen  in  mixture;  excessively  heavy 
traffic  in  one  direction  over  a  Umited  area. 

ScAUHO  is  due  to  too  ooarse  a  mineral  aggr^ate;  too  hard  an  asphalt 
oemant;  action  of  water;  accumulation  of  mud;  too  Uttle  Utumen;  exces- 
ahrely  heavy  traffic. 


Repairing  should  be  carried  on  within  a  reasonable  time  after  defects  first 
make  their  appearance.  If  this  ia  neglected,  deterioration  proceeds  much 
more  rapidly  than  would  otherwise  be  the  case.  Holes  and  depressions 
are  increased  in  size  by  the  passage  of  vehicles  over  them  and  water  accumu- 
lates in  them,  accelerating  disintegration. 

Two  diitinet  methods  of  repairing  are  in  general  use:  (1)  The  pavement 
ia  out  ont  and  ramoved  down  to  the  concrete  and  replaced  with  new  binder 
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and  aurfaoe;  (2)  the  upper  portion  of  the  surface  is  first  heated  by  suitafale 
appliances  and  a  thin  layer  of  it  removed  by  rakee  and  shovels.  Inune- 
<Uatdy  thereafter  and  while  the  rwnainini  pavement  ia  still  wann,  a  oom- 
pazativdy  thin  layer  of  new  hot  suifaoe  mizfaue  is  spread  over  it  and  rwkai 
and  oompreased  in  the  usual  manner  followed  in  the  constnietion  of  new 
pavements. 

Pavement  Cut  Out  and  Replaced.  The  first  method  is  so  simple  that 
but  little  deecriptioD  of  it  would  appear  to  be  necessary.  The  defective 
pavement  is  cut  up  into  pieces  sufficiently  small  to  facUitate  its  removal 
and  pried  up  with  crowbars  if  necessary.  The  adjacent  edges  of  the  old 
pavement  are  trimmed  up  with  an  asi^halt  cutter  ajid  sparing  painted 
with  hot  asphalts  oenwnt  to  insure  a  jaopet  bond  between  the  old  and 
new  pOTtionB.  Under  favoraUe  oonditiona  and  when  the  pavement  beinc 
cqwired  is  not  too  old  and  hard,  this  painting  with  asphalt  oement  may 
ir^  be  omitted.  All  loose  debris  is  removed  down  to  the  concrete  ud  a 
new  binder  course  and  wearing  surface  is  then  laid  in  exactly  the  same 
manner  as  when  constructing  a  new  pavement.  This  method  should  always 
be  employed  in  filling  up  holes  and  depressions  or  wherever  the  defective 
pavement  is  in  auch  shape  as  to  necessitate  its  complete  removal,  as  in 
the  case  of  rotting  from  the  bottom  upward  and  waviness,  defective  binder 
or  fbundatbn,  etc. 

Heating  Smface  of  Pavement  and  Adding  Hew  UateiiaL  "nie  eeoond, 
or  surface  heater  method  of  repair,  is  conducted  as  follows:  The  surf  see 
heater  is  placed  over  the  defective  pavement  and  put  in  operation.  Super- 
heated steam,  hot  air  or  flame  is  then  brought  iir  contact  with  the  surface 
and  is  allowed  to  remain  there  until  the  pavement  has  been  softened  to 
the  required  depth,  usually  from  ^  to  1  in.  The  heater  is  then  withdrawn 
and  placed  on  the  next  spot  to  be  repaired  and  the  burned  material  com- 
pletely removed.  The  space  thus  left  is  immediately  filled  with  new  hot 
aurfaoe  mixture  utioh  is  spread,  raked  and  finished  in  the  usuid  nuiUMr- 
Care  must  be  taken  to  complete  mnove  all  burnt  material  down  to 
such  a  depth  that  the  new  surface  after  compression  will  be  not  lees  than 
^  in  in  thickness.  Skin  patching  of  less  depth  than  this  has  not  proven 
satisfactory.  In  order  that  repairs  made  by  this  method  will  give  satis- 
factory service,  it  is  eseential  that  the  remainder  of  the  old  pavement  which 
serves  as  a  foundation  should  be  sound  and  in  good  condition  and  free  from 
water  rotting'  It  is  not  applicable  to  the  class  of  repairs  rendered  neoeBsary 
by  defective  binder,  or  foundation,  or  wat«r,  or  gas  rotting.  When  it  becooMB 
necessary  to  resurface,  wholly  or  in  part,  a  pavement  which  has  become 
too  hard  thru  age  to  give  satisfactory  service,  the  Burfaoe  heater  method 
^ves  very  good  results  and  is  much  cheaper  than  a  ocnnplete  removal  of 
the  old  pavement  down  to  the  concrete.  By  applying  the  hot  new  aurfaoe 
mixture  to  the  remaining  portion  of  the  M  pavement  while  the  latter 
ia  still  hot  from  the  action  of  the  heater,  a  satisfactory  union  between  the 
old  and  new  work  can  readily  be  obtained,  provided  that  the  hardening 
of  the  old  pavement  has  not  been  allowed  to  proceed  so  far  that  it  is  impoe- 
sible  to  soften  it  by  the  application  of  heat.  Cracks  may  in  most  cases  be 
more  saooessfully  repaired  by  this  ntethod  than  is  possible  ia  any  otbet 
way.  The  repairing  of  cracks  satisfactorily  is  a  very  difficult  matter.  If 
they  are  cut  out  and  new  material  put  in,  this  renilts  in  the  formation 
of  two  joints  approximately  parallel  to  the  original  crack.  If  the  pave- 
ment being  repaired  is  old  and  hard,  it  ia  diflScult  to  eataUuh  a  good  bond 
between  the  old  and  new  porljons,  and  unless  thia  ia  aaoomplUied,  two 
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cracks  will  ahortly  appear  where  only  one  existed  before.  This  is  especially 
the  case  where  long  cracks  make  thur  appearance  at  ooncdderaUe  intervals 
and  in  nutny  instanoee  theae  had  better  be  left  until  tbey  become  suffi- 
ciently wide  or  numerous  to  render  more  or  kes  extensve  resurfacing 
necessary  at  the  places  where  they  occur. 


In  the  early  d^  of  the  industry  Ifi-year  guarantees  wwe  comnKm. 
This  was  subsequently  cut  to  10  years  and  Bntdly  to  S  years,  which  last 
is  the  most  satisfactory.  Ucder  fairly  heavy  traffic,  a  10  or  15-year  guar- 
antee involves  bo  many  uncertainties  that  in  order  to  protect  himself  from 
financial  lose  a  contractor  must  bid  a  high  price.  The  character  of  the 
traffic  may  completdy  change  in  this  period  and  the  type  of  construction 
originally  employed  be  absolutely  inadequate  to  meet  changed  conditions. 
Lcmg  guarantees  usually  result  in  very  high  prices  and  severely  handicap 
the  smaller  contractor.  The  large  concern  with  a  number  of  streets  in  dif- 
ferent localities  to  maintain  is  able  to  apply  the  excess  revenue  from  the 
maintenance  of  some  (rf  their  streets  to  <^set  unexpectedly  heavy  drains 
on  othsrs.  Bonding  companies  soon  perceived  the  fallacy  of  acting  as 
sureties  on  long  term  maintenance.  The  many  considerations  entering 
into  the  construction  of  a  sheet-asphalt  pavement  are  not  well  known  to 
most  city  officials  and  they  are  therefore  tmable  thoroly  to  supervise  the 
lining  of  it.  Without  tboro  and  trained  inspection  they  are  at  the  mercy 
of  the  contractor,  wbd  himself  is  often  more  or  leas  Ignorant  of  the  prin- 
ciples of  the  art.  A  guarantee  for  a  moderate  period,  say  fi  years,  is  tbers- 
fore  a  useful  protection  provided  the  bonding  company  and  the  contractor 
Hve  up  to  their  obligations.  Past  experience  condusiveiy  shows  that  even 
this  mfeguard  is  often  woefully  laddng  in  real  value  and  that  the  only 
proper  method  is  to  have  competent  supervision  of  the  pavement  while 
it  is  being  manufactured  and  laid.  Many  of  the  larger  cities  have  organ- 
ised th«r  own  inspection  departments  and  the  smaller  ones  who  can  not 
afford  this  expense  are  employing  inspecting  engmeers. 


The  following  specificatitms  were  adopted  in  1916  by  the  Am.  Soc  Mun. 
Imp.  At  the  conclusion  ol  tiie  speeificatiims,  coromentB  and  eoplanatiODB 
pertaining  to  several  sections  have  been  appended. 

"  IT.  Condition  at  Bxpiration  of  OnanutM.  In  ftddidon  to  tbe  proper  mmintenaoea 
of  tb«  pevameut  during  the  period  of  gusnntee,  die  Ccmtiactor  ahall,  at  hii  own 
expense,  juat  before  the  expiration  ol  the  guarantee  period,  make  such  repairs  as 
may  be  neoesnry  to  produce  a  pavement  which  ■hall: 

a.  Have  a  contour  subatantldlly  conforming  to  that  of  the  pavement  as  flnt  laid 
and  free  from  dqmsrioDs  of  any  Idnd  eweedlng  f{  in  in  depth  as  mi— nreri  between 
any  two  points  8  ft  apart  on  a  Hns  emfarrafaig  subataBtfally  to  the  original  contour  cl 
tbe  street. 

b.  Be  free  from  eradn  or  depraeloBji  showing  dUntecratlon  of  the  surAws  mlxtora. 
e.  CoBtafai  BO  dishitegrated  surface  mixture. 

d.  Not  have  been  redoeed  hi  thidmess  mora  than  H  In  in  any  part. 

e.  Have  a  fonndathm  tree  from  aucfa  cracks  or  dsToeta  aa  will  canss  dUatsgntkai 
or  Mttlinc  of  the  pavment  or  impair  ita  usefulnea  as  a  roadway. 

"  u.  Repairing.  Repair^  except  as  provided  for  bdow,  shaU  In  all  cases  be  madn 
by  cutting  out  the  defective  binder  and  wearing  surface  down  to  tbe  concrete  and 
replacing  them  by  new  and  freshly  prepared  binder  sod  wearing  surface  made  and  laid 
bi  strict  acoordanes  with  thcas  qMdfleatluis.  Whenever  any  dsfteta  are  caused  bj 
the  faflors  of  the  foundation,  tbs  pavement,  Indudlng  such  founds tion,  shaD  be  takvi 
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up  mod  niM  with  fnOOf  pnpared  material  made  and  Md  tat  iMcC  aeeofdaum  with 
UwM  qwdficatloDiL   In  all  caM  tiie  anifaca  of  tha  fiolihMl  rqwir  riuOl  ba  at  tba  (nda 

of  the  adjoining  pavement  and  in  accordanoe  irith  the  contour  of  the  street. 

"The  surface  beater  method  of  repairing  may  be  uaed  only  in  thoae  caaee  wbcre  the 
rep  aire  are  not  rendered  neceeeaiy  by:  (1)  Failure  of  concrete;  (2)  failure  of  the 
Undv;  (8)  failure  caused  by  the  diaintegration  of  the  lower  portion  of  the  wearinc 
surfaesi  Whenever  the  surface  heat«r  method  is  onployed,  all  defective  surfaee  shall 
be  removed  before  replacli^  it  with  new  materiaL  Id  all  caaea  the  old  surface  shall 
be  removed  to  a  depth  of  not  less  than  >j  itt  and  the  new  surface  must,  iriten  com- 
prcesed,  be  not  leas  than  ia  ia  thickness.  The  heat  shall  be  applied  in  audi  a 
manner  as  not  to  injure  the  remaining  pavement.  AU  burnt  and  loose  material  shall 
at  once  be  completely  removed  and,  wliile  the  remaining  portion  of  the  old  pave> 
mmt  ia  adll  warm,  shall  be  replaced  by  new  and  freshly  prvpsred  wearing  surface 
made  and  laid  In  strict  accordance  with  these  spedfleations. 

"19.  Non  TO  ENODians.  Filler.  As  Portland  cement  is  more  «xp«idv»  than 
limestone  duat,  the  apedficatJon  should  distinctly  state  wliidi  Idnd  of  filler  ia  desired. 

"Binder.  The  firilowing  clause  has  been  suggested  as  being  descriptive  trf  Lbe  prac- 
tice in  aome  dtlea.  The  committee,  however,  does  not  fad  Uke  recommending  it 
In  a  genend  spedfl  cation.  If  tUi  dause  is  inewpoated  ia  tha  qwdflcatfamB  It  should 
be  dearly  stated  whether  or  not  the  practice  described  thwdn  will  be  permitted  1^ 
the  City  Engineer. 

"With  the  permlsdon  of  the  City  Engineer,  not  to  exceed  20%  irf  crushed  old  asphalt 
surface  mixture  of  suitable  character  may  be  used  in  combination  with  the  binder 
atone,  imivldMl  that  such  mixture  produces  a  Under  oonqilylBg  In  all  rumta  with 
the  requirements  of  these  apedflcationa." 

Comments  and  Ezplanatiotu  of  sectiona  of  the  Am.  Soc.  Mun.  Imp. 
1916  apeci&cations  follow: 

Section  17.  Tliis  ii  intended  to  insure  that  the  pavement  at  the  expiration  <rf  the 
guarantee  period  ahaU  be  handed  over  to  the  d^  In  a  serviceable  condition.  It  is 
not  intended  to  place  upon  the  contractor  the  burden  of  repairing  defects  other  than 
those  caused  by  defective  woricmanshlp  or  materials  or  ordinary  wear  and  tear. 

Section  u.  This  spedfiea  the  manner  in  whteb  repain  shaU  be  made  and  Hbmt 
are  discussed  at  length  undo-  Mamma  or  rbpairihq. 

Section  It.  This  suggests  a  clause  permitting  the  use  of  crush  sd  old  surface  mix- 
ture in  the  Innder  mixture  instead  of  sand.  The  cold  crabed  material  sbanld  be 
added  to  the  hot  stone  after  it  has  passed  thru  the  heating  drama  and  then  be  mixed 
with  it  until  both  materials  have  reached  approximately  the  same  temperature.  If 
the  surface  mixture  were  passed  thru  the  ordinary  drying  drums  with  the  sand  it  would 
be  iMimt  and  become  unfit  for  use.  If  desired,  drums  or  heating  devices  ti  qndal 
obstruction  to  avoid  overheating  may  be  used  for  heating  the  aarbee  mixture.  Onlr 
a  snrfaoe  mixture  of  suitable  character  shall  be  uaed. 


General  Description.  Rock  asphalt  pavements  differ  from  sheet-asphalt 
pavements  in  that  the  mineral  aggregate  has  been  impregnated  by  nature 
with  a  bituminoua  cementing  material.  The  mineral  aggregate  consists  of 
sand  or  finely  divided  limestone  and  will  generally  all  pass  a  iO-mesh  sieve. 
They  are  usually  laid  directly  on  a  concrete  foundation,  the  binder  course 
used  with  sbeet-aaphalt  pavements  being  generally  omitted. 

History.  European  rock  asphalt  pavetnwits  have  a  mineral  aggregate 
composed  of  finely  divided  limestone  impregnated  with  a  very  soft  bttumeo. 
Commercial  dopoeits  of  this  material  occur  in  France,  Italy  and  Cermany 
and  have  been  known  since  1712.  The  Val  de  Travers  deposits  in  Swita- 
erland  have  been  worked  siaoD  about  1720,  those  at  Ijobsaim,  Gennany, 


ROCK  ASPHALT  PAVEMENTS 


GENERAL  DATA 
23.  Description  and  Historical  Development 


Art.  24 


GhaneteriBtioB 


1013 


since  about  1735,  and  thoae  at  SejrMel,  Fnmoe,  sinoe  about  1797.  Gount 
de  Sassenay  in  1802  greatly  improved  tbe  old  and  very  eradu  method  erf 
mining  and  handling  the  material.  At  first  only  an  asphalt  maatio  was 
manuiactured  and  this  was  produced  by  enriching  the  ground  rock  with 
additional  bitumen  extracted  from  rock  obtained  from  the  same  deposit. 
The  rock  asphalt  mastic  so  produced  was  used  for  paving  floors,  ndewalks 
and,  finally,  streets.  In  1334  mastie  pavements  met  with  some  sucoees  in 
Lyons,  France.  About  the  same  date  mastic  began  to  be  used  extensively 
in  Paris  for  sidewalks.  It  was  not  until  1854  that  tbe  compressed  rook, 
but  not  in  tbe  form  of  maatic,  was  used  in  street  pavements  and  in  that 
year  Leon  Malo  paved  the  Rue  Bergere  in  Paris  with  it.  This  proved 
sucoeeaful  and  its  use  spread  rapidly.  In  1869  Tbreadneedle  St.,  in  Lon- 
don, was  paved  with  Vai  de  Traveni  rock  asphalt  and  in  1871  rock  asphalt 
pavements  were  laid  in  Geneva  and  Berlin.  Shortly  thereafter  similar 
pavements  were  laid  in  New  York  City,  Boston,  BufiFalo,  New  Orleans, 
La.,  and  other  American  cities,  but  tbe  high  cost  of  importing  the  rock 
asphalt  from  Europe  and  the  invention  of  tbe  American  type  of  sheet- 
asphalt  pavements,  which  could  be  laid  at  a  much  lower  cost,  eventually 
led  to  its  practical  abandonment  in  tbe  United  States  as  a  street  pavement. 
Large  quantities  of  mastic  for  flooring,  waterproofing  and  sidewalk  work 
are,  however,  still  imported.  Numerous  bituminized  sand  and  limestone 
rock  depmits  are  found  in  tbe  United  States  altho  the  former  predominate. 
It  is  probable  that  the  bituminized  sands  at  Carpinteria,  near  Santa  Bar- 
bara, Cal,,  were  the  first  ones  used  for  paving  roadways  in  the  United 
States  and  that  they  were  employed  about  1865.  Bituminous  limestone 
deposits  are  foimd  in  the  United  States  in  Oklahoma,  Texas  and  Utah, 
and  bituminous  sandstones  are  found  in  Kentucky.  Oklahoma,  CaUfomia, 
Texas  and  Utah.  Many  of  them  have  been  utilised  for  paving  purposes 
but  generally  only  in  the  immetliate  neighborhood  of  tbe  deposits,  as, 
except  within  a  limited  distance,  tiiey  could  not  compete  in  price  with 
a  sheet-asphalt  pavement. 


Rock  asphalt  paveraente,  when  properly  constructed,  closely  resemble 
sheet-asphalt  pavements  in  many  respects.  They  are  smooth,  non-produc- 
tive of  dust,  almost  noiseless,  waterproof,  non-absorbent  and  easy  to  clean. 
Limestone  rock  pavements  are  smoother  and  more  slippery  than  sheet- 
asi^alt  pavements.  They  do  not  soften  up  to  the  same  extent  in  hot 
weather  and  the  beet  type  will  probably  sustain  a  slightly  heavier  ttafflo. 
Some  of  the  heaviest  traffic  streets  in  cities  in  Europe  are  paved  with  them. 
Sandstone  rook  pavements  when  containing  a  properly  graded  nunend  aggre- 
gate are  {uactically  identical  in  appearance  and  texture  to  sheet-asphalt 
pavements.  Most  natural  deposits  are  impregnated  with  a  soft  bitimien  and 
their  mineral  aggregate  is  not  well  graded.  Under  such  conditions  they 
mark  up  excessively  in  hot  weather  and  are  very  liable  to  displacement 
under  traffic  and  their  use  has  been  chiefly  confined  to  light  traffic  streets. 

FoundalionB  should  be  the  same  as  for  sheet-asphalt  pavements. 


MATERIALS 

26.  Bltominous  Limestones  and  Sandstones 

UtnanillOW  LioMitonts.  Those  obtained  from  Europe  are  more  evenly 
imprecDAted  vith  bitumen  than  ore  those  {ound  in  tl^  Vnited  States  and 
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compact  better  and  much  more  readily.  It  has  been  suggested  that  tiie 
ContineDtal  limestoite  matrix  coiuists  of  the  remaiiu  of  marine  organiamB, 
which  may  account  for  this.  Most  of  the  American  limestone  rock  con- 
tains particles  of  hard  crystalline  calcite  which  has  not  been  impregnatod 
with  bitumen.  The  mesh  compositiou  of  the  European  rock  aepbalta 
given  io  the  following  table  represents  the  material  as  it  reaches  the  Umtad 
States  aftw  pulverization. 


Table  n. — Europaao  Bituminous  Limestone* 


1  2 

8 

4 

6 

6 

Bitumen  

6.17c 
42.9% 
9.0% 
fi-0% 
7.0% 
8.0% 
8.0% 
7.0% 
6.0% 

47.  al 
10.0% 
6.0% 
9.0% 
6.0% 
5.0% 
6.0% 
4.0% 

8,5% 
87.6% 
15.0?/c 
12.0%, 
14.0% 

4.0% 

8.0% 
2.0C? 

10,0% 
40.0% 
12.0% 
8.0% 
10.0% 
7.0%, 
6.0% 
4.0% 
8.0^ 

88:11 

17.0% 
11.0% 
14-0% 
9.0% 
2.0% 
1.0% 
l.09o 

7.6% 
17.5% 
26.0% 
20.0% 
16.0% 
8 .0% 
8.0% 
2.0% 
Z.0% 

Punng  20Q-ineah .  . . 
PmKins  lOO-meah . . . 
PuBAg  SO-meah .  . . 
Fusing  eO-meih . . . 
Pshhk  40-nieah . . . 
pMsinc  Wi-nuak. . . 
Pasrinf  SO-tfMh... 
PuriBi  10-surii... 

Carbctwte  o[  lime. . . 
Carboiwte  of  inac- 

100.0% 
91.3% 

Trace 

Very 
■oft 

100.0% 

87.1% 

0.9% 

Very 

■oft 

100.0% 

88.4% 

Trace 
Very 
■aft 

100.0% 

48,2% 

0.9% 

Very 

■oft 

100.0% 

76.2% 

18.6% 
Very 
■oft 

100.0% 

80.0% 

0.6% 

Very 

soft 

Conaiitency  ol  im- 
pregnating bitumoi 

(1)  Seysael,  France;  (2)  Mons,  France;  (3)  Val  de  Travers,  Swits^and. 
(4)  Raguaa.  Sicily;  (5)  ^cula,  Sicily;  (6)  Vor  Wohle.  Germany. 

The  bitumen  contents  of  these  rocks  varies  ronsideraldy  in  different  por- 
tions of  the  dapoate  and  the  alxive  figures  represent  the  avwage  as  shipped 
to  this  country.  Until  the  necesmty  was  realised  for  blending  materials 
from  different  parte  of  the  deposit  so  as  to  produce  a  uniform  product, 
many  failures  resulted. 

Table  m. — American  Bituminous  Limestones 


1 

2 

3 

4 

6 

4.6 

.  8.0 

S.6 

10.0 

6.0 

to 

to 

to 

to 

to 

12.07r 

7,0% 

10 , 5% 

13.0% 

13.0% 

CsrbaiiAte  of  lime  and  msgnosiB  

78.0% 

87.0% 

72.0% 

87.6%, 

68.0% 

PenetrattoD  at  25"  C  <T70  F)  of  Im-  | 

20 

80 

200 

16 

S 

to 

to 

to 

to 

1  » 

60 

226 

25 

20 

(1)  Buckhom,  Okla.;  (2)  Brunswick,  Okla.;  (3)  Ravia,  Okla.;  (4)  Uvalde 
County,  Tex.;  (5)  Clear  Creek,  Utah. 

Bituminons  Sandstonst.  In  most  these  deposits  the  material  is  very 
imperfectly  impregnated  and  the  rock  does  not  break  down  after  the  ex- 
traction of  the  bitumen  fnnn  it.  In  some  of  them  the  bitumen  is  toO  hard 
and  requires  fluxing;  in  others,  it  is  too  soft  or  present  in  too  great  quaiH 
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titiee  and  bituminouB  siuidstOQeB  have  beeo  mixed  with  them  with  good 
reeults,  notably  in  the  case  of  the  Buckhorn  bituminous  BandstoneB  and 
limestones,  mlxturee  of  which  have  been  laid  in  ■»"««—  City,  Mo.  Some 
excellent  pavements  have  been  laid  in  Beaumont  and  San  Antonio,  Tezfis, 
by  mizinK  the  pulverised  tTvalde  Coun^  bituminous  limestone  with  flux  to 
a^ten  the  hard  Intumen  or  -with  flux  and  sand.' 


Table  ZV. — American  Ktnminoos  Sandstooes 


1 

2 

3 

7 

Paafaw  fiOnMsh  

18.6% 
6.5% 
4.0% 
27.0% 
40.0% 
8.0% 
2.0% 

10.8% 
4.2% 

5.0% 
10.0% 

ao.0% 

15.0% 
12.0% 
8.0% 
5.0% 

17.6% 
6.6% 
25.0% 
86.0% 
12.0% 
8.0% 
1-0% 

6.6% 
8.6% 

27.0% 
26.0% 
26.0% 
6.0% 
1.0% 
1.0% 

7.5% 
11.6% 
22.0% 
2*.0% 
80.0% 
4.0% 
1.0% 

11.6% 
8.6% 
36.0% 
28.0% 
20.0% 
2.0% 

10.6% 
16.6% 
17.0% 
14.0% 
26.0% 
10.0% 

Im, 

Ptmdag  Sa«Msh  

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

PmatratioDBt  2S°C  (77°F) 

V«ry 

Very 

Very 

Very 

V«T 

V«y 

of  imprecnating  bttuntMi 

BOft 

•oft 

■oft 

aoft 

Mft 

aoft 

(1)  Carpinteria,  Santa  Barbara  County,  Cal.;  (2)  Santa  Crui,  Cal.;  (3) 
Santa  Cnis,  Cal.;  (4)  Breckeniidge  County,  Ky.;  (5)  Green  River,  Warren 
County.  Ky.;  (6)  Buckhorn,  Okla.;  (7)  Whitmore  Canon,  Utah. 

The  Carpinteria  sands  are  too  rich  in  bitumen  to  malce  a  satisfactory 
pavement  altho  they  have  been  used  to  some  extent  in  and  around  Santa 
Barbara.  The  Santa  Ciux  material  if  carefully  selected  malces  a  very 
satnsfactory  light  traffic  pavement  and  a  large  amount  of  it  has  been  laid 
in  San  Francisco.  Where  failures  resulted,  it  was  chiefly  due  to  lack  of 
eare  in  selecting  the  material.  Certain  of  the  Kentucky  rock  asphalts 
have  been  used  in  Louisville,  some  of  the  pavements  being  very  poor,  due 
to  ignorance  and  poor  selection  of  material,  and  others  being  very  g^ood. 
A  number  of  excellent  pavements  were  laid  in  Uie  above  City  by  mixing 
a  certain  proportion  of  the  heated  bituminous  sandstone  with  an  ordinary 
sheet-asphalt  mixture.  Where  the  rock  has  been  tmiformly  impregnated 
with  bitumen,  the  coating  of  the  particles  is  usually  much  more  thoro 
than  is  possible  in  an  artificial  miifture.  This  is  especially  true  where  the 
mineral  aggregate  is  composed  almost  wholly  ot  very  fine  particles,  as  in 
the  ease  of  certain  of  the  European  limestone  rock  deposita.  The  difiioulty 
of  obtaining  uniform  material  in  which  the  consistency  of  the  bitumen  and 
the  grading  of  the  mineral  aggregate  are  satisfactory  is,  however,  very 
great.  In  n  sheet-asphalt  pavement  this  is  easily  regulated.  The  sand 
which  constitutes  70  to  80%  of  it  is  derived  locally,  and  this  is  often  true 
of  the  filler  as  well.  While  the  freight  rate  on  the  asphalt  used  may  be 
high,  it  only  constitutes  approximately  10%  of  the  pavement.  Where  a 
natural  bituminous  rock  is  used,  the  entire  pavement  must  be  transported 
and  when  the  distances  are  great  this  is  a  prohibitive  handicap.  For  these 
reasons  the  rook  asphalt  industry  of  the  United  States  has  never  assumed 
large  proportions  and  most  of  the  pavements  have  been  laid  in  the  inmte- 
diate  vieinilgr  of  the  deposits.  Some  cities,  notably  Buffalo,  have  used  a 
certain  proportion  of  European  rook  in  their  sheet-a^jhalt  paving  mix- 
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turee  with  suooees.  If  finely  groucd,  it  takes  the  idaoe  <d  the  filler  ud  im 
already  tboroly  impregnated  with  bitumen. 

36.  Theoiy  and  Compoiition  of  Hock  Asphalt  PaTements 

The  Theor;  governing  bituminous  sandstone  mixtures  is  substantially 
the  same  as  for  sheet-asphalt  mizturos.  In  the  case  of  bituminous  lime- 
atone  paveromts  made  from  European  lock  asphalts,  the  mineral  acsre- 
gste  is  largely  composed  of  200,  100  and  SO-mesh  particles,  which  of 
themselves  pack  diy  and  possess  great  stability.  These  particles  are  impt«g- 
nated  with  a  very  soft  bitumen.  Considering  the  surface  area  of  the 
particles,  the  amount  of  the  bitumen  is  relatively  much  smaller  than  that 
used  in  sheet-asphalt  pavements.  For  the  above  reasons  the  wearing 
course  of  European  limestone  rock  asphalt  pavements  is  jKMBoseod  of  great 
stability  and  very  rarely  shoves  under  traffic.  This  is  not  true  of  the  bitu- 
minous sandstone  pavements,  most  of  which,  unless  impregnated  with  a 
very  hard  iMtumen,  are  lacking  in  stability. 


Table  V. — Composition  of  Rock  A^halt  PsTements 


1 

2 

s 

4 

« 

Bitmwn  

9.0% 
36.0% 
16.0% 
16.0% 
U.0% 
8.0% 
2.0% 
1.0% 

8.6% 
16.6% 

8.0% 
19.0% 
14.0% 

9.0% 
12.0% 

8,0% 

5.0% 

12.3% 
19.1% 

8.0% 

8.0% 
19.0% 

6.0% 
13.0% 
10.0% 

4.0% 

13.4% 
14.6^ 
4.0% 
6.0% 
13.0% 
7.0% 
9.0% 
9.0% 
10.0% 
16.0% 

16.8% 
18.2% 
22.0% 
16.0% 
10.0% 
11 .0% 
8.0% 
8.0% 
2.0% 

9.7% 
12.8% 
22.0% 
24.0% 
28.0% 

2.0% 

i!o% 

PsMiiic  20(MnHli. . . 
Psaiiig  lOO-toMh. . . 
Faaing  SO-msih. . . 
Pasrfng  MMnssh... 
Pasug  W-nadi. . . 
Pa^uf  WMiMah... 
Fasrinc  Sfrmdi... 
FairiDc  lfr«BMh... 
Retained  lO^aosh... 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

(1)  Plaaa,  5th  Ave.  and  69th  St.,  New  York  City,  European  limestone 
Tock  asphalt;  (2)  Kansas  City,  Mo.,  mixture  of  Oklahoma  bituminoua  sand 
and  limestone;  (3)  San  Antonio,  Tex.,  Uvalde  Coun^,  bituminous  lime- 
stone fluxed;  (4)  Beaumont,  Tex.,  tntuminous  Umeetone  fluxed;  (5)  San 
Francisco,  Santa  Cms  bituminous  sandstone;  (6)  LouisviUe,  mixture 
of  Kentucky  bituminous  sandstone  filler  and  asphalt  cement. 

consTRucnon  and  MAmxEiiANCE 

ST.  Uotbods  of  Hasnfactiire  and  LaTing 

Uamifaetare.  If  the  minsnd  aggregate  is  naturally  in  a  fins  state  of 
division  and  only  hsld  together  as  a  solid  mass  by  the  cementing  poww 
of  the  bitumen  which  it  contains,  it  will  usually  be  unnecessary  to  pulverise 
it;  otherwise,  it  must  be  passed  thru  rollers  and  disintegrators  and  then 
screened  to  separate  any  limips  which  may  remain.  The  American  and 
Euroi>ean  limestones  require  crushing,  while  most  of  the  bituminous  sand- 
stones do  not.  After  crushing  they  are  then  heated  in  revolving  dnmis 
somewhat  similar  to  the  sand  dry  era  used  in  sheet-asphalt  plants  but  having 
a  much  smaller  grate  area  as  great  care  must  be  taken  not  to  oveiiieat 
or  bum  the  material.  Usually  a  definite  charge  is  placed  in  the  drums 
and  Buhjeeted  to  a  heat  of  not  over  177'>  C  (850"  F).   The  drum  is  oon- 
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tinucxudy  nrolved  until  tbe  powdmed  lock  naehes  a  untfonn  temperatuie 
of  approximately  149*  C  (300°  F).  Hiifl  usually  requires  about  2  hr. 
Continuous  fee<^g,  as  in  a  sand  drier,  is  not  often  practiced,  aa,  to  insure 
sufficient  heating  during  tbe  passage  of  the  material  thru  the  drum,  there 
would  be  too  great  danger  of  burning  it.  This  heating  is  sometimes  done 
in  shallow  iron  pans  with  a  alow  fire  underneath,  the  powdered  rock  being 
continually  turned  over  by  hand  during  the  process.  Where  asphalt  cement 
or  sand  is  to  be  added,  the  ordinary  type  of  asphalt  mixer,  sand  drier,  etc, 
must  be  provided  in  addition  to  the  equipment  above  described,  li  no 
such  addition  is  required,  the  bituminous  roak  is  ready  to  lay  on  the  street 
as  soon  as  it  comes  from  the  heating  drum. 

Laying.  The  hot  powder  is  transported  to  the  street  in  wagons  and 
spread  witii  hot  iron  rakes  to  a  uniform  depth  in  m&ch  the  same  manner 
aa  a  sheet-asphalt  pavement.  Bituminous  sand  mixtures  are  usually  rolled 
and  finished  in  the  ordinary  way.  Bituminous  limestone  pavements  are 
sometimes,  but  not  always,  rolled  with  a  light  hand  roller  as  soon  aa  they 
are  raked.  Immediately  thereafter  they  are  tamped  over  their  entire  sur- 
face with  round  tampere  from  6  to  7  in  in  diameter,  after  which  th^  may 
or  may  not  be  rolled  with  a  5  to  10-ton  steam  roller.  Joints  are  made  in 
the  customary  manner  and  smoothers  are  sometimes  used  on  them,  but 
the  freshly  cut  edges  are  not  pa&ited  with  asphalt  cement.  In  a  bitumin- 
ous limestone  pavement  the  compression  effected  as  above  described  results 
in  the  production  of  a  sldn  of  compressed  paving  mixture  on  the  surface. 
The  lower  [wrtion  of  the  wearing  course  receives  much  less  compression 
than  does  a  sheet^asphalt  pavement  similarly  treated,  as  the  powdered 
rock  is  light  and  fluffy  and  can  only  be  compacted  thruout  with  great  dif- 
ficult and  years  of  traffic  are  required  to  produce  ultimate  oompreasion. 
This  does  not  nulitate  against  the  suoeeesful  use  of  tiiia  material  as  a  pave- 
ment, however.  In  fact,  shortly  after  ultimate  compression  has  -been 
reached,  the  pavement  commences  to  disintegrate.  The  street  tools  used 
differ  but  little  from  those  employed  in  the  sheet-asphalt  paving  industry. 


These  vary  greatt>~  with  the  kind  of  material  used  and  th«  method  of 
manufacturing  or  tempering  it.  Owing  to  the  limited  use  of  rook  asphalt 
pavements  in  the  United  States,  these  specifications  are  not  as  detailed 
or  as  nearly  standardised  as  are  sheet-asphalt  paving  specifications. 

Borongb  of  Ma^battsn,  Kew  York  City.  1912  SpociflcatiMit.  "  Should  any  of  the 
rodi  asphalts  be  used,  tbe  material  shall  be  a  natural  bituminoua  limestone  or  nnd- 
■tone,  or  a  mixture  of  the  two,  and  shall  be  prepared  and  laid  in  tbe  following  manner: 

"  The  himpa  of  rock,  after  being  mixed  in  the  proper  proportion,  shall  be  finely 
onahed  and  pidveriud,  and  the  powder  paved  thru  a  20-meeh  deve.  In  case  of  the 
use  of  any  aaphaltjc  limestone,  or  a  mixture  of  an  aapbaltic  limestone  and  an  asphaltjc 
aandatone,  nothing  whatever  shall  be  added  to  on  taken  from  the  powder  obtained 
by  grinding  the  natural  bituminoua  rock.  Should  it  be  proposed  to  use  an  aspbaltic 
saadstone  only,  whfdi  containa  mor«  than  9%  of  natural  bitumen,  of  sudi  a  con- 
■arteBcy  that  the  rentltlng  paremait  would  prove  too  soft  to  anstain  tnffle,  tbe  ma- 
terial. If  aatUaetny  in  other  napeetB,  shall  be  made  to  conform  with  tbe  requlie- 
ments  of  these  spedficattons  by  the  addition  of  inorganic  dust.  In  such  manner  and 
In  such  proportion  as  the  Eoglnev  may  direct,  Tbe  powder  Aall  contain  from  9  to 
12%  of  natural  bitumen. 

"  This  powder  shall  be  heated  In  a  suitable apparatna  to  88"  to  121"  C  to2W  F), 
and  most  be  bron^t  to  the  ground  at  a  temperature  of  not  tan  than  82"  C  (180"  F) 
b>  carts  made  for  the  purpose,  and  carefully  spread  as  specified  for  refined  asphalt 
pavsment,  to  sueh  a  depth  that,  aftsr  havbig  received  its  oltlmate  eompreaslofl,  it 
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wni  hBT«  ft  thiekiwn  of  2Vj  In  wh«n  Uid  on  concrete-  When  the  foundation  otter 
than  concrete  it  Aall  be  Uid  on  a.  1-in  binder  courae  u  heretofore  pretribed,  uid  the 
net  thic knees  of  the  rock  «q>hnlt  vrMrtng  «urf»oe  nftar  compreeeion  ahkU  be  2  in.  The 
nirfMB  sbaD  be  rendered  perfectly  em  by  trnmpint,  amoothinc.  and  rolUiig  with  heated 
appHancee  of  approved  dflrign." 

8p«dflcatloQi  Propoeed  in  1911  by  tlie  Assn.  for  Standardlnng  Pirias  Spedflca- 
tions.  "  The  bituminoiu  rode  or  racic  aapbalt  fw  uae  in  the  wearins  aurfaee  roust  be 
cround  to  aucfa  a  fineneaa  that  iu  mineral  anracata,  after  being  freed  from  the  bitu- 
men by  tits  use  of  carbon  dteulphlde,  shall  all  pMS  a  I  mssb  slsve.  The  wearing 
aurfaee  made  of  tiie  Utumltwus  rock  or  rock  aapbalt  must  oootala  bsftitea  9.6  and 
12.6%  of  Utumen  aohible  In  carbon  disulphide.  The  ground  rock  asphalt  ihai)  be 
heated  separately  to  not  over  177°  C  (360°  F)  or  below  121°  C  (260°  F).  These  heated 
materials  shall  then  be  combined  and  thoroly  mixed  in  an  asphalt  mix^  in  the  re- 
quired prop(»iiona  to  py>diiee  a  wearing  surface  complying  with  the  above  qwdfica- 
tions.  The  mixture  prepared  In  the  manner  above  described  shall  be  brought  to  the 
stTMta  li  carta  at  a  tamparataia  bstwsen  107°  and  1«S°  C  (225°  and  SU*  F)  asd  ifaan 
ba  laU  as  apadfiad  In  the  qpadflcaUons  for  riwafrasidislt  pavtag." 


These  vary  so  much  with  the  price  of  the  nv  material  tad  the  manner 
in  whitdi  it  is  manipulated  that  it  is  impoasible  to  give  any  typical  state- 
ment.  Street  labor  is  about  the  same  ^a  in  Bfaeet-aspbalt.   Plant -labor 

'«  usually  soinewbat  leas.  Superintendenra,  etc,  ia  about  the  same.  Coat 
of  plant,  interest  charges  and  depreciation  depend  upon  the  kind  of  material 
used  and  the  method  of  manufacturing  it.  Given  the  price  of  the  raw 
material  at  any  given  point,  the  coat  of  the  pavement  may  be  calculated 
in  the  same  manner  as  given  under  sheet-asphalt. 


In  European  limestone  rock  pavements  defective  material  is  cut  out 
down  to  the  foundation  and  replaced  with  new  material  and  the  surface 
heater  method  of  repairing  la  not  used.  This  practice  is  usually  followed 
in  bituminous  sandstone  pavement*  but  there  would  qipear  to  be  no  reason 
why  in  certain  instances  a  surface  heater  could  not  be  suooessfully  employed. 

Ouarantae  Pwiods.  In  the  United  States  tiieae  are  usually  tba  same  as 
for  sheet-asphalt  pavements;  that  is,  5  years,  altho  some  of  the  European 
dtiee  call  for  a  2  yeara'  free  maintenance  period  and  pay  a  definite  sum 
Iter  annum  for  maintenance  during  the  succeeding  16  years. 
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GENERAL  DATA 

1.  SMoricgl  Derelppmeiit 

RnssU.  The  first  wood  block  pavements  are  said  to  have  been  laid  in 
Russia  sevcnd  hundred  yean  ago.  The  blocks  were  hexagonal  in  fonn  and 
laid  witii  a  certain  amotmt  of  care,  but,  as  they  were  not  used  to  any  great 
extent  or  for  any  length  of  time,  very  little  information  is  obtainable  about 
them.  In  Petrograd,  in  1612  there  were  in  the  city  689  000  aq  yd  of  wood 
pavement,  which  is  6%  of  the  entire  pavement  area. 

In  London  the  first  wood  pavement  was  laid  in  1839;  this  consisted  of 
hexagonal  blocks  of  fir,  some  6  to  8  in  wide  and  4  to  6  in  deep.  The  blocks 
were  laid  on  a  foundation  of  gravel  that  had  previously  been  rolled.  They 
were  bevelled  or  grooved  on  the  edges  so  as  to  afford  a  foothold  for  the 
hones.  The  first  pavements  were  not  successful,  but  others  soon  followed, 
and  the  Engineer  of  the  Sewer  Commission  stat«d,  in  a  report  made  in 
1874,  that,  counting  the  size  of  the  blocks  as  constituting  a  differenos, 
there  must  have  been  more  than  two  dozen  different  kinds  of  wood  pave- 
ments experimented  with  in  the  city  previous  to  that  time. 

A  system,  known  as  Caret's  consisted  of  blocks  6H  to  7H  >°  wide,  13 
to  15  in  long,  and  8  or  9  in  deep,  the  aides  and  ends  having  projecting  and 
reentering  angles,  locking  the  blocks  together  to  prevent  unequal  settle- 
ment. Pavements  of  this  kind  were  laid  in  1841  or  1842.  Th^  required 
mwwing,  however,  every  3  or  4  years.   The  dimenrions  of  these  bloeka 
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were  afterwards  modiRed,  and  finally  leduoed  to  »  width  of  4  in  and  a 
depth  of  5  or  0  in,  the  reOntering  an^ea  abo  httag  discarded. 

The  uiPROVBD  WOOD  fly.«tem  was  fint  adopted  in  1871.  On  a  aubgrade, 
a  bed  of  4  in  of  sand  was  laid,  and  upcn*  that  two  layers  of  1-in  deal  boards, 
saturated  with  boiling  tar,  one  layer  across  the  other,  were  laid.  The 
blocks  were  3  in  wide,  5  in  deep  and  9  in  long.  They  were  also  dipped  in 
tar  and  laid  on  the  boards  with  the  end  jointa  cloeed,  but  the  transverse 
joints  were  ^  in  wide,  the  space  being  maintained  pieces  of  boards 
nailed  to  the  foundation  and  also  to  the  boards.  The  joints  were  filled 
-with  rammed  gravel,  then  a  composition  of  pttch  and  tar  was  poured  in 
until  the  jointa  were  oompleMy  filled,  when  the  sutfaoe  was  also  covered 
with  tar,  gravel,  and  sluup  sand.  The  foundation  was  somewhat  elaatie 
and  maintained  the  even  surface  of  the  pavement  as  long  as  it  was  in  ahape, 
but  when  the.  pavement  became  pervious  to  watw  it  settled  and  beoanw 
rough  and  uneven.  This  was  probably  the  first  use  of  the  tar  and  gnvd 
joint  for  pavements  of  any  description. 

In  1872  a  cement-concrete  foundation  was  first  used  for  a  wood  pave- 
ment. The  concrete  was  4  in  thick  and  was  laid  by  the  Ligno  Mineral 
Co.  The  Idooks  were  of  beedi,  mineralised  by  a  qiecial  proceaa,  in 
wide,  4H  U)  deep,  and  7^  in  long,  wi^  the  ends  out  to  an  an^  erf  60°. 
They  were  laid  with  the  ends  inclining  in  opposite  directions  in  alternate 
coursea.  In  a  few  years,  however,  this  fonn  of  block  was  abandoned  for 
the  rectangular,  and  fir  was  used  instead  of  beech.  The  blocks  were  bedded 
in  Portland  cement  and  laid  with  joints  M  id  wide,  partly  filled  with  asphalt, 
and  then  grouted  with  mortar.  It  was  thought  after  a  few  years'  ex- 
perience that  the  laying  of  the  blocks  directly  upon  concrete  made  so  rigid 
a  construction  that  the  blocks  wore  more  r^>idly  under  traffic  than  they 
otherwise  would.  Tbsm  were  several  means  deviaed  for  owoomliit  tlib 
and  making  the  pavement  more  Mastic.  The  Asphalt  Wood  Irving  Co. 
laid  H  hi  of  asplwlt  upon  concrete,  and  formed  abo  the  lower  part  oi  the 
joint  with  the  same  material,  and  the  upper  part  with  a  grout  of  Portland 
cement  and  gravel.  In  addition  to  the  elasticity,  it  was  claimed  that  this 
also  gave  a  perfectly  watertight  joint.  One  objection  to  this  method, 
however,  was  that  the  asphalt  softened  under  blocks  when  the  weather 
became  hot,  allowing  them  to  settle  unevenly  under  traffic,  making  the 
pavement  generally  uneven  and  consequently  causing  abnormal  wear. 

In  Hinbon'b  method  the  blocks  ware  laid  eloaa,  with  a  strip  of  roofing 
felt  from  Via  to  i/a  in  thick,  cut  to  the  same  width  as  the  depth  of  the  blocks, 
laid  between  each  course.  The  joints  were  thus  closed  as  completely  as 
possible,  leaving  only  the  actual  fabric  of  the  felt,  the  material  support 
of  the  blocks  saving  them  from  the  rapidly  destroying  action  of  spreading 
at  the  edges.  The  protection  of  the  wood  was  further  enhanced  by  a  layer 
of  similar  felt  over  the  whole  suriace  of  the  concrete  foundation  upon 
which  the  wooden  blocks  were  cushioned.  Another  object  of  laying  the 
felt  between  the  blocks  was  to  take  up  any  longitudinal  expanmon  that 
might  occur  on  account  of  the  changes  of  the  atmoephere.  It  was  thought 
that  the  felt  would  be  Uiick  enough  to  provide  for  the  ezpaanon  of  any 
one  course  of  blocks.  The  results  justified  this  method,  which  was  some- 
what  expensive,  but  the  endurance  of  the  blocks  was  said  to  be  increased 
from  one-half  to  two-thirds  by  this  freedom  from  the  joining  of  the  blocks 
and  the  mutual  support  of  the  edges.  In  order  to  provide  for  the  trans- 
verse expansion  a  space  of  1  or  IH  io  was  left  along  the  curb  and  filled 
with  asphalt  and  sand  or  gravd.    In  some  cases,  however,  the  row  of  blocks 
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next  to  tba  curb  was  left  open  until  the  greatest  amount  of  ezpansioa 
had  taken  fdaoe.  and  then  filled  in.  The  kind  of  wood  used  in  London  at 
that  time  was  generally  Swedish  deal,  and  the  blocks  were  generally  laid 
without  any  chemical  treatment,  since  that  was  considered  of  doubtful 
advantage,  and  as  they  wore  out  under  traffic  rather  than  failed  fnup 
decay.  It  was  not  thought  that  oreosotinc  or  ctmilar  treatment 
benefit  the  wearing  qualities. 

In  1874  Hatwood  made  an  estenenve  report  to  the  ConmuBBoners  of  sewers 
of  London  upon  the  comparative  merits  of  wood  and  rock  aqdialt  tnvements. 
At  that  time  there  were  but  12  238  eq  yd  of  wood'  pavraient  and  30  802 
sq  yd  of  rock  asphalt,  quit«  a  portion  of  the  area  previously  laid  with  wood 
having  been  replaced  with  rock  asphalt.  In  a  table  which  be  presented 
at  that  time  he  gave  the  actual  life  of  wooden  pavements  that  had  been 
laid  at  different  times  since  1841  as  varying  from  5  years  and  5  months 
to  19  years  and  1  month.  The  pavement  having  the  longest  life,  strangely 
enough,  was  the  fiist  one  laid  of  those  in  the  table.  The  average  cost  per 
square  yard  during  lif^inchiding  rqmin,  varied  from  Is.  SJfd.  to3s.4d.  (3S 
to  81  cents),  which  last  pavemoit  had  a  life  of  12  years  and  3  montiia. 
He  gave  the  average  life  of  the  pavements  io  the  three  streets  of  the  largest 
traffic  as  9  years,  and  those  of  the  least  traffic  as  11  years  and  3  months. 
His  conclusions  on  the  whole  were  more  favorable  to  rock  asphalt  than 
to  wood,  altho  the  experience  with  rock  asphalt  at  tiiat  Ume  extended  over 
a  period  of  only  6  years,  but  later  experience  has  justified  his  conclusions. 
London  and  Paris  at  the  present  time  are  using  wood  as  a  paving  material, 
because  it  is  less  noisy  than  stone  and  leas  slippery  than  rock  asphalt. 
On  London  Bridge,  King  William  St.,  blocks  wore  2^  in  in  8  years  and  3 
months.  Haywood  estimated  in  general  that  the  wear  of  wooden  pave- 
ments would  be  from  0.2  to  0.3  in  per  year,  under  traffic  of  from  300  tb 
600  vehicles  per  yd  for  12  hi. 

In  1884  the  wood  pavMoente  in  London  oonsisted  generally  of  Mocks 
3  in  wide  by6  in  deep  9  in  long,  altho  the  dimensions  of  lengUi  and  depth 
varied  somewhat. 

Paris.  Wood  pavements  were  not  used  in  Paris  until  1881,  but  increased 
very  rapidly,  so  that  in  191 1  Paris  had  2  300  000  sq  yd  of  wood  pavement, 
whiish  represented  21%  of  the  entire  pavement  of  the  <aty.  In  Paris  the 
Uo«Ja  are  laid  on  the  heavy  traffic  eUeeta,  that  is,  streets  where  the  bus  and 
cab  traffic  is  excessive.  The  material  used  at  the  present  time  is  {nindpally 
pine  from  the  Landes  and  Swedish  deal. 

Germany.  The  total  amount  of  wood  pavement  in  Germany  was  re- 
ported in  1913  to  be  1  085  968  sq  yd,  or  0.62%  of  the  total  amount  of 
pavements  in  the  different  cities.  About  five-ninths  of  this  pavement 
was  laid  with  soft  and  four-ninths  with  hard  woods,  on  a  concrete 
base  from  7  to  8  in  thick.  The  blocks  were  6.1  in  deep,  and,  when 
impregnated  by  dipping,  the  pavement  cost  84.06  per  sq  yd,  with  a 
S-year  guarantee,  and  $4,876  when  the  blocks  were  creosoted,  with  a  10- 
year  guarantee. 

Bbrun  has  about  9  miles  of  wood  pavement  out  of  a  total  of  464H  miles. 
This  city  is  practically  level,  the  central  business  portion  of  it  being  paved 
almost  entirely  with  rock  asphalt.  The  River  Spree  runs  thru  the  city, 
and  there  are  many  bridges  over  it.  Wood  pavement  is  used  almost  en- 
tirely on  the  approaches  to  these  bridges,  and  also  on  the  bridges  over 
the  railroad  Uacks.  This  is  because  the  European  rock  asphalt  is  more 
dippery  than  the  Eiuropean  wood,  the  raverae  of  what  is  found  in  this 
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country.  The  average  life  of  the  soft  wood  pavetneot  in  Beriin  ia  taken 
as  12  years,  and  the  coat  of  repairs  about  17  oenta  per  aq  yd. 

Quebec.  Tamarack  pavements  have  been  laid  in  Quebec  sinoe  18li5. 
The  blocks  are  laid  on  a  wooden  flooring  of  IH-in  boards,  laid  longitudinally 
and  crossed  at  right  angles  by  a  seoond  flooring  of  1-in  boards  so  as  to  con- 
form more  readily  to  the  crown  of  the  pavement.  Upon  tliia  flooring 
Uocks  about  12  in  long,  sawn  from  logs  10  to  15  in  in  diameter,  are  laid 
on  end.  In  the  spsees  between  the  Uooka  small  pieoes  of  wood  an  foroed, 
and  the  remaining  intenpaoes  filled  with  a  grout  made  Of  sand,  eement 
and  tar,  or  sometimes  a  mixture  of  findy  sifted  coal  ashes  and  cement. 
These  roadways  are  very  duraUe,  it  being  stated  that  pavements,  aiier  hav- 
ing been  in  use  35  years,  were  taken  up,  when  the  Uocka  showed  no  signs 
whatever  of  any  decay,  but  had  been  worn  to  one-half  their  original  depth. 
These  pavements  cost  from  S1.55  to  J1.75  per  sq  yd. 

Boston,  Hew  York  City  and  PhUtdeliOiia.  In  the  United  States  the 
first  wood  pavementA  weie  laid  about  1839,  in  Boston,  New  York  and 
Hiiladelphia.  No  speoial  caie  waa  paid  to  the  character  of  the  wood  of 
which  the  blocks  were  made  or  to  die  method  of  laying,  and  thc^  received 
no  treatment  whatever.  It  is  not  mupzising,  tberefore,  that  the  blocks 
soon  decayed,  and  the  pavement  got  into  such  disrepair  that  it  bad  to 
be  relaid. 

A  Committee  of  the  Franklin  Inatitate  of  Philadelphia  In  1S48  stated  la  a  report 
that  "The  bnsgonal  hemlock  pavneat  Ud  sobm  yaata  ago  in  ClmUiat  St.,  IiiiIiihiii 
Fourth  and  Fifth,  cost  |S. 60  per  sq  yd,  and  was  dseayad  to  wada  on  aatcnt  «s  to  leqidFt 
renewal  within  8  yean.  The  squand^riodi  wood  pavemeot  in  Third  St.,  of  NorUtsm 
4>nice,  cost  about  $2.25  per  sq  yd,  asd  after  yean'  use  the  hemlodt  portion  of  it 
was  very  much,  decayed  and  needs  renewal,  while  the  heart  yellow-jrine  portiMi  is 
still  in  apparently  good  order,  althot^h  presenting  atrong  symptoms  ol  decay.  This 
pavement  was  laid  in  Sc^,  1889.  Finally,  In  consequence  of  the  sUppery  nsture  of 
thdr  Burfaoe,  thslr  deficiency  ol  duraUU^  when  of  ordinary  timber,  of  their  ^rpttm 
in  the  ultimata,  and  in  view  of  resulta  of  eapwieooe  aa  far  they  have  beenae  known 
to  ua,  we  are  reluctantly  impelled  to  the  conclusion  that,  tho  their  use  may  be  proper 
in  some  detached  situations,  woodm  pavements  ought  not  at  this  time  to  be  recom- 
mended as  part  of  the  general  system  of  paving  by  the  dty  of  PhOadetphia."  The 
Committee  also  stated  that  the  authoritiee  of  New  York  had  determined  to  take  up 
tlie  wood  pavements  and  relay  them  with  stone,  and  that  the  experience  of  Boston 
had  been  practically  the  same  aa  that  <d  Philadelphia  and  Hew  York  City. 

Washington,  D.  C,  U  a  city  in  which  experimental  pavements  of  many 
kinds  are  laid.  The  Board  of  Public  Works  was  appointed  in  1871,  and 
at  that  time  100  000  sq  yd  of  wood  pavement  had  been  laid  in  Washington' 
and  Georgetown.  The  exact  type  is  not  known,  but  probably  quite  a 
large  proportion  of  it  was  the  Nicholson,  as  that  had  been  laid  in  many 
cities  previous  to  tliat  time.  Subsequent  to  1871,  and  under  the  authority 
of  the  Board  of  Public  Works,  there  were  laid  in  Washington  over  1  000  OOO 
sq  yd  of  wood  pavements,  under  twelve  separate  patents;  they  cost  from 
t2.00  to  (4.20  per  sq  yd.  They  soon  began  to  decay  and  to  be  replaced, 
so  that  between  1875  and  1878  over  315  000  sq  yd  had  been  removed. 
From  this  time  they  were  replaced  gradually  by  other  material  imtil  1887, 
when  18  403  sq  yd  only  were  left,  and  these  were  removed  in  1889. 

In  a  report  to  the  Bn^eerlng  Department  in  1887  Um  Conuninkmer  ssyi:  "Cedar 
blodt  pavements  used  so  extensively  thruout  the  Northwest  are  dwap,  $1.00  to  tiM 
per  sq  yd,  but  deteriorate  rapidly,  are  objectionable  on  sanitary  grounds,  and  an 
anything  but  smooth  for  street  wear.  Creoeoted  wooden  blodts,  with  a  hydraulic 
cement  foundation,  when  dosely  laid,  approach  nearest  to  the  ideal  blodi  pavement. 
Thoae  in  the  form  of  the  Mocks  of  the  Ker  Favvmoit  Co.,  New  York  Ckty,  are  a  Mr 
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ouinplfl  iA  this  claas.  Theae  are  laid  widi  creoioted  wood  btoCkB,  6  by  9  by  8  fa  in 
dimeuIoD.    The  wood  fiber  is  placed  vertically  to  a  d^th  erf  6  in;  jcrfnti  an 

laft  which  an  fillad.  1  in  with  hot  aaphalt  and  8  in  with  Portland  eenait  gnuUnc. 
The  randtiBg  pavaneBt  is  dna,  notwlo— ,  nnooth,  and  not  BHppery."  AMia  tUt 
pavnaant  racMved  ao  great  an  endonemrat.  It  wu  not  oaed  to  any  ext«at- 

IHchoUoa  Wood  Block  Pavemeat.  Wood  pavemeota,  however,  came 
into  use  very  generally  in  the  United  States  between  1860  and  1870,  laid 
under  the  Nicholson  patent.  Ptobably  the  beet  idea  of  tins  pavement 
can  be  obtained  by  quoting  from  tiie  BiooUs^,  N.  T.,  spedfications.in 
a  oonteact  made  in  1869: 

"The  wooden  bloeka  of  the  NidioIaoD  pavement  an  to  be  of  aonnd  wUte  pine  or 
•outliem  yellow  pine,  sawed  ao  aa  to  be  8  in  thick  and  6  in  long;  the  bloda  for  paving 
the  kennel  to  be  sawed  to  «  uniform  level  so  that  a  cliannel-way  for  lurface  water  will 
be  formed  outside  the  curb-lines.  The  flooring  for  bloda,  and  the  pidceta  to  be  used 
iMtwewi  each  trmnavoTae  courae  of  bloeka,  to  be  of  Bound  eommon  pine  boards,  con- 
forming to  1  hi  thickneaa,  the  whide  S  in  wide  and  I  in  thick.  The  foundation  or  aand 
bed  wliidi  b  prqmred  ia  to  be  brought  to  a  proper  oown  and  width  to  the  street  edge 
snd  then  fiovered  with  sound  common  pine  boards  of  the  dimenaion  deecrlbed,  paved 
lengthwise  to  the  line  of  the  street,  the  ends  resting  on  similar  boards  laid  tnnsverai^ 
from  curb  to  curb;  the  flooring  to  be  well  and  thoroly  tarred  on  both  ridee  with  lu^ 
coal  tar  brought  to  the  proper  consiatency  with  pavhig  cement,  so  aa  to  be  tough 
and  flbroua  and  not  brittle  when  cool.  Upon  this  floor  of  plank  the  blodca  an  to  be 
set  oa  end  fak  panOel  courses,  trensvemely  with  the  line  of  the  stnet;  each  block 
before  laying  to  be  dipped  to  half  its  height  in  hot  coal  tar  and  paving  eetneot  prepared 
as  daacribed;  each  course  to  be  aepanted  by  a  coune  of  [rfdreta  placed  on  the  faea 
of  the  blodcB  and  to  t>e  properly  nailed;  the  space  between  each  course  of  blocks  about 
the  pldcets  to  be  filled  with  clean  roofing  gravel  and  hot  coal  tar,  and  then  the  oranent 
thoroly  mixed  and  compactly  rammed  by  meana  of  a  paver's  rammer  and  an  iron 
blade  mads  to  fit  the  Interstices  or  qwcea  between  the  btodn;  the  gravel  to  be  vwy 
thwoly  dry  and  warn,  BO  ae  net  to  chin  the  tar;  the  coal  tar  in  all  cases  Is  to  be  beOad 
•  down  and  so  thickened  with  paving  cement  as  to  t>e  tough  end  Bbrous  when  cool  and 
not  brittle  even  in  cool  weather,  and  is  to  be  applied  hot  and  in  such  quantity  aa  will 
thoroly  penetrate  and  fill  all  the  Joints;  the  whole  surface  of  the  pavement,  aa  rapidly 
■s  the  grouting  ahall  be  completed,  la  to  be  covered  with  hpt  tar  and  paving  oemoit 
aa  above  specMedt  and  then  covned  with  fine  sand  and  gravel  and  not  ken  uan  H  hi 
tUdc" 

The  Nicholson  pavement  in  Brookltn,  N.  Y.,  cost  (4.50  per  sq  yd,  with 
an  additional  sum  of  50  cents  per  sq  yd  for  grading  the  Btreet  and  preparing 
the  foundation.  The  blocks  for  this  pavement  could  be  either  treated 
chemically  or  not,  according  to  the  belief  of  the  special  set  of  authorities 
in  control,  but  as  a  matter  of  fact  they  were  laid  without  treetment.  Thia 
pavement,  when  first  laid,  was  very  smooth  and  presented  a  pleasing  ap- 
pearance to  the  eye,  and  for  a  time  was  extremely  popular.  It  soon  began 
to  decay,  however,  and  was  rough  and  uneven  unless  frequently  repaired, 
and,  as  the  decay  continued,  became  unhealthy  and  unsanitary.  Its 
average  life  in  Brooklyn,  N.  Y.,  was  about  6  years;  in  St.  Louis  6  years 
and  6  months.  Memphis,  Teon.,  laid  a  large  amount  of  this  pavement, 
but  it  soon  decayed,  requiring  relaying  with  entirely  different  materials. 

Alexander,  MiUer  ft  Co.'s  Improved  Wood  Pavement,  which  was  very 
Btmilar  to  the  Nicholson,  was  laid  at  about  the  same  time.  The  principal 
diffecenoe  between  this  and  the  Nicholson  was  in  the  shape  of  the  Uocks, 
which  were  sawed  on  a  bevel  so  as  to  be  4  in  thick  at  the  base,  3  in  tiiiek 
at  the  top  and  6  in  deep,  so  that  when  set  together  at  the  bottom  they 
left  on  open  joint  I  in  wide  at  the  top.  In  Brooklyn  these  Uocks  were 
laid  on  bumettized  spruce  planks  IM  iu  thick.  These  planks  were  laid 
lengthwise  of  the  street,  resting  on  similar  jdanks  laid  transversely  from 
curb  to  curb.   The  spaces  between  the  blocks  were  filled  with  coal  tar 
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and  pitch,  and  the  surface  of  the  pavement  was  covered  in  the  same  wmr 
as  that  prefcribed  for  the  Nicholsoo  pavement.  This  pavement  cost  in 
Brooklyn  $4.90  per  sq  yd,  and  its  life  was  practically  the  same  as  that  at 
the  NicholsoD. 

Roond  Cedar  Bloek  PtTements.  Between  1880  and  1890  all  Western 
eiUea  had  a  rapid  growth,  and  consequently  there  was  a  great  demand  for 
street  pavements.  These  cities,  being  far  from  the  supplies  of  stone, 
naturallytookkindly  to  the  representations  of  the  agents  for  wood  pavements, 
as  the  pavements  were  cheap,  and  it  was  hoped  that  the  property  on  the 
abutting  streets  would  bo  sold  before  the  pavements  required  relaying. 
These  pavements  were  ordinarily  known  as  cedar  block  pavementa.  This 
material  came  from  the  North,  and  was  especially  cheap  in  Chica^  and 
Detrnt,  where  water  transportation  could  be  had,  but  it  was  also  laid 
in  Omaha,  Neb.,  and  in  the  larger  cities  of  Iowa.  The  blocks  were  made 
from  cedar  posts,  from  which  all  the  bark  had  first  been  removed,  and  sawed 
into  pieces  6  in  long,  by  gang-saws  cutting  from  six  to  eight  blocks  at  once. 
These  blocks  varied  in  diameter  according  to  the  dimenmons  of  the  posts, 
but  the  specifications  generally  called  for  them  to  be  from  4  to  8  in  in 
diameter,  or,  if  larger,  the  blocks  were  split  before  being  laid  in  the  pave- 
ment. They  were  laid  on  different  foundations  such  as  sand,  sand  and 
gravel,  sand  and  broken  stone,  sand  and  hemlock  boards,  and  concrete 
with  a  sand  cushion.  The  great  and  almost  cmly  merit  of  these  pavements 
was  their  cheapness.  They  wore  qmckly  laid,  and,  when  new,  made  a 
pleasing  and  apparently  satiflfactory  roadway.  The  blocks  were  laid  on 
the  foundation  very  simply,  the  only  object  being  to  get  them  close  together 
80  as  to  form  as  small  a  space  as  possible  between  the  indlv-idual  pieces. 
The  blocks  were  rammed  and  the  space  filled  with  clean,  coarse  gravel  pre- 
viously heated  and  dried,  and  then  poured  full  of  paving  cement  composed  • 
of  coal  tar  pitch,  the  Bpecifications  generally  requiring  2  gal  per  sq  yd. 
Between  1880  and  1890  many  millions  of  yards  of  this  pavement  were 
laid  in  the  cities  of  Chicago,  Detroit,  St.  Paul,  and  Minneapolis,  Minn., 
Omaha,  Neb.,  Kansas  City,  Mo.,  and  many  other  smaller  cities  thruout 
the  Central  Weat.  The  pavement  being  cheap  and  all  of  these  cities  at 
that  time  having  an  unprecedented  growth,  a  much  greater  amount  was 
laid  than  would  have  been  laid  under  ordinary  circumstances,  as  the  real 
estate  boomer  desired  to  have  a  paved  street  in  front  of  his  property  long 
enough  to  sell  it,  no  matter  what  might  be  its  eventual  life.  This  pave- 
ment lasted  ordinarily  about  5  years  in  good  condition,  when  the  decay 
was  generally  so  great  as  to  make  it  rough  and  undesirable  for  travel,  and 
In  a  few  years  more  it  became  practically  impassable  and  required  renewal 
when  it  had  been  down  7  years. 

Chicago  probably  had  more  cedar  block  pavement  than  any  other  city. 
On  Jan.  1,  1897,  there  were  752.68  miles  of  this  pavembnt,  and  during  the 
year  there  were  laid  23.53  miles.  On  January  1,  1900,  the  mileage  was 
763.21.  In  1897  the  average  cost  of  this  pavement  laid  on  a  plank  base 
was  70  cents  per  sq  yd,  and  when  laid  on  6  in  of  broken  stone,  85  cents  per 
sq  yd.  The  City  Engineer  said  at  that  time:  "  The  plank  foundation  is 
considered  to  be  the  best,  as  the  wearing  surface  is  more  even,  and  the 
planks  last  as  long  as  the  blocks,  and  whenever  the  pavement  is  renewed  the 
street  IS  torn  up,  as,  for  instance,  by  the  gas  company  renewing  the  oalkiag 
of  their  pipes,  and  the  city  laying  new  conduits.  In  such  cases  it  is  neces- 
sary to  relay  the  macadam."  On  Jan.  1, 1911,  the  cedar  bk>ck  pavement  in 
Chicago  had  been  reduced  to  273.S9  miles,  and  on  Jan.  1, 19I5.  to  214.55  mike. 
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Dbtkoit  also  laid  a  oonaideralde  quanti^  (rf  thia  pav«liMiit.  Both  this 
dty  and  .Chicago,  however,  recognised  that  it  was  a  temporary  pavement 
only,  but  with  its  low  cost  it  was  considered  to  be,  under  the  circumstances, 
an  advisable  proposition.  A  small  amount  of  this  material  was  laid  in 
Detroit  in  1914;  the  blocks,  however,  were  only  4  in  deep  and  laid  on  con- 
crete, so  that  when  they  did  decay  the  base  would  remain  in  good  condition 
and  at  proper  grade,  and  it  could  be  economically  refaced  with  a  new 
pavement.   The  following  are  the  specifications  for  the  1914  pavemeat: 

"Cvihkni.  To  swnn  •  sBiooth  MirfaoB  to  the  pavaaant  thm  sh^  be  wnad  by 
mous  of  a  template,  slnped  to  ctnfonn  to  the  true  croixoction  oi  the  street,  whan 
compacted  and  rolled  with  a  roller  weighing  not  lev  than  200  or  more  than  SOO  lb, 
1  in  of  clean  bank,  lake  or  river  luid  free  from  all  loam  or  foreicn  matter.  The  sand 
must  paH  a  H-in  seraen.  On  itreets  having  car  tracks  a  mortar  cushion  shall  be 
timed,  composed  of  one  part  Portland  cement  and  four  parts  fine  river  aand,  aald  cuabiM) 
to  extend  2  ft  outnde  of  trade. 

"Cedar  Blocks.  Cedar  blodm  ahall  be  4  in  long,  of  the  best  quality  of  sound, 
■elected,  live  timber,  stripped  of  all  bark  and  free  from  all  tracts  of  rot  or  indicatiMM 
of  decay,  and  shall  not  measure  lees  than  4>i  in  nor  more  than  9  la  In  diameter,  and 
shall  be  eo  aelected  in  aixe  as  to  make  u  cloae-jolnted  a  pavement  aa  pcaslble.  The 
contractor  must  furnish  all  labor  to  cull  the  blodts  under  the  supervUon  of  the  Cora- 
wSmiomr  of  Public  Works  or  his  reprssentative.  All  oondemned  blocks  shall  at 
once  be  removed  from  the  street. 

"FiUiag.  The  qiaces  betwsni  the  bloAs  shall  be  fflled  with  screened  gravd  or 
crushed  granite  or  boulden  of  size  varying  from  M  to  1  in  in  diameter  and  free  tnan 
dust,  sand,  loam  or  thin  stone,  screened  when  necessary,  thru  a  wire  screen,  to  set  at 
sa  angle  <A  60°,  with  meehea  not  leas  than  8  in  lengthwise  by  H  in  in  width;  tamped 
with  iron  tamping  bars  and  refilled  and  retamped  as  often  aa  required  by  the  Com- 
ndssloaer  of  ^blic  Works  or  his  representative,  and  then  the  sutaca  ^lall  be  well 
rolled  by  the  dty  roller  at  a  coat  to  the  contractor  of  M  not  per  eq  yd.  After  rdHng, 
the  ^weea  between  the  gravel  or  stone  fllling  of  the  blodts  shall  be  completely  filled 
from  the  bottom  to  the  top  with  paving  cement  obtained  from  the  direct  diatUlatioo 
of  coal  tar,  and  shall  be  the  residuum  thereof,  such  as  Is  ordinarily  numbered  5  or  6 
at  the  manufactory,  or  any  other  approved  compoaition.  The  quality  of  the  com- 
podtion,  and  the  temperature  at  whidi  it  shall  be  heated,  shall  be  satisfactory  to  the 
Commissioner  (rf  FubUc  Worita.  Extra  material  and  care  shall  be  used  at  the  gutters 
in  suing  all  joints,  in  paving  around  catch^ltasins,  or  other  receptacfca,  to  tfeetuaBy 
iwevent  the  leakage  of  any  wato-  Into  the  sub-roadway;  all  Jolata  to  be  conpletely 
flUed  to  the  top  beloro  adding  top  dressing.    No  shaU  be  permitted  over  the 

pavement  until  the  spaces  are  filled  as  above  qwdfled." 

In  1888  many  of  these  citiefl  laid  pavements  practically  the  same  as 
those  just  described,  except  that  the  material  was  cypress  fnmi  the  swamps 
of  Arkansas.  This  wood  was  much  heavier  than  cedar,  more  dense  and 
compact,  and,  from  its  appearance,  should  be  more  durable,  but  there  is 
probably  no  material  produced  by  nature  about  which  as  little  can  be  as- 
certained by  a  preliminary  exunination  as  wood.  The  only  sure  way 
to  find  out  its  durability  is  by  experience.  In  an  actual  teat  for  abrasion, 
cypress  would  probably  have  outlasted  cedar,  but  as  far  as  decay  from  the 
atmosphere  was  concerned  it  was  much  shortor-hved,  and  the  cypress 
blocks  had  not  been  laid  more  than  2  years  before  they  began  to  show 
serious  signs  of  decay.  This  in  itself  proved  beneficial,  as  it  prevented  a 
larger  amount  from  being  laid.  While  heart  cypress  has  deservedly  a  good 
reputation  for  durability,  the  sapling  wood  in  all  of  these  instances  plainly 
showed  itself  of  no  valued  One  street  in  Omaha  which  was  paved  with 
cypress  blocks  in  2888  was  repaved  with  Imck  in  1802,  and  the  other  streets 
paved  with  the  same  material  had  about  the  same  Itfe.  When  the  Tenth 
St.  viaduct  in  Omaha  was  completed  in  1889,  it  was  decided  to  pave  the 
roadway  with  cypress  blooka;  but  in  Uiis  instance  the  inspector  went  to 
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the  Louisiana  swamps  to  see  the  timber  cut  and  sawed,  aelectinc  only 
the  best  trees,  so  that  the  best  results  could  be  obtained.  Despite  this 
precaution  the  pavement  lasted  but  9  years. 

In  San  Antonio,  Texas,  a  certain  amount  of  mesquite  blocks,  hexagonal 
In  form,  were  laid  at  quite  on  early  date  and  as  late  aa  1914.  In  1889  the 
City  Engineer  of  Galveston,  Texas,  wliere  pavements  of  this  material  had 
been  laid,  wrote  as  follows: 

"We  bsve  some  creosotad  pine  blodn  frcMn  6  to  10  by  4  by  8  In.  About  75  000 
•q  yd  were  laid  !n  1874,  which,  eveti  now,  except  wfaare  the  pavwaeBt  baa  b«n  dia- 
turbed  for  straet-cor  tracla,  gaa  and  water  pipes,  1m  in  good  cooditlon.  The  blocks 
ware  laid  at  riiht  anKlea  to  the  aldewalk  curfaa  on  a  Mad  foundadmi,  with  a  1-Ia  spAcn 
between,  which  q>aee  was  filled  in  with  a  wedge  driven  down  about  2  in  below  the  top 
sorfsee  at  the  blodca  and  ptaietratinK  about  2  in  into  the  foundation  below  the  bottom 
ef  the  Uodc,  the  apaee  above  the  wedge  being  filled  with  tar  and  gravd,  and  in  1892 
to  1886  ine.  there  wefe  laid  aome  4  or  6  milea  of  crecsoted  pine  blodc  pavcntent.  In  thla 
hMtsaoe  the  blodn  were  laid  touching  without  any  wedgea,  and  tar  waa  ^read  over 
tba  top,  and  sand  over  the  tar.  TUb  laat  pavement  has  givra  endlas  trouble  by 
nwlHng  and  buckling  and  Uddng  out  the  ddewalk  cnrba  after  every  rain,  a^teciaUy 
when  the  rain  followed  a  dry  spell.  I  relald  a  couple  of  blodcs,  about  3GO0  aq  yd, 
with  wedges  and  tsr  and  gravel  with  some  of  the  diqtlaced  blocto  about  a  year  ago, 
but  it  Is  beftoning  to  show  diatrcaa.  We  have  boom  Qrpreaa  blodn,  laid  with  mdgm 
sane  10  or  15  years  ago,  that  did  good  senrica  for  8  or  10  yean,  but  ttwy  are  now  rottn 
end  In  a  very  unsanitary  coidltloB.  If  enough  oU  is  put  in  pine  blodn  to  prevent 
■welling,  I  am  satisfied  that  they  would  make  ezoeOeit  paving  matialaL  They  have 
a  wonderful  ability  to  resist  abrasion." 

PreservatiTe  Treatment.  Experience  demonstrated  plainly  that  if  wood 
was  to  be  used  as  a  paving  material  In  the  United  States,  it  would  require 
ohemical  treatment.  Indianapolis,  Xnd.,  was  the  first  dty  in  the  country 
to  lay  pavements  in  this  manner.  The  &ret  wood  pavements  laid  there, 
however,  were  of  red  cedar  rectangular  blocks  from  the  State  of  WashingtoD, 
without  any  treatment.  The  blocks  were  laid  widi  close  joints,  on  a  con- 
crete base,  with  a  1-in  sand  cushion,  but  they  soon  showed  wear  and  in  a 
short  time  began  to  decay.  In  1896  four  streets  were  paved  with  the  same 
material,  except  that  the  blocks  were  creosoted.  The  blocks  were  4  in 
wide  and  5  in  deep,  laid  at  an  angle  of  45°  with  the  curb.  The  joints  were 
laid  close,  and  no  provision  was  made  for  expanaon  at  the  curb.  Some 
trouble  was  experienced  on  account  of  the  blocks  bulging,  mainly  with 
the  untreated  blocks,  but  some  with  the  creoeoted  blocks,  so  that  the  Board 
of  Public  Works  adopted  long4eaf  yellow  pine  for  the  material  and  treated 
•  the  blocks  witJi  creosote  oil.  The  blocks  were  laid  aa  before  described, 
except  that  a  space  I  to  2  in  wide  was  left  along  the  curb  for  expansion; 
this  space  was  filled  with  sand  and  covered  with  paving  pitch.  The  into^ 
•tices  between  the  blocks  were  partially  filled  with  fine,  dry  sand,  when 
the  entire  surface  was  rolled  smooth,  and  then  covered  with  hot  paving 
pitch  and  fine  gravel  screenings.  These  pavements  cost  from  t2.10  to 
S2.S0  per  sq  yd.  But  little  waa  known  at  that  time  of  the  treatment  of 
blocks  or  of  the  character  of  the  oil. 

The  spedficationB  in  Indianapolia  in  that  respect  read  aa  follows:  "After  theblocki 
have  been  Inapected  and  found  Mtiafactory,  they  shall  be  placed  in  an  air-tight  chambv , 
wliera,  by  means  of  superheated  steam  and  the  use  of  a  vacuum  pump,  all  sap  in  tlie 
blocks  ahall  be  vaporised  and  tben  removed.  When  the  blodti  are  tfaoraly  dry,  and 
while  the  cylinder  is  under  a  vacuum  of  16  or  20  in,  heavy  creosote  oU,  weighing  8.8 
lb  per  gal,  shall  be  admitted  Into  the  cylinder  and  pressure  added  until  the  prcoaure 
in  the  cylinder  shall  be  at  least  50  lb  per  sq  in.  The  blocks  shall  remain  In  the  cylinder 
until  they  have  absorbed  10  lb  of  oil  per  cu  ft  of  timber  and  until  the  creosote  baa 
tmpregnatwl  the  timber  unUc^mly  thru  the  entire  tUckncM  U,  the  Mocfaa."  The 
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jtrinto  were  flUed  with  pavtns  cement  compoMd  of  10%  of  redned  Tiinldul  aspb*It 
mixed  with  90%  of  coal  tar  pavitif  cemoit  dktillad  ml  a  temperature  of  not  leas  tbu 
316°  C  (600°  F).  The  lurface  ot  the  pavement  when  completed  waa  covered  wldi 
^  in  (cv  dreaidnE  of  dean,  coane  land  or  granite  Kreeniaga. 

Cbbobote  Oil  and  Rosin.  The  success  of  these  Indianapolis  pavements 
was  such  that  promoters  were  desirous  of  extending  them  to  the  East, 
and  a  method  of  treatment  was  origLoated  which  provided  that  the  blocks 
should  be  treated  with  a  preservative  composed  of  50%  of  creosote  oil 
and  50%  of  rosin.  The  idea  of  the  rosin  was  that,  as  creosote  is  a  very 
volatite  substance,  it  was  neceasaiy  to  provide  some  means  of  keeping  it 
in  the  blocki,  and  it  was  thought  that  by  mixing  it  with  the  nwin  Uiat 
reaolt  would  be  brought  about,  and  experience  seemed  to  demonstrate 
that  such  was  the  case. 

Id  1900  the  first  pavement  of  this  character  was  laid  on  Tremont  St., 
in  Boston,  in  front  of  the  Common.  The  blocks  were  4  in  deep  and  4  in 
wide,  laid  on  a  concrete  base.  AMien  these  blocks  had  been  in  use  14 
years  the  pavement  was  in  good  condition  and  showed  very  little  wear, 
and  it  had  cost  a  very  small  amount  for  repairs. 

Id  1902,  Brooklyn,  N.  Y.,  laid  a  pavement  of  this  type  as  an  ez[>eriment. 
It  was  so  pleaaing,  however,  and  Ind  fair  to  be  so  satisfactory,  that  tlie 
following  year  specifications  were  drawn  up  and  a  considerable  amount 
of  wood  pavement  laid.  In  order'  to  obtain  competition,  the  specifications 
provided  that  the  wood  should  be  treated  with  a  preservative  composed 
of  50%  of  creosote  oil  and  50%  of  rosin  or  some  other  suitable  waterproofing 
material.  It  was  also  specified  that  the  blocks  when  treated  should  sink 
in  water,  and  when  dried  for  a  period  of  24  hr  at  a  temperature  of  38^  C 
(100°  F)  they  should  not  absorb  more  than  3%  of  wtftw  upon  beilig  im- 
mersed for  24  hr. 

Coai>-Gas  Tam  Oil  and  Watbb-Gas  Tar  Oil.  On  account  of  the  increaae 
in  the  cost  of  rosin,  in  Borough  of  Manhattan,  New  York  City,  the 
specifications  were  changed  to  permit  the  jveeervative  to  be  comixMed  of 
75%  of  creosote  oil  and  26%  of  rosin;  and  in  1909  a  committee  was  ap- 
pointed by  the  Board  of  Estimate  and  Apportionment  of  the  City  of 
New  York,  composed  of  the  Chief  Engineer  of  the  Board,  the  Chief  En- 
gineer of  the  Department  of  Finance,  and  the  Chief  Engineers  of  the 
Bureaus  of  Highways  of  the  different  boroughs  to  draw  up  specifications 
for  wood  blocks.  After  many  hearing,  at  which  were  present  many  manu- 
facturers of  blocks,  the  following  specification  was  adopted  and  sent  to« 
the  Board  of  Estimate  and  Apportionment,  which  improved  it. 

"The  eU  with  whldt  the  blodm  are  to  be  traated  shall  be  a  stable,  aatiaeptic  and 
waterproofing  dl  from  which  the  water  haa  been  remoTod  by  dlstlUation,  and  wbith 
■hall  have  a  spedflc  gravity  of  not  leas  than  1.12  at  S8°  C  (100° F).  When  distilled  in 
the  manner  hereinafter  deacribed;  the  oil  eholl  loee  not  more  than  81:%  up  to  a  tem- 
perature of  815°  C  (600°  F).  The  dietillate  between  256°  and  316°  C  (491"  and  600°  F) 
■hall  have  a  spedflc  gravity  not  leea  than  1.02,  the  aaid  spedflc  gravity  bring  taken 
at  a  temperature  of  16.6°  C  (60°  F)."  It  will  be  noticed  ttwt  the  requirement  is  made 
that  the  dktiUate  between  266°  and  ai£°  C  (491°  and  600°  F)  ahall  have  a  q>edfic 
gravity  ol  at  least  1.02.  The  reuon  for  thia  was  because  certain  manufacturera 
dsimed  that  water-gaa  tar  oil  should  be  allowed  aa  well  u  coal-gas  tar  oil.  The  com- 
nittM  was  hardly  wUling  to  accept  thia,  as  it  deemed  that  there  had  not  been  ex- 
perience enough  to  demonstrate  the  merita  of  the  water-gaa  tar  oil,  but  felt  that  it 
could  allow  a  mixture  of  the  two  if  the  amount  of  watn-gas  tar  oO  did  not  exceed 
50%  of  the  mixture,  and  with  the  specific  gravity  requlremeBt  of  1.02  for  the  distmata 
it  waa  thou^t  that  an  cxeew  ot  the  water-gaa  tar  cfl  would  be  avoided.  TMa  was 
found  to  work  eat  satislactorily  in  piactioB.  r^^^^l^ 


r 


1030 


Wood  Block  FftTemento 


Sect.  IS 


Developawftt  In  United  Stetoi.   Treated  wood  Uoek  pavfrnent  has 

rapidly  oome  into  uae,  bo  that  on  Jan.  1,  1014,  there  were  0  670  000  sq  yd 
in  tiie  United  States.  Naturally  there  have  been  mouy  differencea  of 
opinion  as  regards  the  specifications  under  which  it  should  be  laid,  not 
only  as  to  the  character  of  the  wood,  but  also  as  to  the  character  (hT  the 
preservative,  and  the  amount  to  be  used. 


The  3rd  Int.  Road  Congress  held  in  London  in  1913  adopted  the  follow- 
ing conclusionB  relative  to  wood  block  pavement: 

"  1.  Whore  gradients  permit,  wood  block  pavement  is  very  suitable  for 
streets  where  trafBc^is  great,  but.  is  not  of  the  exceptionally  heavy  char- 
acter usually  existing  on  streets  near  docks  or  siaiilar  centers  of  industrial 
traffic.  It  should  be  used  where  a  noiseless  pavement  is  desirable.  It 
is  of  great  importance  that  a  concrete  foundation  should  be  laid  of  sufficient 
strength  to  carry  the  traffic  passing  over  the  pavement. 

"  2.  Great  care  is  necessary  in  the  selection  of  the  proper  timber  for  the 
purpose,  and  all  soft  wood  blocks  should  be  tboroly  impregnated  with  a 
well-proved  preservative  before  being  laid. 

"  3.  In  view  of  the  varying  results  given  by  wood  pavements,  accord- 
«  ing  to  local  circunutances,  it  is  desirable  that  further  investigations  and 
laboratoiy  experiments  should  be  carried  out  in  connection  with  the  selec- 
tion of  the  timber  and  of  the  impregnating  preservative. 

"  4.  Every  precaution  should  be  taken  in  laying  ^e  blocks  to  prevent, 
80  far  as  possible,  the  eatry  of  water  thru  the  joints.  Hard  woods  give 
varying  results  acqprding  to  local  circumstances,  and  it  does  not  appear 
desirable  to  recommend  them  for  roads  with  intense  traffic  in  large  cities, 
unless  some  means  are  devised  to  effectively  prevent  the  rapid  destruction 
of  the  joints  and  the  resulting  destructive  effect  on  the  concrete  below. 
If  these  woods  are  employed  it  is  desiraUe  not  only  to  prevent  the  percola- 
tion of  water  thru  the  joints  to  the  foundation,  but  also  to  consolidate  the 
Uooks  as  ft^  as  possible  so  that  they  may  not  become  rounded  at  the  edges. 
Soft  woods  obtiuned  from  suitable  khids  of  trees,  and  especially  from 
rerinous  species,  are  equally  suitable  for  roads  with  a  comparatively  heavy 
and  intense  traffic  as  well  as  for  roads  with  a  light  and  infrequent  traffic. 
In  the  latter,  however,  the  blocks  are  liable  to  rot  if  they  have  not  been 
suitably  pickled.  It  is  also  desirable  to  make  the  joints  as  small  and  water- 
'  tight  as  possible.  On  the  other  hand,  their  comparatively  rapid  wear  on 
roads  with  traffic  should  encourage  one  to  make  exhaustive  investi- 

gations into  the  best  means  of  treating  them,  so  as  to  increase  their  strength 
without  prejudice  to  their  elasticity. 

"  5.  Subject  to  certain  precautions,  such  as  impregnating  of  the  wood, 
WBterprooiing  of  the  joints  and  surface,  frequent  cleaning  of  the  roadway, 
etc,  there  is  no  objection  to  wood  pavement  from  the  sanitary  point  of  view. 

"  6.  The  spreading  of  gritting  is  necessary  under  certain  condiUona  and 
in  certain  weather,  especially  on  hard  wood  paving,  to  prevent  the  surface 
becoming  slippery,  but  the  gritting  should  be  done  with  suitable  small 
gravel,  chippioga,  or  sharp  sand,  so  as  to  avoid,  as  far  as  possible,  any 
injury  to  rubber  tires." 


A  general  discussion  of  the  crown  of  a  pavement  is  covered  in  Sect.  19. 
The  principles  elucidated  there  apply  to  wood  block  pavements  with  as 
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much  force  as  to  stone;  in  fact,  even  to  a  greater  degree.  This  is  because, 
with  wood  block,  being  more  slippery  than  stone,  it  is  important  to  have 
the  side  slope  aa  slight  as  possible,  so  as  to  prevent  the  shpping  of  horses 
sidewise.  It  ia  also  important  because,  however  well  blocks  are  treated, 
there  miut  be  a  certain  amount  of  swriUng,  and  therefore  eompreauon, 
in  the  individual  blocks.  The  pressure  thus  exerted  has  a  tendency  to 
lift  the  blocks  from  the  concrete,  and  the  greater  the  crown  of  the  street 
the  greater  will  be  the  tendency  of  the  pavement  to  riae  aa  a  whole.  For 
this  reason,  therefore,  if  for  no  other,  it  is  desirable  to  have  the  crown  of 
a  wood  block  pavement  as  light  aa  possible,  and  at  the  same  time  allow 
the  water  to  run  fredy  to  ^e  gutters. 


The  Esmntisl  QoaHtiei  of  wood  for  a  good  paving  block  are  somewhat 
nimilar  to  tfaose  required  for  stone,  that  is,  the  blocks  should  be  hard  and 
durable,  and  should  not  wear  unevenly  or  be  slippery  under  traffic.  If  the 
blocks  are  too  soft,  the  wood  is  liable  to  wear  rapidly,  or  the  fibers  crush, 
so  that  it  becomes  rough  and  uneven;  if  the  blocks  are  too  bard,  the  surface 
is  slippery,  and  that  ia  one  of  the  main  objections  to  wood  pavement. 

The  Selection  of  the  Kind  of  Wood  to  be  used  is  especially  important, 
not  only  becMise  vood  aa  a  whole  is  becoming  more  expensive  year  by 
year,  but  if  a  wood  can  be  foimd  that  is  suitable  and  one  that  is  genovlly 
aoattemd  over  the  country,  it  will  materially  reduce  the  oost  of  the  pave- 
ment by  lessening  the  cost  of  transportation.  Then,  too,  more  competition 
can  be  had  if  a  large  variety  of  material  can  be  used. 

Long-Leaf  Tellow  Pine.  It  has  generally  been  conndered  that  long- 
leaf  yellow  pine,  which  is  extensively  used,  makes  the  best  paving  blocks 
of  any  wood  that  has  been  used.  This  material  is  brought  to  the  North 
only  at  considerable  expense.  It  is  a  wood  that  is  in  great  demand  for 
other  purposes,  so  that  the  extra  call  upon  it  for  wood  pavements  tends 
to  increase  its  price.  It  is  extremely  hard,  uid  stands  heavy  tra$c  remark- 
ably well,  the  greatest  objootion  to  it  b^ng  its  slippeiinesa  under  traffic 
and  its  Ual»lity  to  split.  The  former  objecUon  can  be  overcome  sprinkling 
with  sand  on  q)ecial  oocaaionfl,  and  the  latter  by  making  the  blocks  deeper; 
ttuB  of  course  adds  somewhat  to  the  expense.  The  structure  of  this 
wood  varies  greatly,  and  to  secure  a  fairly  uniform  quality  it  is  customary 
to  specify  the  number  of  rings  per  inch.  The  strength  of  wood  varies 
according  to  ita  dry  weight:  the  heavier  the  wood,  the  stronger  it  is.  The 
weight  depends  on  the  thickness  and  number  of  wood  cells.  It  is  found 
that  the  cells  in  the  summer  or  dark  rings  are  smaller  and  have  heavier 
walls  than  the  spring  wood.  A  rule  for  quickly  determining  the  quality  of 
l<H)ff4eBf  pine  has  recently  been  published  by  the  U.  S.  Forest  Products 
Laboratory.  It  states  that  pine  in  which  the  cross-section  of  the  summer 
rings  shows  an  area  of  33%  or  over  of  the  tot^  corresponding  annual  ring 
is  stronger  than  pine  where  the  percentage  of  summer  wood  is  less.  This 
rule  automatically  rules  out  wide  grained  material  that  is  undesirable  and 
permits  such  wide  grained  lumber  as  should  be  used. 

Tamarack  is  a  wood  that  has  been  very  successful  wherever  used.  It 
is  found  in  limited  afeas  and  in  limited  amounts,  so  that  it  cannot  be  con- 
sidered aa  available  tot  mtaty  localities. 

Black  Gum  has  been  used,  but  not  as  successfully  as  pine.   It  requires 
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a  Kreat«r  amount  of  treatmeDt,  but,  aa  it  is  softer  than  the  pine,  it  is  not 
quite  as  slippery.  In  1907  and  1908  it  was  used  to  a  certain  ezteot,  as  at 
that  time  ydlow  pine  was  extremely  ezpeoei've,  but  in  recrat  yean  it  has 
generally  been  discontinued  as  a  paving  materiaL 

Enropaan  Hard  and  Soft  Woods.  In  Europe  the  wood  used  aa  a  vfatda 
is  divided  into  two  classes,  namely,  hard  woods  and  soft  woods,  the  aoft 
woods  being  generally  pine  or  some  kind  of  fir,  and  the  hard  woods  Australiao 
Jarrah  or  Karri.  The  Australian  woods  are  as  a  rule  untreated.  They 
are  extremely  bard  and  wear  well,  except  that  they  break  at  the  edges, 
becoming  rough  imder  heavy  traffic.  They  are  so  dense  that  they  do 
not  take  treatment  well,  and  so  decay  irregularly,  and  become  rough  for 
that  reason  also.  A  pavement  of  this  Australian  wood  was  laid  in  New 
York  City  in  1895;  it  was  expensive  and  gave  do  better  satisfaction  than 
Amnican  woods. 

Tests  for  Wood  Blocks.   Wood  has  never  received  in  this  oountry  any 

special  teats  for  ^e  determination  of  its  characteristics  for  paving  purpoees, 
but  in  Paris  it  is  tested  in  the  laboratory  for  imbibition,  thrust,  resistance 
to  compreosion,  wear  by  attrition,  and  resistance  to  blows.  The  blocks  are 
also  tested  in  a  rot  pit,  so  called,  to  determine  the  efficiency  of  the  various 
methods  of  preserving  the  wood.  The  rot  pit  consists  of  a  pit  filled  with 
manure  into  which  the  blocks,  both  treated  and  untreated,  are  buried 
from  18  months  to  2  years,  when  they  are  taken  out  and  examined.  No 
other  place  is  known  where  such  tests  aze  made. 

Benlce  Test  Pavementa.  In  1906  an  experimentid  pavement  made  up 
of  different  varieties  of  wood  was  laid  1:^  tfie  Forest  Service  of  the  U.  S. 
Dept.  of  Agr.  in  Minneapolis,  Minn.  For  a  complete  description  of  the 
pavements  and  the'results  after  6  years'  service,  see  the  report  by  the  Foreet 
SM^ce  (44). 

Description.  '  The  woods  usad  in  the  impraremeBt  wne  long  leal  pine,  lletway 
pliw,  tamaradk,  Douglaa  flr,  wostom  Isreh,  whits  Mrcfa  and  hamloek.  The  Inng  Isef 
pine  was  inchided  so  ss  to  provide  a  standard  tor  compaibm  with  tbe  other  varleUn. 

The  blocks  were  treated  with  16  lb  per  cu  ft  of  coal  tar  oU  having  a  specific  gravity  <tf 
1.09  at  20^  C  (68°  F),  except  that  the  oil  used  in  the  white  birch  and  w«et«m  larcfa 
blocks  had  a  lower  speciflc  gravity,  so  that  20  tb  per  cu  ft  was  used  in  the  caae  of  these 
spedee  to  compensate  as  nearly  as  pooeible  for  the  discrepancy  in  the  specific  gravid 
between  the  oil  used  and  that  specified. 

MIS  Report.  The  conclusion  reached  upon  an  examination  of  the  pavemeata  by 
the  government  authoritiea,  6  yean  after  It  bad  been  laid,  waa  that:  "The  spetiM 
will  be  tantatively  grouped  In  accordance  with  the  results  of  this  inspection  in  the  order 
of  their  value  for  creosote  oil  paving  material  as  follows:  (1)  Long-leaf  plae;  Noi^ 
way  pine,  white  birch,  tamarack,  eastern  hemlock;  (3)  weetem  lardi;  (4)  Dootfaa  flr." 

In  the  1914  Report,  covering  the  result  <A  the  fourth  iaqiectioa,  ttie  order  of  efll- 
dency  of  service  according  to  ipeclea  was  practically  the  mna  as  giveB  sbore.  The 
report  goes  on  to  say,  however:  "The  moet  noteworthy  result  shown  by  tUs  oon»- 
psriaon  is  the  sudden  increase  in  the  areas  of  local  deprenioDs  below  the  gcBeral  level 
of  the  sections,  noted  at  the  1913  inspection,  in  all  but  the  long-leaf  pine  and  whits 
Urch  seetions.  This  was  especially  pronUnent  in  both  huvh  eectioiis,  as  noted  first 
In  the  1818  inqwctioB.  Thoe  two  sections  are  rapidly  becoming  unaervieeable.  In 
1910  depreedons  H  In  or  more  in  depth  were  r^orted  only  in  the  Dou^ss  flr  sectioDB 
which  were  replaced  fn  1911.  In  1912  these  depresdons  bad  appeared  to  a  greater  or 
less  extent  in  all  but  the  long-leaf  pine,  while  by  1913  all  sections  showed  etmsiderable 
areas  of  deep  depressions.  The  secUoDs  of  white  birch  and  long-leaf  pine  were  aU 
in  about  the  same  ccmdition  and  were  in  mudi  better  shape  than  any  of  the  other  q>edea. 
Eastern  hemlock  and  tamarack  had  about  the  same  percentage  area  of  depresdoBs 
and  average  wear  and  were  in  cooaidefably  better  condition  that  Norway  pine.  Both 
of  Oie  weatom  larcfa  sections  were  in  unsatisfactory  oonditi<m,  26%  and  $&%  of  the 
aiesa.  wapeetively,  being  below  the  general  level  ol  the  pawmeoU   These  ilii|iiiwinw 
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mtm  verr  nanwrous  aad  raidered  the  pavement  nther  rough.  The  deterioration  of 
the  Ikrcb  blodn  from  now  on  will  unquestionably  be  very  rapid  on  account  of  tbeae 
d^rewdnim.  Blocka  removed  during  the  Inspectfooa  were  badly  broomed  and 
diattered." 

Francis  Wood's  SpedScatlons  (9).  "The  timber  from  which  the  blodcs  are  to 
be  cut  shall  be  careftdly  ideeted  fourth  Swedish,  close  grained,  yellow  deals,  bearing 
tlie  shipper's  mark,  and  which  must  be  described  in  the  current  Timber  Timdss  Journal 
List.  The  annular  rings  shall  not  be  leoa  than  10  to  the  In,  not  more  than  2  In  of  sap- 
wood  shall  appear  In  any  block,  and  the  percentage  of  such  in  bulk  shall  not  exceed 
IS.  Tb^  shall  also  be  free  from  large,  loose  or  dead  knots,  shakes,  or  oHmt  defects^ 
and  shall  not  ewtaln  more  tlian  6%  of  waiter  wigei.  Timber  that  Im  uOi  baan 
property  stored  and  become  dir  will  not  be  aceqrted." 

London  Spedficatioiist  "It  must  be  <rf  a  heavy  resinous  nature.  Blodn  riiowing 
blue  sap  or  discolored  wood  wUl  not  be  accepted.  The  blocks  must  be  cut  perfectly 
true  in  shape  and  sixe  of  the  full  q>edfled  depth  after  sawing,  and  free  from  large, 
k>oee  or  dead  knots,  waney  edges,  warps,  shakes  and  other  defects.  One  wirfafe  of 
•very  Mode  must  be  free  from  knots." 

Chicago  Speciflcatioos:  "All  blodcs  shall  be  made  of  sound  timber  and  shall  be 
free  from  any  defects  which  will  be  detrimental  to  the  life  of  the  block  or  interfere 
with  the  proper  laying  of  the  same.  Each  Mock  shall  have  at  least  66%  ot  heart 
wood.  The  blocks  shall  be  carefully  protected  from  the  eSect  of  the  sun  and  weathn- 
before  and  after  treatment  and  until  laid.  The  timber  shall  be  that  known  to  the 
trade  as  prime  timber  and  of  a  texture  permitting  satkfaetory  treatment  as  hereinafter 
specified,  and  shall  be  sabjeet  to  iaspectkm  at  the  works  in  the  stick  or  at  any  time 
during  the  process  of  preparation  or  thereafter.  The  timber  shall  be  sound,  square- 
edged,  free  from  bark,  shakes,  large  or  loose  or  rotten  knots,  red  heart,  worm  or  knot 
liolee,  or  any  other  defects  which  ndll  be  detrimental  to  Ita  strength  or  durabOi^.  No 
■eeutd  growth  timber  or  loblolly  pine  will  be  acG4>ted.  With  southern  yellow  pine 
timber,  the  annual  rings  in  the  8  in  measured  radially  from  the  ceBtw  of  the  heart 
daU  awBfB  not  kn  than  8  to  the  indu" 


The  prindi^  governing  the  siie  of  blocks  are  somewhat  the  same  with 
wood  as  with  atone,  but  they  vary  somewhat  as  regards  t^e  depth  and 
the  width.  As  timber  is  gotten  out  in  exact  sixes,  it  is  a  simple  matter 
to  specify  the  width  of  the  tdooka,  they  being  cut  from  stock  sises  of  plank, 
and  the  same  is  true  to  a  certain  extent  of  the  length  of  the  blocks,  as  that 
oorresponds  to  the  width  of  the  planks. 

Width  and  Depth.  The  widths  used  in  the  United  SUtea  an  3  in  and  4 
in,  planks  of  this  thioknoes  being  oommon-  tar  sale.  Just  which  la  ths  better 
width  in  a  pavement  is  somewhat  uncertain,  altho  it  is  believed  that  there 
is  DO  very  material  difference.  Three-inch  blocks  give  more  Joints  in  the 
{wvement,  and  for  that  reason  afford  a  better  footh<^d  for  horses;  at  the 
same  time  the  greater  number  of  joints  {pves  more  opportunity  for  wear, 
and  on  that  account  the  narrow  width  is  objectionable.  The  ordinary  depth 
of  blocks,  too,  is  4  in,  and  as,  if  the  blocks  are  of  the  same  width  and  depth 
pavers  will  invariably  lay  a  few  of  them  on  the  side,  it  is  not  advisable 
to  have  the  width  and  the  depth  the  same;  so  that,  if  a  block  with  a  width 
of  4  in  is  used,  it  is  better  to  have  the  depth  of  the  block  4J^  m  in  order 
to  avoid  It  is  remarkable  how  quickly  a  block  laid  flat  can 

be  picked  out  from  the  pavement  at  a  glance,  oi^  account  of  the  extra  wear 
caused  by  the  traffic  coming  upon  the  side  of  the  &ber  instead  of  upon  the 
end.  So  far  as  actual  wear  is  concerned,  a  block  3  in  deep  would  un- 
doubtedly last  for  20  or  25  years  on  a  residential  street,  but  it  is  necessary 
that  the  pavement  have  a  certain  stability,  which  it  cannot  obtain  with 
a  shallow  block,  and  a  certain  strength  in  the  block  itself,  not  only  to  sustain 
,  the  weight  of  a  load,  but  also  to  prevent  its  moving  laterally,  as  it  is  un. 


6.  Size  of  Blocks 


1034 


Wood  Block  PftTementB 


Sect.  IS 


doubtedly  a  fact  that  a  shallow  blook  will  expand  much  more  easily  than 
a  deep  one.  In  the  United  States,  for  ordinary  streeta,  the  depth  is 
generally  made  4  in,  but  sometimes  on  light  traffic  Btreeta  3}^  in. 

b  London  th»pr*etkeiB'to  lay  Uodfi4or6inlndBpth,  but  it  must  b»  iwanborad 
that  tbo  blocks  ussd  tboto  an  td  softo-  matnlsl  thaa  Amitlean  pine^  sad  sIbo  that  the 
tnlHe  b  mudh  mors  nven.  .Four-lach  bkidni  w«r«  bsing  iMod  to  L«doB  la  1918,  and 
the  bloeka  previously  refemd  to  ss  mm  on  tbs  Waterloo  Boulsvard,  in  BiuMli.  wtn 
only  8  in  deep.  Both  the  Paris  and  the  Loodao  blodBi  WMF  down  my  appnefabty 
baforo  beinK  replaced. 

EniUah  Prsctke.  Wood  (9)  states  that  the  wesr  of  best  Swednb  soft  wood 
isvenmit  hi  England  Is  0.061  m  per  annum  per  lOO  tons  p^  ft  of  oflectiYe  width  of 
roadway  per  day;  sad  allowhig  s  pormiadble  total  wesr  of  2.2  In,  by  figuring  bsdc- 
wards  be  obtains  the  life  of  the  pmveroent.  So  that  he  deduces  that,  whoi  the  traOe 
is  e<|tiBl  to  3  000  000  tons  per  snniun  over  an  eflectivfl  width  of  roadwsy,  the  Ufe  ol 
the  pavement  wUl  be  10.S  yesrs.  In  qwsldiig  of  the  depth  of  the  bloda  be  says: 
"The  d^pth  (rf  the  blodn  Is  usually  S  In,  but  there  is  no  reason  why  44a  bkidB  should 
not  be  usel  hi  lifter  tialBcked  roads.  The  method  of  selecting  the  depth  of  the 
lalork  may  ba  obtalnod  MmMm  the  life  of  the  proposed  pavment  to  12  years  in 
dis  ess3  of  heavy  tralBc  ow  SOO  tons  per  ft  width,  16  yean  over  100  tons  per  It  width, 
and  29  years  under  100  tons  per  ft  width.  For  example:  Suppose  the  trmffle  was 
found  to  be  100  tons  per  ft  width  per  day;  the  rate  of  wear  would  be  0.0615  In  ptr 
annum;  this  moltipiied  fay  20  equals  1.2S  in,  which  added  to  2.7fi  In  equab  3^  In. 
In  this  caas  a  4-fn  Uoek  would  be  atdUant.  Any  iam  depth  than  8>i  in  otf  the  mw 
would  not  be  eeoBMolcal,  and  rfmilarly,  as  may  be  gathsMd,  any  grsatw  dvtt  than 
6  In  would  not  give  any  greater  sstWaetion  than  a  B-ln  blodb**  The  abova  coi^ 
durion  is  evidently  baaed  upon  2.Tfi  In  as  the  minimum  depth  ta  be  sUowed  a  block 
under  wear. 


It  is  generally  admitted  that  wood  must  have  Bome  /'hM»^'^^^^  treatment 
if  it  is  to  be  suoceeafully  used  aa  a  paving  material.  Wood  has  been  treated 
ohwiically,  in  order  to  preserve  its  life  in  different  structurea,  for  many 
yeara.  Many  different  Idnds  of  treatment  have  been  used  and  different 
chemicals  employed,  but  the  results  have  been  suc^  that  it  is  generally 
considered  by  engineers  at  the  present  time  that  creosote  oil  manufactured 
from  coal  tar,  all  things  considered,  is  the  beat.  The  object  of  the  treat- 
ment la  not  only  to  prevent  Aeeay  but  also  to  luwp  the  Uock  stable,  so 
that  it  will  not  expand  too  much  in  wel  weather,  or  shrink  and  become 
loose  in  dry  weather.  For  this  reason  the  same  prindplea  will  not  laevaU 
as  if  the  material  was  to  be  used  where  preservation  of  the  timbMr  only 
was  to  be  considered,  as  in  piles,  railroad  ties,  eto. 

Required  Life  of  Creoaoted  Wood  Blocks.  In  most  American  cities  the 
traffic  on  streets  where  wood  would  naturally  be  used  is  such  that  the 
blocks  will  wear  out  only  after  many  years  of  use,  so  that  a  preaervative 
is  required  that  wUl  not  only  preserve  the  wood  for  5  to  25  years,  but  for 
even  40  years.  If  a  block  can  be  treated  so  that  decay  will  be  prevented 
for  that  length  of  time,  there  is  no  doubt  that  on  the  ordinary  reaktratial 
street  in  the  ordinary  city  a  wood  pavement,  properiy  laid,  will  last  40 
years.  A  portion  M  C^ton  Ave.,  Brooklyn,  N.  Y.,  was  paved  In  IMS 
with  wood  blocks;  in  th^  winter  of  1913-1014  a  portion  of  this  pavement 
was  taken  up  and  exhibited  at  the  Forest  Products  ExpoaitioD  in  New  York. 
The  blocks  were  found  to  have  sustained  a  wear  of  only  K  )»■  The  traffic 
on  the  street  was  much  more  than  that  which  would  be  had  on  the  ordiuaiy 
residential  street,  fully  equal  to  the  traffic  on  a  good  retail  business  street. 

The  Advant«CM  of  Creesoting  (13)  are  as  follows: 

"  I.  A  phyiieal  ocUou:  By  the  treatment  a  very  greatly  iaoeftwd  solidity 
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is  efftetad  by  ehoUiig  the  porM  of  the  wood,  makms  it  more  solid,  so  that 
Bubsequent  sbscffptioii  of  moiBture  is  iweveDted  to  a  great  extent. 

"2.  A  phsniologieal  action:  The  creosote  imparted  to  the  wood  prevents 
VBnuinal  life,  which  would  otherwise  destroy  the  timber,  as  it  developed 
within  it.  The  preservatives  used  are  chloride  of  linc,  aulphate  of  copper, 
etc,  their  action  depending  principally  on  their  toxic  properties.  Creosote, 
however,  it  is  stated,  has  the  advantage  of  a  well-marked  smell  which  most 
of  the  lower  animals  dislike. 

"3.  A  chemical  action:  The  tar  adds  are  not  only  antiseptic,  but  they 
poesesB  the  power  of  coagulating  albumen.  This  latter  action  ploys  a 
very  important  part  in  the  preservation  of  timber." 

Kbid  of  PnierratlTe.  Since  1910  there  has  been  a  groat  deal  of  dis- 
euBsion  as  to  the  nature  of  the  creosote  oU  to  be  used,  especially  as  to  its 
specific  gravity,  some  people  claiming  that  an  oil  of  a  gravity  of  1.03'  or 
1.05  should  be  used,  as  it  would  penetrate  the  blocks  much  more  easily 
than  the  heavier  oil,  and  that  it  is  easier  to  obtain;  others  claim  that  the 
heavier  oU  should  be  used,  as  it  is  possible  to  get  a  satisfactory  treatment 
with  this  oil  sod  that  it  will  remain  in  the  blocks  much  longer  than  the 
lighter  oil.  This  is  a  theory  that  has  generally  been  accepted  by  ensneers, 
ss  is  shown  hy  the  specifications  adopted. 

The  Fnnctien  of  the  PreMrvrntive  Treabnent  for  wood  paving,  according  to  Hil)  (26), 
ia  to  accompUah  the  folloK-inc  remlti:  (1)  PreMrvBtion  from  decay.  (2)  Mechanical 
fllUng  of  the  poraa,  to  prevent  the  abaorptioo  of  finlds,  which  further  accranpliabes: 
EHninatlan  of  eaqtuulin;  (b)  iBersisa  of  rsaiBtBDce  to  wmt;  (e)  maintenance  of 
•ultary  value.  Creosote  oil  umi  to  meet  these  requirenunts  bsttav  than  say  odw 
prcaervatlve  conunonly  used.  The  other  premrvativte  are  mcst^  water  •ohitiona. 
which  are  mally  leached  out  of  the  wood,  and  thus  lose  their  preaervative  effect 
Uoreover,  being  themaelvea  largely  compoaed  of  water,  ttiey  do  not  prevent  expansion 
ia  the  blodn,  do  not  inereaae  their  reaiatanee  to  wear,  and  do  not  ttwm  Id  a 

sanitary  eonditlfni.  The  nme  requiremraite  which  have  caused  creosote  to  lupetseda 
other  prewrvatlvw  In  wood  paTing  call  for  a  larger  proportion  of  Ugh  diatilling  aon- 
■tituenta  in  the  OMsote  than  la  naeaanry  Id  the  preservation  of  timbar  for  many  other 

pUlpOHS." 

Essential  Qualities  of  Creosote  Oils,  as  sUted  by  Choreh  <16b),  are  as  follows: 
"It  must  be  reasonably  non-volatOe  in  character,  ao  as  not  to  be  rapidly  lost  by  evapora- 
tion.  It  must  be  of  sufllciently  low  viscosity  at  the  temperature  of  imiwegnatian  so 
that  the  wood  wtU  not  offer  undue  resistanee  to  dlffosioa  and  penetration.  It  must 
be  homogsneoas  in  diaracter,  so  that  at  all  timea  a  uniform  jffoduet  may  be  obtained. 
The  ehemleai  requirements  of  tbe  <Al  should  be  as  follows:  It  must  be  entirety  in- 
soluble in  water,  so  that  it  will  not  be  washed  out  of  the  wood,  and  so  that  it  will  redat 
to  the  highest  pomlble  degree  the  entrance  of  mclature  into  tlie  treated  fikier.  It  must 
be  sufBdently  sntiseptic  in  cbataeter  to  preserve  tbe  wood  a^nst  decay  daring  the 
period  of  the  mechanical  life  of  the  blodt." 

Water-Gas  Tar  Creosote,  according  to  Vdas  (7),  "may  be  produced  wlileb,  on 
fractional  distillation,  will  display  a  great  similarity  to  coal  tar  creosote.  There  is  a 
difference,  however,  in  the  constituents  of  the  two  creosotes,  as  shown  by  the  difference 
in  certain  physical  properties  of  fractions  distilled  from  them  at  equal  temperaturce. 
Furtbormore,  water^ps  tar  ereoeote  is  distinctive  in  the  aboence  of  phenols  and  eresols, 
and  usually  in  the  presence  of  I^droeaifotns  of  the  paraffin  group;  it  Is  not  so  antissptic 
as  coal  tar  ereosote.  Unfortunately,  qnaatltlsa  of  tUa  oU  are  mixed  irith  coal  tar 
creosote,  so  that  it  b  often  ImpossiUe  In  pmcUee  to  detect  its  presence.  While  this 
oil  undoubtedly  hss  considmUs  merit  as  a  pissei  taHve  at  timber,  there  Is  not  sulft- 
dent  predss  data  available  to  warrant  giving  it  the  eonfidenee  which  the  coal  tar 
product  now  enjoys." 


Cosl  TSi  Creosote,  opinion  by  Wsks:  "Testa  mads  at  the  U.  S.  Foiast  Pndueta 
Uraiatery  show  the  tozie  limit  of  coal  tar  emasota  to  bs  betwsen  0.2  sad  OA'H. 
V«fr  aDBsll  asKmnta  U  it  thvefoi*  jmtect  wood  from  decay.  In  genaral,  the  lighter 
fnwtions  are  moss  tgzie  thsn  tfas  hoavisr  fractions.   They  an  also  far  more  volatile 
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and  wbtti  Inieeted  Into  wood  by  tbmnselves  evaponta  »t  a  njid  rate.  Tbm  hmwim 
eOBstituenla  <rf  coal  tar  creosote  are  therefore,  in  addldoe  to  bring  dlglitlr  tmh^  ol 
direct  value  in  faelplnc  to  retain  in  the  wood  theee  lichtar  oila." 

Von  Sciirenk  {ibd)  aaye:  "It  will  not  be  neoemry  to  dwell  on  the  history  of 
the  use  of  coal  tar  creosote,  nor  to  prcaent  proofs  as  to  its  value  as  a  wood  preeervativa. 
For  years  this  anbatanca  has  gener^ly  and  justly  been  recarded  as  the  best  wood 
preservative,  and  the  tncraa^f  qoantltlce  wed  pMnly  Indicate  tiiat  tUs  is  unlvemUjr 
reco^dzed." 

Borough  of  Manhattan,  Kew  Torli  Cit;,  Spedflcatioiui:  It  has  generaUy 
been  accepted  that  the  heavy  oil  called  for  in  these  specifications  is  not  a 
direct  distillate,  but  is  formed  by  the  mixing  of  lluid  tar  with  the  creoaotfl 
oil.    ThiB,  however,  it  is  not  supposed,  n-ill  detract  from  its  value. 

"The  oil  with  which  the  blocks  are  treated  shall  be  at  leaat  76%  atiai^t  coal  tar 
product  and  aliaU  comply  with  the  followiuK  requirements: 

1.  The  specific  gravity  shall  be  not  lees  than  1.08  and  not  more  than  1.12  at  S8*  C 
(100"  F). 

2.  It  ahallettttain  not  more  than  3%  <rfniatttt  insoluble  in  hot  bemad  and  ddorof ana. 
8.  When  subjected  to  distillation,  aocording  to  the  method  hereinafter  dsecrfbed, 

the  amount  ot  distillate  based  on  watw  free  oil  shall  be  «a  IoUowk  Up  to  SOO*  C, 
not  more  than  1.5%;  up  to  236°  C,  not  more  than  20%;  up  to  816°  C,  not  less  than 
20  nor  more  than  60%.  The  fraction  diatilliDK  between  285°  and  Slfi"  C  ahaU  have 
a  gravity  of  not  less  than  1,03  at  38°  C  (100°  F}." 

CliicaKO  Speciflcations.  A  requirement,  however,  that  does  call  for  pure 
distillates  of  coal  tar  can  be  found  in  these  specifications  as  given  below. 
It  1b  claimed  by  some  that,  while  this  may  be  a  good  oil,  it  is  expensive  and 
can  be  obtained  only  in  small  quantities.  It  seems,  however,  to  give 
good  satisfaction  in  the  work,  and  the  above,  if  vahd,  seem  to  be  the  only 
objectiooB  to  it. 

"It  Is  required  hy  tUa  ^»erfflcatton  that  the  oil  uaed  shall  be  vAoBy  a  ■^-*^'b*t 
obtained  only  by  dWllaUon  from  coal  tar.   No  other  material,  «f  any  kind,  ahaU 
be  miaed  with  it. 

"The  ell  shall  oont^  not  men  than  1%  of  matter  InaiduUe  In  hot  benaol  and 
chloroform.  Its  spedfle  gravity  at  26*"  C  (77°  F)  diall  be  not  len  than  1.08  and  net 
more  than  1.12. 

"The  oH  shaU  be  subjected  to  a  distiUIng  test  as  follows:  The  dklilUtim  shall  be 
eoDtinuoas  and  uniform,  the  beat  bang  applied  gradually.  It  shall  be  at  a  rate  sppraat- 
mating  1  drop  per  sec,  and  shall  take  from  30  to  40  rain  after  tbo  fliat  drop  of  dktHlate 
passes  Into  the  receiving  veasel.  The  distUIatee  shall  be  collected  in  w«i|^ied  bottks 
and  all  percentagee  det^mined  by  weight  in  compaTis<»i  with  dry  olL  When  100  g 
ot  the  oil  are  placed  In  the  retort  and  subjected  to  the  above  test,  the  amount  of  distillste 
shall  not  exceed  the  foUowing:  Up  to  160°  C,  2%;  up  to  210°  C,  10%;  op  to 
236°  C,  20%;  up  to  316°  C,  40%.  The  distillation  of  the  oil  shall  be  carried  to 
866°  C.  The  residue  thus  obtained  when  cooled  to  16.6°  C  (60°  F)  shaU  not  be  brittle 
but  shall  be  of  a  soft  waxylike  nature  so  Utat  it  can  be  readily  indented  with  the  flnctf. 
When  a  small  portion  ot  this  residue  is  placed  <m  white  filtw  paper  and  warmed,  the  oU 
spot  produced,  whui  viewed  by  transmitted  light,  shall  4>pcar  <rf  an  anibv  eelor. 
The  tar  adds  of  the  distillate  from  260°  to  316°  C  must  not  be  less  than  6%  at 
this  distillate.  The  amount  of  the  unsaponiflable  oQ,  by  sulphuric  add  and  eauatie 
soda,  in  the  distillate  from  260°  to  316°  C  must  not  exosed  8.6%  of  this  distillate." 

Am.  Ry.  Eng.  Assn.  Spedflcationg  for  Otade  1  OU.  "The  oQ  need  shall  be  the 
beet  obtainable  grade  of  coal  tar  creoeote;  that  is,  It  shall  be  a  pure  product  obtained 
from  coal-gas  tar  or  cokenivm  tar  and  shall  be  free  from  any  tar,  oil  or  residue  ob- 
tained from  petroleum  or  any  other  source,  Induding  coal-gas  tar  or  coke^ven  tar;  it 
ahall  be  oompletely  liquid  at  88°  C  (100°  F)  and  shall  be  tree  from  suspended  matter; 
the  QMdfle  gravity  of  the  oU  at  88°  C  (100°  F)  ahaU  be  at  least  1.08  wban  dfatUbd  by 
the  common  method,  that  Is,  using  an  Smk  retort,  aabeatos  covered,  with  standard 
thermometer,  bulb  >j  in  above  the  surface  of  the  ml;  the  creosote,  cakolated  on  the 
bests  of  the  dry  oU,  ahall  give  no  distillate  below  200"  C,  not  more  than  6%  bdow 
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SIO*  C,  not  more  thu  2S%  bdow  28S<' C  and  tbe  nddne  above  SGS*"  C,  If  h  «HM^  E% 
In  quanti^,  ahall  be  toft.   The  oil  eball  not  ecmtain  more  than  8%  mtw." 

Th*  £ncUah  Rtport  (13)  on  wood  block  pavements,  to  the  3rd  Ister- 
national  Road  Coagreas,  atated  that  it  ia-of  the  utmoet  importanoe  that 
oi)  reBulting  from  the  diatUlatloD  of  coal  tar  shall  be  used,  the  oils  resultins 
from  the  making  of  certain  kinds  of  power  gas  being  absolutdy  worthless 
for  the  preservation  of  timber.  They  give  the  foUowiog  as  the  leQuim- 
ments  for  creosote  oil  suitable  for  treating  paving  blocks: 

"Vbm  oraosota  ia  to  ba  of  the  doacriptlon  known  wa  heavy  oil  at  tar,  obtained  solaiy 
Iqr  the  dbtfllatloa  <rf  eoal  tar,  and  eoosiata  of  that  portion  of  the  dlitlllato  irtdch  flMnea 
OVW  between  177°  and  404°  C  (360"  and  760°  F).  The  spedflc  gravity  aball  be  not 
Urn  than  1.035  nor  more  than  1.065  at  16.6°  C  (60°  F),  and  aa  nearly  as  poaalble  1.06. 
Tha  Uquor  must  be  free  from  any  admktuie  with  any  oil  or  other  subatanee  not  ob- 
MaaUl  froa  audi  dbtOIata^  It  shall  contain  not  lea  than  20  nor  more  than  80% 
of  eoDadtiuBta  that  do  not  distill  over  at  816"  C  (WO"  F).  It  must  yleU  not  kss  than 
8%  at  tar  adda.  Th«  creosotlnK  liquor  must  become  completely  fluid  when  raised  to 
a  tempera tura  of  88°  C  (100°  F)." 

Loodoo  Specifications:  "The  creosote  is  the  oil  of  tar  known  as  crefMote  oil,  free 
from  all  adulteratioD  and  Impuritiai,  geoerally  free  from  ammoniacal  water  and  coq- 
talning  not  leoa  than  B%  at  crude  coal  tar  acids.  The  spedfle  gravity  ia  to  range 
between  1.036  and  1.060  at  a  temperature  of  16.6°  C  (60°  F).  It  is  not  to  deposit 
anything  when  kept  at  a  temperature  of  10°  C  (60°  F)  tor  3  hr." 

The  Qaantit7  of  the  PreservatiTe  is  also  a  question  upon  which  there 
ia  considerable  difference  of  opinion  and  difference  in  practice.  Like  all 
other  enipoeering  questions,  what  is  desired  is  to  know  just  how  much  is 
required  so  that  extra  expense  will  not  be  incurred  by  asking  for  too  mudi. 
If  a  pavement  ia  to  be  subjected  to  a  heavy  traffic,  where  the  blocks  are 
liable  to  wear  out  before  they  rot  out,  it  is  obvious  that  a  lees  amount  of 
treatment  can  be  used  than  if  tiie  traffic  is  to  be  very  light.  The  early 
praotace  was  to  require  a  treatment  of  20  lb  per  cu  ft;  this  means  a  cost  of 
from  60  to  60  cents  per  sq  yd,  so  that  if  this  amount  can  be  materially 
reduced  there  will  be  a  corresponding  reduction  in  the  cost  of  the  blocks. 
Experiments  have  been  made  as  to  the  amount  required,  but  it  must  be 
remembered  that  not  only  present  but  future  requixemeuts  must  be  token 
into  coDsideratioD.  Because  a  10-lb  treatment  is  satisfactory  today  it 
does  not  follow  that  it  will  be  in  10  years  or  longer,  but  a  treatment  must 
be  used  that  will  give  the  greatest  economic  life  to  the  blocks,  and  con- 
sequently to  the  pavement.  The  cost  of  laying  is  the  same,  and  if,  by  an 
additional  3  or  4  lb  of  preservative,  an  appreciable  length  of  life  can  be 
given  to  the  pavement,  it  will  often  prove  to  be  true  economy.  It  ia  believed 
that,  as  a  general  proposition,  except  on  heavy  traffic  streets,  a  20-lb  treat- 
ment is  the  best.  The  Am.  Soc.  Mun.  Imp.  recommends  18  lb;  the  Assn. 
for  Standardizing  Paving  Specifications,  18  lb;  the  City  of  Chicago  require 
about  16  lb  per  cu  ft;  the  Borough  of  Manhattan,  New  York  City,  18  lb 
per  cu  ft;  and  the  Borough  of  Brooklyn,  New  York  City,  20  lb  per  ou  ft. 
In  London  the  genca-al  requirement  ia  for  10  lb  per  cu  ft,  and  ia  Paria  the 
old  praotioe  was  3  lb,  but  the  more  reoent  10  lb  per  ou  ft. 


The  planks,  if  rough,  are  run  thru  a  surfaoer  to  get  uniform  thickness, 
and  then  sawn  into  blocks.  This  is  essential  in  order  to  get  straii^t  courses 
in  the  pavement.  The  blocks  are  loaded  into  narrow  gauge  cage  cars,  which 
are  charged  into  long  horizontal  cylinders  which  are  closed  tight.  While 
io  the  cylinders  the  blocks  are  subjected  to  heat  and  vacuum  treatment, 
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after  which  they  are  completely  submerged  in  oil  and  Bubjected  to  sufficient 
hydraulic  pressure  to  force  a  specific  amouot  of  preservative  into  the  pores 
of  the  wood.  The  oil  is  then  drdined  from  the  cylinder,  which  b  opened, 
and  the  can  withdrawn,  when  the  blocks  are  ready  for  shipment. 

Pine  wUl  vary  in  weight  per  cubic  foot  from  40  lb  in  air-seaooned  stock 
to  60  lb  in  green  lumber.  Forty-pound  pine  is  too  dry  to  make  a  satis- 
faetoiy  street  Uock  when  treated  with  oil,  whereas  50-lb  [»ne  has  altogetb^ 
too  much  water  in  it  to  secure  the  required  penetration.  It  k  tbenfote 
neeeoBBty  to  give  a  live  steam  treatment  to  both  the  li^t  weight  wood  and 
the  heavy  wood  to  increase  the  water  content  of  the  former  and  to  decrease 
the  water  content  of  the  latter.  About  2  hr  treatment  with  steam  is 
sufficient  to  moisten  the  dry  wood,  after  which  a  vacuum  of  about  hr 
should  be  applied  to  draw  out  as  much  air  as  posaible  from  the  wood  cells. 
Oil  should  be  run  into  the  cylinder  without  otherwise  breaking  the  vacuum 
so  that  when  pressure  is  applied  the  wood  celts  receive  oil  without  very 
much  air  in  same.  In  the  case  of  green  wood  the  steam  process  should 
be  longer  than  in  dry  wood,  the  object  being  to  heat  the  blocks  up  to  the 
boiling  point  of  water.  When  the  vacuum  is  applied  a  reasonable  per- 
centage of  the  hot  moisture  in  the  blocks  vaporises  and  is  sent  out  of  the 
cyUnder  along  with  whatever  air  escapes  from  the  wood  cells.  The  oO 
should  be  run  into  the  cylinder  as  above.  There  will  be  a  slight  difTcrenee 
between  the  operation  of  treatment  by  various  engineers,  but  it  is  usually 
found  necessary  to  apply  the  pressure  gradually  in  order  to  secure  complete 
penetration  and  thoro  difTusion.  If  the  preservative  used  has  an  excess 
of  free  carbon,  which  makes  a  mossy  block,  a  subsequent  bath  of  Uve  steam 
while  in  the  cylinder  will  clean  the  blocks  off  very  nicdy.  After  the  blocks 
are  treated  it  is  desirable  that  they  be  shipped  to  the  destination  and  laid 
as  quickly  as  possible.  C'reosoting  wood  does  not  prevent  entirely  the 
absorption  of  moisture  or  the  retention  of  same.  It  is  therefore  desirable 
to  treat  the  blocks  with  a  sufficient  quantity  of  moisture  contained  in  the 
walls  of  the  cells  to  insure  that  the  blocks  do  not  shrink  and  to  get  them 
into  the  street  as  quickly  thereafter  as  possible,  so  that  they  are  laid  in  the 
pavement  before  they  begin  to  i^hrink. 

Treatment  in  a  Vertical  Tank  Plant  (20aJ.  "A  vertical  tank  plant  tor  creosotinc 
wood  paving  blocks  has  recently  beoi  inatalled  at  Terre  Haute,  Ind.,  by  the  Chiesgo 
Creoeotlng  Co.  These  vertical  retorts  or  tanks  allow  of  material  nviog  in  the  handling 
of  material  and  preaent  other  advantages  worth  being  noted  by  thoae  intereeted  in 
wood  block  paving.  Briefly,  these  retorts  are  charged  by  disc  conveyors,  which  carry 
the  blocka  direct  from  the  block  saw  to  the  opened  inlet  head  at  the  top  of  the  retort 
being  fliled.  One  retort  is  filled  while  the  other  is  engaged  in  impregnating  Its  diarge 
□t  blocks.  When  the  blocks  are  to  be  taken  out  of  a  retort  the  outlet  head  k  opened 
and  the  blocks  flow  directly  into  the  cars  to  be  loaded.  The  saving  of  labor  and  time 
by  means  of  the  loading  and  unloading  equipment  used  iar  these  retorts  is  tba  lotn^psl 
advantsge  gained  In  the  opemtlaa  ot  the  new  jdant.  A  notaUe  teoord  Ibr  loading  a 
car  with  creoeoted  blockB  waa  recently  made  at  this  plant,  when  a  40-ft  gondola  rajhoad 
ear  was  loaded  in  2  min  6  sec  with  suffid^tSH-ln  blocks  to  lay  870  aq  yd  of  pavement. 
This  is  at  tbe  rate  of  2  solid  cu  yd  of  l>lachB  per  min.  When  boriKOtal  retorts  are 
used  for  treating  paving  blocks,  the  blodn  are  loaded  into  Barrow^auie  ttam  cats  at 
tbe  saw.  Xheoe  cars  are  filled  one  at  a  time,  untU  enough  can  are  leaded  to  make 
tile  desired  length  of  train  which  ia  then  switched  into  one  of  tbe  horisontal  retorts. 
After  treatment  the  cars  must  be  switched  out  of  the  retort,  and  dumped  one  at  a 
time  by  a  locomotive  crane  or  other  device  into  railroad  cars.  The  vertical  retort 
lystem  eliminates  all  the  narrow-gauge  trada  and  cars,  the  small  locomotive,  U  one  la 
used  for  switching  the  care,  the  locomotive  crane  or  otlier  dumping  device  and  all 
manual  bbor  necessary  for  paving  tbe  blocks  In  the  tram  can  and  for  switching  and 
unlDsdfatg  the  canL   Another  important  sdwta^  obt^^H  with  tfw  im  of  Uw  vertkal 
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ratorte  fa  that  sucfa  a  ntort  f urnUm  m,  nMtbod  of  defifi»litlfn  tlw  sEMt  vohiiBa  of 
blocki  being;  traated  and  the  exact  amouDt  of  oU  afaoorbed  by  the  blodn  at  e«ch 

applieatioii.  The  manner  in  which  theoe  amounts  ara  d»tonnin«d  ia  oxplaioed  in  con- 
nection  with  a  deociiption  of  the  creoaoting  prooMa  used  at  thia  plant." 

tlte  BtOM  Mathod  (rf  Cnoutinc  'Hmber  is  dCMiitMd  by  WeiM  (7)  m  folktwi: 
"Tiita  rrnf'iiW  fa  named  after  Jdm  BathsU  who  took  ant  patgntB  bi  En^and  In  18SS. 
It  fa  comnioflly  referred  to  in  our  country  as  the  fuD-cril  proceas.  Blthsr  gran  or 
aeaaoned  timbw"  can  be  treated  by  thfa  process,  creosote  oil,  dead  odl  at  coal  tar,  bslng 
the  preaervatiTe  uaed.  The  timber  to  be  treated  ia  loaded  upon  steel  cara  or  bunjca, 
which  ar«  run  into  horiaontel  steel  cylinden  usually  7  ft  in  diamet«r  by  1S2  ft  loug. 
Their  length,  however,  varies  from  about  60  to  180  ft  and  diameter  from  6  to  9  ft.  If 
the  timber  is  green,  it  is  subjected  to  a  bath  (J  live  at«am  for  sevwal  hours,  after  wUdi 
a  vacuum  is  drawn  by  means  of  pumps.  Thfa  also  fa  held  tor  one  or  more  houfi  ao- 
cordine  to  the  judgment  of  tlie  operator.  If  the  timber  fa  air  aeaeoned,  the  steam 
bath  fa  generally  omitted.  Creoeote  oil  fa  then  run  or  pumped  into  the  cylindw  and 
a  preasure  of  100  to  180  lb  applied  until  the  gaugea  show  the  desired  amount  of  oU  has 
been  forced  into  the  wood.  The  excess  oil  fa  then  drained  from  the  treating  cylinder 
and  the  timber  fa  allowad  to  drip  for  a  short  pMiod,  attw  wUch  the  process  fa  eodad 
and  the  diarga  fa  removed.  Hany  traatfatg  engiiweni  draw  a  vaeuum  In  the  qitndw 
after  tiie  exeeas  oU  has  drained  from  it,  as  thfa  tends  to  hasten  the  drip  and  dty  the 
timber.  The  Betbell  or  full-cell  process  fa  conddered  the  standard  process  of  tresttnf 
timber  with  creosote,  and  the  moat  tfective  results  in  prolonging  the  life  at  wood 
tiave  been  secured  by  it.  On  account  ot  the  rdadvely  luge  amovnt  of  ml  which  tlM 
ties  ahaorb,  the  ^oeeas  ia,  homver,  the  moat  expenriva  and  for  tiifa  reaaon  MWMal 
raodlfleatkms  have  been  made." 

Treatmests  with  Sulphate  of  Copper  and  Corrode  SnbUmate.  A  firm  In  Porfland, 
Ue.,  treats  bloda  with  thfa  fatter  material.  Thfa  eonafata  in  ateeping  the  timber  hi  a 
sohitlon  of  Uehloride  of  mercury  by  the  open  tank  cold  bath  metiiod.  Tbesa  blocks 
are  used  to  quite  an  extent  on  bridges,  as  they  are  extremely  light,  the  trsatoiiat 
adding  very  little  to  the  weight  of  the  bloclcs.  In  Bruesefa  in  1918  blocks  were  troMed 
with  sulphate  of  copper,  but  to  so  slight  an  extent  tliat  it  seemed  doubtful  it  the  tMh^ 
ment  oouM  add  very  mudt  to  tile  Ufe  of  the  block. 

Honldpal  Plant  at  hurts.  The  proceea  of  paving  with  wood  in  Paris  fa  carti«d-oa 
in  a  different  way  from  that  of  any  other  city  in  Europe,  as  the  blocks  are  mano- 
factured  and  furnished  by  the  munidpality  to  the  contractor.  The  dty  has  a  veiy 
large  and  effidoit  plant,  in  a  cratral  location.  The  timber  fa  unloaded  from  th«  cars 
directly  to  piles  by  means  of  an  electric  tiering  machine.  These  plfasan  approxliiiateiy 
40  ft  high,  moat  of  them  kept  under  glass  roofs.  The  blodm  are  sawed  by  an  •leetrieally 
driven  machine,  which  cuts  16  blocks  at  once,  the  stlefca  being  fed  tutonatlcally  to 
the  saws  and  the  blodcs  automatically  discharged,  with  the  grain  up,  to  the  ihqiectloD 
table.  From  the  table,  previous  to  1918,  tiiey  were  loaded  Into  very  Small  Iron  treating 
cars,  five  or  rix  of  which  were  run  under  the  cnsosote  oil  ta&lt,  whwe  each  ear  was 
filled  by  gravity  with  an  <^  at  80°  C  (176"  F).  After  20  min  the  oil  was  tfaawn  08 
from  the  bottom  of  the  can  and  the  blocks  tak«i  to  the  storage  yard.  The  average 
ahsorptioD  was  8  lb  per  cu  ft,  and  naturally  the  praetration  was  very  slight.  It  fa 
not  surprising  that  the  blocks  decayed  before  wearing  out,  but  at  first  sight  it  fa  very 
surprising  that  they  did  not  continually  buckle  and  bulge.  In  1913  a  plant  waa  in- 
stalled in  Paris  which  would  treat  the  blocks  In  practically  the  same  way  as  are  those 
of  London,  the  Idea  being  to  impregnate  the  blocks  with  10  lb  of  oil  per  cu  ft,  not  so 
much  to  Increase  tha  life  of  the  blocks  as  to  prevent  bulging.  The  oil  used  had  a 
speeifle  gravity  of  1.08.  One  trf  the  engineera  in  Paris,  in  Bpeaking  of  the  bulging  id 
wood  pavements,  said  it  was  bound  to  occur  and  that  the  only  thing  to  do  was  to  take 
tile  pavement  up  and  relay  it.  If,  however,  a  more  thoro  treatment  fa  given  to  the 
blo^B,  as  would  be  the  case  if  the  plans  of  1818  were  carried  out,  the  bulging  would 
undoubtadly  be  materially  len.  The  material  of  the  Uodm  In  Paris  fa  such  that,  as 
the  bh>A»  wear,  tb^  batter  down,  wltii  rough  edges,  so  that  wboi  they  am  takw 
up  Iron  tile  heaAry  trsfllc  streets  they  have  these  edges  trimmed  with  a  specially  designed 
machine,  ftfter  which  the  blocks  are  relaid  on  lighter  traffic  streets.  Sometimes  the 
eurf  ace  6f  the  block  fa  so  rough  that  it  fa  neoeaaaiy  to  saw  off  the  entire  top.  Thfa  fa 
done  upoS  the  streM  If  the  Uoeka  are  to  be  Immedfately  ased.  Duilac  1911  over 
8  900  poo  Ubdn  wen  ttflHtad  la  thfa  war.   I&  1911  the  mualdpia  plant  manutketnnd 
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30  ST8  000  blodo,  of  which  818  000  were  crwoaoted  under  pr— uw.   The  total 
ol  blDefa  aiade  wiiald  lay  about  466  000  sq  yd  of  pavonent. 

ChyT  8p»cMcattoiwi  "n>»  blocks  thall  be  plwad  in  u  idr-tisht  c^iBdar  iriMnt 
by  mmu  of  atmm  mad  the  vmcmnn  pump,  the  bp  in  the  blocki  wUl  be  -npoiind 
and  the  mofiture  in  them  removed.  EHiring  the  proeeM  of  ateeming  a  vent  ahall  be 
kept  open  in  the  cylinder  to  pwmit  the  eacape  of  water,  air  and  condensed  ateam  ia 
tlie  cylinder.  After  the  heatiBf  or  eteaminK  period,  the  drain  or  vent  in  the  bottom 
of  Um  <^^adar  ahall  be  opaoed  and  all  moteture  lemovad  frwn  the  cyl&idar.  Dmiac 
the  vacuum  p«lod  the  temperature  in  the  cylinder  most  be  aboya  the  bofflag  point  of 
water  under  existing  vacuum.  When  the  cylinder  fa  thoroly  drained,  a  vacuum  of 
notlleaa  than  20  in  ahall  be  maintained.  When  the  blodcs  are  thoroly  iry  the  cylinder 
■hell  be  filled  with  ml  deatroying  a  vacuum  of  not  lev  than  20  in  and  presure  ahaD 
thaa  be  applied  and  increaaed  gmdually  to  not  more  Uiao  200  lb  per  eti  in  and  main- 
tained  untU  16  lb  of  oil  have  been  forced  into  and  retained  In  each  cuUe  foot  ol  timber 
and  uatQ  the  oil  hae  imprecnated  the  bloda  to  the  aatiafactlMi  erf  the  Board  of  Local 
ImprovMnenta.  The  preaaure  period  on  the  oil  ahall  be  continuoua  and  of  a  duration 
of  not  lem  than  8  hr.  After  tbe  surrounding  ol)  has  been  removed,  the  blocks  ahall 
remain  in  the  doaed  cylinder  for  a  period  of  30  min  to  allow  the  exoen  oil  on  tbe  aurfiaoe 
of  the  blocka  to  drain  off.  Tbe  oil  thua  drained  off  shall  be  forced  back  into  the  traat- 
ing  tank  In  order  to  determine  tbe  amount  of  ImpregnatioD.  In  the  prooeaB  of  treating 
tbe  blodn,  a  oorrsctkm  must  be  made  for  any  water  contained  in  the  crlinder.  Ceaa- 
pewwtifl"  ahall  alao  be  made  for  leaks  and  other  waaton  of  oil  that  may  occur  during 
treatment  II,  in  tbe  treatmaat  of  tbe  Idoeka,  mom  oU  Is  injected  per  cuUe  foot  of 
timbor  than  b  called  for  in  the  qMciflcationa,  aucb  excess  oil  muat  not  be  removed. 
Tbe  temperature  of  the  oil  after  altering  the  cylinder  shall  be  not  lower  than  74°  C 
(166°  F).  Tbe  blinder  shall  be  provided  with  sufDdent  steam  cmls  to  luDy 
w<«ir<>«ir>  tluB  temperature  thruout  injection.  The  oil  tanks  and  eyUndv  la  which 
the  blodcB  are  treated  shall  be  equipped  with  the  neeaanry  gaages,  tberroomateia 
and  drmw^«ockB  in  order  to  facilitate  a  thoro  in^>ection  of  the  noatwiala  and  treat- 
ments. Tbe  cylinder  shall  l>e  equipped  with  the  proper  oc»mectionB  and  apparatus 
for  artificially  seaamiing  timber  before  tbe  ImpregnatiiMi  with  the  creoaote  oiL  Tbe 
plant  shall  be  provided  with  pnqwr  mnana  for  obtaininf  the  abaoluta  mnasnm 
DHBt  and  weight  of  all  oik  eataiag  the  caiinder  and  the  amovat  of  dl  abambed 
by  tite  blodcs." 

Kansas  Citj,  Kan.,  SpedflcationB:  "Tbe  method  of  treatment  muat  be  thoro  and 
up-to-date,  containing  the  neeeasary  air-tight  cylindere,  ateam  |dpe,  boilers,  vacuum 
and  force  pumpa,  tanks,  gauges,  etc,  and  shall  be  carried  on  in  accordance  with  tbe  beat 
modmi  practice  under  the  joint  st^MrviaioD  of  the  manager  of  tbe  plant  and  tbe  d^ 
entfnser  ot  hia  representative.  During  the  fvocsss  at  treatmantt  Um  blocks  shall  be 
aubjaetad  to  a  tliaro  itHaming  ot  from  1  to  4  br,  aa  laqvirad  by  the  engineer,  and 
then  to  a  vacuum  of  from  22  to  26  in  <rf  mercury,  during  whldi  time  the  tempttstme 
in  the  cylinder  shall  be  at  all  times  above  the  boiling  pdnt  of  water  under  the  "vtint 
vacuum.  After  the  moiature  and  extracted  by  the  steaming  and  vacuum  have 
bem  drained  from  the  cylinder,  the  vacuum  shall  be  deatroyed  by  the  adraimlon  ol 
Oa  cnoaote  oil  to  completely  fill  the  cylinder,  and  not  by  the  admisdoa  of  air.  Praa- 
■un  of  from  100  to  200  lb  per  aq  in  shall  then  be  applied  and  maintained  until  16  lb 
tor  traffic  abeeta  and  18  lb  for  residence  streeta  of  the  creoaote  oil  have  been  forced 
into  and  retained  in  each  cubic  foot  of  timber.  The  preaaure  shall  be  gradually  applied, 
and  if  in  the  opinion  of  the  dty  engineer  better  resulta  can  be  obtained,  the 
allowable  pressure  may  be  fixed  at  arty  point  leas  than  200  but  more  than  100  lb  p« 
aq  In,  and  maintained  at  that  figure  long  enough  for  the  wood  to  absorb  the  qiedfled 
amount  of  oiL  The  temperature  of  the  oil  after  entering  the  cylinder  ahall  at  no 
tlma  be  leas  than  66°  C  (160*  F)  or  man  than  116"  C  ^0°  P).  The  bloda,  after 
traatmeot,  shall  show  a  aatlafaetory  psnetrati<m  of  oil  thruout.  AD  blocks  which  aie 
in  any  way  defective  or  which  have  been  badly  warped  or  chedced  in  tbe  procem  of 
treatment  ahall  be  rejected.  Before  removing  the  charge  from  the  cylinder,  the  blodn 
afaaU  be  givui  a  steam  bath  laating  at  least  >i  hr  to  dean  off  aU  the  surphH  oIL  The 
manufacturer  shall  fumlah  all  m>UaneM  naoassary  for  tmtM  and  all  labor  wfaidt  may 
reasonably  be  required  in  removing  material  for  rrwi^fitiTmi  The  oil  tanha  and 
treating  cylindere  shaU  be  provided  with  necemary  gauges,  thermometers,  draw-off  cocks, 
•t^  affwdlag  adequMs  maana  tor  detemlaing  the  abaolute  weight  ol  <A  rataiaad  b 
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the  blocks.  The  eontnctw  shall  farakh  >  ctipy  of  the  plant  record  ihowinf  «  complete 
statmaeat  at  eieb  <q>mtfa»  Id  the  cntMotlns  proean." 

London  SpedflEaHanai  "The  blodu  «n  to  be  ereoeoted,  tlie  ttmpentue  of  the 
ca  belDc  not  Imb  thu  W  C  (160"  F),  the  croowrte  to  be  fmod  into  the  Uodn  at « 
preaeure  of  not  Im  than  80  lb  to  the  »q  in,  and  to  the  extant  oflOlbotfllltothecu 
ft  of  tlmb^.  BtSon  applying  the  iiiiiirii  the  qrlindw  ie  to  be  cKhanated  to  a  Taeoma 
•quivslect  to  20  in  of  mefcury." 

BngHA  VneOem.  Urn  nport  (U)  to  the  Srd  Intmatkoal  Road  Concnw  «i 
Eng^  cDcinean  atatM  that  the  beet  knom  proeaM  tor  cteoeodiic  timber  b  BooLiKRf^ 
While  it  b  daimed  that  wet  timber  can  be  saeoeeafultar  ereoeoted  by  thk  proeem.  It 
ia  praferred  that  the  timber  aliould  be  laaaoned  in  the  t>lo^  for  at  least  6  moothe 
before  being  cut  op  into  tbe  sisee  of  the  blocks  for  pavement  The  treatment  is 
■cribad  as  foQosm:  "Tbe  blocks  are  placed  in  cloeed  irmi  cylinders  to  whldi  a  steam 
dome  is  Utted,  and  a  condenser  is  also  fitted  to  the  sir  pump.  The  pump  is  started, 
and  a  vacuum  id  10  to  15  lb  per  sq  in  is  obtained,  and  dl  at  a  tempers  Lure  of  100°  C 
(212°  P)  is  then  forced  into  tlie  cylinder  at  a  pressure  of  from  60  to  60  lb.  The  onosoto 
oil  at  this  temperature  forces  the  nir  snd  moisture  out  of  the  timber  in  the  form  of 
steam,  and  tbe  air  pump  withdraws  this  air  and  steam  from  the  dome." 

Tbe  following  requirement  for  treatment  is  given  by  Wood  (9):  "The  creosote 
to  be  forced  under  pressure  Into  the  blodiB  until  they  have  abaorbed  an  amount  ot 
10  !b  to  eadi  cu  ft,  and  in  sudi  a  namitt  that  any  hlotk  tfiUt  open  wiU  sliow  tin  erooooto 
to  have  peortrated  right  thru.  Tbm  creosote  is  to  be  a  liqidd  heavy  oil  ot  tar,  eon* 
nfonly  called  cfeoaote,  and  is  to  contain  not  leas  than  8%  of  tar  add.  It  will  te  anb- 
jected  to  analyidB,  snd  the  contractor  Is  only  to  use  such  ss  may  be  approved  by  the 
analyst." 

Treatment  In  Beitin.  The  wood  blocks  are  immersed  In  a  bath  of  earboHsed  coal 
tar,  at  room  temperature,  and  allowed  to  mnaln  IS  or  SO  min.  Tide  proeees  Is  nht 
to  give  good  MtisfmctioD. 

Iiupection  at  Plnat.  Before  the  blocks  are  put  into  the  cylinder,  the  in- 
spector should  select  a  few  average  blocks  from  each  cage  and  meaaure  out 
from  tbe  same  exactly  1  cu  f t.  This  is  easily  done  by  laying  the  blocks 
in  a  single  row,  end  to  end,  until  the  requisite  length  is  covered,  the  last 
block  being  cut  to  exact  length  with  a  hatohet.  For  instance,  blocks  4  in 
deep  by  4  in  wide  will  take  9  in  in  lensth  for  1  cu  ft.  This  average  cubic  foot 
ihould  be  weighed,  placed  in  a  wire  basket,  and  subjected  to  the  nme 
treatment  in  the  cylinder  as  the  rest  of  the  cha^.  When  the  cylinder 
door  is  opened,  this  cubic  foot  should  be  token  out  and  weighed  to  determine 
whether  the  charge  as  a  whole  has  received  the  requisite  amount  of  oil  per 
cubic  foot.  If  the  weight  is  all  right,  the  blocks  should  be  split  with  a 
cleaver  to  see  whether  the  penetration  and  the  diffusion  are  satisfactory. 
It  is  possible  to  get  20  lb  of  oil  per  cu  ft  in  blocke  by  very  quick  treatment, 
where  the  penetration  and  the  diffusioQ  will  show  bad,  whereas  10  lb 
per  cu  ft  by  more  careful  impregnation  m^  show  good  penetration  and 
diffiudon.  The  reaulta  obtained  by  the  cubic  foot  teat  as  outlined  above 
should  always  be  taken  in  connection  with  the  total  quantity  of  oil  used, 
afl  shown  by  tbo  tank  readings,  and  the  two  should  correspond  very  doeely. 

Tett  for  Vater  and  Oil  Content.  Claims  are  sometimes  made  by  creosote 
ing  eompanies  as  to  the  amount  of  moisture  removed  in  tbe  cylinder  by 
the  high  vacuum  treatment  and  allowances  asked  for,  which  may  or  may 
not  be  legitimate.  Ordinarily  the  inspector  can  determine  this  matter 
for  himself  and  prove  beyond  any  question  Exactly  what  the  preliminary 
treatment  has  done.  This  method  is  Uttle  known,  but  should  be  use^ 
from  time  to  time  as  a  check  on  the  operation.    The  test  is  made  as  follows: 

Two  cubic  feet  are  sdected  from  tlie  untreated  blocks  as  an  average;  it  is  easy  to 
pick  out  samples  so  that  each  cubic  foot  is  made  up  of  sister  blocks.  Both  cubic  feet 
are  weighed,  and  win  ordinarily  show  the  same  weight  per  cubic  foot.   One  cubic  foot 
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b  put  Into  tba  eyHndor  u  outUoed  above:  the  other  cuUe  foot  f>  tKkea  to  a  wood 
diflUng  mMhlm  and  a  targe  nunbw  ot  borlngB  made  quiddy.  Theae  borinfa  an 
tboroly  nind  and  100  c  of  the  borlnp  are  canfoUy  wnglied  and  thrown  lato  a  floppw 
dWIllBf  appuitua  with  «  suJIIdcnt  quanti^  ot  zyh>  to  thoroly  aobnierge  aama.  Tba 
lylo  and  borinp  are  then  boiled  in  the  apparatus,  and  all  tbe  water  In  the  wood  diadlli 
over  and  aeparatea  at  the  bottom  of  the  recdving  teat  tube,  which  should  be  graduated 
In  cubic  centimeters.  The  whole  teat  may  be  made  in  20  min.  The  nunbcr  d  cubic 
ontlmeterB  of  water  tbm  in  the  teat  tube  la  the  peteeBtage  of  wat«-  cootaiDad  in 
the  untreated  blocks.  From  tUa  tha  dry  weight  per  culiic  foot  of  tbe  untnaCed  blodi 
b  determined.  After  the  charge  b  treated,  the  treated  test  cubic  foot  b  bored  In 
tbe  same  manner  aa  the  untreated  oae,  and  the  percentage  of  wat«r  In  the  treated 
Uocka  determined  hi  the  aame  manner.  Thus  the  inqwctor  knowi  the  weight  of  1  «a 
ft  of  treated  block,  the  weight  of  the  dry  wood,  tbe  weight  ot  the  water  in  tha  blocka, 
and,  by  the  difference,  geta  tha  azact  weight  of  tbe  oil  fai  tbe  aame. 

Defecti  in  Wood.  Wood  block  plants  receive  lumber  in  the  shape  of 
planks.  These  planks  should  be  sorted  at  the  works;  first,  to  permit 
lumber  of  ^proxintately  the  same  weight  per  cubic  foot  to  be  treated  by 
itself;  and.  seoondly,  to  throw  out  culls  'or  rejects.  Tbe  usual  defects 
are:  poor  manufacture,  the  planks  being  too  thin  or  having  a  tapered 
mirfaoe;  split  planks,  wind  shakes,  loose  and  rotten  knots,  wane,  larae 
worn  holes,  and  red  heart  Red  heart  may  not  alvasrs  he  detected  in  the 
plank  before  it  is  sawn;  the  inspector,  therefore,  should  particularly  look 
over  the  cut  bloclu.  as  red  heart  shows  very  plainly  in  first  cut  lumber. 
Red  heart  is  probably  the  most  important  defect  to  be  caught  by  the  in- 
spector at  the  works,  as  most  of  the  other  defects  can  be  fUsooversd  beftne 
Uke  blocks  get  into  the  pavement. 

8.  Specifications  for  Wood  Blocks 
The  following  specifications  were  adopted  in  1916  by  tbe  Am.  Soc  Mua. 
Imp.  For  sections  covering  the  construction  of  the  pavouent,  see  Art, 
10.  ^wcifieationfl  relative  to  Uie  practice  in  several  Amuican  and  European 
dtiefl  pertuning  to  physical  properties  ol  wood  Uoeks  wiU  be  found  in 
Art.  4;  to  sise  of  blocks  in  Art.  6;  to  preeravatives in  Art.  6;  and  on  manu- 
facture of  wood  blocks  in  Art.  7. 

"Timber.  The  wood  from  whtdi  the  blodm  are  to  be  raantifactured  shall  be  oouthern 
yellow  pine,  Douglas  fir,  tamarack,  Norway  pine,  hemlock  or  black  gum.  Only  one 
land  of  wood  shall  be  used  in  any  one  contract.  The  blocks  must  be  sound  and  must 
be  well  manufactured,  square  butted,  square  edged,  free  from  unsound,  loose,  or  hollow 
knots,  knot  holes  and  other  defects  such  as  shakes,  diecks,  etc,  that  would  be  detri- 
mental to  the  blodn.  The  number  ot  annual  rings  in  the  1  In  wbieb  beghu  2.'b)  from 
the  idth  of  the  block  shall  not  be  len  than  six,  measured  radially,  iKovIded,  however. 
that  blocks  containing  between  five  and  six  rings  in  thb  inch  shall  be  accepted  if  tbay 
contain  88.3%  or  more  summerwood.  In  case  the  block  does  not  contain  tba  pilh. 
the  1  in  to  be  used  shall  begin  1  in  away  from  the  ring  which  is  nearest  to  the  heart 
(4  the  block.  The  hlocka  in  each  charge  shall  contain  an  average  <rf'at  least  70% 
td  beartwood.  No  one  hlodi  shall  be  accepted  that  oontaina  leas  tbrnn  S0%  of  heart- 
wood. 

"Sire  of  Blocks.  The  blodcs  shall  be  from  6  to  10  in  long,  but  should  imferaUy 
average  two  times  the  depth;  tbay  sfaall  be  *  in  in  depth.  They  may  be  from  8  to  4 
in  in  width  bat  in  any  one  city  block  all  <rf  tiiem  shall  be  ot  uniform  width.  A  variatioB 
of  Vis  la  shall  be  allowed  in  the  depth,  and  i/s  in  in  the  uddth  of  the  blocks  from  that 
•^>c^ted.   In  all  casaa  tbe  width  shall  be  greater  or  le«  than  the  dq>th  by  at  least 

*The  Committee  recommends  blocks  4  in  in  depth  for  very  heavy  trafDc  atieeta; 
blocks  8H  ia  in  depth  for  moderate  traffic  atreets.  For  light  traffic  streets  blocks 
8  In  in  depth  may  be  wnd,  but  when  3-in  blo^  are  used  no  Mock  shall  be  laomg 
than  Sin. 
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^luti  latife.  Thm  pnmomtin  to  be  mti  may  Iw  titim  a  coal  tar  pa^og  oSl  or 
a  eoal  tar  diitUlats  oil  u  benin  ipedOed. 

"Cou.  Tab  Pavinq  Ou.  TheoU  ahall  bea  coal  tar  product  (A  which  at  ktast  86% 
ahall  bs  a  datiUata  of  eomt^t  tar  w  Gok»4>vra  tar,  and  Uia  remalBdar  ahall  be  rdnad 
or  fllterad  eoal-faa  tar  or  coke-oven  tar.  It  ahall  comply  with  the  foUowinx  require. 
mnta: 

1.  It  shall  not  contain  mora  than  8%  of  water. 

2.  It  ahall  not  etnttaln  moce  than  8%  laaUer  inaohibla  in  bvaoL 

S.  Ttm  medfle  ctavlty  of  tbe  OH  at  SV  C  (100*  P)  ahaO  not  be  la«  Oan  UOT  nor 
more  than  I.IZ. 

'4.  The  dtotUlatea  baaed  oa  water  free  on  ahall  be  wfthfai  the  fdlowing  Umlta:  Up 
to  210°  C,  not  mora  than  5%;  np  to  286°  C  not  more  than  26%.  The  rcaldue 
above  866*  C,  if  It  ezoeeda  8&%,  aball  have  a  float  taet  of  not  more  ttian  80  aac 
at  70"  C  (ISP  F). 

5.  The  4>wUe  gravltjr  of  the  fraction  batwean  tUf  and  816*  C  ahaU  not  be  lM 
than  1.02  at  88°/15.S«  C  (100° /60°  F).  The  qtedftc  gravltr  ol  the  fractkm  b*. 
tween  816°  and  SSB"  C  ehaU  not  be  \em  than  1.09  at  »8'/16.6»  C  (100* /SO*  P). 

6.  The  oil  ahall  not  yield  more  than  10%  eoke  reaidue. 

"Coal  Tar  Distillate  On-  The  dl  ahall  be  a  diatlllato  of  coatgaa  tar  or  cok»- 
oren  tar,  and  ahall  comply  with  the  following  reqtdremenla: 

1.  It  shall  not  contain  mora  than  6%  of  water. 

2.  It  aball  not  contain  more  than  0.5%  of  matter  insoluble  in  beniol. 

8.  The  qiedflc  Ktavfty  of  the  oU  at  38°  C  (lOO"  F)  ahall  not  be  leea  than  1.06. 

4.  The  diatiUatea  baaed  on  water  free  oil  shall  be  within  tbe  foUowlng  lindta:  Up 
f  to  210°  C>  not  more  than  6%;  up  to  236°  C,  not  more  than  16%.  The  mMue 
t  above  866°  C,  if  it  exceeds  10%,  shall  have  a  float  teat  of  not  more  than  60  see 
at  70*  C  aw  F). 

6.  The  qtedflc  gravity  U  tbe  fraetdon  between  286°  and  815°  C  ahall  not  be  leea 
than  1.02  at  88*/16.6°  C  a00°/60*  F).  Tbe  apedfic  gravity  of  tbe  fraction  be- 
tween 816*  and  866*  C  ahaU  not  be  leaa  than  1.09  at  WM.Sr  C  (100° /60°  F). 
6.  The  oil  shall  yield  not  more  than  2%  «t  coke  residue. 

"Watbb-Gas  Tar.*  Tbe  preeervative  ahaU  be  reflned  watar-faa  tar  and  ahaD 
eomply  with  the  following  requiremoita: 

1.  Tbe  ipedfic  gravity  ahall  be  not  leas  than  1.12  nor  more  than  1.14  at  88*  C  (100° 
F),  referred  to  water  at  the  same  temperature. 

2.  Not  more  .tluui  2%  ahall  be  inaoluble  by  hot  extrsctloa  with  benxol  and 
chloroform. 

8.  On  distiUatloB,  which  ahaU  be  made  aa  hecdwifter  deKribad,  tbe  diatUhte  baaed 
,  upon  water  ftoa  oil  shall  be  within  the  following  limits: 
Up  to  210°  C,  not  more  than  6% 
Up  to  286°  C,  not  more  than  16% 
Up  to  816°  C.  not  mora  than  40% 
Up  to  866°  C.  not  leaa  than  26%  • 
4.  na  qwcUe  gravity  of  the  total  dirtillate  bdow  866*  C  ahaU  not  be  leaa  than 

1,00  at  88*  C  (100*  F),  refenad  to  water  at  the  aame  tamperatura. 
B.  Tbe  oil  shall  not  contain  more  than  2%  water,  and  doa  allowanoe  shall  be 
made  tor  all  water  and  inaoluble  foreign  matter  it  may  eon  tain,  by  h»>ect1ng  a 
correapondlns  addttlonal  quanti^  into  the  blocks. 
"Troatmaat,    Tbe  timber  may  be  either  air  aeaacAed  or  green,  but  should  preferably 
oe  treated  within  3  months  from  the  tiroe  it  is  sawed.    Green  timber  and  aeasoned 
timber  shall  not,  however,  be  treated  together  In  tbe  same  cbaiga.    Tbe  blocba  shall 
be  treated  in  an  air-tlgbt  cylinder  witfa  the  preeervative  heratofore  apadfied.   In  all 
raara.  whether  thoroly  air  aeaaoned  or  gnmn,  they  shall  first  be  subjected  to  Uva  steam 
at  a  t«nperatw«  between  1M°  and  116°  C  080*  and  840*  F),  for  not  leas  than  2  hr 


^tt  view  Ot  the  fact  that  aoma  cltiea  are  udng  a  water-gas  tar,  your  Committee 
deema  it  advisable  to  snggtat  a  speeUkeation  tor  tiielr  guidanoe.  This  wedOcation  is 
the  one  aubmittad  and  agreed  to  by  C.  N.  Forraat,  Chemiat  of  tbe  Barber  Aqihalt 
Pnvinc  Co^  and  W.  H.  Fulw^,  C3Mniiat  of  the  United  Qa»  Xmprovmant  Co. 
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BW  mm  tiiiB  4  hr,  ifter  wfald  they  shall  be  ntbieeM  to  •  -nmam  ol  Dot  Im  than 
22  In,  Md  for  st  least  1  hr.  While  the  vmeuum  ii  atlll  on,  the  pnMrntlve  oU.  beeted 
to  K  tanpentiTO  ol  betmen  82°  and  1M°  C  (180*  and  220*  F),  ihall  ba  nn  la  vatO 
Ito  efVadu  !■  eonqilat^  ailad.  cart  befai  tolMi  tkat  no  dr  !■  ftdndttiA.  Vnmm 
dun  than  ba  gndually  not  to  «nMd  KO  lb  at  Aa  and  irf  the  flnl  hr.  Mr  IM 

lb  at  the  end  of  the  aaeood  hr  and  then  nudnUined  at  not  Icae  than  100  lb  nor  mora 
than  160  lb  until  the  wood  baa  abaorbed  the  required  amouBt  of  oiL* 

"Af tar  thk  a  «npplaaHBtal  vacuum  •faall  be  api^lad.  In  ytUdu  the  marimum  inteBiltr 
taadMd  shall  ba  at  least  20  in  and  shall  contiBue  tor  a  period  of  not  le«  than  SO  mi& 
It  deaired,  this  vacuum  may  be  followed  by  a  sh^  steaminc  period.  In  any  cfaarfa 
the  blaeta  shall  contain  at  laaat  16  lb  of  water  free  oil  per  cu  ft  of  wood  at  the  eompla 
tloa  «f  the  treatment.  The  blodoi  after  treatment  shall  show  eattsfsetafy  inustia 
tloB  of  the  pTMervatire^  and  in  all  caaea  the  prssanratlTe  must  be  dUfuaad  throoot 
the  sapwood.  To  determine  this,  at  least  25  blocka  shall  be  ideeted  frun  varlooa 
parti  of  aacb  diarte  and  sawed  in  half  at  right  angle  to  the  flbeia  thru  the  canter, 
and  H  man  than  one  o(  than  bloeka  ahow  nnbaatad  wtptnod  tha  dtarga  shall  ba  » 
MM.  After  retraMlnc  the  Amigt  shall  a^Sn  fan  aobiaetod  to  a  tbOkt  bm»t»irm 
Tha  surfoea  of  the  blodoi  after  traattmat  shall  bo  frea  from  dapodt  id  obfe^koaUe 
■ahatancea,  and  all  blodfs  that  have  hem  materially  warpad,  diecfcad  or  otherwise 
Injured  in  the  process  of  troatment  shall  be  raieeted. 

"Method  of  Sampling  PreserratiTe.  CoMTUtuoua  Dup  SAUruL  When  the  oQ  fc 
being  hiadad  or  dIaAarged  hr  meana  of  a  pomp,  the  ttdknring  nethoda  shall  ba  oaad: 
The  pipe  Unas  thru  wUch  tha  material  (a  bobg  pumped  shaO  be  tapped  on  tha  db- 
diarfs  dda  of  the  pump,  preftfably  In  a  rising  seeticni  of  the  jdpe  line.  The  sample 
shall  be  taken  by  means  of  a  H-la  pipe,  extending  half  way  to  the  center  of  the 
main  pipe,  and  the  Inlet  of  the  H-in  pipe  ahall  be  turned  to  face  the  fknr  of  the 
Uquid.  This  idpe  shall  discharge  into  a  barrel  or  drum  of  BO  to  100  gal  capad^,  aad 
the  fbit  codt  ni[ulated  so  as  to  secure  a  continnom,  uniform  stream  during  tha  eatin 
pnnqring  of  tha  ahfpment.  The  barrel,  or  preferably  the  Iron  drum,  should  ba  provided 
with  a  small  steam  oAX  suflldent  to  keep  the  contents  thoroly  Uquld.  The  tempera- 
tare  shall  not  ezcMd  4V  C  <120o  F).  The  cmtenta  (A  the  barrel  or  drum  shall  ba 
very  thoroly  agitated,  and  small  samples  for  testing  takes  inunedlatdiy.  The  amount 
of  the  drip  sample  eollected  shaO  be  not  la*  than  1  to  1000  gal  <a  material  handled, 
excepting  In  the  caoe  of  large  boat  shlpnwnta,  where  a  maafanum  of  100  gal  wDl  fuAea. 

"StobaqbTank&uifia  Tn  wmiillin  frnia  stnnigi  It  Is  iMi^aarj  In  asmii  i  miiililw 
from  dUtoat  levda.  and  wbara  poariUe  tUs  may  ba  dona  Iv  msans  at  anwll  eatlsfc 
cecfa,  at  ngular  intervals,  from  the  top  to  tha  bottma  of  the  storage  tank.  la  mA 
cases  about  1  gal  of  tar  or  oU  shall  be  drawn  fnnn  each  cutlet  cock  and  tfaor^  saiaad 
and  a  portion  taken  for  testing.  The  stream  from  each  oocfc  shall  be  ahraya  allowed 
to  flow  for  suflklent  Imgth  of  time  to  eater  the  outlet  pipe  and  nipple,  before  coai- 
nundBg  to  coUect  tha  lampla  When  tanlia  have  no  outlet  cocks,  a  vemel  having  a 
string  attadted  to  the  cork  may  be  lowered  to  measured  depth,  rn*rea«mHng  a  BBmbar 
of  differmt  levels  in  the  tank,  and  the  cork  removed  when  the  veaael  baa  taadhad 
the  proper  levd,    Thaee  samploB  shall  ba  combined  for  an  avenge  as  above. 

"Baadling  Kbdn  After  Troatment.  Blocks  ahall  pratarabljr  ba  laid  In  theatiaakaa 
soon  as  poaslble  after  being  treated.  If  they  can  not  be  laid  wMifB  2  days,  prmMos 
shall  be  Blade  to  prevent  them  from  drying  out  by  rtaddng  In  doas  pOss  anid  aorsslBg 
tham.  and.  If  poadble,  sprinkling  thm  tbortdy  at  Intarvala.  The  blocfca  ahall  ba 
well  aprlnlded,  under  tlw  direction      the  pnrchsser,  about  2  days  before  bobig  Ud. 

Iiapectiea.  All  matwial  berain  spedfled  and  proeasssa  used  In  the  manufactnra 
of  tha  blodn  therrior  shall  be  subieet  to  inspeetiaa,  aoeeptanee  or  rejectkm  at  the 
plant  of  the  manufacturer,  which  efaall  be  equipped  with  all  the  aieawary  gaagsa.  ay- 
pHaneea  and  f adUtim  to  cnaMa  the  inspector  to  ntWy  Unadt  that  the  requiiiniBita 
of  the  spedfleations  mn  fnlflUed.  The  purdiaasr  ihaU  Imve  the  further  right  to  lii^iit 
the  blocks  after  delivery  upon  the  Btnet,  for  the  pnipoan  of  lajaurtng  any  blocha  that 
do  not  neat  theee  q>edflcatIona.  azoqit  that  tha  plut  '-r*'**™  ihaU  ba  llDal  with 
rMpaet  to  tiU  and  treatment." 


*mB  treatment  Is  recommended  fw  y^knr  piaa  only.  It  la  probably  alsD  sated 
to  Norway  pine,  bemlodt,  Uadi  gum  and  taamiadc,  bat  not  Oongjaa  Ir.  hftkv 
raeoaunndatlQaa  OB  tha  bMtmeat  or  these  qndia  ait  Niwgd  lor  tha  tem. 
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9.  Laying  Hie  Pavement 


TIm  Ttmndatlon  for  a  wood  block  pavement  should  be  of  PorUand  cement- 
eonerete,  mixed  in  standard  proportions.  The  surface  of  the  concrete 
should  be  somewhat  smoother  than  for  granite,  as  it  is  more  importMit 
that  the  wood  blocks  should  be  well  bedded  than  should  etone  blocks,  aa 
they  wUl  break  more  easily.  lb  America  the  practice  is  to  lay  a  cushion 
of  either  sand  or  mortar  upon  the  surface  of  the  concrete  before  laying  the 
blocks,  flo  that  they  will  become  well  bedded.  Most  dtiea  specify  either  a 
aand  or  a  mortar  bed  eudiion,  reserving  tlie  ri^t  of  course  to  specify  wliich- 
ever  one  is  desired  for  any  particular  street. 

Cement  Mortar  Bed.  It  is  beUeved  that  the  mortar  bed  is  the  better, 
because,  after  the  pavement  is  once  laid,  it  should  be  in  such  condition  that 
the  individual  blocks  will  not  settle.  If  blocks  are  laid  on  a  sand  cushion, 
the  pavement  is  rolled  or  rammed,  as  the  sand  must  be  of  sUghtly  varying 
depths;  the  blocks  will  get  an  uneven  pressure  under  the  roller  or  raountf, 
aod  so,  under  traffic,  where  the  wheels  strike  the  individual  blocks,  depres> 
■ioiu  are  liable  to  occur,  Tnalring  the  pavement  slightly  undulating.  Thla 
is  undflsirable  and  should  be  avoided  If  possible.  If  a  mortar  bed  u  used 
the  blocks  are  thoroly  imbedded  in  it  by  the  action  of  the  roller  or  rammer, 
and,  tho  used  dry,  it  soon  sets,  and  the  blocks  become  firmly  fixed  on  a 
hard  base.  The  cushion  is  practically  impervious  to  water,  so  that  the 
cushion  can  never  be  washed  away  by  water  getting  under  the  blocks,  as 
aometitnes  happens  with  the  sand  cushion.  When  a  sand  cushion  is  used 
it  is  generally  1  in  thick,  and  the  mortar  bed  is  generally  made  H  in  thick* 
mixed  in  the  proportion  of  1  :  1  or  1  :  2,  according  to  the  ideas  of  the  enginew. 
The  general  practice  in  the  United  States  seems  to  be  to  use  the  mortar  bed. 
If  this  is  used,  after  it  seta,  the  pavement  becomes  as  solid  as  if  it  had  all 
been  laid  at  tme  time. 

b  Bofope,  hmnftt,  llie  praetiee  Is  dilbrant  In  all  cities  uring  wood  block  paTeoMiit 
to  any  extant.  Tien  the  eoDcrete  is  either  so  bid  that  it  will  have  an  abeohitely 
smooth  suifaoe,  or  It  has  an  upper  layer,  perhaps  H  in  in  thlckncB,  fonned  of  Bute 
materUls,  so  that  the  surface  b  easily  made  smooth.  The  concrete  is  laid  wiUi  a 
ftniffa trudge,  BO  that  it  b  absotately  true  to  the  desired  crown,  and  trow^ed  in  such 
a  way  that  the  aurface  is  aa  smooth  as  the  ordinary  cement  walk.  In  some  inatancea 
blocks  are  laid  directly  upon  the  concrete  and  la  otbera  upoa  a  thin  coating  of  [Mtch, 
which  is  first  spread  upon  the  concrete  surfaoe.  A  small  amount  of  pavement,  laid 
on  the  concrete  with  and  without  this  irftch  coating,  was  put  down  bi  Chlcmgo  in 
tba  latter  part  of  1914.  It  has,  however,  not  been  in  use  Ions  enough  to  demonstrate 
its  action.  The  wood  pavements  of  Europe  are  as  a  rule  aofter  than  those  of  America, 
ao  that  tbty  would  naturally  be  more  roslUent.  but  even  the  hard  woods  of  AnstraUa 
an  laid  directly  upon  the  concrete  base. 

PmBOOBAP.  Tb»  wood  pavements  of  this  dty  are  uadoobtedly  In  a  dast  by  tbai^ 
mitm.  Tba  timber  used  is  generally  pine,  altho  apniee  Is  used  to  a  certain  eztoit. 
The  Modes  are  manufactured  by  hand  and  by  machlneiy,  the  Iiand-made  blocks 
Tmt*nt  about  84  cents  per  sq  yd  and  the  machine-made  about  68  cenla  per  sq  yd« 
aeeordlBg  to  the  amount  manufactured  each  year.  It  is  stated,  luiwew,  that,  aa 
than  Is  no  competition  In  the  mamrfaetnre  ol  madilne-made  Uodo,  the  price  of  than 
is  k«9>t  the  same  as  that  of  hand-made  blocks.  In  the  conatruction  of  the  pavement 
the  blodka  are  laid  on  eona«te  and  on  wood.  A  1:4:6  broken  atone  ccHierete  ia 
laid  about  6  in  deep  and  covered  with  a  layer  of  1  : 1  cement  mortar  about  1  in  thidi. 
The  blodm  are  laid  eloeely  together.  The  wooden  foundatiiH)  consists,  first,  of  viat 
logs  9  In  In  diameter  laid  across  the  street  a  distance  of  about  89  In  apart.  On  top 
ctf  the  logs  is  laid  a  flooring  <rf  planks  2.4  in  thick  and  tt%m  7  to  S  in  widew  Tltesa 
planka  an  fsstnid  to  the  lop  by  taoD  nsOs.  The  planks  ai«  fgnwally  laid  wttli  an 
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afim  Joint  wo  that  tbe  in>t«r  can  jmm  thru  then  to  the  edl  beneath,  where  dnins  ar« 
coDrtnieted  oonnKtins  with  the  Dewwt  r— eryoir.  The  pavflmeat  when  eompletad 
is  eovered  with  two  ooati  ot  coal  tar  or  roain,  after  wUA  a  thin  lajrer  oi  diaip,  eoane 
•and  is  thrown  over  It.  Occaaionally  the  lower  parts  of  tbe  blocks  are  dipped  in  tar 
before  boat  laid.  The  coat  ol  the  pavein«it  as  above  constructed  Is  $0.99  per  sq  yd 
for  the  pavement  proper;  with  concrete  foundation,  $2.46  per  sq  yd,  and  with  the 

wooden  foundsUoD,  $1.77  par  aq  yd.  Flfs.  1 
and  2  show  c(»istruetion  on  wooden  fotmd^ 
tloD  In  Petrograd. 

Vroublensky  (46)  says:  "The  wood  blocks 
are  soon  crudied  and  ground  down  and  absorb 
liquid  filth,  diffusing  a  bad  smell  and  poadbly 
serving  to  spread  infectious  discasM.  Also  in 
the  interstices  between  the  blocks  dirt  col- 
lects. WItii  wooden  foundatfaMM  tha  pave- 
ment seems  to  bo  ttiU  more  (u complete  in  the 
Bsoitsry  sense,  aa  the  dirt  percolating  thru  it 
soaks  into  the  ground,  dir^dng  and  infecting 
It.  Finally,  organic  duet  is  formed  l>y  the  wear 
of  the  pavnnsnt,  whfdi,  rWng  dmtaig  tbe  diy 
time  of  tbe  year.  Infects  the  air  and  makes  it 
injurious  to  health.  It  la  evident  that  the 
methods  employed  in  PMingrad  cannot  be 
recommended."  * 


F^2 


Laying  the  BlockB.   The  fundamentals 
of  the  best  American  practice  are  de- 
Bcribed  JQ  the  1916  specificatiotw  of  the  Am.  Soc.  Mun.  Imp.  (see  Art.  10). 

Boreal  of  M»nii«w«i,  Hew  ToA  City,  Spedficatioaf  provide  for  praetlcUty  the 
same  procedure  as  thoee  of  the  Am.  Soc  Mun.  Imp..  exoq>t  that  they  do  not  call  for 
a  row  of  blocks  to  be  laid  parallel  to  the  curb;  ttiey  provide  that  joints  shall  be  broken 
by  a  lap  of  not  less  than  zyi  in,  and  tiiey  do  not  require  any  ezpansioo  joint.  When 
car  tracks  exist  on  the  street  they  provide  that  the  spaces  between  the  web  of  the 
ran  and  the  blocks  and  directly  under  the  head  of  the  raO  shaU  be  Wed  wlQi  a  atiir 
mortar  composed  of  one  part  of  Portland  cement  and  three  parts  of  dean,  sharp  sand; 
the  mortar  to  be  carefully  struck  so  that  it  will  not  project  beyond  the  verticni  plane 
of  the  edge  of  the  rail  head,  and  to  be  kept  In  pomtion  until  the  pavement  Is  laid. 

Chicago  ^edflcations  require  that:  "The  bloda  shall  be  hdd  in  parallel  courses 
acroas  the  roadway  at  an  angle  of  approximately  ....  degreee  from  tbe  center 
line  thereof,  except  at  the  intersections  of  all  alleys,  where  they  shall  be  laid  at  right 
anglee  iritb  the  center  lines  thereof.  On  intersections  snd  junctions  of  lateral  straeta, 
the  blocks  sliall  be  laid  at  an  angle  of  45°  with  the  line  of  the  street,  unless  otherwise 
ordered  by  the  Engineer.  The  blocks  shall  be  laid  with  the  fiber  of  the  wood  running 
in  the  direction  of  the  depth.  Gutt^  shall  be  constructed  as  directed  by  tbe  Engioea. 
The  eoursea  shall  break  joints  al tents tety  by  a  lap  of  not  leas  than  2  in  and  the  blodca 
shall  he  dtivot  togetber  except  where  jidnts  for  expension  are  constnieted.  Tbe  blodn. 
when  set,  shall  be  rolled  with  a  steam  roller  wogblng  not  leas  than  6  tons,  until  Smly 
bedded  and  brought  to  a  uniformly  even  surfaoe.  After  rolling,  all  imperfect  blocks 
shall  be  removed  and  replaced  by  perfect  blocks.  Brokrai  blocks  shall  not  be  used 
except  to  break  joints  in  starting  oouraes  and  in  maldng  deeuree.  If  tlie  biodis  that 
have  been  laid  should  become  wet  before  the  filler  is  applied,  they  must  be  talten  up 
ud  reset  at  the  contractor's  eqwnae,  if  the  Engineer  ao  directs.  In  no  caae  wQI  taana 
be  allowed  on  the  work  before  tbe  wearing  surface  is  completed." 

The  Brooklyn,  N.  Y.,  Specifications  provide  that:  "The  joints  between  the  b]o<te 
shall  be  not  more  than  >j[  in  in  width  when  bituminous  filler  is  used,  snd  not  aon 
tlum  >i  in  in  width  when  sand  filler  is  used.  Ttie  blodoi  stiall  be  laid  fay  the  paveis 
standing  upon  the  blocla  already  laid,  and  not  upon  the  bed  of  mortar.  The  bkwhs 
stiall  be  laid  in  straight  coutsea,  at  right  angles  with  the  line  of  the  street^  exe^t  at  etnet 
intersections,  where  tb^  will  be  laid  diagonally,  as  the  in»»giwa«>  maj  diraeL  AD 
longitudinal  joints  ahall  be  broken  by  a  lap  of  not  lesa  than  8  In." 

Provisions  for  Bxpanaion.   When  the  oreo-reainate  wood  blocks  were 
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d  in  Brooklyn  no  provision  was  made  lot  an  ezpansioii  joint,  it  being 
t  that  if  the  blocks  were  so  treated  that  they  would  not  absorb 
lan  3%  of  water,  when  dried  for  24  far  at  a  temperature  of  38°  C 
)  and  then  immersed  in  water  for  24  hr,  there  would  not  be  sufficient 
on  to  do  any  hann.  This  was  found  to  work  out  in  i>raotioe,  and 
erial  amount  <^  bulging  or  swellitig  occurred  in  the  pavements  m> 
Vhen,  however,  the  rosin  was  dropped  from  the  preservative  and 
ised,  it  was  deemed  best  in  moat  cities  to  provide  for  an  expansion 
Itho  this  procedure  has  not  been  followed  in  the  Borough  of  Man- 
New  York  City.  Most  engineers  think  that  it  is  not  possible,  and 
I  not  desirable,  to  tzeat  a  block  so  as  to  make  it  absolutely  waterproof, 
i  block  can  be  so  treated  as  to  prevent  decay  and  at  the  same  time 
n  too  much  expansion,  it  may  be  better  to  lower  the  amount  of 
ot  in  the  Uooks  and  so  reduce  expense.  It  must  be  remembered, 
r,  that  in  order  to  expand  from  side  to  side  across  the  street  to 
preoiable  extent  tbe  bloekB  must  move  on  the  base,  which  ia  un- 
le.  If  not  impossible  if  the  blocks  are  imbedded-  io  a  mortar  cushion, 
oeral  practice  in  America,  however,  is  to  provide  for  an  expansion 
igthwise  of  the  curb  and  fill  the  same  with  some  bituminous  material. 
B  instances  joints  have  been  laid  oroGOwiae  of  the  pavement.  This, 
r,  is  not  the  general  practice,  and,  unless  absolutely  necessary,  is 
iraUe,  as  it  gives  a  wide  joint,  and  therefore  causes  undue  wear. 
oaoPB,  the  praotice  ia  always  to  provide  an  expaoston  Joint  near 
b.  This  is  more  neoeetaiy  tbete  than  in  America,  as  the  Uooks  do 
re  a  heavy  treatsoent.  On  one  street  where  wood  block  was  being 
London  in  1B13,  two  rows  of  the  Uooks  'were  being  laid  parallet  to 
b,  with  two  expansion  joints  about  1  in  wide,  one  adjaenit  to  the 
id  the  other  between  the  rows  of  blooks,  these  being  filled  with  day 
)  otbn*  similar  material.  Such  filling  for  expansion  joints  is  more 
d  in  Europe  than  the  use  of  bituminous  materiaL  In  Paris  the 
on  joint  is  sometimes  filled  with  an  oblong  hollow  device  made  of 
»t  steel,  about  3  in  high  and  I K  in  wide;  this  is  placed  in  the  joint, 
supposed  to  be  elastic  enough  to  give  under  -the  pressure  of  the 
ing  blocks  and  so  prevent  bulging. 

pteUcadoos  ti  the  Boroagli  of  BroAlrn.  Hew  Toik  Ci^,  provide  that  iriien 
us  j<dnt>  are  qieeified,  th«  j<nnts  are  to  bs  immediately  filled  with  a  hot  filler, 
.  aud  joints  the  pavement  is  to  be  rolled.  Before  the  bloeln  are  laid.  It  Is 
that  a  boaid  6  In  in  width,  1  In  thidc  at  top  and  9^  in  tiildc  at  the  bottom, 
placed  along  and  agaiitst  the  curb,  the  blocks  at  the  beginning  snd  the  end 
muwB  to  be  set  agi&st  these  boards.  After  the  blocks  are  rolled,  the  boards 
irawtt,  and  the  spaces  between  the  blocks  and  the  curb  filled  with  a  bituminous 
I  jdnt  in  in  width  shall  be  left  along  the  nils  of  the  trolley  tracks,  and 
t  shall  alio  be  filled  with  a  bituminous  filler.  It  Is  also  spedfiea  that  afto-  the 
ive  been  completely  filled  and  Ui'e  pavement  rolled  a  layer  tA  «nd  than  be 
ver  the  surface  and  allowed  to  remain  there  for  10  days.  It  is  also  provided 
t  any  time  during  the  matntenance  period  the  stteet  should  require  sand  tor 
OSS  of  absorUng  surplus  or  icSnt  filler,  H  dull  be  supplied  by  the  contractor, 
hieago  Speciltcatioao  provide  that  on  meb  side  of  tbe  roadway  a  longitudinal 
n  be  lOTmed  by  pladag  a  IH-in  board  on  edge  against  the  curb.  Tbe  bloda 
firmly  bedded  against  said  boards.  The  boards  shall  remain  In  place  untQ 
IB  at*  rolled,  and  taa  mediately  pteeeding  tlie  applicatioo  <rf  the  fiDtf  they  dull 
■By  ramoved  without  disturbing  the  adjacent  Modes. 
Instance  et  a  spsdal  ease  ol  bvlag  blocks,  when  tbe  SnAND,  In  Londok,  was 
Ith  wood,  in  about  1901,  it  was  desired  to  have  tbe  work  done  with  as  Httle 
nee  to  traffic  as  pcwritde.  The  pulion  paved  was  from  Trafalgar  Square 
ing  Cross,  some  1200  or  ISOO  It.   The  work  was  done  from  eurb  to  curb, 

Diqiti^MCiyCjOO^^; 
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proceeding  without  ctoppbf  day  ud  night,  ud,  u  ma  stated  by  the  Engineer,  the 
blotto  mre  laid  upon  the  ctmcKte  when  it  wu  to  aolt  that  the  pvven  had  to  have 
pk^a  to  stand  on  ao  as  not  to  deform  Uw  concrete.  The  enttre  work  waa  oompletad 
bi  8  days.  Before  being  thrown  open  to  traffic  it  waa  covered  with  about  2  in  o( 
coarse  gravel.  The  Engineer  also  stated  that,  while  he  had  some  miigivlnff  abont 
bow  tbe  work  would  turn  out,  it  was  sstWactory  In  every  reqiecL  In  191^  lAn 
this  street  was  repaved,  oDfrJislf  of  the  street  only  was  dims  at  one  time. 

Joint  Fining.  Sand.  The  question  of  filUng  joints  in  wood  pavmwnt 
hM  reeeived  la  much  diwnuBon  aa  that  for  atone  Uoek  pavnuent.  and 
tbe  materiala  used  are  practically  the  same.  The  creo-reainate  pavements 
laid  in  Brooklyn,  N.  Y.,  had  all  tiie  jointo  filled  with  sand,  and  after  a  little 
traffic  they  were  completely  filled,  and  undoubtedly  as  nearly  waterproof 
as  if  a  bituminoua  or  cement  grout  filler  had  been  used.  It  can  be  said,  too, 
of  a  sand  filler,  that  if  the  blocks  bleed,  the  sand  in  the  joints  will  abeori) 
a  certain  amount  of  the  oil;  on  the  other  hand,  when  the  sand  is  closely 
packed  it  cannot  be  compreased,  and  thereftwe  will  not  take  up  any  ex- 
pansion of  the  blocks.  Where  the  traffic  is  quite  heavy  it  is  beUered  that 
a  sand  joint  filler  is  aa  good  as  any  other,  if  not  better. 

CsHBKT  Gbout.  This  filler  Iws  been  used  to  a  certain  extent,  but  it 
does  not  seem  to  have  much  to  commend  it.  The  mortar  cannot  adhere  to 
any  extent  to  the  wood,  as  it  can  to  etone,  and  the  film  of  cement,  after  H 
has  set,  must  be  very  thin  and  liable  to  break  under  traffic,  so  that  the 
filler  will  be  Uttle  better  than  sand.  It,  too,  requires  that  the  street  shall 
be  closed  for  a  sufficient  length  of  time  to  allow  the  zoMtar  to  thoroly  sat; 
otherwise  the  result  before  spoken  of  will  ensue. 

BmnnNOUS  Filubr.  A  bituminous  filler  is  probably  used  more  generally 
in  wood  pavements  than  any  other  kind.  It  haa  one  great  merit  in  that 
every  joint  between  the  blocks  is  really  an  opanaitHi  jfrint  so  that  it  will 
take  up  a  certain  amount  of  the  expansion  In  the  blocks  and  thus  have  a 
tendency  to  prevent  bulging.  That  it  will  not  entirely  do  this  is  evident 
from  experience.  But  it  adds  to  the  trouble  if  the  Uocks  bleed  to  any  extent, 
as,  if  the  bleeding  is  caused  1^  expansion,  the  surplus  that  is  used  for  the 
filler  ia  crowded  to  the  surface,  adtUng  materially  to  the  amoont  that  exudes 
from  the  blocks  themselves. 

The  general  practice  in  Eurofe  is  to  fill  the  joints  vrith  some  bitufninous 
material,  but  cement  grout  is  used  to  a  certain  extent,  and  sometiinea  a 
oombination  of  both,  the  lower  part  of  the  joint  being  flDed  with  Utaimlnous 
material  and  the  uppw  part  with  cement  to  prevent  any  UabOit^  of  trouble 
fran  Btaokinen. 


The  following  specifications  were  adopted  in  1010  by  the  Am.  Soo.  Mnn. 
Imp.  For  Actions  covering  physical  properties  of  wood  blocks  and  jve- 
servatives,  and  method  of  manufacture,  see  Art.  8.  SpedficationB  relative 
to  the  practice  in  several  American  and  European  cities  pertaining  to 
details  of  construction  will  be  found  in  Art.  9. 

"The  Foundatios  for  the  pavement  shall  be  of  cement-eonoete  made  In  aecordanee 
with  the  spedflcationa  for  concrete  paving  foundations  and  aball  be  *  indies  in  thick- 
Dem.  At  no  place  shaU  tbe  nirfaoe  of  tiw  flnished  «»crete  vary  more  than  M  fn 
from  the  given  grade. 

"  Cnahioa.  Bmnimous.  Over  the  concKtefoundatlMt  laid  ssapedfled  above  ^lall 
bs  q»ead  a  layer  of  cement  mortar  composed  of  one  part  Portland  cement  to  two 
parte  of  sand.   This  mortar  shall  be  of  audi  a  consiBtaacy  that  it  may  be  eaidly  spread. 

•The  Committee  recommends  that  the  concrete  bMS  be  at  least  fi  In  bt 
and  under  heavy  truffle  8  to  9  in  is  recommended. 


10.  Spedflcattons  for  Construction 


Art.  10 
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and  must  be  applied  to  the  surface  of  the  concrete  not  man  ttma  46  min  after  the 
pladng  of  the  concrete  foundation.  Thfa  mortar  must  be  (truck  by  templeta  to  a 
aurfaee  paralM  to  tlM  gndt  and  contour  d  the  inlahed  perement  In  micb  a  manner 
that  whoD  tUb  blodis  are  wt  the  nirfaea  of  the  pavement  sha])  conform  accurately  to 
the  wUbllshfid  pade.  After  this  rantar  ooatinc  i>  thoroly  eet  and  haidned,  it  ahall 
ba  painted  with  a  coal  tar  fritdi  aa  ipininiiil  under  Mtundnoua  flUer,  or  other  nil  table 
wsterproeSnK  paint.  The  palitt  «oat  rauat  be  appHed  «•  thiii  and  aa  tmootUy  aa  poari- 
Me^  and  at  no  place  shall  It  be  over  >^  in  in  d^th.  The  blodn  ahaU  lie  laid  aa  upoci- 
lled  below  directly  on  thia  paint  coat  within  at  leaat  80  mln  after  it  baa  bean  applied, 
"MmctARBm  The eoncrete foundatkm iwtpared aaapedfled aboro ihall be daaaBd 
and  swept  and  shall  be  thoroly  dampened  Immediately  In  adranea  of  the  ^iraading 
a  the  eaddin  cowm.  Upon  the  snrfaee  of  tba  faandation  tlnia  pnpmi  ahaU  be 
qiraad  a  layer  of  mortar  not  exeeedlnt  ^  in  in  Hiiclmew  and  made  <rf  one  part  Pntland 
caroent  of  the  diaiaeter  specified  for  use  In  the  foundation  and  three  parts  of  sand. 
Only  mfltdant  watM-  ahall  be  added  to  this  mixture  to  insure  a  proper  aetting  of  the 
eamnt,  tba  intention  bdng  to  produce  a  granular  mixture  which  may  be  raked  or 
atroA  by  limiliita  to  the  dseired  grade.  The  mortar  shall  be  thoroly  mixed  and 
shall  ba  nwead  in  place  uptm  the  foundation  by  raeana  of  traiplatas  immediately  in 
advance  of  the  laying  of  the  blocks  to  such  a  thicdcnen  that  when  the  blocks  are  set 
and  properly  bedded  in  tlw  mortar,  tbelr  top»  ahall  conform  accuratdy  to  the  finished 
grade  at  the  roadway. 

"Sand.  Vpoa  the  concrete  foundati<ni  ihall  be  spread  a  cushion  of  sand  1  in  in 
lliiiiTinew  The  aand  cnaUoo  ahall  be  atruek  by  tami4at«a  to  a  surface  panlld  to  tba 
gnda  and  eoBtoor  at  Uw  flnlahad  ptvemtnt  in  audi  a  mannar  that  wfav  the  Uods 
are  set  and  thoroly  bedded  in  tike  Mmd  tba  tops  abaU  coof  oim  aeeurately  to  the  flnUhed 
gmda  td  the  pavement.  The  nnd  ueed  in  this  cnahi<m  shall  all  paw  the  X-in  eereeo 
■ad  must  contain  between  10  and  2&%  of  loam  or  day. 

"Laying  the  Blocks.  Upon  the  bed  thus  prepared  the  blocks  shall  be  carefully  set 
with  the  fiber  of  the  wood  vertical,  In  strait  parallel  Boniae^  leaving  a  ipaoe  next 
to  the  euib  1  la  In  iridth  for  tite  eipaiulon  Jodnt  They  ahaS  be  placed  doady  together 
on  the  prepared  cushion  and  no  joint  shall  be  more  than  H  inch  In  width.  Nothing 
but  whole  blodm  shall  be  used  except  in  starting  a  course,  or  in  audi  other  cases  as 
the  purduaer  may  direct;  and  in  no  case  shall  the  lap  be  lees  Uian  2  in.  Clcsurca 
ahall  be  ew^ully  cut  and  trimmed  by  experienced  men.  The  portkm  o(  the  block 
need  for  the  dosurea  mnat  be  free  from  cheeks  or  other  f  raetnies  and  the  ent  end  must 
have  a  mrface  perpendicular  to  the  top  of  the  block  and  cut  to  the  proper  an^e  so 
aa  to  give  a  doasi  tight  joint.  The  angle  of  the  course  with  the  curb  shall  be  deter- 
mined by  the  purchaser.  After  the  bloda  are  placed  they  shall  be  rolled  parallel 
and  'tt'gfwi  to  the  curb  by  a  tandem  roller  weighing  between  4  and  7  tons,  until  the 
■urfMa  becomes  smooth  and  Is  brought  truly  to  the  grade  and  contour  of  the  flnldied 
pawneot.  In  case  (d  a  mortar  bed  the  rolling  shall  be  completed  btfwe  the  mortar 
bed  has  set.  All  mortar  that  has  set  before  the  blocks  are  in  place  and  rdled  ahall 
be  dlaeaided  and  replaced  by  freah  mortar. 

"paler.  After  the  rolling  la  completed  the  joints  between  the  blocks  ahall  be  filled 
with  dther  a  pitch  or  asphalt  filler  as  spedfied  hereafter.  The  filler  shall  be  brought 
to  the  prapa  temperature  and  poured  into  tbe  jolntsi  and  any  filler  on  the  aurfaee 
of  the  pavsBHBt  mnat  ba  apread  as  thin  aa  posalbla  1^  maana  ol  aqnoataaai  The 
laeaptaele  in  whldi  tbe  filler  is  heated  shall  be  equipped  with  suitable  thermometera. 
After  the  joints  are  filled  as  deacribed,  the  surface  shall  be  completely  covered  by  a 
thin  coat  of  coarse,  dean,  dry  sand,  and  a  rimllar  sand  shall  be  spread  over  the  pav^ 
ment,  if  requited  by  the  En^neer,  before  the  acceptance  of  the  pavement. 

"  Pitch  Filler.    The  filler  shall  be  a  straight  run  residue  obtained  from  the  dlstUa- 
tloo  of  coal  tar,  and  shall  comply  with  the  following  requirements: 
1.  Tbe  mdting  point  shall  not  be  lower  than  60"  C  (140°  F),  nor  higher  than  66°  C 


2.  it  ahall  otmtaln  between  22  and  87%  of  free  carbon  Inaohdtle  In  hot  chloroform 
and  benx^ 

8.  The  spedfle  gravity  at  2fi*  C  (77°  F)  ahaU  not  be  leaa  titan  tXA  nor  mora 


4.  The  spedfle  gravis  of  the  distillate  up  to  865°  C  shaD  not  ba  has  than  1.07 
ftt  98°  C  (100*  F),  compared  with  water  at  IbJi'  CiWFi. 


than  1.S2. 
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The  tUA  thaU  b«  he*t«d  to  a  tampemtare  not  exceeding  C  (326°  F),  and 
■hall  be  poured  at  a  tamperatura  between  121'*  and  149°  C  ^50°  and  800"  F). 

"AvHALT  FiUA.  The  filler  ahall  bt  an  aaphalt  flUer  and  aball  comply  with  tiw 
following: 

1.  It  shall  contain  at  leaat  98%  ef  Utumra  soluble  in  eart>on  dianlpbide. 

2.  It  diall  have  a  panetratioD  within  the  foUowinc  limiti:  When  tested  lor  1  min 
at  0°  C  (82°  F)  under  200  g.  10  to  20;  when  tested  at  25°  C  (77°  F),  for  B  aee 
under  100  g,  80  to  60;  when  tasted  at  46*  C  (1160  F),  for  6  aec  under  60  ^ 
160  to  800. 

8.  It  shall  show  a  ductility  of  at  least  SO  em  wh«  tested  at  26"  C  C^r  F). 

4.  When  60  E  are  heated  in  an  open  tin  to  a  temperature  erf  1S8°  C  (326°  F),  for 
6  hr,  the  lo«  ihall  not  exceed  1%  and  the  penetratioD  at  26°  C  (77°  F)  of  the 
residue  left  after  such  heating  must  not  be  leai  than  two-thirds  of  the  penetratioo 
of  the  original  ai^wlt  eaeoent  belore  such  heating  whan  tested  at  26°  C  (77°  F). 

"Samo  Fiua  After  the  roIUng  Is  cempleted  the  jttets  between  the  blodcs  shall 
be  filled  by  sweeping  dry  clean  nnd  into  thcin,  after  wMeh  the  surface  shall  be  covered 
to  a  depth  tA  about  Vl  in  with  fine  sand.  This  sand  is  to  be  left  upon  the  pavement 
for  sudt  a  time  as  mar  he  dreeted  bjr  the  Oty,  after  wUdi  It  shall  be  swe^  op  and 
takMt  away  hy  the  CoDtractar. 

"  Blocks  oa  Orades.  When  the  bloefca  are  laid  on  streets  having  grmdes  of  t%  or 
over,  it  is  desirable  that  the  blocks  l>e  spaced  by  laying  ereosoted  wood  lath,  about  Via 
in  thick,  between  each  course.  The  space  above  the  laths  shall  then  be  filled  with 
heated  cnished  stone,  containing  no  dost,  and  Utuminoos  filler  as  spedfled  above. 
Th»  UtnmlBOue  filler  diall  fliat  ha  poured  Into  the  bottom  of  the  idiit,  care  beinc 
taken  to  get  none  on  the  suifaoe  of  the  pavement.  The  crashed  atone  shall  than  be 
swept  into  the  joint  and  the  space  around  the  stone  filled  with  a  UtnmlBoaa  flller  to 
the  top  of  thejdnt.  It  Is  essential  in  open  jc^t  psvement  to  drive  togethnr  the  Mo^b 
every  four  rows  to  prevent  tipping  of  the  Individual  bloeks." 

11.  CoiiBtnictio&  Cost  Dtte 
Minneapolis.   The  detailed  cent  of  wood  Uock  pavementa,  iriiere  the- 

work  has  been  done  by  taty  employees  for  many  yean,  not  including  foundn- 

tion,  ia  as  follows: 

1  superintendent,  part  time   11.00 

1  tlmelceeper,  part  time   0.60 

1  foreman   4.60 

1  team   5.00 

1  roller  man   4 . 00 

1  wat«hman   2 ,  GO 

2tarmen   6.26 

1  inspector   2 . 60 

1  sweeper   2 .  SO 

3  men  throwing  to  pavera   7.60 

6wboders   1500 

4  block  layers   12,00 

2trimmerB   6.00 

1  line  man   -    2 . 50 

1  bed  man   3.60 

4  sand  spreaders   10.00 

1  concrete  Bweepm-   2.60 

32  $86.76 
This  organization  will  lay  on  an  average  of  1500  sq  yd  per  day,  under 

good  conditions.    Average,  S0.0578  per  eq  yd.    The  entire  cost  (rf  luring 

the  imvement,  not  including  foundation,  is  as  follows: 

Hauling  bloeks   fO .  066 

Layina  blodcs   0.058 

Miscellaneous,  clearing  street,  moving  on  and  off  of  tools   0.024 

Cushion  sand  J0.76  per  cu  yd   0  024 

Pitch,  $12.00  per  ton  f.  o.  b   0  066 

Creoaoted  blocks,  81.40  pw  sq  yd,  f.o.h   1 .400 

Total   11 .017 
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The  blocks  used  -wvn  Boutbem  yellow  pine  4  in  de^,  vith  a  treatment 

of  16  lb  per  cu  ft. 

Haw  York  City.   The  coat  of  laying  800  sq  yd  followB: 
I  tomnon   f4 . 00 

1  bedmaker   8.20 

2  men  od  strikinE  board   6.40 

10  laborers  making  and  spreadias  mortar  bed   17  .fiO 

4  pavars,  (Hie  euttiDS  Id   12.80 

16  laborers  handliDg  blocka,  etc  *.   28.00 

I  ndler  man   6.00 

Ihdpw   2.60 

1  laboro' deaning  up   1,76      (81. IS 

The  cost  o(  joint  Oiling  fdlowi : 

1  laborer  tendins  keUte   2.00 

2  laboren  euryinc  i^teh   4 .00 

2  labners  pounnc   4.00 

I  lahnmn  iipinmpinliii   8.00  18.00 

Totallabor   199.15 

Cort  of  labor  per  yard   W.124 

Coat  of  mortar  bed  per  aq  yd   0.090 

Cost  of  dtdi  parwiyd  •   0-0T5 

Coet  of  4-^  block,  »Hb  treatoMtt  per  eq  yd.   2.000 

Total   I2.2S9  per  sq  yd 

Wenmtchee,  Waah.  (36).  Coat  details  of  laying  27  595  sq  yd  of  wood 
block  pavement  on  Wenatcbee  Ave.  io  1913.  Constnictitni :  4  in,  16  lb 
creoeoted  Douglas  fir  Mocks,  joints  filled  with  asphalt;  1  in  sand  curtoon; 
6  in  1  :  3  : 6  cement-concrete  foundation.  Common  labor,  K!.50  per  8-lir 
day;  block  lajrera,  110.00  per  8-hr  di^.  Roller  rent  S3.fiO  pw  di^.  Wood 
Uodn,  11.75  per  sq  yd,  f.o.b.  Wenatcbee  plus  11.10  per  tlwuBand  for 
unlbading  and  hauling. 

CoM  of  Materials 

Amount  Used  Coot  per 

per  Sq  Yd  Sq  Yi 

FouDdstion      Gravel,  $1.S0  per  cu  yd   0.097Scuyd  |0.126S 

Sand,  $1.00  perm  yd   0.0486cuyd  0.0486 

Cement,  $2.10  per  bbl   0.126  bbl  0.2626 

Waxar   0.0100 

Mixer  (interest  and  depredation)    0.0168 

CiuU<Hi  Sand,  $t.00percuyd   0.0278eqyd  0.0278 

Blocks  Blocks,  61.794  per  eq  yd   42.26    bk«ks  1.7940 

Asphalt  filler,  $3T.7(per  ton   0.0081  0.116S 

Total  eoettrfmatwialepwsq  yd     12.8997 

Cost  of  Labor 

Cost  per  Sq  Yd 

Foundation     UUng   10.0628 

Fladng   0.0206 

CudiloD    0.0141 

BloekB  LMlng   0.0160 

Hdptof   0.0486 

Rolfing   0.0160 

raUng   0.0699 

Total  eoat  of  labor  per  sq  yd    tO.SSSS 

Total  eoet  of  pavement  and  foundation  per  sq  yd   12.62 

England.  Swedish  deal  blocks  laid  on  concrete  with  a  cushion  coat  of  asphalt 
eoet  $8.08  per  sq  yd  and  had  an  average  lUe  of  7  years,  and  cost  $0,209  annually  for 
repaiia.  Creoeoted  blocks,  lime  joints,  cost  $2.95  per  sq  yd.  with  an  average  life  of 
8  years,  and  cost  $0,204  per  year  for  repain.  Creoeoted  blocks  with  saphalt  mastic 
joints  eost  |8.66  par  yd,  with  an  average  life  of  8  yesra,  and  eoat  $0.24  per  year  tor 
repdn.   Piteb-pfaw  blotta  cost  S2.91  pw  sq  yd,  with  cemant  joints,  with  a  Hfa  of 
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9  yMTS,  tad  were  maintained  at  an  expense  of  I0.0S8  per  sq  yd  per  year  for  repaira. 
The  life  of  theae  foreisn  pavemrata  is  estimated  for  the  traffic  standard  of  750  toM 
per  yard  of  width  per  day. 

Table  L — Character  and  Cost  of  Wood  Block  Panmenta  in  ItlB 
in  Sever al  Citiea 
From  Engiimring  and  ContraeUng;  A|Mil  5,  1916 


CONCRKTB 

POUNDATIOM 

Pries* 

Guaran- 

Kind 

City 

Sq  Yd 

per 

tee 

of 

Sq  Yd 

Years 

FOIar 

Thiek- 
In 

Propose 

tuna 

Boston,  Mem... 

12412 

S8.26 

6 

Sand 

g 

1  :  S 

7 

New  H«v«n, 

41623 

8.87 

6 

Sutd 

1  :  8 

6 

Providence,  R.  I 

S9412 

3.86 

6 

Sand 

6 

1  :3 

6 

Borough  of  Man- 

hattan, New 

Yorlt  City  

6024 

8.12 

6 

Asphalt 

6 

1  :  8 

6 

JersnrCity,  NJ. 
Ciinitwiand,Md. 

7271 
6616 

Z.46t 

2.89 

6 

5 

Sand 

Ocmiotit  {Tout  ■ 

6 
6 

I  :  S 
1  :  8 

6 
6 

Akron,  Ohio  

8600  . 

2.06 

2 

Tar 

4 

6 

Toledo,  Ohio . .  . 

88406 

8.19 

6 

Sand 

7 

6 

Chleaso,  111  

Gary.lnd  

68140 

8.22 

6 

Pitch 

6 

6 

3116 

2.76 

6 

Aif^t 

« 

1  :  8 

5 

Detroit,  Mich... 

263067 

2.48 

0 

Tar 

6 

1  :S 

« 

Milwaukee^  Wis. 
Minnas  polls. 

17684 

2.60t 

0 

Pitch 

6 

1  :8 

6 

Minn  

117662 

2.88 

Pitch 

6 

1  :8 

6 

Cedar  Rapids. 

3116 

2.74t 

6 

Asphalt 

6 

1  :  8 

5 

Sknu  Falls,  S.D. 

2226 

2.82 

6 

Pitch 

6 

1  :2M 

6 

Petersburg,  Va. . 
NadivlUe,  Tenn 

13000 

2.62+ 

6 

Sand 

6 

I  :8 

6 

27689 

2.64 

6 

Pitch 

1  :S 

6 

NawOriMtiSiLA. 

47S70 

8. 26 

8 

Tar 

1** 

1  :  8 

i 

•  Prloe  eoven  pavement,  foundatian  and  subgrade. 
t  Does  not  iaduda  ■'■■r'"g  subgrade. 

MAINTEirAITCE 
13.  Bleeding 

Two  of  the  greatest  objectioDs  to  treated  wood  block  pavement  are  ita 
liability  to  bleed  when  first  laid  aod  ita  occasional  bulging  due  to  the  ex- 
pansion of  the  blocks  caused  by  the  absorption  of  water  in  wet  weather. 
In  New  York  City  there  haa  beeo  some  U^uble  oq  this  account,  but  not 
to  auoh  an  extent  as  in  the  West.  On*  reawn  for  the  blocks  is  New  York 
not  bleeding  aa  much  as  those  in  the  West  is  probably  beoause  of  the  faet 
that  the  joint  filling  in  New  York  has  generally  been  sand,  while  in  the 
early  pavements  of  Chicago  it  was  pitch  or  some  other  bituminous  matoial. 
By  this  term  is  meant  the  exudation  ot  the  preservative  during  warm 
weather  soon  after  the  pavement  is  laid.  This  occurs  in  different  degrees 
In  different  cities  under  different  conditions.  In  Cincinnati,  Ohio,  and 
Chicago  there  haa  been  some  trouble  on  this  account,  and  many  have  been 
the  c<»nt>Uint8  of  the  property  owners  because  of  this,  as  it  makes  the 
pavement  very  sticky,  and  is  therefore  booked  into  reaideneea  and  buainen 
housea.   This  bleeding  ocouired  slightly  with  the  creo-fediuite  [tfooBM* 
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but  in  an  entirely  difTereot  way.  The  exudations  then  were  altogether  of 
rosin,  which  soon  cooled  and  formed  a  hard,  glassy  substance,  which  was 
exceedingly  slippery  for  horses.  That,  however,  was  soon  crushed  and 
worn  out  by  heavy  traffic.  On  the  first  pavement  laid  in  Brookljm,  N.  Y., 
there  were  quite  a  number  of  complaints  on  account  of  slippeiinees  soon 
after  the  pavement  was  laid.  This  was  on  a  residential  street,  where  the 
traffic  w&a  light,  but  even  then  the  complaints  soon  ceased.  One  of  the 
problems  of  the  wood  block  manufacturer  is  to  overcome  this  tendency  of 
the  blocks  to  bleed.  Just  what  causes  it  or  accelerates  it  is  uncertain. 
It  ia  probable,  however,  that  the  greater  the  treatment  given  the  blocks 
the  more  they  will  bleed,  no  matter  what  the  preservative.  The  advocates 
of  the  light  oil  claim  that  there  will  be  very  little  bleeding  with  that  material 
and  that  the  trouble  is  caused  almost  entirely  by  the  mixture  of  the  tar 
with  the  creosote  oil.  Others  tiiink  that  the  bleeding  is  caused  almost 
entirely  by  the  expansion  of  the  blocks,  the  pressure  forcing  the  preser- 
vative to  the  surface.  The  Chicago  specification  requires  oil  to  be  of  1.08 
to  1.12  specific  gravity,  and  provides  that  it  shall  be  an  absolute  distillate 
of  coal  tor.  This  means  that  no  filtered  tar  can  be  mixed  with  the  oil 
itself.  Since  the  use  of  this  oil  the  trouble  from  bleeding  has  almost  entirely 
ceased.  It  occurs  during  the  first  warm  days  of  spring.  On  a  street  that 
is  partially  shaded  the  bleeding  often  occurs  very  freely  on  one  side  and 
not  at  all  on  the  other.  This  would  seam  to  refute  the  argument  of  those 
who  daim  that  bleeding  is  caused  by  the  expansion  of  the  blocks.  This 
exudation  is  not  entirely  bad,  as  it  brings  the  preservative  to  the  surfaea 
and  so  renders  the  top  of  the  block  absolutely  watertight.  When  it  occurs 
to  a  great  extent  it  can  be  overcome  by  sprinkling  the  surface  of  the  pave- 
ment with  sand,  which  is  scraped  oGF  after  the  preservative  has  been  ab- 
sorbed. Some  trouble  occurs  on  this  account  in  the  European  cities,  but 
not  much,  as  the  treatment  of  the  blocks  is  so  light. 

HoweD  (26b)  Btates  that:  "The  bleeding  was  eztretnely  cotdceable  on  Hvanl 
warm  days  when  the  thermometer  ranged  from  82°toa6<'C  (90°  to  97"  F)  ia  the  shade, 
asd  posdbly  4S°  to  49°  C  (lib"  to  120°  F)  on  the  pavement,  but  by  caualnf  the 
blocks  to  be  covered  with  a  thin  coating  of  wnd,  no  unpleuant  conditions  followed. 
During  the  summer  and  fall  the  pavement  was  iprlnkled  quite  frequoitly.  Early  in 
the  fall  a  thick  coating  or  cniat  formed  on  the  top  of  the  blodca,  caused  by  the  oodBg 
out  of  the  preKTvatlve  and  Its  coming  in  contact  with  the  aand.  The  contractor 
scraped  this  off  and  removed  it  from  one  street  on  aevenl  occasions.  This  coat  did 
not  stfdt  to  shoe  leather  to  any  appreciable  extent,  and  did  not  canae  any  unfavoraUe 
commant  bom  atordceepsn  in  le^rd  to  being  tradnd  into  buildfaigB  and  soOinff  the 
Bows,  as  was  the  case  with  the  wood  block  pavement  on  Market  St,  PhOadalphia, 
a  few  years  ago." 

Teesdale  (41a)  baa  described,  as  follows,  an  inveatigatioB  of  bleeding  which  was 
intended  to  include  those  factoia  antwing  into  the  selection  <a  material  and  its  treat- 
ment at  the  plant  that  ml^t  hav«  m%  influenoa  on  bleeding.  The  InvartlgatlaD 
covered,  (1)  Spedes  and  rate  of  growth.  (Z)  Hofature  condition  of  tiia  wood  when 
treated.  Green  and  air-dried  wood  was  tested.  (3)  Character  of  preservative  used. 
A  distjllate  creoeote  oil  and  a  mixture  of  this  with  tar,  the  latter  intended  to  be  repre- 
sentative of  the  grade  of  paving  oil  in  goieral  use,  were  tested.  (4)  Manipulative 
methods  employed  in  treatment,  eepedatly  the  use  of  rteam  and  vacuimi  treatment 
and  prellmiaary  air  pressures.  In  addition,  teats  were  made  to  determine  the  effect 
of  varying  the  abeorptian  of  preservative,  and  of  subjecting  treated  blocks  to  external 
presBUie,  a  condition  sometimes  obtained  in  a  street  when  the  expansion  trouble  exists. 

"HaiwIAIS  Ussd.  Wood:  Green  long-leaf  jAne  and  thoroty  air-dried  long-leaf 
pfaw,  rapid  growth  loblolly  pine,  and  eastem  hemlock  blocks,  4  in  by  8  In  by  4  in  were 
used  in  tiia  work.  The  long-leaf  pine  was  regular  paving  block  stock;  the  other 
asaterlsl  was  sawed  from  tks.   FrsserratfTCs;  Two  preservative  were  used  in  ths 
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InvwdcttloD  of  UMdioc.  On«  wu  ooal  tar  cracsota  vith  a  apadflc  vvrlty  of  1.07 
at  W  C  (140*  F).  otbar  ma  a  60%  mixtiin  of  tUa  eraoaoto  with  a  by-prodwt 
eokMvan  tar  havlai  a  apad&e  mvlty  of  1.17  at  00"  C  (140*  F),  and  ooBtatntnt  abont 
8%  fraa  carbon.  TtOB  ndxtnra  -wtm  beUmd  to  be  eomparaUa  to  mueli  ot  l.-.e  paving 
oil  used  for  treating  blodo. 

"MWTHOD  or  Making  BunotNG  Twn.  After  treatment,  tlie  Uocka  wore  pisbed 
in  an  oven  in  tin  boxen,  and  mibjected  to  a  conatant  temperature  of  49°  C  (120°  F>, 
until  the  eU  oaaaed  to  trieed  frcon  them.  Blotting  paper  wca  used  to  abaorb  tbe  oO 
■a  It  came  from  the  blodca.  Welghta  were  talcen  at  auitable  intervale,  eonectlaBB 
beinf  made  for  loeaee  by  volatilisation.  In  the  data  preeented,  an  average  of  two 
blocks  wai  taken  in  each  eaae. 

"The  rcaulta  indicate  that  a  preliminary  vacuum  eqpedally  la  a  very  important 
factor  in  treattng  aliMiry  paving  blocka  if  Ueeding  ia  to  be  reduced.  Steaming,  when 
uaad  without  a  vaqium  period,  was  not  very  elBdent  in  redudng  lileinlliiu  when  ereoeote 
WM  uaed.  With  tbe  tar  and  creosote  mixture,  however,  the  reduetiDn  in  bleedii^ 
waa  very  marked.  Steaming  evidently  has  a  much  greater  effect  on  tlte  tar  and  creoeote 
mixture  than  on  the  creoeote.  With  atbor  green  material,  and  with  eitlter  ttie  creoeote 
or  tb«  tar  and  creosote  mixture,  bleeding  waa  greatly  reduced  when  both  Btean^and 
vacuum  treatments  were  applied.  It  will  be  noted  that  the  lofatoUy  pbie  bted  very 
aaneh  more  tlian  tlw  long^eaf  pine  when  no  preliminary  vacusa  waa  naad.  Wba 
preliminary  vacuum  waa  used,  the  abeojptkm  ooukl  not  |w  controlled  and  40  lb  per 
cu  ft  ware  aba«bed.  WbUe  the  perant  of  bleedbig  waa  raducid  tbe  total  amooat  td 
bleeding  waa,  therefore,  itill  very  large.  Bleeding  was  materially  Inmased  wbeo 
absorption  was  increased,  espedalty  when  more  than  16  lb  per  ea  ft  were  injected, 
or  when  the  tar  and  creosote  mixture  waa  uaed.  Tlte  effect  of  outside  promurc,  in- 
tended to  show  the  effect  of  the  expansion  of  blodis  in  the  street  on  bleeding,  did  not 
appear  to  liave  much  inOuenee  on  bleeding.  The  bloelcB  In  thb  case  w«r«  compresaed 
in  an  iron  damp  until  the  wood  waa  crushed.  This  extreme  condition  would  not  be 
reached  in  the  street.  Neverthelcas,  bleeding  was  not  greatly  inovased.  When  no 
preliminary  vacuum  or  steam  treatments  were  used,  the  blocks  treated  with  tar  mix- 
tures In  most  casta  bled  considerably  more  than  thoae  treated  with  creosote;  thia 
was  true  rcgardkes  of  apede*.  Steaming  blocks  prior  to  treatment  appeared  to  Itave 
a  very  marked  retarding  influence  when  tar  was  used.  Tlie  tar  a|q>^red  to  dry  in 
tbe  outer  pores  ot  the  wood,  forming  a  mat  that  retarded  bleeding.  The  tiae  of  a 
final  steam  l>ath  did  not  influence  tbe  bleeding  materially,  but  removed  carbon  tram 
ttM  nirface  and  greatly  improved  the  appearance  of  blodca  treated  with  the  tar  mix- 
ture. All  of  the  results  seem  to  indicate  ttist  bleeding  is  caused  to  a  large  extent  by 
tlM  e^QMUudott  of  air  in  the  wood  cells.  Other  contributing  causca  whidi  no  doubt 
aggiavate  bleeding  are  oqianaion  of  the  preservative  In  tlie  wood,  external  pnmm 
exerted  upon  the  Uodca,  excessive  absorption  of  preservative  by  some  oi  the  blodia, 
and  the  use  of  nfAd  growth  woods.  Sapwood  is  abo  a  factor,  largely  because  <d 
tlie  excessive  absorption  of  oil  that  it  takes." 

Weiss  (7)  Btatea,  that  "Prom  observations  and  teata  made  by  tbe  author  It  k 
believed  that  bleeding  can  be  dUmloated  If  (1)  cmly  alow-grown  wooA  ia  naad  for  the 
blodEs;  fg)  If  green  timber  or  steamed  aeaaoned  timber  Is  used;  (S)  if  a  strong  pre- 
liminary and  final  vacuum  is  drawn  Itefore  and  after  the  oil  Is  Injected;  (4)  if  when 
tar  is  uaed  the  blocks  are  steamed  slight^  after  the  oil  ia  injected;  (6)  If  the  penetra- 
dons  are  made  complete;  (6)  if  impregnatfons  no  greater  than  16  lb  per  cu  ft  are 
I^VMi;  (7)  if  straight  coal  tar  creosote  or  coaMar  creoeote  containing  only  snmQ  amoimta 
of  earboi^free  tsr  is  injected;  (8)  if  tbe  blocks  are  not  laid  too  close  together;  (9)  If 
excesi  tar  or  pitch  is  not  poured  between  the  joints.  All  of  these  re<iuirementa  can 
be  easily  met  without  added  cost." 

It  would  seem  that,  without  question,  with  a  few  years  more  experience 
it  will  be  easy  to  detemiiuc  whut  is  the  be»t  method  of  reducing  Ueeding. 
The  conclusions  of  WeiiM  »eem  logical,  and,  as  he  stales,  his  cooditiona 
can  be  oompUed  with  without  extra  coot. 

18.  Swelling 

The  bulging  of  wood  pavements  on  account  of  the  expansion  of  the 
blocks  has  caused  a  great  d«al  of  trouble  and  has  retarded  to  quite  an 


Art.  13 


SwelliDg 


1055 


extent  the  use  of  this  materia  in  psvementfl.  Wood  of  itself  is  a  very 
unstable  material,  changing  a  great  deal  according  to  its  moisture  content, 
and  it  is  necessary  to  have  the  blocks  so  treated  that  they  will  not  unduly 
expand  or  shrink  according  to  climatic  changes.  When  the  wood  pave- 
ments were  laid  in  Brooklyn,  N.  Y.,  in  1902  to  1904,  inclusive,  with  the 
creo-reflinste  process,  provision  was  made  for  a  water  absorption  of  not 
more  than  3%,  without  any  expansion  joint  whatever,  and  on  the  streets 
where  city  in^Modon  prendled  no  trouble  from  e^Mnding  or  bulginc  baa 
occurred. 

In  Germany,  in  order  to  overcome  the  swriling  or  bulging  of  the  pave- 
ment in  wet  weather,  in  some  cities  the  surface  of  the  pavement  is  kept 
moist  and  the  surface  tarred  bo  that  the  water  cannot  penetrate  into  the 
blocks.  The  wood  pavements  of  Berlin  in  summer,  when  wat«  is  jdentiful, 
are  watered  three  times  a  day. 

In  Paris  much  trouble  has  been  caused  by  this  bulging.  This  is  not 
strange  when  it  is  considered  that  up  to  1913  the  blocks  contained  only 
3  lb  of  oil  per  cu  ft.  Tur  (43),  the  Engineer  In  charge  of  wood  pave- 
ments in  Paris,  in  a  discussion  on  bulging,  says: 

"In  praetloe  it  b  impossible  to  fraesee  tba  ctrcmMtaoces  under  which  tny  road 
irfn  absorb  water  and  will  ezpuid.  The  phenoineiK»  dqiends  on  the  quality  of  the 
wood,  the  <|u»Dtity  of  water  with  which  it  was  ImpregnatBd  st  the  moment  of  laying 
and  the  atmo^theric  oonditiona  prevKlmt  from  Uiat  time  on.  Thnista  are  wually 
exerted  perpendicularly  to  the  sjds  of  the  road.  They  usually  di^lace  the  sidewalk, 
curbs,  and  quite  often  the  tracks  <A  the  tramways.  Sometlmea,  too,  th^  manifest 
tbemBelvas  in  a  longitudinal  direction  by  more  or  lees  extended  upUftlnBS  oi  the  entire 
pavwMot.  The  dispUosfitait  of  the  curbs  and  the  parts  near  the  *'*M'''g  never 
cause  any  Botamvthy  troabla,  nor  do  tba  partial  lUtings  of  the  wood  pavemeDt.  The 
danger  ot  damage  from  this  eauss  can  be  reduced  by  sprinkling  the  blocks  thoroly 
before  laying  them.  In  order  to  facilitate  repairing  of  the  sidewalks,  a  j<^t  filled  with 
sand  Is  made,  as  we  have  already  said,  along  the  curbs.  As  for  the  liftings,  which 
ocenr  more  larely,  they  are  easily  removed  by  extracting  one  or  two  rows  of  blodo. 
Unfortunately  the  qnrtan  which  wOl  render  wood  pavenwnts  entirely  hsnnlsss  has  yet 
to  be  loaad.  Tba  effect  of  sprinkling  the  blocks  before  laying  can  never  be  other 
than  tempwaty,  and  it  Is  trftea  taieffectlve." 

Experience  in  the  United  Statea. 

Itobeits  (84)  has  given  the  following  (aets  ralatlTe  to  a  striking  exanqtle  ot  expan- 
aloa  In  wood  paranaent  whidi  oeeurad  in  1811  In  the  City  of  Loogviaw,  Tens.  The 
street  paved  had  a  roadway  of  70  ft,  and  contained  16  000  aq  yd.   The  pavaaieDt  was 

laid  with  a  great  deal  of  care  on  a  concrete  foundation,  with  a  1-ln  aaad  cushion  and 
a  2-4n  opanslOD  joint  on  each  side  of  the  roadway.  The  summer  of  1918  was  exceed- 
ingly hot  and  dry,  there  being  no  rain  for  65  days  prior  to  Sept.  7,  when  a  severe  rain 
Storm  set  in,  which  continued  fur  8  days,  during  which  time  9.87  in  of  rain  telL  On 
tlio  second  day  of  the  rain  the  blocks  began  to  swells  so  that  street-car  trefllc  was 
stopped  and  ordinary  street  traffic  seriously  kiampered.  The  breaking  up  of  the 
pavement  extended  tnuisvenely  and  longitudinally  along  the  street,  the  failure  across 
the  roadway  being  the  greater.  The  eipansion  across  the  roadway  was  measured 
and  was  found  to  be  about  m  In.  On  Sept.  14,  when  the  storm  was  nearly  over, 
three  sample  blocks  were  taken  and  weighed,  the  mean  weight  being  66.9  lb  per  cu 
ft.  On  Oct.  6,  after  28  daya'  drying  at  an  even  temperature  of  21*  C  (70*  V).  these 
three  sasqde  blocks  were  again  weighed,  on  tba  same  seales.  and  showed  an  avwage 
weight  <rf  47.4  lb  per  cu  ft.  From  over  9  in  of  tain  these  bhvdm  had  abeorbed  an  average 
of  9H  Ih  of  water  per  eu  ft.  After  drying  14  days  mora  a  further  kMs  of  44  lb  was 
shown,  the  mean  inigtat  Omb  being  4S.1  lb  par  eu  ft,  a  total  lose  of  U.B  lb  par  ou  ft 
after  87  days'  drying. 

The  causes  of  the  pbononaena.  In  the  order  of  their  Importance,  were  dedded  to 
be:  (1)  Extreme  weather  oondltions  of  86  daya'  drought  foUowed  by  8  days  of 
rain  in  whidt  9.8T  In  fell;  (2)  the  removal  of  titt  protective  sand  eovwing  too  soon 
■ftsrthecompWlonofthapavBmeati  (B)  the  use  of  eztnsBriy  floe  sand  for  the  eusUon; 
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(4)  laying  the  Uo^  too  tight;  (6)  neftect  to  Bprinkk  tad  od  at  faitamli;  (6)  pa-ra- 
DMDt  Of  tUi  typ*  too  wide  (70  ft)  for  the  tnffie  that  it  has  to  carry. 

Otmb  (22),  nftorUDK  furtbar  on  thia,  aUtaa  that  the  timber  was  treated  with 
20  lb  p«  cu  ft  of  ersoBote  oil  haviaf  a  sfMdfle  invity  td  IM.  Tba  tlmbar  ilaalf  was 
almost  entirnty  short-leaf  yellow  pine.  wdghiBg  aboat  82  lb  per  cu  ft  wbeB  ssaaoaod. 
Th*  blocks  were  laid  close,  but  were  Dot  tightly  driven  as  a  rule.  The  jcdnts  between 
the  Uodca  and  rows  were  filled  with  sand.  When  the  blodia  were  examined  it  was 
found  that  nearly  60%  of  the  original  oil  with  which  they  were  treated  had  evapoimted. 

Howell  Q6a)  states  that  the  Newark  q>edfiflatfaxw  proride  for  expamdoa  as  foOmia: 
"(1)  By  providing  for  expansion  joints  along  the  euriba,  l\i  in  widle,  to  be  filled  with 
a  suitable  bltaminoas  flUar  oapable  of  passing  a  good  peoatratifMi  test;  (2)  by  laying 
the  blocks  comparaUvely  looae  [n  the  pavement  in  order  not  to  have  any  tight  jt^ts, 
sand  being  car^ully  broomed  Into  the  joints;  (3)  by  soaking  all  (A  the  blocks  In  40  or 
60  barrels,  used  aa  tuba.  In  which  the  blocks  were  required  to  be  submerged  In  wata 
for  10  min  before  laying." 

The  theory  of  sosking  the  blodca  In  water  is  undoubtedly  that  they  will  eaqMrnd,  ao 
that  after  bdng  laid  in  the  pavement  any  further  —r**"'"^  wUl  net  cause  bulging. 
If  this  treatment  should  be  satitfaetory  it  would  be  a  simple  matter  to  provide  for  it, 
but  it  would  hardly  seem  that  a  block  treated  with  18  lb  of  creosote  oil  would  swdl 
to  any  appreciable  extent  by  an  immersion  of  10  min  in  water.  HoweQ  stated  that 
up  to  Dec,  1914,  there  had  been  no  real  trouble  on  account  <rf  bulging,  except  along 
the  railroad  tracks  where  the  water  got  under  the  blocks. 

Taudale  (41a)  atataa  r^arding  expcrimcnta  on  swelling,  that  "The  fbst  anisa 
was  made  to  determine  the  effect  on  swelling  of  various  percentages  of  tar.  and  also 
oi  tree  carbon  in  mixtures  of  tar  and  creosote.  The  second  series  was  made  to  detet^ 
mine  the  influence  of  varying  the  method  of  treatment  on  swriling.  All  of  the  blodn 
In  the  first  series,  and  one-half  of  those  in  the  second  series,  were  soaked  In  water 
after  treatment  until  they  ceased  to  expand.  In  order  to  correlate  tiuae  results  man 
elaaely  with  service  conditions,  the  remsinder  of  the  blocks  in  the  second  seriea  were, 
thmfore,  placed  on  the  sand  cushion  and  sprinkled  with  water  twice  each  day  until 
they  ceased  to  change  in  sise.  Two  sticks  of  thoroly  air-dried  loiig>leaf  pine  were 
cat  Into  bloda  4  by  4  by  8  in.  After  tba  blocks  were  cut  they  were  piled  In  the  labwa- 
tory  for  several  mootha  before  treatment  to  Insure  a  uniform  moisture  co&ditiaii. 
For  each  treatment  given  cne  block  was  used  from  each  stick,  thereby  giving  two 
blocks  trsatod  with  the  same  pmuriatlve. 

"The  follosdng  preservatins  were  used  in  this  oqierlnHDt: 

1.  A  coal  tar  creosote  having  a  spedflc  gravity  of  1.07  at  60°  C  (140°  F).  The  sane 
as  used  in  the  bleeding  t««t. 

2.  A  by-product  ooke-ovan  tar  containing  6%  of  free  carbon  and  having  a  q>edfle 
gravity  of  1.184  at  60"  C  (140°  F).   The  sans  aa  wed  In  the  bleeding  tests. 

8.  A  by^traduct  coke-oven  tar  eontafadnf  16%  ti  free  caiiMn  and  baivlng  a  spedfie 
gravity  of  1.282  at  60°  C  (140°  F). 

4.  A  gss-houae  tar  containing  80%  of  free  earbon  and  having  ■  ^adAe  gravitgr  of 
1573  at  60°  C  (140°  F)." 

After  detailing  th^  methods  <it  conducting  his  work,  ill  th»  discussion  of  hia  results 
he  says:  "It  Is  evident  that  the  rate  of  swelllag  was  caaMenbiy  retarded  In  the 
treated  blocks,  and  that  the  maximum  swelling  was  not  as  great  as  that  obtained  on 
untreated  blocks.  The  maximum  swelling  of  untreated  wood  was  reached  In  40  days, 
while  from  6  to  10  months  were  required  to  reach  a  maximum  in  tbe  treated  blocks. 
Blocks  treated  with  mixtures  of  cartkoo-free  tar  and  creosote  showed  a  slower  rate  ti 
swelling  as  the  percent  of  tar  In  tbe  mixture  increased;  tlUs  was  not  mariced,  however, 
until  from  GO  to  76%  of  tar  was  used  in  the  mixture.  In  most  cases  tbe  maximum 
BWdlIng  of  bloeks  treated  irith  tar  mixtures  was  from  10  to  28%  leas  than  In  those 
treated  with  ereoaote.  There  was  also  considerable  difference  in  tbe  amount  of  awalKBg 
obtained  in  blocks  treated  with  different  kinds  of  tars.  Air-dry  long-leaf  pise,  green 
lodg-lesf  pine,  and  air-dry  rapid  growth  loblolly  pine  were  used.  AU  of  the  blotto 
were  cut  from  the  heart-wood.  The  sessoned  material  was  obtained  in  an  air-dry 
eondftion,  and  after  bdng  cut  Into  blocks,  waa  aeaamed  in  On  wood  prsssrvatiDB 
labors tory  for  several  months  before  being  treated.  Creosote,  and  a  mlxtuic  of  60% 
««c»ote  and  607©  by-product  tar  were  used.  Tbeae  oils  were  the  same  as  those  used  in 
the  UeMIng  twth  Tbe  loOowliif  trwtm«ntt  mn  made  with  eadi  prwvfslin  « 
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■oiinnnd  lonr^eat  piMi  urfBC  10  lb  and  16  lb  pv  en  ft  •bMrpttaw  In  Mcb  can:  (1)  No 
prdbnbiary  or  floal  vaenuiii;  ^)  prallnlnuy  bat  no  fiul  ncuum;  (8)  final  but  no 
pieUmliwry  Tscuum. 

"Ths  nmlts  an  not  vary  eonatoUot,  but  tbey  buUcata  th«t  the  aiiHwaaotiMl  bng. 
leaf  pine  Uocka  treated  villi  elthw  oil  did  not  swell  as  much  if  Eivm  a  preliminary 
vacuum,  aa  when  no  vacuum  period  or  final  vacuum  was  ffivett.  Also  that  blocks 
treated  with  the  moeote  and  tar  mixture  swelled  Icaa  ttian  those  treated  with  creoeote, 
unleoB  «  prdiminary  vacuum  was  used.  No  difleraice  in  BwelUng  was  indicated  b»- 
twwo  the  10-lb  and  the  IS-lb  treatmnt  except  that  the  reeulu  obtained  tnm  the 
latter  were  more  coaaiatcait,  due  probably  to  more  uniform  penetration.  Tben  la 
no  indication  tbat  increa^s  absorption  decreases  swelling  in  dther  case.  In  general, 
the  blocks  ti«sted  with  the  creosote  and  tar  mixture  swelled  less  tbsn  thcwe  tnated 
ivtth  creosote  alone.  Similar  testa  were  made  on  green  blocks.  Practieally  no  swelling 
was  noted.  Measurements  were  made  on  a  few  of  tlie  blocks  placed  on  the  sand  euahiou 
to  determine  tbe  difference  In  swelling  between  the  top  and  bottom  of  tbe  blodn.  In 
aD  of  the  previous  testa  tbe  Uclcs  were  placed  1  in  from  tbe  bottom  face.  In  this  test, 
additional  tacka  w«»  placed  1  in  from  the  top.  The  curves,  as  wall  aa  die  appearance 
vi  die  blocks  themselves,  show  very  strikingly  tbe  greatar  amount  e(  swelliDg  thMt 
occurred  in  tbe  bottom  of  the  blocks.  This  in  some  cases  Is  very  probably  a  cause  of 
buckling,  eq>edally  where  the  pavement  has  oonslderable  crown,  due  to  the  upward 
fores  liable  to  be  exerted  if  the  bottom  of  each  blodc  aqiands  more  than  tiie  top. 
This  is  liable  to  occur  if  watar  pawtratea  the  fillar  and  mchea  the  aand  cnaUon." 

Amotiff  hie  oondosions  be  gives:  "Tiiiinaslin  tiie  absorptlan  ot  dl  above  10  lb  per 
cu  ft  had  but  little  Influence  in  redoefaig  swriUng.  No  awtdling  was  obtained  in  blodn 
treated  in  the  green  condition.  It  was  poarfble  to  obtain  tbe  desired  abaoipUon  by 
increasing  the  time  end  pressure  at  tlte  trtatmeot  aa  the  percraitage  of  tar  was  increased. 
The  penetration  of  preaervatlva  was  more  uneven  ss  the  pwcentage  of  the  tar  to  ttie 
mixture  was  Inoeaaed.  The  decrease  in  swelling  obtained  by  varying  methods  ot 
treatment,  or  by  using  tar  mixtures,  does  not  seem  to  be  suffldent  in  itself  to  prevent 
expandon  in  street  pavetnenta.  The  uss  of  green  material  was  the  moat  eOecUve  of 
tlie  methods  tested.  These  tests  seem  to  indicate  that  long-leaf  pine  paving  should 
be  treated  in  the  green  condition  after  b^g  well  steamed.  All  blocka,  even  If  thoroly 
sir  ssainnnil.  should  be  well  steamed.  While  it  is  true  that  a  preliminary  and  final 
vacuum  greatly  retarded  bleeding  and  to  some  extent  tlte  sweiUng  of  air  seasoned 
wood,  a  preliminary  vacuum  will  tend  to  waka  tba  abMnptioo  ot  oil  too  rapid  during 
treatment,  resulting  in  uneven  penetrstlan.  A  ataaming  period  is.  tberrfore,  sdvfaable 
to  render  the  abeorptlon  lees  imfAi  and  allow  a  longer  and  more  Intense  pressure  period 
to  be  applied.  Furthermore,  if  seaaoned  blocks  are  steamed,  they  will  take  up  moisture 
and  expand  and  should  be  less  liable  to  ^ve  trouble  from  awdUng  after  laying  in  the 
street.  For  these  reaaons  it  would  be  preferable  to  treat  green  natoial  iriwn  it  b 
possible  to  obtain  it." 

He  also  says  that  if  the  blocks  cannot  Iw  laid  soon  after  treataeot.  they  should  be 
covered  and  perhapa  wet  down  occasionally  to  prevent  them  from  drying  out  Also, 
that  absorptions  of  over  16  lb  per  cu  ft  hardly  seem  necessary;  tliat  the  reason  why 
some  pavements  bleed  while  others  do  not  may  be  often  traced  to  the  method  used 
In  treatment;  that  the  tests  do  not  indicate  that  the  use  of  tar  mixtures  will  prevent 
swelling,  altho  they  tend  to  retard  it;  that  the  tests  bidlcste  that  ineeasing  the  absoip- 
tion  of  (rfl  above  10  lb  per  cu  ft  does  not  tend  to  appredaUy  decrease  swelling;  t^t 
in  drawing  up  spedflcationa  ftff  treating  blodcs  the  waterproofltq;  effect  o(  tbe  oil 
afaould  not  recdve  much  condderatton,  the  main  points  to  be  considered  being  to  have 
suffldent  <^  of  a  good  grade  to  obtain  a  thoro  penetration  in  order  to  avoid  decay, 
and  to  qtedfy  a  method  of  treatment  tliat  will  not  cause  ttie  blocks  to  bleed.  The 
tests  also  in^eate  that  swelling  shovld  ba  controlled  prindpally  by  having  the  blodcs 
in  the  green  eontf  tton  when  bdd  hi  the  street,  and  by  taUng  special  care  with  the  filler 
and  method  of  laying  so  that  water  will  not  penetrate  to  the  bottom  of  tbe  blodta. 

Weiss  (7),  in  speaking  (4  expansion,  s^:  "It  is  wasted  effort  to  try  and  make 
tbe  blocks  non-expansive,  for  no  matter  how  much  oil  Is  forced  into  them  they  will 
absorb  mora  or  leas  watar  la  time.  Furthermore,  the  <nl  and  wood  will  expand  due  to 
rise  In  temperature.  Beet  |H«etice,  therefore,  is  to  ktep  the  absorption  of  water  to 
B  minimum  by  pKqw  treatmsBt  and  to  allow  for  w^mbta  by  carefully  laying  tba 
jwvmMtt  as  ifcwBibad  sbovs." 
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14.  Slippariness 

One  of  the  grent  objections  to  wood  pavement  U  its  alipperinefis.  This 
is  a  valid  objection,  as  creoaoted  wood  pavement  ia  probably  more  alippery 
thaD  any  other  kind  of  i>avemeQt.    Thia,  however,  depends  a  great  deal 

upon  conditionB,  as  if  the  pavement  be 
dry,  there  ia  no  trouble  whatever,  but 
when  somewhat  moiat,  especially  tf  not 
clean,  there  ia  apt  to  be  trouble  on  ac- 
count of  lack  of  foothold  for  horaea. 
So  that  ,  in  considering  this  material  for 
a  street,  special  care  must  be  given  to  a 
study  of  conditions,  the  rate  of  grade, 
and  the  amount  and  character  of  traffic. 
It  may  be  said  that  in  the  weat,  especially 
at  Minneapolis,  Minn.,  and  Great  Falls, 
Mont.,  very  little  trouble  has  been  experienced 
on  account  of  stipperineas.  This  may  be  due  to 
the  natural  dryneaa  of  the  atmosphere.  In  New 
York  City,  however,  alipperiness  on  wood  pave- 
ments is  very  observable.  In  such  a  climate  it  is 
advisable  not  to  lay  wood  on  grades  of  more  than 
2%  without  some  special  treatment.  This  general 
rule,  however,  can  be  modified  if  the  street  ia  one  that  does  not  have  a  large 
amount  of  continuous  traffic,  or  if  the  traffic  can  be  easily  diverted  in  case  of 
iemergency  to  adjacent  streets.  On  such  a  street  the  few  days  in  the  year 
when  a  wood  pavement  would  be  slippery  would  not  bo  so  important,  but 

where  a  street  is  used  constantly  by 
heavy  traffic  every  day  despite  the 
weather,  it  ia  extremely  neceasary  that 
every  care  should  be  taken  to  prevent 
sUppcriness.  There  are  several  ways, 
however,  of  mitigating  this  nuisance  of 
slipperinesa.  In  foreign  countries  the 
practice  of  sprinkling  the  pavements 
with  sand  is  much  more  general  than  in 
the  United  States.  The  wood  pave- 
ments abroad,  too,  are  softer,  so  that 
sand  or  gravel  spread  upon  the  pavement  is  driven 
into  the  blocks  by  the  traffic  to  a  much  greater  ex- 
tent than  would  be  the  case  with  the  yellow  pine 
blocks  of  America.  The  officials  of  American  cities 
have  not  generally  taken  up  the  plan  of  sanding  the 
streets  when  slippery.  If  this  were  done  systemat^ 
ically  much  of  the  trouble  which  occurs  from  alip- 
periness would  be  avoided,  without  much  expense. 

Kreolite.  A  fonn  of  wood  pavmi«iit  that  haa  rraatty 
come  lato  um  in  thia  country  fa  known  as  Kr«oUte-  Tbs 
blocks  are  the  aame  as  thoae  [or  ordinary  wood  paveroeot, 

excepting  that  they  have  luga  on  one  aide  and  one  end  about  H  in  laag.  Tbs  object 
of  the  lugB  la  to  aeparatc  the  courara  au  that  the  pavement  will  not  be  so  aliiqiery,  and 
alao  that  there  may  be  an  espanaion  joint  between  each  couiM  of  blodcs,  the  idea 
beins  that  the  luga  will  miah  and  aa  take  up  the  natural  eapanaton  of  the  block  Itaell. 
tbua  preventing  bulglag  in  the  pavement.    It  is  alto  claimed  that,  aa  trsatnwot  d 
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over  IS  lb  per  ca  ft  !■  nwbily  to  pimnt  bul^iif  of  ths  pftraMBt,  wMi  tUi  wfMtm 
■  mudi  laM  amount  <rf  pwrvatiTe  can  be  uHd,  thiie  fhneptinlni  the  pefemsnt  in 
that  respect.  This  pavsmeat  baa  been  uaed  to  quite  an  extent  on  bridgw  and  in 
eertaia  dtka  of  the  omtral  west.  Ffg.  8  ahowa  a  portion  of  this  pavement  laid, 
and  Fig.  4  one  of  the  block*.  A  device  which  haa  been  gotten  up  to  prevent  alipjdng 
coDiiata  of  grooving  the  upper  face  (d  the  blodi  and  inaerting  in  the  groove  a  ataal 
grid  BO  tliat  ita  top  will  come  juat  above  the  lurfaeft  of  the  block  itadf.  Whan  tbia 
pavemant  ia  laid  od  gradea  which  are  aomewbat  too  heavy  fpr  the  ordinary  wood 
Modt,  every  third  courae  is  laid  with  the  grldded  blocka;  but  if  tlta  grade  ia  very  ateep, 
every  other  courae  ia  laid  with  the  grida.  The  extia  ooat  of  this  pavement  la  aboot 
6fi  oenta  per  aq  yd  when  tme  courae  in  three  ia  naed  wiA  the  grida,  and  fl  per  aq  yd 
when  every  other  courae  ia  gridded.  The  t>lodta  an  tnated  in  tb»  oaual  way,  the 
wMm  being  rimplr  to  afford  a  foothold  for  the  botaea.  Fig.  6  aiwnm  a  portka  ot  a 
pnvammt  Wd  with  thraa-an&^aa  eounH,  and  Flf.  6  a  Uodc  with  the  towttad. 

IB.  Maintenance  Cost  Data 

Observatioos  made  by  the  Bureau  of  Highways,  Borough  of  Manhattan, 
New  York  City,  show  a  wear  on  the  Eramte  pavement  on  the  approaoh 
to  the  Brooklyn  Bridge  of  0.0490  in  per  100  tons,  but  for  the  wood  pave- 
ment on  the  Queensboro  Bridge  a  wear  of  0.0203  in  per  100  tons;  on  the 
Washington  Bridge,  0.0231;  on  the  Metropolitan  Ave.  Bridge,  0.0231; 
on  the  Meeker  Ave.  Bridge,  0.0300.  On  20  London  streets  paved  with  wood 
the  wear  was  reported  as  0.0615  in  per  100  tons,  and  on  the  Minneapolis, 
Minn.,  experimental  pavements,  previously  referred  to,  0.0222.  It  will  be 
noticed  that  the  wear  on  the  wood  pavement  of  this  country  is  very  uniform, 
and  that  it  is  about  one-half  the  wear  on  the  granite  pavement,  and  one- 
third  the  wear  on  the  London  pavements.  This  ig  not  nirprifling  for  the 
London  pavements,  as  the  wood  there  is  much  softer  and  wears  more 
rapidly  than  American  wood.  It  is,  however,  somewhat  surprising  that 
the  wood  should  wear  lees  than  the  granite. 

Uinneapolis,  Minn.  (lOd).  "The  following  is  the  cost  in  cents  per 
square  yard  per  year  for  repairs  of  oreoeoted  wood  block  pavements  in 
Minneapolis  for  the  various  years,  and  also  abowa  the  total  yarda^^e  in 
place  on  Jan.  Ist  of  each  year: 


Yew 

Total 
Sq  Yd 

MaintsBaaee 
perSq  Yd 
iaCenta 

210  464 
812  816 
4fi7  S88 
600  922 
767  472 
928  726 
1  060  688 
1  196  9S2 
1  881  806 
1  618  818 

0.012 
0.086 
0.062 
0.064 
0.2M 

o.ia 

0.196 
0.264 
0.289 
0.064 

Mil  

London.  The  coat  of  repairs  variea  very  much  with  the  method  of  making  tltem. 
A  contract  wai  made  to  keep  Piccadilly  and  part  of  Kings  Road  in  repair  for  16  yeara 
for  8a.  (73  eenta)  per  yd  par  year,  when  the  Engioeer  catimated  that  ita  coat  would 
not  be  more  than  2s  (49  cents).  The  axmual  cost  per  aqnara  yard  tor  a  plain  deal, 
qtraad  over  16  yeara,  ran  la.  8^d.  (82  cents),  with  a  traffic  of  279  tons,  to  Sa.  2d.  (77 
cMtta)  for  Improved  pitch-i>ine,  with  a  traflto  of  658  tone  per  yd  per  day.  These  Hguns 
ware  made  la  1884.  In  1898  a  portion  U  ttie  Euaton  Road  was  paved  with  wood; 
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6S  ft  with  jwllow  dMl,  82  with  Kuri,  40  vWi  yiUow  dMl,  *Bd  68  with  Jamh.  Aft«r 
3  yean*  tlm«  tb«  wmt  wu  found  to  b«  1/4  In  on  Jurah  and  Kani,  and  1  i/a  in  on  tlw 
deal.  From  obaervBtiaiiB  taken,  the  trafBc  was  found  to  ba  676  fiU  toiu  per  yd  of 
width  per  annum.  On  another  portloB  of  the  Mine  road  the  wear  was  1/1  in  per 
annum  with  a  tralBc  of  411818  tons.  Tottenham  Court  Road,  which  waa  paved 
with  Jarrah  bloeka,  showed  only  1/4  in  of  wear  after  8  year*,  with  creater  baffle  than 
EuatoQ  Road,  and  on  the  Weatiainater  Bridge  Road,  after  nearly  7  yean  of  wear,  the 
Jarrahblodnbad  worn  from  1  i/u  to  1  i/shi.  With  ■  tnfle  of  fraoa  2S8  to  834  tona  par 
ft  of  roadway  in  IZ  hr. 

Paila,  in  1911,  spent  $902  988  fw  the  nalnteaanea  o(  bar  wood  pavamenta,  wUdi 
was  nearly  38  centa  per  aq  yd  over  the  entire  lurface.  TUb,  however,  provided  for 
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trafBe  of  the  Paria  atraeta  iriian  It  b  known  that  tha  awai*  Wa  «(  wood  la  that  dtgr 
is  8  yaars,  and,  on  the  Are  de  Champa  Elyafaa,  from  6  to  7  yean  only. 

Petrograd.  The  wood  Uocka  have  a  durability  on  an  average  tA  S  yean.  It  la 
estimated  that  the  cement  layer  on  the  concrete  will  be  renewed  every  8  yean,  ao  that 
the  annual  coat  of  a  wood  pavement  on  concrete  foundatioB  would  be  88  canta  per 
aq  yd.  While  the  wooden  fooadatlan  doaa  not  wear  out,  It  doea  rot  on^  aa  tta  ttfe 
fa  given  aa  6  yean,  ao  that  the  annual  ecat  of  a  mod  pavKHBt  on  a  woodn  foujda- 
Um  la  46  cania  par  aq  yd. 
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GENERAL  DATA 
1.  Historical  Derelopment 

As  stone  was  the  most  durable  natural  material  that  was  generally  known 
to  the  ancients  it  is  not  surprising  that  the  first  pavements  were  laid  of 
that  material.  Just  when  the  first  pavements  were  laid  is  uncertain,  but 
it  is  reported  that  stone  roads  were  built  between  1000  and  2000  B.  O. 
The  streets  of  Rome  were  said  to  have  been  paved  in  the  4th  or  5th  cen- 
tury after  the  founding  of  the  city,  while  the  first  pavements  in  Paris  were 
bad  about  1184,  when  the  city  had  a  population  of  about  200  000.  The 
Strand,  London,  was  ordered  paved  by  an  Act  of  Parliament  in  the  14th 
century,  and  the  streets  outside  of  the  city  in  the  16th  century,  altbo  it  is 
stated  that  the  first  regular  pavements  were  laid  in  1533,  when  the  city 
had  a  population  of  150  000.  It  might  seem  strange  in  these  days,  when 
a  modem  city  of  SOOO  people  thinks  it  is  not  progressive  unless  it  has  street 
pavements,  that  cities  should  attain  the  aze  of  Paris  and  London  at  the 
time  mentioned  before  having  improved  streets,  but  in  explanatioa  it  must 
be  remembered  that  in  Uiose  days  streets  were  not  used  for  vehicular  traffic, 
as  merchandise  was  generally  carried  on  horaeback  and  people  were  taken 
about  the  dties  in  chairs.  As  late  as  100  yean  after  the  reign  of  Queen 
Elisabeth  pack-trains  were  regularly  used  for  commerce  in  England. 

Character  of  Blocks.  The  c>arly  pavements  were  constructed  of  lurge. 
irregular  stones,  without  much  regard  for  smooth  surfaces,  the  idea  being 
maini^  to  keep  what  traffic  did  use  the  streets  and  roads  out  of  the  mud 
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and  dust.  Flgi.  1  and  2  ahow  the  diaraetsr  of  atone  uaed  in  a  road  built  by 
the  Romans  on  the  Septiiner.  While  built  of  irregular  etooea,  tbeae  roads 
were  very  Bubstantial,  oft«n  being  laid  in  mortar  and  bein^  really  aolid 
masoniy  construRtions. 

The  atreets  of  Pompeii,  discloaed  by  recent  excavations,  ahow  the  class 
of  stone  uaed  in  the  Rtreeto  of  that  city,  which  incidentally  are  probably 
the  oldest  pavements  that  have  been  aeen  by  people  of  the 
present  day.    These  stonea,  comprising  several  square  feet  in 
area,  were  undoubtedly  of  lava,  which  would  aoon  become 
smooth  even  under  foot  wear.   They  were  laid  with  fairiy 
cloae  joints,  but  thair  conditicHi  indioatea  tliat  tbey  were  not 
laid  with  regard  to  vehicular  traffic.    The  roadway  was  nat^ 
row,  and  at  atreot  crossings  large  circular  stones  were  placed 
FIc-  1        at  such  distances  apart  that  they  oould  easily  be  used  by 
pedestriaoa,  but  which  would  practically  block  vehicular 
traffic.    In  some  instances  the  streets  were  so  narrow  that  only  one  step- 
ping stone  was  required,  but  on  other  streets  more  were  required. 

As  the  needs  of  traffic  and  civilization  increased  the  demand  arose  for 
impXDved  atreeta,  aud  oonaequently  a  better  elaaa  of  pavenmit,  wfaidi 


Fig.  2 


required  better  blooka.  Even  aiUa  the  Uoeka  besao  to  be  imptoved  tiiey 
were  of  large  size,  especially  in  the  Italian  cities.  Fig.  3  diowa  a  typical 
street  in  Catania,  Italy.  The  blocks  of  which  the  pavement  ia  laid  are 
of  hard  lava,  16  by  20  in  in  sise  and  8  in  thick.  In  Palermo,  Sicily,  blooka 
were  used  to  within  quite  recent  date  18  by  24  in  on  top  and  from  8  to 
10  in  deep,  while   in  Trieet,  Austria,  they  were  _ .  _ 

from  24  to  60  in  in  length,  12  to  18  in  in  width 
and  6  to  10  in  deep,  and  in  Milan,  Italy,  Uiey 
were  also  very  large.  When  tiu  Forum  Traja- 
num  was  cleaned  by  the  French  in  1813  pavements 
were  found  on  an  average  of  12  ft  below  the  sur- 
face. The  stones  in  the  pavements  were  polyangular 
in  shape,  and  were  from  4  to  6  sq  ft  in  siie,  and  12 
to  14  in  deep,  laid  with  close  joints.  Modem  blocks 
in  Rome  are  described  as  being  two  cubee  long,  and, 
when  set  up,  as  having  an  area  of  10  sq  in.  This 
would  give  a  block  about  7  in  long,  3>^  in  deep,  and 
in  wide. 

Square  granite  blocka  were  first  used  in  Weatminster,  En^and,  in  1761, 
and  in  London  in  1776. 

In  1012  streets  in  New  Orleans,  La.,  were  paved  with  blocks  approii- 
mately  2  ft  long  and  1  ft  wide.  These  blocks  were  said  also  to  be  1  ft 
deep,  so  they  could  be,  and  were,  turned  over  and  relaid  when  the  original 
surface  becune  rou|^.  These  ijocks  came  to  New  Orleans  in  vessels  as 
baUast,  some  having  been  used  for60yeare.    In  1849  Broidway,  New  York 
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ity,  waa  pived  aa  far  Dorth  as  Franklin  St.  with  what  was  called  Rius 
ocks.  These  blocks  were  from  2  to  3  ft  square.  About  6  years  after 
is  j>wemeat  waa  laid,  it  became  so  nlippery  that  it  was  necessary  to 
it  grooves  in  the  blocks  to  ^ve  horses  a  foothold.  Large  blocks  were  not 
.tiafactcury,  as,  unlflSB  laid  absolutely  even  and  with  close  joists  and  on  a 
ilid  foundation,  under  trafi&o  they  would  eoon  become  uneven  and,  unless  of 
pardoulsrly  gritty  character,  would  bectnne  smooth  and  slippery.  Their 
le,  therefore,  was  discontinued  in  progreerive  cities,  as  they  could  not  be 
insidered  desirable  from  any  standpoint. 

In  the  course  of  development  blocks  of  silialler  sise,  approximately  6 
id  7-in  cubes  were  adopted  in  Europe  and  eventually  in  this  country, 
Jdng  the  place  of  the  cobblestone  and  forming  the  improved  pavement, 
ater,  came  the  modem  obloiig  block,  which  waa  laid  in  New  York  City 
30ut  1877. 

Ovldet  PavmMttt.  In  1865  ■  pat«nt  wm  iBSoed  to  Charhi  Guldet  for  layhtg  graaita 
ivvment,  th«  distinctive  points  of  the  pavement  upon  which  the  patent  was  hued 
ling;  (1)  StonM  are  boundsd  by  ilz  fac«s,  the  two  opposite  faces  being  parallel  with 
ich  other;  (2)  the  width  of  the  joints  runnlns  transvowly  to  the  street  Is  compare- 
vely  wide;  (3)  tha  width  of  the  joints  runnlni  lonsltudlnally  to  the  street  is  com- 
irattvely  narrow.  A  portion  of  Atlantic  Ave.,  Brooklyn,  N.  Y.,  was  improved  with 
lis  pavemsBt,  and  blocks  messured  there  were  found  to  be  from  18  to  20  in  long  and 
osn  6  to  6  In  in  width. 


Pegndsttoni*  PraoticaUy  all  large  cities  at  the  present  time  are  using 
Muent-«oncrete  foimdations.  Vienna  and  Paris  are,  however,  ezceptionB. 
'he  latter  city  in  1913  had  but  8%  of  its  stone  block  pavement  laid  <m 
ancrete.  It  is  assumed,  therefore,  that  all  atone  block  pavements  are 
lid  on  a  concrete  base.  The  thickness  and  composition  of  this  base  should 
epend  upon  the  character  of  the  traffic  it  suatains.  If  a  pavement  is  prac- 
iMtlly  a  masonry  construction,  ao  that  it  is  one  broad  sheet,  the  weight 
411  be  distributed  over  the  base  and  not  cause  a  great  pressure  upon  any 
mall  portion.  If,  however,  the  blocks  are  not  firm,  so  that  a  wheel  load 
I  liable  to  be  transmitted  from  a  block  directly  to  the  base,  more  careful 
ttention  must  be  given  to  the  foundation.  In  Glasgow,  where  loads  of 
OO  tons  are  carried  upon  wheeled  vehicles,  no  thicker  base  than  6  in  is 
ver  used.  It  should  be  aaid,  however,  that  the  wheels  upon  which  these 
)ad»  are  carried  have  tires  15  or  16  in  wide,  so  that  even  with  the  heavy 
>ads  the  weight  is  distributed  over  a  considerable  surface.  It  would  aeem, 
s  a  general  proposition,  that  on  a  pavement  where  such  loads  were  liable 
0  be  borne  at  very  frequent  intervfilfl,  special  provtuon  should  be  made 
X  the  foundation. 

Crowns.  Very  few  engineers  agree  as  to  the  exact  amount  of  crown 
0  be  given  to  a  pavement,  and  they  also  vary  it  according  to  the  char- 
£ter  of  the  material.  A  pavement  is  laid  in  a  street  for  use,  and  if  it 
ould  be  kept  an  abaolutely  horizontal  plane  it  would  be  more  desirable 
or  traffic.  It  is  necessary,  however,  to  give  it  some  crown  in  order  to 
lave  the  water  run  to  the  gutters.  Any  excess  of  crown  beyond  this  re- 
[uirement  reduces  the  efficiency  of  the  street  to  a  certain  extent.  The 
rorst  possible  way  a  horse  can  shp  is  sidewise,  and  for  that  reason  the 
rsnsvem  slops  liiould  be  kept  as  slight  as  posrible  to  allow  the  water 
o  flow  to  the  rides  freely.  Formulas  have  been  worked  out  by  different 
DgineerB  ccnrelating  the  width  of  tiie  roadway  with  the  longitucUnal  grade, 
o  tibat  on  a  steeper  grade  the  onnm  might  be  made  lighter.   It  would 
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seem,  however,  that,  as  the  only  object  of  the  crown  in  to  allow  the  water 
to  flow  freely  to  the  aides,  a  slope  that  would  permit  this  on  a  light  grade 
would  not  be  detrimental  to  traffic  on  any  grade,  and  it  does  not  seem 
that  there  is  any  necessity  of  elaborate  formulas  to  determine  this. 
F^.  4  represents  the  half  nrosa^ection  of  a  stone  block  pavement. 

Crowm  for  DUferrat  Widths  of  HoNdwaj.  Amu  mine  the  roadway  of  the  street  to 
bs  80  f  t  wide,  and  adoptfaig  a  totel  crown  of  4  In.  wfaldb  dosa  not  IneoDvoiisnoa  CtmTCl, 
the  bll  toifwds  tba  gutter  of  tho  csDtnl  ono^htrd  will  be  at  the  rate  of  9'in  par  100 


Ftg.  4 

ft,  which  b  BufBdeiit  for  dralnase;  the  tall  of  the  second  one-third  towards  the  guttn 
win  be  at  the  rate  of  27  In  per  100  ft;  while  that  ot  U)e  one-third  adjacent  to  the  curb 
will  be  at  the  rate  of  44  in  per  100  ft.  Of  course,  the  center  of  the  roadway  would 
be  comparatively  flat,  but  die  ratea  above  given  will  give  sufficient  drainage,  altho 
poadbly  B-ln  crowns  eould  be  used  without  damage  with  a  stone  Uodc  pavemmt. 
Table  I  givsa  the  fall  from  the  center  to  the  gutter  ot  eadt  tUrd  ot  the  roadway,  islth 


Table  I 


Width 

of 
Road, 
way 

Crown 

FaU 
Towards 

Gutter 

in 
Central 
Third 

of 

Roadway 

Rate  per 
100  Ft 

FaU 
Tovrards 

Gutter 

in 
Second 
Third 

of 

Roadway 

Rateper 
100  Ft 

FaU  to 
Gutter 
ial^ 
o( 

Roadway 
AdjaesBt 

to 

Curb 

Rate  par 
100  ft 

24  ft 

3  hi 

1/j  in 

81/3  in 

1  in 

2ft  Ihi 

l!/>in 

3ft  Sin 

SO  ft 

4  in 

*/g  in 

9  in 

IVs  in 

2  ft  3  in 

2Vt  In 

3ft  Sin 

80  It 

Sin 

2/s  in 

131/s  in 

2  tn 

8ft  4in 

Sl/sin 

crt  6io 

36  ft 

Sin 

S/i  in 

9l/(  in 

ll/sin 

2  ft  4  in 

27/s  in 

3  ft  3  in 

48  ft 

6hi 

2/j  in 

81/3  in 

2  in 

2  ft  1  in 

31/j  in 

3  ft  6  in 

60  ft 

8  In 

8/»in 

88/b  in 

2S,'9  in 

2  ft  3  in 

4^9  in 

3rt  Sin 

different  widths  and  with  different  crowns.  Under  the  htading  of  SO^t  roadways 
figures  are  given  for  the  G-in  crown  aa  well  as  the  4^  shovring  bow  very  hwterialljr 
tiie  side  slope  increases  with  the  crown,  and  this  side  slt^e,  in  ailniery  woathT,  la 
much  more  dahiaging  to  hones  than  a  straight  horisontal  slc^  These  figures  are 
recommended  as  the  proper  crown  on  all  level  streets  of  improved  pavements,  except 
the  6-in  crown  on  a  30-ft  roadway.  The  curve  of  the  pavement  ib  in  reality  a  para- 
bola, but  in  the  distance  used  u  practically  a  drcle.  It  can  be  best  laid  out  on  the 
crown  by  stretching  a  line  from  curb  to  curb,  and  measuring  ttte  ordinate!  down  from 
the  line  at  any  desired  interval  according  to  the  width  of  tbe  street.  The  length  of 
the  ordinate  can  be  determined  by  the  simple  fomuhi  O  —  C  (D/R)*,  in  which  D  is 
equal  to  the  distance  from  the  center  to  any  point  in  feet.  R  equals  one-half  of  tbe 
wldlh  of  roadway,  C  equals  the  crown  in  inches,  and  0  equals  the  ordinates  in  indies. 

Relation  of  Crowns  and  Gutters.  The  foregoing  prindples  will  work  out  satisfac- 
torily when  the  curbs  are  set  at  the  same  levd  on  both  sides  of  tbe  street.  It  oftn 
happens,  however,  that  on  side  hills  where  the  natural  alope  of  tbe  ground  is  eon^ 
erablo.  It  ia  Impractleable  to  have  tbe  euibe  on  the  longltudiiial  atraatt  at  the  same 
elevaUoo,  and  •omrttmea  tbare  Is  a  diSVenea  ol  1^  tx  2  tt.   Inanidd.  Improved 
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Mctlon  It  bi  extremely  difficult  to  vary  conditlcma  much  in  repaying  without  u&dua 
danug«  to  privata  property.  Slight  inequalitieB  In  the  ctirb  are  not  very  objecdon- 
ablfc  and  tbay  can  be  equdUMd  to  a  great  extent  by  varyins  tba  depth  of  the  guttcn. 
Od  an  wdlnary  roadway  80  or  40  ft  wide,  the  dqith  of  the  gutter  ahouM  not  be  over 
S  or  8  In.  If,  however,  the  roadway  be  wider,  It  will  poaribly  be  advisable  to  make 
the  gutter  deeper,  but  only  in  very  exceptional  carca  should  it  be  allowed  a  depth 
of  9  in;  and.  on  account  of  the  liability  of  overflow  in  caae  of  heavy  atornw,  it  should 
not  have  a  ctepth  of  less  than  4  in,  except  under  extraordinary  conditions.  Too  deep 
a  gutter  also  makea  too  great  a  st«p  for  pedestrians.  If  it  should  be  aasunned,  then, 
that  the  minimum  depth  la  4  in  and  the  maximum  9  in,  a  difference  of  elevation  of 
tbe  curbs  of  6  In  can  be  overcome  by  making  the  depth  of  the  gutter  on  the  high 
side  9  in  and  on  the  low  aide  4  in.  This  would  make  the  bottoms  of  the  gutters  at 
the  same  elevation.  This  method  can  be  pursued  on  roadways  40  ft  or  more  In  width 
even  when  there  Is  a  foot  difference  in  tbe  elevations  of  the  curbs.  When,  however, 
the  difftrsnee  becomta  aa  great  aa  1  or  2  ft.  another  method  must  be  used.  In 
■iicb  a  cMe  Iqr  "wiW''g  tbe  hlghaat  part  <rf  the  pavement  one-fourth  of  the  distanca 
out  from  tbe  hitfieat  curb,  and  than  slopUig  regularly  to  the  low  side,  very  good  rcaulta 
can  be  obt^ned  with  a  roadway  of  40  ft.  In  a  case  like  this  the  height  of  pavement 
above  the  gutter  on  this  quarter  distance  out  from  the  curb  should  be  a  minimum 
deration  above  the  gutter,  say  2  in,  which,  if  the  maximum  depth  of  gutter  be  used, 
would  make  thiei  Ugjiest  part  of  the  pavement  7  in  below  tbe  curb.  If  the  elevation 
flf  the  lower  Airi>  were  2  ft  bdow  the  upper  and  a  minimum  of  4  In  In  depth  used,  there 
would  be  a  fall  from  the  highest  point  of  tbe  pavement  to  the  bottom  of  the  gutter 
on  the  tow  aide  of  21  In,  which  would  be  equivalent  to  giving  a  rc«dway  of  60  ft  a 
crown  of  21  in.  This  is  exeesrive,  and  not  desirable,  but  It  is  probably  tbe  beat 
treatment  of  the  surface  that  can  be  given;  and  if  the  lower  curb  be  only  18  in  bdow 
the  U^MT,  tbe  fall  will  be  only  IK  tn,  which  will  not  be  partinilarty  objectionable. 

Effect  (rf  Car  Tiacka  on  Crowns  and  Gutters.  This  plan  Is  based  upon  the  under- 
standing that  no  street-car  tracks  exist  in  the  street.  When,  however,  tracks  are 
present,  the  problem  is  complicated  and  it  is  practically  impossible  to  give  a  satis- 
factory treatment  to  the  street  surface.  The  general  treatment,  however,  must  be 
the  aame,  namely,  a  deep  gutter  on  the  high  side  and  a  shallow  one  on  the  low  side. 
WhDe  tbe  fails  of  each  track  muat  be  level,  it  does  not  follow  that  the  tracks  them- 
Mlves  should  be  at  the  same  level,  altho  It  is  preferable  that  they  shouM  be.  If  the 
difference  between  tbe  two  oirba  be  excessive,  it  is  permissible,  tho  not  derirable,  to 
lay  the  two  tracks  at  a  difference  of  elevation  of  3  in.  and  it  often  liappens  that  it  is 
iiiiffisrjr  on  tbe  high  side  to  have  the  fall  from  the  gutter  to  the  tracks.  On  a  40- 
ft  roadway  two  tracks  will  occupy  practically  16  ft  in  the  center,  iMving  but  12  ft 
an  eadi  aide  of  the  tnuta.  so  that  thara  is  but  small  vaee  In  iriddi  to  ovmoma  Uta 
difference  in  elevations  of  the  two  sides.  When  extreme  cases  exist,  great  care  should 
ba  taksB  to  get  every  advantage  posalble  in  eataUisbing  tbe  gradea  of  the  bndn  ao 
that  the  roadway  may  be  ss  favorable  to  traffic  as  possible. 


In  order  to  make  a  good  paving  block,  atone  should  be  of  an  even  tex- 
ture, hard,  tough,  and  durable.  It  should  wear  smoothly,  so  that  the  aur- 
fiuw  of  the  pavement  will  tie  practically  of  the  same  contour  even  after 
it  is  worn  down  to  a  ronsiderable  extent.  This  last  quality  is  important 
and  an  exceedingly  difficult  one  to  obtain.  Apart  from  its  wearing  quali- 
ties, it  should  be  of  such  texture  aa  to  break  smooth  and  easily,  eo  that 
a  well-shaiwd  block  can  be  obtained  without  too  great  cost  for  labor.  It 
should  have  sufficient  crushing  strength  to  sustain  easily,  on  the  side  of  the 
blocks  used,  any  load  that  might  come  upon  it.  It  should  not  be  too 
hard,  otherwise  it  will  wear  smooth  and  l«  slippery,  and  unless  the  blocks 
are  laid  with  close  joints  the  edges  wiH  round  off,  giving  the  block  the  so- 
called  turtle-back  appeafance  and  make  the  pavement  rough  and  of  a 
cobbleatone  character,  even  when  the  bbcks  are  really  not  much  worn.  In 
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America,  stone  blocks  are  made  of  eranite,  sandatone,  trap  rock,  mad  lime- 
Btone,  altto  the  latter  two  are  used  to  so  slight  an  extent  that  they  need 
not  be  considered  seriously. 

Granite.  This  stone  is  found  very  widely  scattered  over  the  United 
States,  and  is  very  valuable  aa  a  paving  material.  It  ezistB  largely  in 
New  En^acd,  especially  on  the  coast  It  breaks  fredy  and  witii  a  smooth 
fracture  in  most  varieties  so  that  it  is  eamly  cut  up  into  the  desired  sisea 
for  paving  blocks;  and,  being  on  the  coast,  the  blocks  are  cheaply  trans- 
ported, so  that  this  material  ia  used  to  a  great  extent  in  Boston,  New  York, 
FhUadelphia,  and  other  cities  near  the  seaboard.  It  varies  considerably 
in  hardueaB,  and  in  some  cities  this  is  recognUed  by  specifying  hard  granite 
and  soft  granite,  the  idea  being  that  on  streets  of  lighter  traffic  a  softer 
granite  is  not  only  just  as  good  but  preferable,  as  on  lighter  toaffio  streets 
the  wear  is  not  ao  great  and  the  Uocka  maintain  a  smooth  surface  and  one 
that  is  not  slippery.  If,  howevn-,  the  traffic  is  heavy,  the  hard  granite 
should  be  used,  and  the  slipperiness  prevented  as  much  as  possible  by  the 
joints  betwem  the  blocks. 

Xa  1897  Kent  Ave.,  Brooklyn,  N.  Y.,  was  paved  with  granite  oo  concrete,  with  one 
of  the  bast  graoitfa  that  cornea  to  the  New  York  markeL  The  street  had  two  Udcb 
of  Btreet>-ear  trado,  and  was  used  at  that  time  to  a  great  extent  by  the  angar  rruuiu- 
facturera  in  carting  sugar.  Th«w  loads  wdghed  from  6  to  8  tons,  and  were  renermJiy 
driven  along  the  street  vith  one  wheel  on  one  of  the  rails,  ao  that  the  outride  wbeda 
ran  in  the  aame  place.  In  6  montha  an  appreciatile  rut  bad  developed  in  the  blodn 
and  also  in  the  croea  walka,  and  empltveee  of  the  sugar  refineries  were  sent  upon  the 
street  to  divert  the  traffic.  £ven  then  ruts  aoon  developed,  as,  oD  account  of  the 
car  tracks  and  the  heavy  loada,  it  was  not  poadble  to  uaa  the  street  from  sMa  to  side 
aa  it  could  have  been  used  had  there  been  no  trades.  An  oidliiary  granite  blodt  would 
have  lasted  a  very  abort  time. 

A  so-called  grults.  but  reaOy  a  iaspar.  was  uaed  In  Omaha,  Neb.,  aftar  pavfag 
work  was  begun  there  In  1888.  This  stoat  was  exceedingly  hard,  but  did  not  break 
very  well,  and.  while  It  showed  almost  bo  wear  under  tnOe^  it  beoune  ao  anMMith 
that  long  before  It  was  worn  oat  It  had  to  be  takni  up  oa  aeeaoat  of  Its  aiUama  dip- 
perineas. 

Sandstone.  There  are  three  kinds  of  sandstone  used  to  quite  an  mctent 
in  the  United  States:  That  which  is  known  as  Medina  sandstone,  found 
near  Rochester  and  Buff^o,  N.  Y..  and  which  fumiahes  the  matoial  for 
the  stone  pavements  of  those  cities  as  well  as  tA  Cleveland;  the  Kettle 
River  sandatone,  which  is  found  in  Minnesota  and  is  used  to  quite  an  ex- 
tent in  St.  Paul,  Minneapolis,  and  vicinity;  the  Colorado  sandstone,  which 
comes  from  the  quarries  near  Denver  and  furnishes  the  stone  for  pave- 
ments in  that  city  and  in  Omaha,  Neb. 

Medina  Sandstone.  This  stone  is  generally  deep  brown  or  red  in  color, 
the  sometimes  gray,  the  coloring  matter  being  ozido  of  iron.  The  prin- 
cipal quarries  are  located  between  Brockport  and  Lockport,  in  Monroe 
and  Niagara  Counties,  N.  Y.  It  is  found  in  thin  layers,  so  that  it  is  easily 
gotten  out  in  blocks  and  at  comparatively  low  cost.  It  has  good  crushing 
strength,  but  wears  much  more  rapidly  than  does  granite;  it  is  said,  how- 
ever, to  have  lasted  from  40  to  60  years  in  pavements  in  the  cities  where 
it  has  been  used.  It  varies  in  hardness  according  to  localities,  and  for  that 
reason,  when  used  in  povetnenta,  the  blocks  should  all  come  from  one 
quarry,  or  ledges  of  similar  formation,  so  that  the  blocks  will  be  of  the 
same  degree  of  hardness  and  the  wear  under  traffic  uniform.  These  blocks 
can  be  laid  so  as  to  be  very  smooth,  and,  on  account  of  the  character  of 
the  stones,  they  are  never  dippery. 


Kbttls  Rivsr  Sampbtohb.   The  quarries  from  which  thiaston,e  ifi  taJim 
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are  atiiated  at  Saadatone,  Minn.,  about  balf-w^  between  Minneapolia 
and  Duluth.  The  stone  ia  extremely  gritty  and  somewhat  harder  than 
the  Medina.  It  makes  an  szoeedfn^  durable  pavinc  Uooh;  and  it  easily 
out  -with  smooth  faces  and  sides.    It  has  a  compresnve  strength  of  from 

12  000  to  13  000  lb  per  sq  in.  It  in  extremely  popular  as  a  paving  material 
in  the  localities  to  which  it  is  tributary.  It  can  be  laid  with  close  joints, 
BO  that  a  very  smooth  surface  can  be  obtained  for  the  finished  pavement. 

Colorado  Sandbionk.  This  stone  is  found  in  Boulder  County,  Col.,  to 
a  large  extent.  It  varies  ia  color  from  gray  to  light  red,  according  to  the 
composition  of  the  iron  compounds,  altho  the  character  of  the  two  kinds 
is  practically  the  ssjne.    It  is  found  in  layers  from  ^  in  to  several  feet  in 

Table  IL — ^Teat  of  Phyrical  Iftopeitlet  of  Granita  BloCka 


MmterUl 


Location 


CruahinK 

Strength 


Gnaitc*  

Granite*  

Gnmits*  

Altered  Syenite  Porphyry*  . . 

FemiEinous  Saadrtone*  

Altered  Granite  Porplijrry*  . . 
Gnmitet  


Won,  S.  C  

Stone  Mountain,  Ga. . . 


Radnmnite,  Wis. 


Columbus,  Ohio  

Mt.'Airy,'N!  cl'. 


Granitet  

Gnnitet  

Granitet  

Gnnitef  

Gnuiitef  

Granitat  

Granltet  

[ 

Granite  (Sea  Green)t  I  Rockport,  Ma«. 

(kanita  (Bay  View  Grsy)t  ■  ■ !  Rockport,  Mue. 


Swana'  laland.  Me.  . . . 
Roberts'  Harbor,  Me. . 

Lions  Cove,  Me  

Waldoboro  Quarry,  Me. 

Waterford,  Conn  

Vinal  Hkven,  Me  

Alexandria  Bay,  N.  Y. 


Granite  (RodqMTt  Gray)t  ■ . . 

Granitet  

Granltet  


Rodcport,  Maea.  

Barre,Vt.  

Gloucester,  Mass.  . , . . 


26  790 
19  240 
S3  880 

25  460 
21  800 
42  480 
21  628 
19  884 

164SS 

19  458 

24*826 
27S42 

88  896 
29  862 

24*668 
29  847 

26  972 
29  670 

29*422 

27  908 

21  668 
22167 

20960 
21280 

28  978 
31 686 

19128 

25498 

20  000 
20  222 

22  000 
26880 


18.6 
18.2 
19.0 
19.2 
16.5 
19.1 


18.4 

i9.i' 
i9.'o 
is-Y 
i9.i 
is.8 

i8.9' 

18. '5 
19.2 

19. '3 


18.9 
19.4 


*U.S.O.P.R. 

{Bureau  of  Hlghwi^  BorouBh  of  Manhattan,  New  York  City. 
Bureau  of  Hiihways.  Bocou^  of  Brooklyn.  New  York  City. 
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tbicknees,  and  epiita  easily  along  the  cleavage  planes,  breaking  readily  at 
rii^t  anglM,  BO  that  it  is  formed  into  good  paving  blocks  without  an  undue 
amount  of  labor.  It  is  hard  and  tough,  and  wears  well  and  smooth  in  a 
pavement.  It  is  never  slipper)',  even  when  smooth,  and  when  laid  on  an 
unyielding  base  will,  after  a  little  wear,  present  a  smooth  and  pleaains 
surface.  It  has  a  crushing  strength  on  the  bed  of  10  000  to  12  000  lb  per 
sq  in,  and,  on  edge,  a  strength  ranging  from  12  000  to  17  000  lb  per  sq  in. 

Trap  Rock.  This  material  has  never  boon  used  to  much  extent  in  the 
United  States,  except  in  dties  near  the  Hudson  River.  It  is  found  in 
great  quantities  on  the  west  bank  of  the  Hudson,  and  when  the  Belgian 
block  was  first  introduced  in  this  country,  trap  rock  was  almost  entirely 
used  for  its  manufacture.  It  is  extremely  hard  and  will  sustain  a  large 
amount  of  traffic  without  much  wear,  but  soon  becomes  smooth,  and  ita 
character  is  such  that  it  is  made  into  smooth,  well-shaped  blocks  only  at 
great  expense.  A  few  blocks  have  been  used  of  the  oblong  shape  nlmilyr 
to  those  of  granite,  but,  on  account  of  the  expense  of  manufacture,  to  a 
very  slight  extent,  and  its  use  has  been  discontinued  almost  entirely  m  m 
paving  material. 

Whin  Stone  la  used  in  Glasgow  for  pavtaf ,  but  under  ■peeUeations  rimilxr  to  tttom 
provided  (or  Knunite.  The  City  Engineer  of  that  dty,  in  writing  to  the  AimHam 
Consul,  mya  of  this  stone:  "Whin  stone,  prindpally  fran  quarries  around  the  dty,  im 
heavy  and  doae  grained,  and,  while  not  ao  las^ig  as  gniiitt^  lasts  ss  long  under  the 
Ugfatsr  traffle  to  wbidi  U  b  subjected  fai  tbe  minor  tborofarea  when  whin  paving  is 
adopted.  It  is  not  eo  alippery  aa  granite,  and  on  this  account  is  naad  fal  sewral  <rf 
the  heavy  traffle  streets  where  the  gradient  is  pretty  heavy.  Whin  metal,  from  the 
same  qiuurles,  is  tiao  largely  used  for  macadamidRg  purposes." 

Tests.  The  Spec.  Com.  Mat.  Road  Cons.,  Am.  Soc.  C.  E.  recommends 
that  the  following  t^ts  on  stone  blocks  be  made:  Specific  gravity,  absorp- 
tion of  water,  abrarion,  toughness,  hardness,  and  crushing  strength.  Meth- 
ods for  maldng  the  above  tests  are  given  in  Sect.  11.  Table  II  gives  the 
crushing  strength,  hardness  and  toiighneas  oS  rocks  from  several  quarries 
where  stone  Mocks  are  manufactured.  . 


Manufacture  of  Blocks.  Granite  paving  blocks  are  practically  all  made 
by  hand  labor;  no  machinery  has  yet  been  invented  that  will  produce 
blocks  satisfactorily  and  economically.  It  takes  the  best  of  stone  that 
is  carefully  quarried  on  the  rift  to  make  blocks  so  that  they  will  brealt 
clean  and  smooth.  The  granite  ia  first  quarried  into  dimension  sues  from 
largo  masses  of  stone  by  day  labor,  generally  in  blocks  36  in  on  the  rift 
for  the  width  of  tiie  block  and  40  in  for  the  depth,  all  in  random  lengths, 
so  that  when  the  pieces  are  drilled  and  spht,  blocks  from  4  to  4H  wide 
and  about  5  in  deep  will  be  produced.  The  stock  is  usually  transported 
by  railroad  and  dumped  into  the  paving  cutters'  berths,  so-called,  and 
there  drilled  and  fitted  into  the  finished  block.  The  paving  block  makers 
earn,  on  an  average,  tl5  per  week.  The  blocks  are  cut  by  the  piece,  for 
which  the  block  makers  receive  from  S25  to  S26  per  thousand  for  standard 
blocks.  The  average  number  a  man  makes  in  a  day  of  8  hr  is  about 
100.  The  blocks  are  inspected  from  day  to  day  as  they  are  being  made, 
and  ar^ain  when  they  are  loaded  into  cars  or  on  board  vessels  for  trans- 
portation to  the  various  cities.  The  improved  blocks,  to  12  in  long, 
3}i  to  4H  in  wide,  4?^  to  5K  i"  deep,  will  lay  about  28  to  the  sq  yd;  the 
special  improved  blocl^,  6  to  10  in  Long,  about  32  to  the  sq  yd.  The 
smaller  the  block,  the  olostt  the  joinL 
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Size  of  Blockt.  Just  what  is  the  best  sise  for  a  stone  block  has  not 
been  determinod  by  engines,  as  their  opinions  vary  to  quite  an  extent, 
depending  upon  the  exact  character  of  the  stone  to  be  used  and  also  upon 
the  individual  ideas  of  the  engineers  themselves.  It  is  generally  conceded, 
however,  that  for  heavy  traffic  streets  an  oblong  block  is  best. 

LsNOTH.  As  it  is  extremely  desirable  that  there  be  aa  few  joints  as  poa- 
Mble  paralld  to  the  line  of  traffic,  the  blocks  ehould  be  made  comparatively 
long.  Afl,  however,  all  streeta  are  laid  with  a  cotain  crown,  the  blocks 
must  not  be  so  long  as  to  give  an  uneven  bearing  on  the  foundation  or  be 
liable  to  tilt  or  tip  up  under  traffic,  nor  so  long  aa  to  easily  break  when 
extremely  hea\'y  loads  are  driven  over  them.  Also  they  should  not  be 
BO  long  as  to  make  a  block  that  would  be  too  heavy  for  pavere  to  handle  easily. 

Width.  The  blocks  should  be  of  such  width  as  to  give  a  good  foothold  for 
horses.  On  account  of  the  character  of  granite,  for  instance,  the  surface 
of  the  etooe  iteelf  can  offer  but  a  slight  foothold  for  hotses.  la  cities  most 
horse  ahoes  are  made  without  calks,  and  unlen  the  hone  is  aUe  to  get  a 
foothold  in  the  Joints  between  the  blocks,  especially  after  the  pavement  is 
sopiewhat  worn,  his  efficiency  as  a  draft  animal  will  be  very  much  reduced, 
and  he  will  also  be  liable  to  elip  and  injure  himself.  The  blocks,  however, 
must  not  be  too  narrow,  otherwise  the  joints  would  be  too  many  and  the 
Mocks  would  be  liable  to  be  unstable  on  the  foundation.  In  the  determi- 
nation of  the  width  of  the  block,  however,  the  character  of  the  stone  and 
the  traffic  should  be  taken  into  consideration.  As  the  sandstones  are  so 
much  less  slippery  than  granite,  wider  blocks  are  permissible,  and  if  traffic 
is  not  made  up  of  heavy  units,  the  necessity  of  jointe  for  foothold  for  hones 
is  not  so  great. 

When,  just  previous  to  the  SpftDiih-AmMicaii  War,  a  contract  was  made  for  paving 
Id  Havana,  Cuba,  the  inulmam  width  of  blocks  was  made  S  in,  because  In  that  dty 
mules  ware  then  moatly  used  tot  tnieldnK,  and  their  feet  bdng  so  much  amftUer  than 
tbow  ol  the  (Vdiaary  bMve,  more  frequent  Joiuta  were  required  In  order  to  give  them 
the  neoesmry  foothold. 

The  City  Engioeer  of  Newcastle-upon-Tyne,  EnKtand,  in  spealdBK  of  width,  eays:  (22) 
"A  narrow  sett  is  used  in  order  to  slve  better  foothold  and  to  obtain  a  neat  i^ipear- 
anoe  in  tbe  pavement,  but  If  the  sett  la  not  unduly  wide,  these  requirements  can  be 
obtained  by  a  greater  width  than  S  In.  Furthv,wiai  narrow  aetta  Kiving  a  ctHTespond- 
Insty  burge  number  of  joints,  not  only  is  the  noise  Increased,  but  tbe  strength  of  the 
whole  pavement  le  reduced.  Witb  moat  descriptiona  of  granite  tbe  waste  <rf  material 
in  iwodudng  ■  aett  S  fn  in  width  la  eonaiderablei  Consequoitly  the  east  b  about 
9%  greater  than  in  the  jvoduction  of  a  sett  4  In  In  width." 

DspTB.  This  is  ivobably  the  most  important  dimension  of  the  Mock, 
and  two  prinoiplea  must  be  considered  in  its  det«inination:  (1)  The  kind 
of  wear  which  the  pavement  must  sustain  when  laid,  (2)  the  stability  of 
the  block  itself.  Very  few  blocks  in  a  granite  pavement  are  worn  out 
when  it  becomes  necessary  to  relay  the  pavement  as  a  whole,  but  in  a 
series  of  years  the  blocks  become  displaced  so  that  they  get  an  undue 
amount  of  traffic,  are  worn  off  on  the  edges,  and  so  become  rough  and 
unsatisfactoi^,  when  the  actual  loss  in  the  depth  of  tiw  blocks  is  very 
slight.  Therefore  what  is  required  is  to  have  a  block  that  is  sufficiently 
deep  as  to  be  stable  and  have  sufficient  strength  to  sustain  the  traffic.  As 
a  general  rule,  and  in  order  to  have  stability,  the  depth  of  the  block 
should  be  not  less  than  the  width,  and  pietenAAy  greater.  If  blocks  are 
made  5  in  in  depth  there  will  probably  be  no  danger  of  cnisliing  when 
either  granite  or  the  best  sandstone  is  used. 

Whan  tbe  oblong  shaped  granits  blocks  wwe  flrat  used  in  the  United  StabM^  thsy 
were  givoa  a  d^ith  of  from  7  to  8  iD.   The  blodo,  however,  were  laid  on  a  sand 
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foimdatloD,  ud  it  wm  thou^t  Uwt  «  pennintble  variation  of  1  in  would  Hot  be  detri- 
mental to  the  pavemmt,  mm  the  umd  base  would  take  up  the  inequality,  and  by  allow- 
ing this  variation  the  blocka  could  be  made  more  cheaply.  When,  however,  the  eoo- 
crete  baae  was  used  and  it  was  not  neccaaary  to  have  ao  much  inha«nt  atabdity  Id 
the  block  Itself,  a  block  of  much  ism  depth  waa  uaad,  and  in  1S12,  after  a  conlereoce 
between  the  engineera  ot  New  York  Cttgr  and  vldiiltr  and  the  material  dmb  ftamUi- 
ins  the  cnnlta  to  tUa  locality,  the  foUowinf  apedflcatloit  waa  adopted:  "BloAa  diall 
be  of  the  fttOowlBi  dimaiirioiiai  Not  km  than  8  nor  ■MWe'tfaaii  12  in  knt  on  ta^  Mt 
leM  than  i}i  nor  mere  than  4M  In  ^Mb  <m  top;  not  tea  than  4M  w  non  tJiao  Sji 
la  deip>" 

AnotlMr  f  cnn  of  atone  that  ean  hardly  be  eaDad  bloAa  fa  naad  In  Rmifa,  r"V*nc 
what  la  called  kidney  pavonent.  Tbmb  atotea  ara  add  to  be  <rf  Inecolv  fcnn,  etthw 
entirdy  undrcaaed  or  little  drc— od.  The  kidney  setta  are  divided  by  risai  into  four 
daaaes:  larfe,  about  10  in  In  length;  medium,  about  8  In  In  Ivogth;  small,  about 
6  In  la  teigth;  and  Ane.  about  4  in  In  length,  and  the  setti  are  therrfore  uaed  aa  luve, 
medium,  small,  or  ftne.  The  medium  and  small  Iddnay  pavements  are  genanlly  naad 
for  the  traffic  section,  the  large  for  paving  ak^tas,  aad  thn  fine  for  stripe  of  road  Mffiae* 
<m  which  there  ts  little  or  no  traffic  Stones  not  very  much  bettor  In  dianwtar  thaa 
thoae  just  described  could  be  seen  in  the  pavemoita  ot  Baltimore  in  1916. 

Table  III  ahows  the  sixee  of  blocks  used  in  many  of  the  principal  cities 
in  this  country  and  Europe: 

TaUe  m 


ritv 

Length 
Inches 

Width 
Incbsa 

Depth 
Ineriea 

Remarks 

Boaton 

Brooklyn,  N.  Y. 

Chicago  

CleveUnd  

Manhattan, 

New  York  City 
PhUaddpUa.... 

Rooheatsr,  N.  Y. 

Budapest, 

8  to  12 

9  to  14 
8  to  12 
6  to  10 
8  to  12 
8  to  12 
8  to  18 

6  to  10 
8  to  12 

7  to  12 
7tol2 

7.2 
7.2 

4      to  4.6 
8.6  to4.6 
8.6  to4.6 
3.76  to  4.26 
4      to  6 
8.6  to  6 
8.6  to  6 

8.6  to4.6 
8.6  to4.& 
8      to  6 
8      to  6 

7.2 

7.2 

6      to  6.6 
7.6  to8 
4.76  to  6.26 

8.75  to  4.26 
6 

4.76  to  6.26 
6      to  6.6 

4.75  to  6.26 
6      to  6.6 
6      to  6.6 

4.76  to  6.26 
6.6 
7.2 

Spedal  cut 
Laria 

Granite 
Sandstone 

Sandstone 
I^ht  traffic 

Dreadan  

f  7.2  to  8.8 
\  7.2  to  10 

6.6  to6.8 
4.8  to6.4 

6,8  to7.6 
6.4  to7.2 

Half  trimmed 
Ordinary  stonea 

Elbarfdd, 
Frankfort, 

Ordinary 
7.2 
6.4 
6.4 

Minimum  7 . 2 
Minimum  7.2 
Minimum  6 . 6 
Minimum  4.8 

"  i 

4,8  to  9.6 
4.8  to  9.6 
6     to  10 
6     to  9 

4 
4.8 
6.6 

4 

6     to  6.8 
6.2  to  6 
4.8  to  6.4 
4     to  6 
8.eto4 
4 

4  to6 
4     to  6.4 
4.4  to  6.6 
8  on  bed 

6 

6.4 

6.4 

6.4 
6     to  6.8 
6     to  6.8 

6.4 
6.2  to  6.4 
6.6  and  7 
4,  6,  6  and  7 
7.eto  8.4 
6.8  to  8.4 
6.6  to  6.8 

Heavy  trafBc 
Medium  traAs 
light  tntta 

MancfaeatcT, 

England  

Meweaatle. 

6     to  8 

4     to  7 
4 

6 

6 

8 

6 

Sandstone 

Paris  

4 

6.4 

Dreulnf .  After  the  giae  of  the  Uoek  hae  been  detnmined,  ita  chuMtn 
M  to  smoothneM  upon  its  diffterat  faoea  is  very  important.    It  ean  euOr 
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be  UDtlentood  that,  in  order  to  have  a  smooth  pavement,  the  blocks  them- 
selves must  be  Bmooth,  and  this  applies  not  only  to  the  top  but  also  to  the 
sides  so  that  the  joints  may  be  even  and  filled  with  some  material  that 
will  bold  them  securely  in  place.  As  the  class  of  labor  required  in  making 
blocks  18  expensive,  an  extra  amount  of  work  upon  the  blocks  rapidly  increases 
the  cost  of  the  pavement.  As  has  been  intimated,  stones  of  different  texture 
and  eharactar  break  quite  differantly.  and  this  one  fact  often  detenaines 
whether  or  not  a  stone  will  be  suitable  for  paving  material. 

In  the  Conference  of  New  York  City  Engineers  and  granite  block  maoufactarsn, 
this  question  was  discussed  to  a  great  extent,  bs  it  was  aot  desired  to  qwdfy  a  block 
that  would  require  so  mudi  labor  as  to  make  it  unduly  expendve  even  If  it  made  a 
flnrt-dan  pavement  The  ^Moifleatton  in  this  respect  that  was  finally  adopted  wsa 
MM  foBows:  "The  blocks  shall  be  so  dreasd  that,  aftn  laying,  the  messurement  ol 
the  indivldtial  joint  will  ^ow  sot  mwe  than  H  hi  in  width  at  top  and  for  a  depth 
of  1  in,  nor  more  than  1  in  In  width  In  any  other  part  of  the  joint,  provided  that  not 
more  than  one  drill  hole  shall  show  on  the  olds  of  Uie  head  and  none  on  the  end  of  the 
head  of  any  bloeic  The  head  of  the  blodt  ihall  be  so  cut  that  it  shall  not  tiave  mote 
than  H  in  depression  from  a  straight-edge  laid  in  any  direction  acroea  the  bead  and 
held  parallel  to  the  general  smfacs  of  the  block."  This  spedBcadon  hss  been  prae- 
tieally  adopted  by  citiee  In  the  vMntty  of  New  Yorit  and  abo  by  the  AssodatiaB  tar 
Standardizing  Paving  SpedflcatiMS.  It  was  extremely  doirsble  to  adopt  aoeh  a 
specification,  as  It  made  it  possible  for  the  granite  men  to  make  blocks  ^lat  would 
be  satisfactory,  not  simply  for  one  of  the  dties  which  they  supply,  but  for  all,  so  that 
U  the  demand  In  any  one  place  should  be  cateesstve,  Uoda  ort^nally  propoaed  for  one 
efty  eoold  easily  be  diverted  to  another,  thus  avoiding  any  vontkius  dslayi. 

The  Bnrean  of  rachwayi.  Brooklyn,  IT.  T.,  adopted  tin  fcvsgalnc  spedfica^ion  for 
Erade  1  granite  blocks,  but  for  grade  2  granite  blocks  the  spedficadon  says  that  they 
■bsll  be;  "Not  len  than  8  nor  more  than  12  in  in  length;  not  less  than  nor  more 
than  4^  in  In  width,  and  not  lea  than  7  nor  more  than  8  in  In  d^th.  The  blodci 
are  to  be  rectangular  on  top  and  sides,  uniform  in  thidoieas,  to  lay  closely  and  with 
and  tme  surfaces,  free  from  bunches." 

Providence,  R.  I.,  In  1918  received  bids  for  two  kinds  of  blocks,  being  practically 
such  u  has  been  deecribed  for  gmde  1  and  grade  2,  Bureau  of  Highways,  Brooklyn, 
and  the  price  per  thousand  blocks  was  fl  more  for  grade  2  than  for  grade  1.  The 
requlfements  were  the  same  tot  the  eharactsr  of  the  stcsie.  It  must  be  remembered, 
however,  that  the  Uoekft  of  grade  S  were  vary  much  Urger  than  of  grade  1,  and,  altho 
sot  so  mU  drened,  would  require  mote  raw  material  and  cost  mora  to  transput, 
which  Is  u  important  Item  of  granite  block  pavement.  TMs  prohahly  aeeouats  fw 
the  difference  in  price,  ss  It  would  natoially  be  expected  that  tin  batter  Uodn  wovld 
cost  more.  As  s  mattsr  of  fact.  In  Brooklyn,  where  eontraetors  buy  by  the  square 
yard  as  laid  in  the  pavement,  the  price  for  grade  1  blocks  is  materially  more  than  for 
grade  2,  as  it  requirai  2S  of  the  improved  bloda  per  sq  yd  and  only  22  of  the  opdlnsry. 


Am.  Soe.  Mm.  Imp.  lUC,  SpecUkatkwH  tot  Omnite  Va^Blaeka.  "Tlie paving 
Mocks  dial]  be  of  medium  grained  granite,  showing  an  even  distribution  ot  ooOstltuait 
materials,  of  uniform  quality,  stnicturs  and  taatuist  without  iismr.  scalsa  or  dlalnte- 
gratlMi,  free  from  an  ex  cm  of  mica  or  feUvar,  wd  equal  la  every  respect  to  the 
sample  in  the  office  of  the  engineer. 

"Tvn.  Forheavybmffic  the  granite  shall  have  stoutness  of  not  less  than  9  and 
a  French  eoMldant  of  wear  of  not  leas  than  11.  For  medium  traffic,  the  granite  may 
have  a  tonghnsaa  of  not  lees  than  7  and  a  French  ooCfflduit  of  wear  of  not  lest  than  $ 
if  a  cement  grout  filler  Is  used.  The  above  tests  shall  be  made  by  the  methods  de- 
scribed in  Bui.  44,  O.  P.  R.,  U.  S.  Dept.  Agr.  The  average  of  three  tests  shall  be 
used  for  determining  toughnoH  and  the  average  of  six  testa  for  determining  the  French 
eofiffident  of  wear.  Contracton  shall  file  with  the  oii^eer  at  or  before  the  time  of 
bidding,  a  certificate  showing  the  name  and  location  of  the  quarry  from  which  it  is 
pr<vosad  to  obtain  the  blocks,  also  a  oerdfied  copy  of  a  report  from  the  U.  S.  Dept. 
Agr.,  showing  the  toughness  sod  French  cofiffidut  of  wear  of  the  granite  which  It  is 
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propoMd  to  use.  On  or  befcm  the  <Ute  of  tbe  lettliic,  dz  ^wrfflrattoa  blod^  mmda 
trom  tbe  granite  It  ta  propoaed  to  uae,  ihall  be  AM  with  the  ogiMw. 

"  Bam  or  Buxan.  l%a  blocln  shall  ba  of  the  (oUowing  dlmenwow;  Hot  lam  than 
8  nor  mora  thu  12  In  Iook  on  top;  not  Ism  than  nor  more  than  4H  Ib  wfd«  on 
top;  Dot  lees  thsD  4^  nor  more  than  in  deep.  Note:  When  in  the  judgment 
of  the  engineer,  s  shallower  block  than  that  before  specified  b  deemed  desirable,  a 
bhtdrSK  to4Klii  wlde.3H  to4}i  lnd«ep.«Hl7toll  in  loas,  may  be  used,  provided 
ttm  gnidta  haa  a  ■undent^        betor  of  tonghnm  and  n«neh  tioiOdent  of  mr. 

"  Drobino.  Tbe  blocks  shall  be  so  ilwed  that  the  faces  will  be  approxlnuitety' 
rectangular  in  shape,  and  the  ends  and  sidfls  sulBdently  smooth  to  pomlt  the  blodn 
to  be  laid  with  Joints  not  exceeding  >^  In  in  width  at  the  top,  and  for  1  In  downward 
thmfrom,  and  not  exceeding  1  In  In  width  at  any  other  part  of  the  joinL  The  top 
BUtlaea  of  the  blodc  shall  be  so  cut  that  there  will  be  no  deprwdone  meMuring  iDora 
than  9{  in  from  a  straight-edge  laid  In  any  direction  on  the  top  and  parallel  to  tbe 
general  surface  thereof.  Care  shall  be  ezerdsed  in  lianHHtij  the  blocks  so  that  tbe 
edges  and  comers  shall  not  be  chipped  or  broken,  as  blodis  otbvwise  acceptable  may 
be  rejected  on  account  of  spawllng.  Tlie  blodcs  shall  be  sorted  and  laid  in  couraea  at 
uniform  width,  eacept  in  special  eases,  as  may  be  Mdered." 

Am.  Soc  Hun.  Imp.  Ml*  Spedflcadona  for  Saadatena  PUvtaw  Blocka.  "Tha 
pa^fing  blocks  shall  be  of  sound,  hard  landatone,  free  from  day,  asama,  or  defects  wUeb 
would  injure  them  for  paving  paipoeea,  of  uniform  quality  and  texture,  and  aqaal 
in  every  respect  to  tbe  sample  in  the  ofBce  of  the  englnaw. 

"  SizB  or  BLOCKS.  Tbe  blocks  shall  be  of  tbe  foliowiag  dlnMndona  i  Not  less  tkaa 
8  nor  more  than  10  In  long  on  top;  not  less  than  8M  >>v  mora  than  6  In  wide  on  tapt 
not  leso  than  4M  nor  more  than  6H  la  deqt." 

Ana.  Soc  Hhu  Imp.  ItlC  8pscMcatioM  lor  Racot  or  Radraaisd  Vwirlnt  Btocfta. 
"  When  the  nee  of  blocks  reeut  from  old  paving  blocks  Is  permitted,  such  blocks  most 
comply  with  tbe  spedficatioiis  for  quality  of  stone,  as  reqtilred  for  new  blotAa.  Tim 
dlroendons  may  be  varied,  d^Mnding  upon  the  stse  of  the  old  blocks  whldi  are  to  ba 
redressed,  and  tbe  character  of  the  pavement  which  it  Is  sought  to  obtain." 

Boaton;  "Large  'number  one'  blacks  are  to  be  used.  The  blocks  are  to  be 
to  43^  In  wide,  7^  to  8  in  deep,  and  9  to  14  In  iMig,  averagbig  not  Isas  than  IIH 
tbe  edgca  are  to  be  sharp  and  straight,  forming  right  angles  at  their  intersecUosta, 
both  bwisontally  and  vertically;  the  faces  are  to  be  straight  spilt  and  free  from  bunches 
and  dqtresdons  exceeding  H  t&  uul  are  to  be  laid  with  as  doae  joint  as  poadbla. 
^Mdal  cut  blocks  are  to  be  used.  Tha  blodn  are  to  be  amooth  Itnfahed  on  tha  vsa^ 
tteal  ddea  and  mda,  the  edges  are  to  be  aharp  and  sirdght,  fondng  right  enilea  m% 
their  intersectiona,  both  borisontally  and  vwiJcany,  and  lay  doae  with  jotnta  not  to 
axeeadMIii;theblockBaretobe8tal2in]ong,  4  to4Hinwtde,  andS  to64  in  deep." 

Bnrean  of  Highways,  Borough  of  Brooklyn,  New  Ycn-k  City:  "Granite  paving  blodm 
shall  be  of  medium  grained  granite  showing  an  ev^n  distribution  of  constituent  mm- 
enle,  of  uniform  quality  and  texture,  without  seams,  scales  or  discolorations  showiog 
didnitagratian,  free  from  an  excess  of  mica  or  fddqiar  and  equal  In  every  raiveet  to 
tha  MunploB  ia  the  ofllee  of  the  Clilef  Engineer.'' 

Ckieago  SpedfleationB:  "Upon  the  sand  enshloo  shall  be  set  granite  paving  blote 
having  a  uniform  grain  and  texture,  without  lamination  or  etratiflcatitm,  and  free 
from  an  excess  of  mica  or  feldspar.  Soft  or  weatherworn  blodm,  or  those  obtained 
from  the  surface  of  the  quarry,  shall  not  be  used.  Tbe  blocks  shall  measure  from 
4  to  6  In  in  width,  6  to  12  In  in  length,  and  5  in  In  depth,  and  be  ao  dressed  as  to  liav« 
substantially  rectangular,  plane  surfecea.  Substantially  rectangular  is  Interixreted 
that  should  a  block  be  chamfered  or  undercut  on  the  side  or  end,  the  same  shall  be 
not  greata  than  M  In.  When  the  blocks  are  In  place,  the  surface  Joints  shall  be  not 
less  than  H  nor  more  than  H  [n  in  width.  Upon  the  application  of  a  Btrmigbt-«dae 
to  the  surface  of  the  block,  the  variation  thareiFrom  shall  be  not  greatv  than  ^  in. 
Upon  the  application  of  a  straightedge  to  tbe  sides  tx  cods  of  a  VtoA,  the  varlatfoB 
therefrom  shall  be  not  greato-  than  }i  fn." 

ClavetaBd:  "Paving  bloeks  shall  conriat  of  the  beat  quality  ot  Medina  sandstone 
OT  granite,  as  above  spedfied;  the  HeAna  Uocks  diaU  not  be  Ims  Own  SH  nor  mot* 
than  6  In  thick,  and  not  leas  than  6  nor  more  than  6!^  In  deep,  and  from  8  to  13  In 
long.  The  granite  blocks  dialt  not  be  lens  than  nor  more  than  6  tai  thick,  and  not 
IsM  than  4ii  nor  more  than  6ii  In  deep,  and  not  less  than  8  not  more  than  IS  in  loi«. 
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The  ■tones  to  hftva  pmlM  aldeB  and  ends  with  right-angle  jolntB.  all  rottgfancM  and 
points  of  atones  to  be  broken  ofli  so  that  wbeo  set  in  place  th^  ahall  have  tl^t  jidnts 
for  s  dirtsnce  of  st  least  1b  from  tlw  top  down;  tbs  sna  of  the  biMom  at  aay 
atone  to  be  not  lea  than  three  miirteti  of  the  ares  of  the  top.  Top  to  have  a  emooth. 
even  surfaes." 

PUladelphis:  "Smooth  Dresnd  Blocks:  The  bloeka  shall  be  so  dmed  that,  after 
laying,  s  measurwumt  of  the  individual  Joint  ahall  ahow  a  width  of  not  more  than 
>j  In  St  the  top  and  for  s  depth  of  1  in,  and  a  width  of  not  more  than  1  in  In  any  other 
part  of  the  joint.  The  hesd  of  the  bloeli  ehall  be  ao  cut  thst  it  shall  not  have  say 
dspreaaioM  more  than  ^  in  in  depth  measured  from  a  straight-«d|s  laid  in  any  dlrec- 
thni  across  tlie  head  sod  bald  psnlM  to  Uw  general  wifaee  of  ti^  Uodi.  Not  man 
than  one  drill  bole  ahall  show  on  the  tasad  of  a  blodi,  and  none  on  the  endi.  An  aver- 
age allowance  of  not  over  one  block,  showing  drill  hole  on  side,  shall  be  permitted 
to  a  square  yard  of  laid  blocks. 

"Rough  Dressed  Blocks:  The  bloda  ahsll  be  so  dreeeed  thst  after  laying, s  messure- 
niMt  of  the  Individual  joint  shsll  show  an  arcrsgs  width  of  M  ia*  Th«  lisad  of  the 
Uodc  sbsU  be  so  drassed,  the  sorfaee  will  ba  rough  and  imgolar;  this  fnegulsiftr  on 
each  block  being  not  lesi  than  K  aor  more  than  H  In." 

Rochester:  "Psving  blocks  eiiall  conalit  of  the  beet  quality  of  Medina  sandstone 
free  from  quarry  checks  or  cracks,  and  shall  be  quarried  from  fine  grain  live  rock,  ehow- 
ing  a  straight  and  even  fracture.  The  material  ahall  be  of  uniform  <iuslity  and  tastara^ 
free  from  seams  or  Hnes  of  dsy  or  otlier  sobstsnces  which,  in  the  opinion  of  tlie  City 
Engineer,  will  be  injurious  to  its  use  sa  paving  material.  Blocks  ehall  measure  not 
IcB  than  3  nor  more  than  G  in  thick,  and  not  lees  tiian  6  nor  more  than  in  deep, 
and  from  7  to  12  in  in  length.  Stones  to  have  parallel  ddea  and  ends,  and  rigfat«ngle 
joints.  AH  I  ninliiiian  In  joints  of  Rtone  to  be  broken  off,  so  that  when  set  in  plsce 
they  ■baD  have  tight  ialntm  for  a  distsnce  of  st  least  2H  ia  from  the  top  down.  The 
top  to  have  a  smooth,  even  surface,  with  no  projection  or  deprawiom  ezceedinc  H  in." 

Uvetpool<  Fcff  heavy  tralBc  streets.  Zivsrpool  usee  setta  6  to  8  in  long,  4  In  wide, 
and  SH  1»  deep.  For  lighter  tiaSc  streets,  setts  8^  in  square  on  top  snd  6  <  In 
deep  sre  used.  These  are  eaid  to  give  a  good  foothold,  and  are  generally  referred 
to  as  pegtop  bloeka.  On  still  lighter  tntfUc  streets  4~in  cubes  have  l>een  used,  but  It 
is  ststsd  that  the  present  tendency  !■  for  the  subetttutlMi  of  pitch  macadam  for  tbe 
Ughtsst  tnlBc. 

London:  "The  setts  to  be  carefullr  drened  and  fkee  from  protuberanoe  at  tbe 
aides  or  on  the  top  surfsee,  to  be  dosed  at  the  jtrfnta,  leaving  only  suffldent  mpmcm  for 
■routing  to  paas  to  tbe  bottom." 

Bdiabnr^:  "Paving  setta  shall  be  newly  quarried  and  obtained  from  the  beat 
parte  <tf  tbe  quarry  improved  of,  free  from  crikcks  or  afaakes,  and  square,  dreeeed  thru- 
oat  in  the  best  msnner  to  within  K  Id  of  nirs  " 

In  61s«ow,  in  1913,  the  blocks  were  axed  on  the  top,  jointed  on  the  sides  and  eads, 
and  dreeeed  on  the  bed,  making  slmost  a  drenmd  dimension  block.  This  produced  sn 
afanoat  perfect  pavement,  but  cost,  even  tho  matoial  and  labor  were  cheap,  $6.26 
peraq  yd. 

Frsnkftet,  Oermsny:  "All  material  delivered  must  be  hard  and  durable  and  from 
tbe  beat  strata  of  quarries  mentioned.  It  nnist  be  solid  and  uniform  in  hardnea 
and  coIot,  and  be  able  to  withstand  weather,  and  must  contain  no  eradis,  scales,  soft 
■pots,  or  foreign  substance,  and  have  no  other  faults.  All  atone  that  is  porous,  or 
wss  exposed  to  the  sun  before  quarrying,  shall  be  rejected.  Ail  stone  must  withstand 
hammering  and  ramming  while  laying  without  craddng.  Clan  No.  lA  snd  No.  IB 
stones  for  roadways  must  be  regular  in  shape.  Tbe  top  sorfaee  most  be  even  and 
smooth,  rectangular  and  with  sharp  comers.  The  aides  must  be  hammered  smooth 
without  hollow  spota  or  sharp  pdnta  or  projections.  The  bottom  surface  must  be  of 
■imilsr  worltmsnshlp  and  psrsllel  to  the  top  surfsee.  Class  No.  2A  and  No.  2B  stones 
for  roadways  must  fulfil  the  general  requirements  of  stones  for  Clan  No.  1.  The  top 
surface  must  be  even  and  have  sharp  comers,  and  must  not  deviate  from  rectangular 
idiaps  nore  Uian  0.2  in.  The  side  snrteees  amst  ba  so  flnlshed  that  wiiea  Ud  joints 
larger  than  0.4  in  will  not  ensue.  Tbe  bottom  surface  must  be  paralM  to  th«  top.  Cbus 
No.  3  sttmea:  Top  surface  must  be  similar  to  Clsss  No.  2,  side  surfscsa  to  be  ao  finished 
that  jc^ts  larger  Uian  0.6  in  will  not  ansa^  Uia  botton  iwfsas  toba  ss  nearly  paralM 
to  the  top  as  possible." 
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Hftotbarc:  "Stotiw  matt  be  <d  untfom  abuetimk  without  enda  or  ftmigB  nb- 
atanm.  Th*  top  surfnc*  must  be  evan  HDd  Bqiukra,  snd  with  fait,  ahup  corners.  Tlw 
bottoiD  mirfaoe  must  be  pmrallel  to  the  top,  with  a  surface  at  least  two-thirds  the  araa 
of  top.  The  sides  must  be  phimb  tor  a  distance  of  1.8  In  from  the  top,  and  from 
thwe  to  the  bottom  as  even  as  possible.  They  must  not  bulge  so  as  to  be  th*  cuae 
of  larve  Jolnti^  nor  have  latse  oaTities  whtdi  would  consume  too  rancb  tar." 

ia  Bud^sst,  KuwuTt  when  cubical  bbdn  are  used.  It  b  specified  that  thsr  shall 
be  drawd  with  a  dlammkl  pobited  punch  with  sueh  srsrtni  that  two  ti  Um  pbeatf 
tfltiKhw  will  not  live  a  joint  of  mote  than  0.44  la, 

6.  Cost  Data  on  Stone  Blocks 

The  price  of  Rranite  blocks,  delivered  f.o.b.  aloDgade  tbe  dock  in  the 
▼idnity  of  New  York  City,  depends  entirely  upon  the  coat  (rf  niBtotiid,  supply 
and  demand.  A  fair  price  for  the  material  in  1015,  baaed  on  above  deliv- 
eries, is  t2  per  sq  3rd  for  the  atondard  blocks,  and  $2.30  per  sq  yd  for  the 
apednl  improved  blocks,  dressed  so  as  to  lay  with  a  ^In  joint. 

COKSTRUCTION 

7.  Xjlying  die  Pavemmt 
Sand  CnaUon.   Upon  the  concrete  base  prepared  for  the  foundation 

there  must  be  spread  a  cushion  of  some  material  in  which  to  bed  the  blocks, 
so  that  they  may  not  only  have  a  firm  bearing,  but  also  that  there  will  be 
some  little  refiilicncy  to  the  pavement  itself.  It  is  the  general  practice  to 
make  this  cushion  of  sand.  When  the  depth  of  the  blocks  ran  from  7  to  8 
in  it  was  customary  to  spread  2  in  of  sand  upon  the  oonorete  base;  this 
would  allow  for  the  difference  in  the  depth  of  the  blocks  and  give  at  least 
1  in  tmder  the  deeper  blocks.  In  tbe  present  practice,  howevw,  when  tbe 
blocks  vary  in  depth  from  4*i  to  SH  in.  1  in  of  sand  is  generally  deemed 
■uffioient.  The  specifications  of  the  Bureau  of  Hi^^ways,  Brooklyn,  N.  Y., 
call  for  1  in  of  sand  for  Grade  1  blocks  and  m  for  Grade  2  blocks.  The 
specifications  of  the  Bureau  of  Highways,  Borough  of  Manhattan,  New 
York  City,  call  for  not  more  than  1  in  and  sufficient  to  bring  the  surface 
of  the  pavement  when  thoroly  rammed  to  the  proper  grade. 

In  London  the  apedflcatlons  aay  that  the  blocks  shall  hie  evenly  bedded  on  a  tUn 
lagw  of  sand,  or  other  aiqtroved  matarfal,  mixed  with  lime  or  eenwat  If  en  direclisd. 
and  spread  over  the  concrete  foundation.  Liverpool  requires  the  blocks  to  be  est 
upon  a  bed  of  fine  gnvd  H  in  thick.  Glasgow  calls  t<a  a  sand  cushion  1  in  In  depth, 
and  EdinhuTEh  for  a  cushion  2  in  in  depth. 

Laying  the  Blocks.  The  practice  of  practically  all  the  engineers  in  this 
country  is  to  lay  the  blocks  at  right  angles  to  the  curb,  except  at  inter- 
asctionB.  A  few  streets  have  been  paved  by  laying  the  courses  diagonally, 
and  theoretically  it  is  better.  While  it  is  possible  that  the  blocks  may 
wear  somewhat  longer  by  this  method,  the  extra  cost  of  labor  and  the 
waste  of  material  in  cutting  the  blocks  at  the  ciu-b  would  undoubtedly 
more  than  offset  the  gain  of  wear,  if  any,  in  the  pavement  itself.  Care 
should  be  taken  by  the  paver,  in  breaking  joints,  to  have  one  block  lap 
the  other  as  much  as  possible,  and  in  any  event  not  less  than  3  in.  If 
tbe  blocks  do  not  break  joints  by  this  amount,  and  traffic  should  for  any 
reason  be  led  into  one  track,  practically  long  longitudinal  joints  would 
bo  formed,  causing  undue  wear  upon  the  blocks.  Even  with  a  scattered 
traffic,  two  or  three  blocks  with  a  slight  lapping  of  joints  will  soon  cause 
an  appreciable  wear,  where  otherwise  none  would  exist,  mth  short  Uooks 
the  joints  are  much  more  frequMtt,  and  for  this  reason  extra  care  should 
be  taken  in  the  laying. 
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Bix>CKS  Laid  Diaoonallt.  In  Vienna,  and  in  parts  of  HtmsuT.  however, 
it  ia  cufltomaiy  to  lay  blocks  diagonally  on  streets  at  an  angle  of  43°  to 
the  curb.  Tlie  blocks  are  practically  7}^-in  cubes,  and  often  the  blocks 
at  the  curb,  and  sometimes  at  the  car  tracks,  are  pentagona,  instead  of 
rectangles,  so  that  no  cutting  or  fitting  of  the  blocks  is  necessary  on  the 
street.  Figs.  5  and  6  show  two  methods  of  laying  the  blocks  diagoo^Uy- 
It  will  be  noticed  in  Fig.  6  that  some 
of  the  stones  are  one  and  one-half  times 
the  length  of  the  cubes.  These  stones 
are  called  binders  and  are  set  at  the  ends 
of  the  courses  as  shown.  At  interaeo- 
tiona  the  arrangement  of  the  blocks  is 
different  from  what  It  is  on  the  street 
proper.  Where  cross-walks  are  used 
they  should  be  laid  in  three  rows, 
separated  by  one  or  two  courses  of 
blocks  in  line  with  the  curb.  These 
crosswalks  should  be  firmly  bedded  in  sand  cushions  spread  upon  the  con- 
crete and  thoroly  rammed  to  place. 

Latino  Blocks  at  Crosswalks.  In  the  early  days  it  was  the  custom  to 
lay  crosswalks  with  joints  as  shown  at  A,  Fig.  7.  Under  traflic,  however, 
the  stones  wore  quickly  along  the  joints,  as  the  long  joints  were  parallel 
to  them.  This  was  obviated  to  a  certain  extent  by  having  the  joints  cut 
at  an  angle  and  laying  the  stones  as  shown  in  Fig.  8  at  B.  This  was  all 
right  for  traffic  turning  comers,  as  shown  by  the  arrows,  for  one  crosswalk, 
but,  for  the  other  it  was  as  bad  as  before,  for  the  traffic  was  parallel  to 


Fig.  6 


Pig.  6 


Fig.  7 


Fig.  S 


the  joints  at  one  of  the  crossings.  This  was  finally  obviated  by  laying 
the  stones  as  shown  in  Fig.  9  where  no  traffic  ia  parallel  to  the  joint,  whether 
it  goes  directly  across  the  intersection  or  turns  at  the  comers.  The  original 
method  of  laying  the  blocks  themselves  was  the  same  as  to,  joints  as  re- 
gards crosffwalks,  and  modified  in  the  same  way,  as  shown  in  Figs.  7,  8 
and  9.  This  latter  method  is  what  is  known  as  the  herring-bone  method, 
and,  while  requiring  considerable  cutting  at  the  aides,  it  is  the  beat  plan 
to  datek    With  the  improved  blocks,  however,  ti^nd  the  smaller  joints,  the 
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Fig.  9 


question  of  jointii  ia  not  quite  so  vital,  but  too  much  care  cannot  be  taken 
to  make  them  as  short  aa  possible  in  the  direction  of  traffic.  While  granite 
block  pavements  have  been  laid  in  New  York  City  for  many  years,  still 
occasionally  an  intersection  laid  as  shown  in  Fig.  7  can  be  seen.  It  of 
course  makes  no  difference,  as  regards  wear  of  the  pavement,  whether  a 
block  IB       or        in  in  width,  or  whether  two  adjacent  courses  have 

this  variation,  but  it  does  make 
a  great  deal  of  difference  in  the 
appearance  of  the  finished  pave- 
ment, and  it  requires  very  little 
extra  care  or  expense  to  prevent  iL 
Joints  Between  Blocka.  The 
question  of  the  width  of  joints 
between  the  blocks  is  important, 
and  how  it  shall  lie  solved  depends 
both  upon  the  care  and  skill  of  the 
paver  and  how  well  the  blocks 
have  been  cut.  The  size  of  the 
joint  must  be  regulated  according 
to  the  kind  of  filler  to  be  used.  If 
it  is  proposed  to  fill  the  joints  with 
any  form  of  bitum'noua  cement, 
the  blocks  cannot  be  laid  too 
closely;  if,  however,  the  joints  are 
to  be  filled  with  tar  and  gravel, 
as  a  van'atioQ  of  1  in  is  allowed  in  the  width  of  the  blocks,  great  care 
must  be  taken  in  their  selection  wlicn  the  courses  are  being  laid.  The 
Borough  of  Manhattan,  New  York  City,  specifies  that  the  contractor, 
before  he  begins  work,  must  notify  the  Engineer  of  the  width  of  blocks  he 
will  use.  This  means  that  the  blocks  must  be  selected  as  to  width  in  tbe 
quarry  before  they  are  shipptxi.  The  joints  must  bo  of  a  siae  to  recei\-e 
the  gravel  required  by  the  specifications.  If  a  Portland  cement  filler  is 
uaed,  the  blocks  should  bo  set  stone  to  stone,  but  it  ia  not  necessary  that 
the  sides  be  smooth  and  even. 

The  Buruu  of  Hl^wajs  of  Uanhattan,  New  York  Citjr,  spectfles  that  the  blorka 
■hftU  be  laid  with  a  J^in  joint,  while  the  Bureau  of  Hicb'wmya  of  Brooklyn  requina 
a  >i-in  joint. 

Chicaso:  "The  blocks  shall  be  laid  in  contact  with  each  other  and  in  uniform  courses 
■crow  the  roadway  between  the  curbs,  except  at  tbe  interwction.1  of  the  ■treets,  where 
they  shall  be  laid  at  an  ancle  of  45°  with  the  center  line  thereof.  Each  course  shaD 
coneist  of  bloclu  of  the  same  width,  and  shall  be  to  laid  that  all  tonKituditial  joints 
will  be  broken  by  a  lap  of  at  least  3  in.  Hot  dry  gravel  free  from  loam  and  dirt  ahsll 
be  swept  into  the  Interstices,  and  the  bloelai  rmuimed  with  a  76-lb  iSDinier  to  a  true 
surface  and  a  firm  bed.  No  cracked  or  chipped  blocks  shall  remain  in  the  pavemait. 
When  directed  by  the  Engineer  the  apace  between  the  granite  blocte  and  the  curb 
or  curb  wall  shall  be  filled  with  a  mortar  composed  of  one  part  of  Portland  cement  aitd 
three  parts  of  torpedo  sand  or  limestone  screeninca.  The  price  bid  per  square  yard  for 
pavement  must  include  all  cost  of  this  work." 

Cleveland:  "Stones  are  to  be  set  tight  together,  in  uniform  rows,  brealdns  joints 
at  least  2  In  and  resting  against  atones,  in  the  same  and  adjoining  courses;  those  td 
the  sBjne  class  and  thickness  to  be  placed  together  in  the  same  row;  rows  of  similar 
thickness  to  be  placed  together,  and  set  directly  upon  the  earth  foundation:  no  gravd 
or  sand  to  be  placed  on  top  or  between  as  stones  are  laid.  Stones  to  be  set  perpCT- 
dicular  to  the  grade,  and  in  right  angle  courwe  across  the  street,  except  at  street  and 
alley  intersections,  where  the  courses  are  to  be  set  at  such  angle  aa  the  Engineer  shall 
direct.   The  pavement  shall  always  be  laid  by  the  paver  standing  upon  the  uppv 
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side  of  his  work;  the  psveroent  ah&ll  then  be  subjected  to  tbe  following  traetment 
by  tbe  C(»itimctort  mad  in  such  order  uid  to  nieh  extent  as  the  Engineer  ahall  direct. 
The  pavement  shell  be  laid  to  the  proper  snule  end  crown  o(  the  street  by  using  cords 
or  lines  stretched  lengthwise  of  the  street  end  drawn  tightly  over  and  touching  the 
top  of  bed  stones  set  In  the  ballast,  in  the  usual  manDer.  as  directed;  theee  bed  stones 
to  be  set  in  rows  lengthwise  of  the  street.  Stones  shall  be  set  from  4  to  6  ft  apart 
each  way,  as  directed,  with  thdr  tops  at  the  pr<q>er  grade  and  crown  from  the  pavement. 
The  hnai  or  cords,  iriten  in  use,  shall  always  be  kept  taut  and  shall  extend  over  sot 
less  than  three  bed  stones  at  a  timei  or  from  paving  that  is  laid  ova-  not  less  than 
two  bed  stonsa,  ™«irfwg  always  tha  three  p<^ts  trf  support.  In  placing  paving  ma- 
terial in  the  beds  In  advance  of  paving,  care  shall  be  taken  not  to  disturb  the  Hoes 
nor  bed  stones  when  set,  both  of  wUch  shall  always  be  kept  uncovered  and  free;  and 
all  paving  shall  be  laid  to  tines  set  as  bwe  spedfled." 

Boston:  "tTpon  the  concrete  or  gravel  base  is  to  be  spread  a  layer  of  dean,  coaise- 
Bcreened  sand,  and  In  this  sand  tbe  Mocks  are  to  be  laid  In  courses  of  uniform 

«idUi  and  depth  at  right  an^  with  the  Uos  of  tha  street,  unleaa  otherwise  directed 
by  tbe  Conunlssiotter,  with  doae  Joints,  tbe  longitudinal  joints  broken  by  a  tep  of 
«t  least  2  in,  sufficient  sand  bdng  used  to  bring  tbe  blocks  to  the  grade  and  form  for 
the  finished  roadway  after  they  have  been  thoroly  rammed  as  hereinafter  provided; 
they  are  then  to  be  covered  and  the  covering  raked  and  swept  until  tiie  joints  of  tbe 
blocks  are  filled  therewith;  the  blocks  are  then  to  ba  thoroly  rammed  to  a  Ann,  un- 
yielding bed,  thdr  surfaca  parallel  to  the  grade  and  crown  required,  and  are  tbni  to 
be  again  covered  and  the  covering  raked  or  swept  aa  aforesaid;  tbe  blocks  are  then 
to  be  again  rammed  until  tbey  are  solid  and  secure  at  the  grade  and  crown  of  the 
finished  roadway;  no  ramming  is  to  be  6<aM  within  16  ft  of  the  face  of  tbe  paving 
that  is  being  laid,  and  in  doing  the  ramming  one  rammer  Is  to  be  employed  to  every 
one  paver." 

Uaocbeiter,  Boglaad,  requires  that  the  }dnta  shall  be  in  In  width,  and  those  of 
London  that  ttie  blocks  shall  be  done  at  the  jotnti,  kavi^  only  snffldsnt  quo*  for 
CToutlng  to  pass  to  the  bottom. 

PiiiidplM  of  Jtrint  Filling.  The  proper  filling  fait  joints  in  a  vtone  pave- 
ment is  a  question  tbst  has  been  diacuaaed  for  numy  years  and  Uiere  is 
much  variation  in  the  practice  of  tbe  engineers  in  this  regard.  The  objects 
sought  by  the  filling  are:  To  obtain  a  waterproof  surface,  to  keep  the  blocks 
stable,  and  to  preserve  the  joints  in  such  a  way  that  they  will  not  be  undtily 
worn  under  traffic.  It,  too,  has  much  to  do  as  regards  tbe  noise  of  a  pave- 
ment, and  as  the  principal  objection  to  stone  pavement  is  its  noi^  quahty. 
Joint  fflling  on  this  acootint  alone  is  particularly  important.  The  joint 
should  be  waterproof  so  as  to  prevent  moisture  getting  down  below  the 
blocks  and  displaoms  the  cushion.  It  ia  a  serious  question  whether  it  is 
advisable  to  have  a  pavement  as  nearty  masonry  as  possible.  This  might 
be  true  from  a  wear  standpoint  alone,  but  as  has  been  said  before,  noise 
is  a  great  objection  to  stone  pavement,  and  if  the  pavement  be  practically 
monoiithic  the  noise  will  be  very  great.  The  different  j<^t  fill^  used  in 
the  United  States  are:  Sand;  gravel,  with  its  interstices  filled  wiUi  pitch; 
cement  grout;  or  some  bituminous  compound. 

Steele  CSB)  states:  "The  aim  should  be  lor  the  pavement  to  be  as  near  masoniy  as 
possible,  and  it  b  oselces  to  attempt  this  with  tbe  materials  and  method  ot  ^tplylng 
them  now  In  use.  If  instead  of  grouting  the  Joints,  the  mastic  was  applied  with  a 
trowel  during  the  laying  of  the  setts,  it  is  probable  that  a  fairly  permsnent  water-tight 
joint  would  be  obtained;  the  cost  of  the  work  would  undoubtedly  be  increased,  but 
as  the  weakest  part  of  any  structiu-e  b  generally  at  the  joint,  any  reasonable  coot  to 
Improve  this  would  be  repaid  by  the  longer  life  of  the  flnirdied  pavement" 

,  Sand  Filler.  The  finit  granite  pavements  were  laid  on  a  sand  base. 
The  necessity  of  a  waterproof  joint  was  not  recognised,  and,  if  it  had  been, 
it  would  not  have  been  easy  to  obtain  it  with  any  filler  when  the  blocks 
were  laid  upon  sand,  as  they  were  liable  to  settle  unevenly  under  traffic 
and  thus  beeak  the  bond.    Sand,  therefore,  was  used  for  filling  the  joints. 
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KtuminoiW  Pill«H.  Tho  tar  pitch  or  asphalt  joint  is  oti6  which,  if  soo- 
vesBfuUy  made,  ia  very  satiafactory.  The  blocks,  however,  must  be  so 
dressed  that  they  can  be  laid  with  close  joints,  aa,  if  they  are  large,  the 
-quantity  of  pitch  might  be  so  great  as  to  allow  the  blocks  to  move  in  warm 
weather,  or  the  pitch  it«elf  itii^t  run.  Aiw  the  oxpenae  of  making  the 
jmnts  would  be  too  heavy.  It  has  seemed  difBoult,  however,  to  got  a  bitu- 
minous filler  that  will  be  perfectly  satisfactory  under  all  conditiona  of  cli- 
mate or  temperature.  This  no  doubt  will  be  overcome  u  bitumiooue 
jointa  come  into  more  general  use.  In  Europe,  bituminous  fillers  are  the 
principal  type. 

Advantaqes  of  BrrnuiNous  Filleb.  The  great  objection  to  stone  pave- 
ment is  that  it  is  noisy  under  traffic.  Anything  that  can  be  done  to  reduce 
the  noise  will  add  very  greatly  to  the  value  of  granite  as  a  paving  material. 
If  granite  Uoclcs  are  so  dremed  that  th^  will  have  a  joint  not  '^■'^ 
H  irt,  the  Joint  can  be  filled  with  a  stable  bituminous  material  in  such  a 
Way  as  to  isolate  every  block  from  its  neighbor.  The  noise  produced  on  a 
Sranito  pavement  is  caused  by  the  action  of  the  wheel  upon  the  individual 
blocks.  With  a  stone  pavement  that  is  practically  a  masonry  construction, 
the  noise  caused  by  the  wheels  is  transmitted  from  one  block  to  another, 
BO  that  soon  there  is  not  simply  the  noise  caused  by  a  moving  vehicle  at 
the  place  where  it  happens  to  be,  but  the  accumulated  noise  of  its  trip 
over  the  pavement  and  the  reverberatioDB  which  must  aooordingjly  follow  it. 
If,  on  the  other  hand,  each  block  can  be  surrounded  with  a  non-oixiduetor 
of  noise,  so  that  there  is  no  trannnission  of  ncnse  from  block  to  block,  the 
noise  will  be  reduced  to  a  very  great  extent,  and  if  the  blocks  are  SEOOOth 
and  they  are  laid  so  as  to  form  an  unbroken  surface  in  the  street,  the  uoiae 
will  be  still  further  reduced.  The  noise  made  by  a  vehicle  paoing  over 
Buch  a  pavement  would  be  much  less  than  if  passing  over  one  of  the  old- 
style  pavements  with  tar  and  gravel  joints. 

Pitch  fillbbs  came  into  use  soon  after  the  blocks  were  made  of  better 
fonn  so  that  they  could  be  laid  with  closer  jointa  and  thus  be  made  mcMe 
BtiU4e  of  themselves,  and  with  the  narrow  joints  they  would  not  require 
an  undue  amount  of  pitch.  The  fiAt  pavement  laid  in  dug  way  was  on 
Fourth  Ave.,  Borough  of  Manhattan,  New  York  City,  between  Astor 
Place  and  23rd  St.,  in  1910.  The  pitch  compound  was  not  exactly  satis- 
factory, altho  the  pavement,  which  has  been  in  use  7  years,  is  in  extremely 
good  condition  and  shows  very  clearly  the  advantage  of  thia  ooiutniotum 
over  the  old  method. 

Gravel  and  BrruMiMous  Filleb.  When  the  concrete  base  oame  into 
use,  it  was  deemed  advisable  to  M  the  joints  with  gravel,  the  interstices  a£ 
which  were  filled  with  a  compound  made  of  100  lb  of  coal  tar  pitdi,  20  Ui 
of  asphalt,  and  3  lb  of  rcmduum  oil.  The  original  granite  pavements  on 
concrete  were  laid  with  a  joint  from  ^  to  1  in  in  width,  so  Hukt  furly  large 
gravel  could  bo  used,  and  the  voids  were  such  aa  to  freely  allow  the  tntu- 
minous  filler  to  flow,  so  that  when  a  sufficient  quantity  was  used  the  jmnt 
would  bo  full  and  water-tight.  Coal  tar,  as  is  well-known,  is  subject  to 
changes  of  temperature,  so  that  a  compound  that  was  not  brittle  in  winter 
would  be  soft  and  liable  to  run  in  siunmer,  and  for  that  reason  the  pitc& 
was  fluxed  with  the  asphalt  and  the  residuum  oil.  Thia  method  required 
from  3H  to  4J4  gal  of  the  compound  per  sq  yd,  and  cost  in  New  York  City, 
in  189S,  from  35  to  40  cents  per  sq  yd  when  this  portion  of  the  pavement 
was  let  to  a  sub-contractor. 

Tab  and  Gsavni.  Filuib.   Thesiieof  the  gravel  in  a  tar  and  gravel  joint 
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mut  be  governed  by  tlie  width  of  the  joint,  and  as  to  make  a  joint  as  a 
■whole  fluoceesful,  the  pitch  must  freely  i>eroolete  thru  the  mterstiiiieB  of  the 
gravel,  ^e  bim  of  the  gravel  should  be  fairly  large.  It  ehould  not  lie  too 
well  graded,  as,  even  with  some  of  the  particles  large,  a  gradation  can  be 
had  that  will  prevent  the  free  flow  of  the  pitch  even  when  hot.  The  suc- 
cess of  this  joint  depends  mainly  upon  having  the  intersticee  of  the  gravel 
f^mpletety  filled,,  aa  without  that  it  is  very  difiBcult  to  keep  the  joints 
■waterproof,  and  this  is  recogniied  at  the  present  time  as  a  necessity  from  a 
sanituy  standpoint  if  from  no  other.  If,  then,  the  joints  are  made  wide 
enoogh  to  use  larae  Bisa  gravel,  they  will  wear  out  on  the  top  under  the 
constant  action  of  the  shoes  of  horaee,  and  the  edges  (Mf  the  Uocks  in  turn 
will  be  worn  and  rounded  off,  soon  making  a  rough  and  uneven  street. 
Therefore  it  has  not  seemed  that  this  method  of  construction  was  satis* 
factory.  It  is  expensive,  and  the  results  have  not  seemed  to  justify  the 
expense.  If  it  be  argued  that  the  joints  can  be  made  smaller,  which  is 
true,  it  would  be  necessary  to  have  the  sise  of  the  gravel  smaller,  and  thus 
increase  the  difficulty  of  making  the  joint  waterproof.  It  would  seem, 
therefore,  ituA  If  the  joints  are  to  be  reduced,  a  little  more  care  should  be 
exercised  in  the  numufaeture  of  the  blocks  and  the  joints  made  so  small 
that  they  could  be  filled  with  a  bituminous  compound,  either  alone  or  mixed 
with  sand.  It  is  probable  that  the  practice  of  filling  the  joints  with  tar  and 
gravel  will  shortly  be  almost  entirely  discontinued  in  firat-claos  stone 
pavements. 

Pitch  and  Sand  Fiujcb.  A  method  fidlowing  tbe  Eoi^sh  practice  has 
been  adopted  of  mixing  fine  sand  with  the  pitch  in  order  to  make  it  tougher 
and  overcome  its  tendency  to  become  brittle  in  cold  weather.  This  has 
not  been  in  use  in  this  country  long  enough  for  an  intelligent  estimate  of 
its  value  to  be  formed,  altho  everything  aeons  to  indicate  t^t  it  will  be 
successful 

Portland  Cement  Oront  was  probably  first  used  in  this  country  for  a 
jtnnt  filler  in  Woroester.  Mass.,  about  1900.  The  practice  then  was,  after 
the  blocks  had  been  rammed,  to  fill  the  joints  with  fine  broken  stone  and 
then  flush  them  with  a  grout  formed  of  one  part  Portland  cement  and  two 
parts  sand.  This  was  allowed  to  Bef  a  week  or  10  days  before  the  street 
was  opened  to  traffic,  and  this  practice  has  been  foHowed  in  that  city  to 
a  great  extent  since  that  time.  The  pavements  so  laid  are  smooth,  and, 
if  the  joints  hold  good,  wear  evenly  and  are  generally  aatiafactory.  This 
class  fillev  has  been  used  to  quite  an  extent  in  Europe,  but  only  in  a 
small  way  in  Uiis  country.  One  great  advantage  is  that,  on  account 
of  the  fluidity  of  the  grout  when  mixed  and  its  hardness  and  duralnlity 
after  having  set,  the  joints  between  the  blocks  can  be  comparatively  large 
and  tbe  blocks  themselves  rougher  on  the  sides,  as  the  grout  will  flow  fie^y 
in  and  around  bunches  and  when  set  makes  the  whole  joint  solid  and  com- 
plete. It,  too,  forms  what  was  referred  to  in  English  reports  as  masoniy 
oonstruotion,  and,  when  the  joint  holds,  it  probably  makes  as  duraUe  a 
stone  pavement  as  can  be  laid. 

DnADTAMTAOEa  OP  CwBHT  Grout  P1LLER8.  As  the  joints  are  absolutdy 
filled  with  a  hard  substance,  the  surface  of  the  pavement  becomes  very  smooth 
under  traffic,  and  thus  slippery  for  horses.  Pavement,  however,  thus  laid, 
keeps  its  form,  and  for  that  reason  presents  a  light  resistance  to  traffic. 
It  has,  howevn,  several  material  objections.  After  being  grouted  in  this 
manner  tbe  pavement  must  be  kept  free  from  traffic  from  10  days  to  2 
veeks,  aocQKdiny  to  the  weather,  hi  order  to  allow  the  grout  to  become 
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thoroly  set.  This  is  absolutely  necessary,  for,  if  traffic  is  allowed  on  the 
street  too  soon,  the  blocks  are  shaken,  the  partial  set  is  destroyed,  and 
the  joints  become  little  better  than  if  filled  with  sand.  In  smaller  cities 
and  on  minor  streets  this  may  not  be  a  serious  objection,  but  in  large  cities 
on  important  streets  it  is  prohibitive.  It  is  also  difficult  to  apply  the  grout 
in  such  a  way  as  to  get  unifonn  results  over  the  entire  pavement  surfsce- 
Oa  cement  grouted  streets,  areas  10  or  15  ft  square  are  often  seen  wh«e 
the  grout  has  entirely  disintesrated,  altho  the  rest  of  the  pavement  is  to 
perfect  condition.  This  may  be  due  to  the  unequal  mixing  f>f  the  sand 
and  the  cement,  or  to  the  possibility  of  the  sand  and  the  cement  beinit 
segregated  -  in  the  process  of  application.  This  difficulty,  however,  will 
undoubtedly  be  overcome  if  cement  grout  joints  come  into  general  use. 
Another  objection  is  the  difficulty  of  making  openings  in  a  cement  grouted 
pavement  and  repairing  it  afterwards.  It  bo  said  that  this  is  not  a 
legitimate  objection,  but  it  must  be  admitted  that,  however  objectionable 
they  may  bo,  frequent  openings  must  be  made  in  the  streets  of  American 
cities,  and  that,  if  any  street  pavement  cannot  be  readily  and  well  repaired, 
it  will  be  used  to  a  limited  extent.  It  is  not  only  expensive  to  make  open- 
ings thru  tiie  pavement,  but  a  great  many  blocks  are  broken  and  destroyed, 
and  so  must  be  replaced  with  new.  The  blocks  token  up,  even  if  not 
broken,  are  coated  with  the  cement  and  must  be  cleaned  before  being  used 
again.  It  may  be  said  that  this  extra  cost  is  not  borne  by  the  city,  but  by 
the  parties  who  make  the  openings.  This  may  be  true,  but  the  expense  is 
bome  by  someone,  and  it  must  come  from  the  ixtokets  of  the  property 
owner  either  in  direct  p^ment  to  the  party  who  makes  the  openings  or 
in  a  reduction  of  dividends  or  returns  on  his  investment  If  Che  openings 
are  made  1:^  corporations.  These  openings  are  replaced  witii  diffieulty 
because  it  is  almost  impossible  in  this  country  to  keep  traffic  from  a  repaved 
trench  long  enough  to  allow  the  cement  grout  to  set.  It  may  be  argued 
that  this  should  not  be,  but  as  a  matter  of  fact  it  is,  and  a  different  result 
ctmnot  be  easily  obtained. 

American  Methods  of  FilUog  Joints.  The  specifications  for  joint  fiiliog 
adopted  in  1910  by  the  Am.  Soc.  Mun.  Imp.  are  included  in  Art.  9. 

The  Borottfh  of  BrooUjn,  New  Tork  CI^,  has  laM  some  stone  pavenoimts 
with  grouted  jointa,  and  in  1916  provided  spedflcationa  for  a  cement  grout  fiUet,  a 
tar  and  gravel  filler,  a  refined  aapfaalt  joint  filler,  and  a  filler  composed  ot  coal  tar 
pitch  and  hot  dry  aand  mixed  In  the  proportion  dt  1  : 1.  The  spedfleatlans  med  by 
the  Borean  of  Hi^iwi^  for  the  diffennt  Allan  eounMrated  do  not  vaiy  materf^ly 
from  those  beraln  given. 

The  Bnreta  ot  HlgbwmTS,  Boroo^  of  Manhattan,  New  Toric  City,  provided  in  1914 
tor  a  bituminous  joint  filler  as  follows: 

"The  joint  filler  used  shall  be  a  mixture  of  paving  cemrat,  described  hereafter,  and 
hot,  dry  sand  in  the  proportion  of  one  part  sand  to  one  part  paving  cement  by  volume, 
or  as  much  sand  up  to  that  proportion  as  the  paving  cement  will  carry.  The  aand 
shall  be  clean  and  sharp  and  all  of  ft  shall  paaa  a  10-meah  screen.  It  shall  be  thoroly 
mixed  with  the  paving  cement  by  Bttrring  or  otherwise.  The  mixture  ahall  be  poured 
into  the  joints  until  they  are  full  and  remain  full,  repouiing  being  done  if  neoevaiy  so 
that  they  shall  remain  permanently  filled  flush  vith  the  surface  of  the  pavement 

"The  coal  tar  paving  cement  ahall  be  a  straight  run  reafdoe  obtained  from  the  dis- 
tillation of  eoal  tar  and  shall  comply  with  the  following  reqiUrementa: 

1.  Meltiai  pdnt  ahaU  be  not  lower  than  IS"  C  (110"  F)  nor  hi^  than  52"  C 
(126»P). 

2.  Frae  carbon  shall  not  be  less  than  20  nor  more  than  86%. 

S.  Sparfflc  gravity  at  25"  C  (77"  F)  shall  not  be  less  than  1.22  nor  more  than  1 .80. 
4.  SpadOe  gravity  of  the  distOlate  to  864"  C  (670"  F)  shall  not  be  less  than  IM 
at  60"  C  (140"  F)  OMBparad  with  watv  at  ths  same  tempentmv. 
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"  The  Contnetor  before  baglnnim  work  on  may  eontnet  ibali  obtain  from  tbs  Engi- 
neer a  BUtenient  In  writing  u  to  the  mdting  points  dogirad  for  that  particular  contract 
and  K  variation  of  2.8<*  C  (6"  P)  either  way  will  be  permitted  from  this  mdtiug  point, 
but  within  the  limits  aa  Indicated  above.  The  kettles  in  which  the  coal  tar  paving 
cement  la  heated  on  the  Bbeet  ahall  be  equipped  with  approved  thennometere  and  the 
paving  cement  ahall  be  heated  to  a  temperature  of  not  leas  than  121°  C  (250°  F)  nor 
more  than  149'  C  (300°  F)  and  shall  be  poured  when  between  theae  limita, 

"The  aaphaltic  paving  cement  ahall  be  obtained  by  the  distUiation  <tf  an  asphaltlo 
petroleum  at  a  temperature  not  airaecHng  700°  C  (1292°  F),  and  ahall  eomply  with 
the  following  requirements: 

1.  It  shall  be  homogeneous. 

2.  Melting  point  shaU  not  be  Ims  than  64°  C  (180°  F)  nor  more  than  68°  C  (UE°  F). 
8.  SohiUll^  in  carbon  tetradiloride  shaU  not  be  leas  than  98.6%. 

4.  Pnetntfon  at  26°  C  (77°  F)  shall  not  bt  Imb  than  60  nor  mot*  than  100.  tbm 
penetratlMi  test  hekag  made  wttb  a  No.  2  needle  fw  B  aec  under  a  load  of  100  g,  and 
the  penetration  at  88°  C  (100°  F)  shall  not  exceed  three  times  its  penetration  at  26°  C 
(77°  F),  the'eondition  of  time  and  load  being  aa  above  ostabliahed.  The  Contractor 
before  beginning  mtk  shall  obtain  from  the  Engineer  a  ststenient  in  writing  aa  to 
the  penetratloti  desired  for  any  particular  coo  tract  and  a  variation  of  not  greater 
than  ten  points  eltbcr  way  from  this  penetratioD  will  be  permitted. 

6.  Ductility  at  25°  C  (77°  F)  shall  not  be  teaa  than  40  cm  at  the  penetration  called  for. 

6.  It  shall  not  lose  more  than  3%  by  volatilisation  when  maintained  at  a  tempera- 
ture  of  183°  C  (826°  F)  for  6  hr,  nor  shall  the  penetration  of  the  residue,  after  such 
heating,  be  leas  than  one-half  the  original  penetration." 

Chicago:  "After  ramming,  tbe  spacea  between  the  blocks  are  to  be  completely 
filled  with  a  paving  pitch  which  shall  conform  to  the  following  nqulteaienti: 

1.  It  must  be  obtained  from  coal  tar  only  and  there  must  be  no  admixture  with 
it  of  any  material  not  obtained  from  coal  tar. 

2,  Its  specific  gravity  at  2S°  C  (77°  F)  shall  be  notices  than  1.17,normare  than  1.80. 
8.  It  slmll  contain  not  less  thsn  22  nor  more  than  87%  of  free  carbon,  the  free 

carbon  being  defined  aa  the  organle  material  insoluble  In  cold  carbon  disulpjilde  after 
digeating  12  hr  at  room  temperatora. 

i.  On  heating  100  g  of  tbe  pitch  to  816°  C  (600°  F),  the  distillate  shall  not  eseeed 
8%  by  weight.  The  diatillation  shall  be  conducted  In  an  8-oa  asbestos  jacketed  retort, 
in  which  is  inserted  s  8-tn  immersion  thermometer,  the  bottom  of  which  extends  to 
within  H  in  of  the  surface  of  the  pltdi  when  In  a  fiuid  stat^  and  the  temperature 
lneraaBed«ttherateotll°C  (20° F)  pwnfn  until tha flist drop dlstilbrte b formed, 
and  thereafter  at  approxlraataly  tha  rata  of  1  dnv  per  see.  Tb»  total  isngth  between 
the  thermcHuetw  entering  the  retort  and  the  end  of  the  adaptor  shall  be  18  in.  Two 
■heeta  of  wire  gause  each  20-meBh  fine  are  placed  between  the  bottom  of  the  retort 
and  the  burner, 

6.  The  malting  point  of  the  pitdi  rfiall  ha  not  lew  than  54°  C  (180°  F)  and  not 
mora  than  60°  C  (140°  F)  whan  obtained  1^  the  following  method:  live  grama  ot  tbe 
pitch  are  molded  by  hand  into  the  appnudmate  form  of  a  cube.  Thru  the  center 
of  this  cube  is  inserted  a  Brown  &  Sharpe  gauge  bent  (toppu-  wire,  0.08  in  in  diameter, 
from  face  to  face  of  the  cube.  The  bottom  of  the  cube  of  pitch  and  the  bulb  of  tha 
thermometer  are  placed  1  In  above  the  bottom  of  a  250  eu  em  Griffin  form  beaker 
filled  with  200  cu  cm  of  water  and  kept  at  a  temperature  of  21°  C  (70°  F)  for  16  roin. 
The  temperature  Is  then  rained  5°  C  (9°  F)  pra-  min,  until  the  eoftening  pitch  toudtea 
the  bottom  of  the  vessel,  or  a  tin  cover,  or  paper,  or  sand,  placed  thcoein  to  catch  the 
melted  pitch.  The  temperature  recorded  at  tiie  Instant  tiie  pitch  touch ee  the  bottom 
is  the  melting  point  of  the  pitch. 

6.  The  penetration  of  the  pitch  shall  be  not  lees  than  76  and  not  more  than  110 
as  determined  tbe  New  York  Testing  Laboratory  Faietrometer.  The  sample 
ahall  be  placed  In  water  whlds  Is  maintained  at  88°  C  aOO°  F)  for  not  leas  than  80 
mln.  "nie  peDetratfon  shall  be  taken  under  water  at  88°  C  (100°  F)  under  a  weight 
of  60  g  acting  for  6  see. 

"  The  pitch  must  be  used  at  a  temperature  of  not  lees  than  149°  C  (800°  F)  and  not 
more  than  177°  C  (860°  F)  and  be  spread  In  sections  It  the  Engineer  so  direct*.  All 
idnts  and  edgea  of  the  bloA  AaH  be  eomplaldr  AIM  with  irftdt  and  U,  attar  eooUng, 
tha  Jdntt  are  not  ansh  and  em  with  tht  sutfao^  Otv  sboiild  ba  ngmirsd. 


r 


1084  Stone  Block  P&vementB  Seot.  10 

"The  Coatftttor  hluU  provide  th*  Boud  Local  Improrementa  with  ■  dupUcftto 
delivery  tiekat  far  each  and  evwy  load  or  tank  of  pavins  pitdi  deUvared  <m  the  wotk. 
Thb  ttdnt  must  ba  algiwd  by  the  eonslEDor  and  be  of  a  form  approved  by  the  Board 
vi  Local  Improvamenta. 

"Imnadlately  aft«r  the  ^treading  of  the  paving  pitch,  and  while  It  ia  atill  hot,  the 
blot^  shall  be  covered  to  a  depth  of  not  leaa  than  In  with  hot  rooflng  fravsL  TUb 
gravel  must  be  entirely  free  from  autd  or  loam,  and  not  eieeed  H  In  in  rias.  All 
gravel  must  be  clean,  waabad.  dried  and  heated  mough  to  prevent  the  chilling  at  the 
pitdt.  The  tarring  and  top  drMdncmurt  ba  ompbtad  aaeh  day  to  iritUn  6  ft  of  tlia 
face  of  tlie  blocking." 

CleveUnd:  "Mastic  Fillbk.  The  mastic  joint  lUler  shall  eonalst  of  a  mixture  of 
paving  pitch,  of  a  quality  hn^naftv  dcacribed,  and  hot,  dry  sand,  of  flnciwi  hareto- 
aftar  specified,  in  the  |»opcMlion  of  <uta  part  pitcb  and  ob»  part  sand  by  vohima.  Tbm 
paving  pitch  shall  be  a  straight  tun  rc^dua  obtained  from  the  dMUlatlaB  of  oo«l  tar. 
ItshaUhaveaneltbtgpolntof  notl8aitban48°C  (llO"  P)  or  more  than  49*  C  (UO' 
F)  by  the  cube  method  of  testing,  and  dudl  have  a  free  carb<m  contMit  of  not  Waa 
than  20  nor  more  than  36%.  The  wnd  shall  be  fine,  clean  and  roodvately  ahatp 
lake  sand  of  approved  quality;  not  more  than  6%  shall  pass  a  200-iaeah  alave  and  not 
mora  than  S0%  shall  ba  retalitad  on  a  4<Mna^  stove.  The  aaod  shall  be  thoraly  mind 
with  tba  pa^dne  pitdi,  dthv  by  hand  sdrring  or  by  a  miilnc  nwhine  at  mwoved 
etmstmction.  At  the  time  of  mixing,  the  aand  diall  be  heated  to  a  temper* ture  ttf 
not  less  than  ITI"  C  <8B0°  F)  and  the  pitch  shall  be  heated  to  a  temperature  of  not  Im 
than  83°  C  (200°  F)  nor  more  than  121<'  C  (2fiOo  F).  Alter  thoroly  mixing,  the  flllw  shall 
ba  poured  into  the  joints  to  the  full  depth  thereof,  repourlng  untfl  all  joints  ara  flDad 
fiuah  with  the  surfacse  of  the  pavement.  Extra  care  shall  be  uaed  at  the  gnttera  and 
around  manholea,  etc,  to  efTeetually  prevent  leakage  of  water  into  the  sub-readwagr. 
At  the  discretion  of  the  Engineer  filler  may  be  fiuahad  into  the  jdnte  by  mnana 
of  approved  stpieegeea  or  push  brooms.  In  this  event  the  joints  shall  ba  fiuahed  full, 
the  same  as  where  poured.  A  top  dwsing  of  dean,  coarse  sand  ahall  be  spread  over 
the  pavesMot  Immediately  after  the  filler  is  applied  and  while  it  is  atill  soft  and  pliaUa. 

"Coal  Tak  pAVtNo  FITCB  FlLUOb  The  joints  or  qtaces  between  the  bridawatoBaa 
and  thoae  between  the  bricks  or  (tones  and  the  curb,  railway  tracks,  around  ma»* 
boles,  etc  shall  ba  filled  with  coal  tar  pitch,  which  shall  comply  with  the  foUowfnc 
requirements;  Physical  Propertiea.  When  in  |dace  in  the  pavement  It  shall  be  of 
such  a  eharactco-  that  It  will  adhere  firmly  to  tiie  paving  brick  or  stone  and  to  the 
curb,  and  shall  be  euffldautly  plastic  to  allow  for  contraetioD  and  expandoo  in  ttm 
pAvament  trfOiout  davsloidnc  erada  In  the  jdata.  It  shall  ha  imtot  agdnst  actloi  br 
water  and  all  adds  and  alkalis  to  which  the  pavamect  may  be  ezpcaed.  The  filler 
shall  be  sudi  that  It  retains  its  eonaistency  under  extreme  temperature.  The  tree 
carbon  shall  not  be  less  than  26  nor  more  than  40%.  The  spedfie  gravis  shall  not 
be  less  than  1.23  nor  more  than  1.80  at  15.5°  C  (60°  F).  It  shall  have  a  "MJHwg 
pcdnt  varying  not  more  than  2.8°  from  67°  C  (5°  from  IBS"  F>  detenolned  by  tha 
cube  method. 

"Methods  of  use.  The  filler  ahall  be  heated  and  poured  Into  the  joints  to  the  fall 
depth  thereof,  at  a  temperatui^  (rf  not  ten  than  149°  C  (800°  F),  nor  greater  than 
177°  C  (350°  F).  All  jobita  shall  be  completely  filled  to  the  top.  The  top  dreadnc 
of  nnd  shall  be  spread  over  the  pavmnent  Immediately  after  the  filler  is  applied  and 
while  it  is  etlll  soft.  In  cold  weather  the  aand  shall  be  heated  »o  as  to  readily  bond 
with  the  pitch.  Extra  care  shall  be  used  at  the  gutters  and  around  catdi-badns,  et^ 
to  effectually  prevent  the  leakage  of  water  into  tha  sub-roadway. 

"ASPHAi/r  FiLLBR.  The  intcntlccs  ti  the  bridi  or  atone  Uodn  shall  be  complete 
filled  with  an  asphalt  filler  heated  to  a  temperature  of  not  less  than  177°  C  (860°  F) 
nor  more  than  282°  C  (450°  F).  This  asphalt  filler  shall  not  contain  pitch  nor  any 
part  of  coal  tar.  It  shall  contain  at  least  98%  of  bitnmen  s<dnble  in  carbon  dlsul- 
phide.  It  shall  remain  pHable  at  all  tsmperatnrea  to  irtddt  It  majr  be  subjected  ■•  a 
atreet  paving  filler:  ft  shall  be  absolutely  proof  against  water  ai^  street  Vquld^  it 
shall  firmly  adhere  to  the  brick  or  stone  and  be  pliable  rather  than  rigid.  The  pen- 
etntion,  with  a  No.  2  needle,  ahall  conform  to  the  following:  lOO  g,  5  sec  at  26*  G 
(77°  F)  26to60;200g,  Imhtat  D°C  (82° F)  not  bdow  26;  fiOg,5eeeat46°C(lU°I) 
not  above  110.  Care  should  bo  exerdsed  to  completeir  fill  all  opvinp  anHmd 
■tnet  atmatursB,  and  the  street  ahall  not  be  used  for  timffic  nntfl  the  filler  is  cob. 
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pletely  Me.  A  top  drCMliiC  of  nnd  dudl  be  ipnAd  fanraadlstaly  after  tb*  Alkr  to 
mppHad  and  iMOb  tt  k  tUD  aoft." 

Bostoa:  "Witr  Oravhl  Jomm  If  tbe  bloclm  us  to  be  Ud  with  gnvd  jolnti,  tha 
blocks  after  beins  rammed,  as  aforeMid,  are  to  be  covered  with  dean,  coarae  acroened 
«Bnd>  thoraly  dried,  by  artificial  heat  If  neoesnry,  and  the  sand  ia  to  be  raked  or  awept 
until  dke  jtdvts  arv  fllled  therewith;  tfae  entire  area  to  then  to  be  covered  with  a  layer 
of  the  same  sand  at  least  1  in  thick. 

"WrrH  PiTCB  JoiNtB.  If  the  blodmare  to  be  laid  with  pitch  jointa,  they  are  to  be 
laid  aa  above,  but  the  eoveilnK  to  to  be  waslied  pebbles,  ec|ual  in  quality  to  tlte  beat 
LoDK  Island  wliite  pebblea,  that  will  pass  thru  a  ^'la  screen  and  will  not  pass  thro 
a  ^in  screen  when  number  one  blocks  are  used.  If  special-cut  blocks  are  used  tbe 
openinfs  are  to  be  ^  and  H  in  respectively.  They  are  to  be  thc»oly  heated  and 
raked  or  and  the  blocks  are  to  be  thoroly  rammed  aa  aforesaid,  mad  the  jdnts 
filled  with  pebblea  to  within  1  in  of  the  surfara;  the  jtdnti  are  then  to  be  filled  with 
St  pavins  cement  of  proper  eonstateney  until  they  will  recdva  oo  more  and  are  filled 
flush  to  the  grade  and  crown  of  the  finished  roadway;  any  cement  left  upon  the  top 
of  the  blocks  is  to  be  covered  trfth  dry  sand,  sudadent  to  absorb  the  cement,  if  so 
required  by  the  Cwainissioner;  the  pavicx  cement  to  to  be  obtained  by  tbe  direct 
diatnUrtioD  of  coal  tar  and  la  to  ba  kqit  at  a  taBpsmtare  of  UV  C  (800"  F)  «liib 
beinf  need. 

"Wm  Grout  Joints.  If  the  blocks  ate  to  belaid  with  pout  Joints,  they  are  to  be 
Imid,  covered  and  rammed  aa  provided  for  pitch  joints  and  them  the  jointa  are  to  bs 
filled  aa  provided  for  the  pitch  joints,  but  with  grout  which  to  to  con^at  by  measure, 
of  one  part  of  Portland  cement  to  one  part  of  clean,  sharp  and  fine  sand;  the  cement 
Mtd  sand  just  before  the  grout  to  to  be  used  to  be  tiioroly  mixed  dry  In  a  manner  ap- 
proved by  the  CommlsBloner;  enoueh  water  is  then  to  be  added  and  the  grout  thoroly 
worked  with  hoes  or  other  tooto  to  the  ptoo^  oonatotency." 

PUJadtiphia:  "Obout  Joint  FnuR:  Immediately  after  the  blocks  are  laid,  suffi- 
cient gravel  ahall  be  spread  over  the  mrface  and  swept  into  the  joints  so  ss  to  fill  the 
■paca  between  tbe  Uodis  to  a  depth  of  about  2  in  from  the  bottom.  Tbe  blocks  shall 
then  be  rammed  to  thoroly  settle  and  compact  thto  layer  of  gravel  in  the  joints,  and 
so  as  to  leave  bo  blodca  above  ot  below  the  general  surface  of  tbe  flntshed  pavement. 
After  tbe  bloeto  have  been  brousht  to  a  uniform  surface,  grout  filler,  compoasd  of  one 
part  of  Portland  cement  and  one  and  one^haU  parts  of  dean,  sharp  aand  mixed  with 
clean,  fresh  water  in  such  quantity  as  in  tlie  opinion  of  the  Chiet  the  Bureau  Is 
necessary  to  give  the  propw  coasUtmg,  shall  be  poured  Into  the  jointa  until  filled 
and  surplus  gnatt  appeata  on  the  sartaoe.  Tb»  gratit  ahall  ba  broomed  into  tbe  Mnts, 
If  necessary  to  fill  them,  and  the  operattoo  shall  be  continoed  aa  the  grout  settles, 
until  the  Jtdnta  are  thoroly  filled  Audi  with  the  surface  of  the  blodis,  immediately  after 
which  tbe  entire  pavement  shall  be  broomed  to  a  smooth  surface,  sufficient  grout  bdng 
appUed  to  bring  the  surface  even  with  the  highest  part  of  any  of  the  blocks.  The 
bloeka  drnll  ba  wetted  by  sprinkling  with  water  immediately  before  applying  the 
front.  It  dry  or  heated  atmoapberic  conditions  require  thto  precaution  to  be  taken. 
A  squeegee  scraper  shall  be  used  on  the  last  application  of  the  grouL  Within  H  to 
9i  hi  after  the  last  application  has  been  made  and  the  grout  between  tbe  jdnts  has 
fully  subsided  and  the  Initial  set  to  taking  place,  the  whole  surface  ahall  be  lightly 
aprinkled  with  water  and  the  aurphis  grout  left  on  the  top  shall  be  swept  into  the 
jointa,  bringing  them  up  flush  and  fuU.  After  the  grouting  to  done  and  a  suffldent 
time  for  Inhdal  set  has  els  peed,  so  that  a  coating  of  sand  will  not  absorb  any  moisture 
from  tiie  giout.  M  in  of  aand  shall  be  wprmd  over  the  whole  surCtea.  Vben  tiie  work 
to  subjected  to  an  air  temperature  of  24°  C  (76°  F)  or  more,  tbe  sand  shall  be  sprinkled 
three  tlmea  a  day  for  8  days.  The  highway  shall  be  kept  dosed  to  traffic  for  at  least 
10  daya.  Should  the  bond  between  the  blocks  become  broken,  tbe  joints  shall  be 
cleansJ  out.  even  if  it  to  nooessary  to  take  up  and  relay  the  blodo.  Tfae  part  so  taken 
up  and  rehdd  shall  be  regrouted  and  protected  until  hardened. 

"BirmiiNOin  Jonn  rnim,  Sfbcitication  A:  Immsdiatolr  after  Hie  blodn  are 
IM,  suffldent  coarse  hot  gravel  shall  ba  spread  over  tiu>  surface  end  swept  into  the 
joints  so  aa  to  fill  the  space  between  tbe  blocks  to  a  depth  of  about  2  In  from  the 
bottom.  The  bloeka  shall  then  be  rammed  to  thoroly  settfs  and  compact  the  first  layer 
d  grave]  in  the  joints  and  so  aa  to  leave  no  bloeka  above  or  bdow  the  general  surface 
of  the  finished  pavement.  The  jointa  shall  than  be  poured  one-half  lull  with  pitch 
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filler  M  herein  deKrOwd  and  then  fiOad  to  within  H  in  ol  Um  anrfua  wHh  hot  vml 
and  Btain  poured  with  the  filler.   Tbie  kat  pmirinc  ehall  bring  the  filUnc  Audi  with 

the  tope  of  the  blocki  mt  the  joinbL  The  Anml  pouring  ot  the  filter  dull  be  ImmBdi- 
ately  followed  with  a  sufBdeDt  amount  of  hot  gravel.  appHed  at  the  jolnta,  to  con- 
ceal the  filler.  The  gravel  ahaU  be  dean,  waahed  gravel  between  H  a&d  H  in  In  iia 
latSMt  dlmendon,  not  over  26%  of  whldi  ahall  be  of  the  In  siae.  The  filler  shall 
eomply  with  the  following  test  requirement*:  (1)  ^>edflc  gravity:  It  ahall  have  a 
specific  gravity  between  and  1.S3  at  U^"  C  (60"  F).  (2)  Melting  Point:  ItdiaU 
haveaneltingpoint  between  49°andU°C  (IZO'atid  tSO^F).  0)  Free  Carbon:  It  ahaU 
contain  between  20  and  80%  of  free  carbon.  The  pitcii  filter  aa  uaed  on  the  work 
riiaU  have  a  temperature  of  not  leas  than  121°  C  (260°  F),  and  tball  at  do  tbna  be 
heated  above  168°  C  (326°  F).  In  apidying  the  gravel  and  pitch,  care  ahall  ba 
taken  that  the  block  laying  la  doaely  followed  by  the  filUng.  and  In  no  eeae  ahall 
the  pavement  be  left  over  night,  or  when  work  te  stopped,  without  tho  filter  beii« 
eo«[rfrted.  In  can  ot  nlu  atoppins  the  filling  operatloB  bafon  it  li  llntehtif,  the 
joints  ahall  be  protaeted  by  tlw  na»  tt  waMiproaf  outvaa  or  othar  naaoa  no  to 
exchide  moisture  or  water,  and.  under  do  dreumataneaa,  ahaH  the  filter  be  poorad 
into  wet  joints. 

"BnumiRKnJoiHmu^SraanuTKmB:  InuiwdiatalynftarthotdoitoaMWd, 
■Bflktait  coarao.  hot  gmvd  ahall  bo  wpirmd  orer  the  nirfeee  and  swept  Into  tho  jolnto 
ao  aa  to  fill  tlie  qiace  betwem  the  bloeka  to  a  depth  ot  about  2  in  from  the  b<rttoin. 
The  bloeka  ahall  be  rammed  to  thoroly  aettle  and  compact  the  flrat  layer  of  gmval 
in  the  Jirints  and  ao  aa  to  leave  no  blodca  above  or  below  tlia  fOMral  aurtace  of  the 
flnidied  pavement.  The  jointa  shall  then  he  poured  imeJiaU  full  with  a  hlMinilmiMa 
flUar  as  herriaafter  deacribed,  and  then  filled  to  within  M  In  of  the  aurfoee  with  hot 
gravel  and  again  poured  with  the  filler;  thia  Uat  pouring  riiall  be  Ouah  with  the  ear- 
face  of  the  blocks  at  tbe  jolnta.  This  final  pouring  of  the  filler  ahall  ba  Immediately 
followed  with  a  sufficient  amount  of  hot  gra^  appHed  at  the  Jtdnta  to  cover  the  Site. 
The  gravd  ahall  be  ehu,  waahed  gravel,  between  ii  and  H  in  in  its  largeet  illiiiwi 
■ion,  not  over  26%  of  which  shall  be  ot  tbe  ^In  dm.  The  asphalt  filter  to  ba  mtd 
In  filling  the  Jointa  betwaaa  and  around  the  paving  blodia  diall  be  •  UtUBtnoon  a» 
tcrial,  althar  oataral  or  artUdal,  entirely  free  from  ooal  tar.  or  any  prodoet  ot  onl 
tar  dbtmatiaii.  It  ahaU  be  waterpro<rf,  free  from  «8t«-  or  deenqtoaUian  product^ 
■hall  adhere  firmly  to  the  paving  atonea,  and  diall  remain  duetfle  and  pUabla  at  aB 
climatie  temperatures  to  whfdi  it  may  be  subjeeted  In  actual  use,  and  ahall  not  ma 
in  the  joints  in  the  hottoat  tempenture  of  mramer,  nor  baeemt  hard  or  brlttla  tim 
the  action  of  boat.   The  asphalt  filler  shall  conform  with  the  foUowiag  isiFilieMWils 

1.  Sohibillty:  It  ahaU  eontdn  not  h«  than  «8%  pun  UtmBv  adidils  fa  ttrbon 
diaulphida.  Ot  the  total  amount  ■ehible  In  earboi  dknlphMe.  98Jt%  ahall  be  aohibte 
in  carbon  tetrachlOTide. 

2.  Powtralion:  When  teated  by  the  Dow  metiiod  with  a  No.  S  needle  wafghted 
with  200  g  and  operating  tor  1  mfa  at  0*  C  (SS°  Fi,  it  AaU  have  a  panatontka  gm^ 
than  26.  When  teated  with  a  No.  2  needle  wel^ited  with  60  g  and  rymHt^  far  fi 
sec  at  46"  C  (115°  F),  It  shall  have  a  peoetratloa  not  greater  than  110.  Whm  InaUJ 
with  a  No.  2  needle,  wdghted  with  100  g  and  operating  for  6  see^  tB*  C  (77*  F},  It 
shall  have  a  penetration  between  the  Hmlis  of  from  26  to  60. 

3.  Viacosi^:  One- half  gram  ot  the  material  when  made  into  a  ball  shall  not  nadt 
and  drip  thru  an  aperture  1  mm  fa  diameter  at  teee  than  tS"  C  (200°  F)." 

Bocherter:  "if  a  paving  pltdi  filler  b  ived,  the  jofau  ahaU  be  flUad  with  dnn. 
dry,  hot  gravel  of  proper  afaii  aa  harata  apadfiad,  heated  fa  pana  aapedally  provided 
tor  that  purpoae,  and  poured  from  cane  having  email  q>onta  and  tbvoly  aaHhJ  fa 
pl-.ee  with  wire  picks  until  the  level  (rf  the  gravd  te  at  least  2  fa  bdow  the  top  of  tbe 
pavement.  The  gravel  uaed  between  the  blodca  ahaO  be  of  auch  dae  aa  will  pas 
thru  aalevehaving4meahoepereqto,andbaretainadoeadwotM— hiapwat 
in,  and  must  be  leraaned  when  dry." 

Buropeui  Hatbods  «f  FUUiif  Joints. 

Manchester,  Bngluid:  "The  Jofata  to  be  filled  with  H4a  chlppin«i  of  IfaiMtone  cr 
other  approved  stone,  and  to  be  flushed  with  a  prepanticm  ot  pitch  and  tar  of  ap- 
proved quaUty  thoroly  boUad.  and  mixed  in  proportions  satisfactory  to  tte  Snnmr, 
tbe  pavwsot  to  be  lightly  covered  with  paving  efatppfaga." 

Loodon:  ''The  atoM  to  ba  wall  nunnad  and  bM*  noMMd,  at  tiw  optta  and  ■• 
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directed  by  the  Eni^mer.  to  a  oniform  surfue,  and  jointed  with  m  bitumen  eompoeed 
of  tmr,  pitdl  and  ereosote  in  approved  proportjana,  and  aa  the  work  prooeeda  to  be 
well  fluahed  wiflt  riuup  Tbamea  aand  and  eetnent  or  lime,  aa  may  be  directed,  in  tlte 
proportion  ot  6  to  1,  uid  coated  if  so  directed,  with  floe  Iwfl^.  If  the  *i**c<™^  alwll 
BO  direct,  the  bitumen  tluUl  ba  omitted  and  the  aettB  entirely  grouted  up  wttb  threa 
to  one  cement  grout." 

Z^rerpool:  "The  Jointa  shall  then  be  carefoHy  granted  until  parfacOy  (Died  with 
a  hot  compoeition  conristinf  ot  coal  pitch  and  cnoaota  oO,  and  finally  the  paTamant 
•ball  be  covered  with  }iin     abarp  graveU 

"Spbcial  Coal  Tab  Pitch.  The  pitch  thall  yield  do  matto  TolatUe  below  270°  C 
(618"  V)  when  subjected  to  dry  diatillattoB,  and  its  total  volatile  rnianic  matter  diall 
not  fall  bdow  80%.  It  ahall  not  contain  more  than  of  its  w^ght  of  matter 
iuwhlble  In  petroleum  spirit  of  0.700  specific  gravity  (tMiling)  and  must  be  free  from 
extniwoaB  matter,  aucfa  aa  aand  and  ^t.  It  must  twist  fabiy  after  immersion  for 
8  mln  In  watsr  at  CO"  C  UM"  F),  but  not  mder  W  C  asi"  7). 

"Spbcial  Casoeon  Oil.  The  oH  supplied  shaD  be  obtained  exdoaiv^  by  the 
distillation  of  coal  tar,  and  sluQ  not  ecmt^  any  portion  ot  tlw  distiUale  obtained 
below  240°  C  (464°  F).  None  of  it  ahall  re-distill  below  240°  C  (464°  F).  The  lAl  aa 
obtained  lUstillatiQit  ot  coal  tar  sliall  not  be  treated  In  any  way,  dtlier  by  the 
addition  of  any  coal  tar  product,  or  by  the  extraction  of  any  of  its  constituents,  ez- 
■  eepUns  sudi  extraction  aa  nmy  1m  necessary  to  comply  with  the  fallowing  dmium. 
It  shall  contain  no  mtdstura.  It  shall  contain  ho  solid  matter  at  16.6°  C  (60°  F)  and 
aliatl  have  a  specific  gra^ty  of  not  leas  than  1.076  takint  water  as  1.00  at  16.6°  C 
(60°  F).  It  shall  contain  not  less  than  40%  of  ita  conatltuentB  that  do  not  distill 
aver  bdow  320°  C  (608°  F)  and  the  60%  which  dose  dktill  over  below  820°  C  (608° 
P)  shaU  contabi  10%  of  tar  mMt,  to  be  sxtraetMl  by  soda,  qwdflo  mvity  1<126 
(water  1.00)." 

The  Edfaibtuih  qiedflaitionB  atale  that  the  iointa  dull  be  filled  fiush  with  btdlinc 
hot  i^tch,  prepared  and  tempered  with  ereosote  oU,  and  the  speeUcadons  for  the  same 
are  as  follows:  "The  aapbalte  for  grouting  causeway  jointa  shall  l>e  composed  of  beat 
quality  pitch  and  eieoeote  <rflt  boiled  togetttw  in  proportions  of  about  1000  lb  pitch 
to  16  gal  dl.  The  pitch  ahall  be  free  from  grit  or  sand.  Init  atiaU  contain  a  sulBcient 
pnvortloB  of  heavy  WMt-votatila  oUa.  The  ereoaote  oil  shall  ba  abtained  only  from 
coal  tar.  and  be  of  at  least  1.060  qiedflc  gravity,  at  16.6«  C  (W  F).  The  mixture 
aball  be  tempered  ao  tiiat,  when  boiled,  and  cooled  hi  water  to  IS.60  C  (60°  F),  it  shall 
be  capable  of  stretching  cut  to  fine  bbreeda,  at  least  86  in  long,  before  rupture;  and, 
with  a  detached  8  ft  length.  l>e  capable  of  striking  a  hard  blow  on  any  smooth  surfaoa 
without  cracking." 

Olaagow,  which  awards  contraeta  for  8  years  and  fumisbee  the  blods,  provides 
that  the  3;«ving  shall  be  well  grouted  with  oenwit  or  pitch  grout,  as  directed,  and 
■ball  then  be  covered  with  aand  H  In  in  depth.  The  following  are  the  requirementa 
for  the  pitch  and  cement  grout.  Pitch  grout  slksll  consist  of  pitch  and  oil  made 
ftom  pun  coal  tar,  manufactured  in  gas-works  l>y  the  destructive  distillation  of  coal 
in  doae  letorta.  No  blast  furnace,  iron-works,  or  coke-oven  pitch  or  oil  will  be  al- 
lowed to  be  used.  The  oil  shall  be  ot  a  spedfle  gxmvity  of  from  1.0S2  to  1.0S0  at 
lB.(i*  C  (60°  F).  The  flash  test  shaU  not  be  under  47°  C  (116°  F).  SuOdsat  oU 
shall  be  used  to  produce  a  plaatic  grout  The  grout  shaD  be  boiling  hot  when  used. 
The  Contractor  diall  Intimate  to  the  Master  of  Works  tlw  names  of  the  persons  from 
whom  ttie  pitch  and  oil  are  to  l>e  obtained.  Tlie  pitch  tioilers  shall  be  so  constructed 
that  the  viqion  from  the  boiling  material  shall  be  eonv^ed  into  the  furnace,  whidt 
riiatt  be  fired  wldi  the  b«et  coke.  No  coal  shall  be  iiaed.  When  the  Master  of  Works 
conddna  It  necessary,  crushed  granite  shall  be  used  for  partly  fllUng  in  the  joints  of 
the  setta.  The  granite  must  be  kiln-dried,  and  then  psisirrl  over  a  riddle  of  K-in 
mesh  to  mnove  all  sand  and  dust,  and  sliall  be  laid  in  the  joints  in  two  layos. 
Previous  to  tlw  granite  being  put  l>etween  the  jointa,  pitch  shall  be  run  in  to  the  depth 
ot  1  In,  the  first  layer  of  gnsnite  shall  then  be  put  in,  and  be  th<aoly  grouted  with 
IMtch;  the  second  layer  ot  granite  ahall  then  be  put  in  to  fill  the  joints  level  with  tlie 
surface,  and  be  also  thoroly  grouted.  .One  ton  of  cruslied  granite  shall  do  not  leas 
than  240  sq  yd." 


In  certain  dties  of  Great  Britain,  whne  the  diaracter  of  stone  block  work  was  re- 
ported to  the  Third  lot.  Road  Congi'  LondMi.  1818.  the  following  fillen  wm  used: 
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ABEunBN,  mixture  of  pitch  and  tar;  Bkajvobd,  pftd;  Siuvrimi>,  mlitare  ol  phA 
and  t«r,  or  eoment  mortar. 

Impaction.  The  mspector  who  has  charge  of  the  constructuin  of  a  stone 
block  pavement  must  watch  carefully  to  nee,  not  only  that  the  require- 
ments  of  the  speeificationa  are  carried  out,  but  must  watch  in  detail  the 
workmen  so  that  the  litUe  thiags,  which  often  add  so  much  to  the  ceoenl 
xesult,  will  be  well  dene.  For  iuatance,  it  is  extrentelv  neceeaaty  that  the 
ramming  be  carried  on  carefully  and  tJie  blocks  firmly  bedded  in  such  a 
way  as  to  leave  the  surface  true  and  even,  so  that  when  heavy  traffic  cornea 
upon  the  blocks,  individual  blocks  will  not  be  depressed  below  thoae  adjacent 
and  thus  deform  the  surface.  Special  care  should  tx!  given  to  the  joints 
when  the  blocks  are  laid,  as  after  they  are  rammed  and  trued  up,  the  nidtfa 
of  the  jointe  alwiqrB  is  larger  than  before,  prdbably  due  to  the  fact  that 
the  blocla  are  not  alw^a  set  wtically  by  the  paver  himself.  No  mattCT 
what  filler  is  used,  the  joints  should  be  made  absolutely  full,  and  pieCenUy 
as  nearly  that  as  possible  at  the  first  pouring.  If  bituminous  cement  is 
used,  it  18  poured  hot;  and  if  it  is  allowed  to  cool  and  soak  away,  leaving 
voids,  it  is  not  always  possible  to  fill  the  jointe  completely,  or  to  know  even 
if  they  have  been  filled.  With  a  Portland  cement  filler,  some  specifications 
require  that  the  blocks  shall  be  entirely  covered  with  the  grouting  to  a 
specified  depth.  This  seems  unneoeesary,  as  the  grouting  will  wnar  off 
unevenly,  making  the  surface  of  the  pavement  rough,  and  not  "^^ng  ma- 
terially to  its  life.  When  a  Portland  oenwnt  filler  is  used  it  is  erf  the 
greatest  importance  that  all  traffic  should  be  kept  off  the  pavement  until 
the  cement  has  thoroly  set. 

8.  RecoiBlo^ 

Seteription.  For  many  years  the  granite  blocks  taken  fhun  a  stieet 
when  a  new  pavement  was  to  be  laid  were  not  considered  to  be  of  any 
particular  value  for  use  in  city  streets;  they  were  sold  for  use  in  freigjit 
terminals  and  similar  locations  where  a  first-class  pavement  was  not  re- 
quired. About  1906,  however,  some  of  the  granite  block  producers  of 
New  York  City  took  up  the  question  of  recutting  the  old  blocks  and  lay- 
ing them  in  a  new  pavement.  These  old  blocks  were  from  7  to  8  in  i& 
depth,  and  some  of  them  14  in  long.  The  idea  was  to  break  them  in  two. 
in  the  center,  and  to  uae  the  new  face  as  the  head  of  the  block,  lids  would 
give  a  block  from  6  to  6  in  deep,  if  the  original  blocks  were  10  and  12  in  long. 
If  necessary,  the  old  head  of  the  block  could  be  dressed  so  that  it  would 
have  a  very  good  shape.  In  order  to  get  the  best  results  from  work  of  this 
character  a  little  more  variation  must  be  allowed  in  the  specifications,  and 
that  is  permissible,  as  generally  this  work  is  done  on  streets  of  light  traffic 
Success,  too,  depends  to  a  great  extent  upon  the  character  of  the  granite 
in  the  old  blocks,  a»  some  will  break  much  more  easily  than  others.  It  is 
undoubtedly  true,  with  the  idea  of  the  smaller  granite  blocks,  that  a  great 
many  of  the  old  blocks  can  be  utilised,  and  if  reeut  as  before  described  and 
laid  on  streets  of  moderate  traffic,  ezorilent  results  can  be  obtained. 

The  Bureau  of  Highways,  BrooUym,  N.  T.,  fau  laid  a  conaidersble  quantity  of  thn 
pavement,  and  with  astbfactory  remits;  and  the  spedficatlona  for  this  pavemoit 
■TO  as  IoUowb:  "When  the  use  of  blocks  raeut  from  old  Krmnit*  blocks  ts  permitted 
under  the  contract,  anch  blocks  shall  comply  with  the  ■pedflcatioCM  for  quaKty  aa 
requlrwi  for  new  bloeka,  and  be  of  the  following  dlmndtma,  not  less  than  6  nor  raoM 
than  10  fa  long  on  top,  not  lea>  than  8>^  not  mora  Q>aB  *H  in  wide  on  tcqi.  and  not 
kn  than  Afi  nor  mora  than  in  deep.  The  rocut  blocks  ahall  be  dMed  in  the 
maiutar  spodlM  for  now  blocka,  except  that  the  aides  and  ends  aball  be  snfficlMitly 
HDPOth  to  pecmlt  ol  the  Uoda  bdng  Ud  with  Jotata  not  eKeadiag  K  la  in  widOi 
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■t  the  tcv  and  for  1  is  dmmwHd  thera&mn,  ind  not  wtieedliig  X  In  It  aar  oUier  part 

of  the  jobit." 

Borongh  of  Unnbattan.  New  York  City.  A  contnct  wu  carried  out  In  the  Boronch 
of  Muibattan,  tn  1914,  omountiiie  to  aomethlns  over  6000  aq  yd  of  reeut  blocka,  the 
bloeko  being  broken  in  tiro  and  laM  with  tha  neiriy  brokan  ddt  op,  oa  a  1^  aand 
aiiahlmi.  A  portion  of  this  pavement  waa  flUed  with  tar  and  anotbor  portton  wMt 
cemeat  iroQt.  the  object  beinK  to  aeeertidn  the  dtfferenee  la  wear  of  the  two  inetboda. 
This  pavement  coat  |1.4S  per  aq  yd,  not  including  the  foundation. 

Bonm^  of  the  Bronx,  New  YoA  City.  Probably  the  first  atreet  laid  of  recut  blocto 
waa  in  the  Borough  of  the  Bronx  in  1909.  The  epedflcadona  called  for  the  Mocka 
to  be  6  to  12  in  long,  to  4>i  in  wide,  and  6>j  to  in  deqi,  and,  aa  the  workaa 
a  whole  was  an  exporinMut  to  a  certain  extent,  blocks  4^  or  even  5  in  In  width  ww* 
used  provided  all  counee  were  of  the  same  width.  Thie  price  bid  for  the  work  waa 
Sl-26  per  aq  yd  for  the  granite  laid.  The  jointa  were  filled  with  cement  grout,  so  that 
all  the  smalt  inequalitlea  of  ttie  blocka  were  filled.  The  result  was  a  flzatK^aas  pavO" 
xaxat  for  light  traffic  atreeta  and  at  a  very  small  price.  The  ciatractw  waa  paid,  fw 
making  tin  blocka,  f  10  pw  thousand. 

Philadelphia.  Mora  tvcantly,  a  atraet  in  Philadelphia,  containing  over  10  000  aq  yd, 
waa  laid  of  hlo^  recUpped  at  a  ooat,  indwHng  the  aand  euaUon,  ol  $IM  per  eq  yd, 
the  M  CMierete  being  uaed.  Hie  qwdflcatioBB  called  for  the  blocka  to  be  redressed,  of 
dlmendona  6  to  6  in  deep,  6  to  7  In  long,  and  8^  to  6  in  wide. 

In  Troy,  N,T.,  in  1918,  a  pavement  of  old  blocks  was  relaid,  but  cut  by  a  little  dif- 
fereat  method.  The  blocks  were  practically  of  regulatlan  riie,  and  were  flrat  h^ved, 
and  thn  qnutend,  m  that  they  were  from  T  to  9  la  kmg;  4  to  5  la  iride,  and  4  to  K  In 
daap.  Tluae  blodm  ware  laid  <m  a  sand  enshloo,  and  grcnted  wUh  Portland  eonent. 
The  coat  waa  $2.80  per  sq  yd  indudlng  foundation,  with  msintenanee  for  a  period 
of  6  years.  In  this  work  it  is  stated  that'an  excess  of  2S%  of  blocks  waa  obtained 
over  and  above  what  waa  required  for  the  atreet  itsdf,  and  that  the  enttntctor  waa 
■Bowed  $18  per  thonaand  for  tham  ddlnrad  within  a  radloa  of  H  adlo  from  tha 
plaoe  of  cutting.  The  price  tor  the  standard  pavementa  In  Troy  had  ben  on  an 
average  $3.86  per  aq  yd. 

The  City  of  Newark,  N.  J.,  has  probably  laid  more  of  this  pavement  than  any  other 
dty.  In  1914  it  let  contracts  for  32  600  sq  yd  of  reeut  blocka,  with  grouted  jointa, 
at  an  average  cost  of  $2.60  per  sq  yd.  In  1914,  Howell  (16)  stated  that  the  old 
btodta  there  ran  from  10  to  14  in  In  length;  tbat  a  block  maker  in  a  day  trf  8  far 
could  cut  176  blocks,  making  860  small  ones,  and  that  the  dty  sold  the  contractor 
tha  old  blocks  at  $80  per  thouaand,  which  would  make  the  amaUer  cstea  coat  him  $15 
per  thousand,  including  tha  cutting.  The  blocka  ran  21  to  the  yard  for  the  large  bIm 
and  42  to  the  yard  for  the  small  sUe. 

9.   Spedflcations  for  Construction 

The  following  apedficatiozis  were  adopted  in  1916  by  the  Am.  Soc.  Mun. 
Imp.  For  aectiona  covering  physical  properties  of  stone  blooks  see  Art.  5. 
Specifications  relative  to  the  practice  in  several  American  and  European 
cities  pertaining  to  methods  and  materials  employed  in  filling  joints  in 
stone  block  pavements  will  be  found  in  Art.  7. 

"  Sub-Foundation.  Any  soft  or  spongy  material  below  the  subgrade,  shall  be  replaced 
with  sand,  gravel  or  other  material,  aa  directed  by  the  imglnerr,  and  thoroly  rammed 
or  rolled.  When  such  extra  fill  exceeds  6  cu  yd,  paym«it  will  be  made  for  the  excess- 
Care  shall  be  taken  in  excavating  not  to  disturb  the  sub-foundation,  except  where 
necessary  to  remove  the  soft  or  spongy  materials.  The  entire  aul>-foundatIoa  shall 
be  compact  and  hard,  and  the  contractor  shall  be  required  to  ram  or  roll  it  thoroly 
with  a  roller  satisfactory  to  the  engineer. 

"  Cement-Coaciete  Foundation.  After  the  sub-foundation  has  been  prepared  to  the 
aetisf action  of  the  engineer,  a  concrete  foimdatlon  6  In  thick  shall  Iw  laid  thereon. 
The  concrete  aliaU  conform  to  the  Am.  Soc.  Mun.  Imp.  spedflcations  for  concrete 
tor  pavement  foundation.  The  grading  and  sub-foundation  ahall  be  completed  at 
least  BO  ft  in  advance  of  the  layfag  of  concrete. 

"CoAIobCowm.  Oa  the  cooente  bsM  dull  be  qiread  a  layer,  avoaglBg  1  In  In 
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dtptfa,  of  cImb,  eoun.  dry  wnd,  fiw  from  aU  ■nvd  wwedhn  K  Id  In  >»-  Uptn 
thk  sutd  bed  the  blodn  riutll  be  Imid  in  couraea  «t  right  ugles  to  the  line  of  the  atnet, 
and  in  »  alamlcht  lim  from  curb  to  curb,  except  in  ■pedal  cmm,  when  tlMV  ehall  be 
Ud  at  each  ao  ancle  as  may  be  directed  by  the  engineer.  The  blodn  ahaD  be  Ud 
aa  doeely  as  poaaible,  each  block  touching  the  adjoining  one  on  aidce  and  end*,  and 
Id  couraea  erf  untfom  width.  All  jointa  ehAll  be  broken  with  a  Up  of  at  Icaat  3  in. 
The  bloefaa  shall  not  be  laid  mora  than  2S  (t  in  advance  of  the  ramming. 

"Ramming.  After  the  blocka  are  laid,  they  ahall  bo  rammed  to  a  solid  besring; 
the  jointa  ahall  be  adjurtod:  all  uaaaUafactoiy  blocka  ahall  be  talnn  out  with  tom 
and  all  low  blocka  ahall  be  raised  by  adding  to  the  bed.  The  whole  pavement  ahall 
then  be  rammed  to  an  even  and  troe  surface.  Pinch  bara  ahall  not  be  uaed  ezapt 
by  ipedal  perroladon  of  the  engineer  and  no  sand  ahall  be  placed  In  the  jofait  «x«i^ 
when  mixed  with  the  bituminoua  filler  apedfied  hareafto-. 

"FiOinc  JoiatB.  The  folkuwing  qiodflatianB  A,  B,  or  C,  ahall  ■onni  the  uae  <f 
Tar  Pitch  (A),  A^^alt  (B),  or  Cemnt  Grout  (C),  depwding  upon  the  kind  of  BOs 
to  be  uaed  In  the  jointa. 

"A.  Tar  Pitch  Filler.  The  joint  filler  uaed  ehaU  be  the  paving  pitch  hweafter  de- 
scribed thoroly  mixed  with  as  much  hot,  dry  Band,  as  the  pitch  wUl  carry,  but  in  no 
case  shall  the  volume  of  the  sand  exceed  the  volume  of  the  pitch.  The  aand  ahaH 
be  fine  and  clean,  and  all  of  it  ahall  paaa  a  20-nMah  sieve.  It  ahall  be  heated  to  a 
taraperature  of  not  Imb  than  149"  C  (300°  F)  nor  more  than  206°  C  (400°  F)  and  ahall 
be  batwten  theae  limits  when  mixed  with  tbo  paving  pitdi.  The  pairfiw  |dtch  shmll  be 
heated  In  kettlee  properly  equipped  with  an  approved  tbarmometer,  whidi  ahall 
register  the  tempttature  of  the  pitdi.  The  mixture  shall  be  fiuehed  cm  the  surface  ot 
the  blocks  and  pushed  into  the  joints  with  suitable  tools,  reflushing  or  repouring  if 
neccaaary,  until  the  junta  remain  permanently  filled  fiuah  with  the  surface  of  the 
pavement.   Aa  little  sa  pcaslble  of  the  mixture  shall  be  left  on  the  aurfaee. 

"The  tar  pitdt  shall  comply  with  the  following  requtrenHBta: 

1.  It  shall  have  a  spedflc  gravity  between  1.23  and  1.SS  at  lfi.fi"  C  (fiO<*  F). 

2.  It  BfaaU  have  a  melting  point  between  M'  and  £7°  C  (llfi"  and  ISfi"  T),  detennloed 
by  the  cube  method  in  water. 

5.  It  ahall  contain  not  leas  than  20%  nor  mem  than  86%  of  bee  eariwn  insoluble 
fa  hot  bensol  or  dUoroform. 

4.  It  ahall  contain  not  mora  than  0.6%  of  inorganic  matter. 

6.  It  shall  be  free  from  water. 

6.  It  shall  have  a  ductility  of  not  lees  than  60  cm  at  26°  C  (77°  F). 

"  The  tar  pitch  shall  be  used  on  the  work  at  a  temperature  of  not  leas  titan  121°  C 
(260°  F)  and  shall  at  no  time  be  heated  above  163°  C  (326°  F).  It  shall  tw  deliv- 
ered  where  directed  by  the  engineer  in  time  to  allow  for  examination  and  artalyw. 
In  applying  the  filler,  care  shall  be  taken  that  the  pavers  are  doeely  Itdlowed  by  the 
filler  gang,  and  in  no  eaae  shall  the  paving  be  left  over  night,  or  when  work  la  stof^nd, 
without  the  filling  of  the  joints  being  completed.  In  case  rain  stops  the  flllo-  gang 
tiefore  its  work  is  finished,  the  jdnts  shall  be  protected  fay  the  use  of  tarpauUna,  or 
other  means,  to  keep  out  water.  Undw  no  drcumatances  shall  the  filler  be  poured 
Into  wet  jtdnta. 

"B.  Asphalt  FUer.  The  joint  filler  used  shall  be  the  asphalt  cement  hereeftar  de- 
scribed, thoroly  mixed  with  as  much  hot,  dry  sand  aa  the  cement  will  carry,  but  in 
no  case  shall  the  volume  of  the  sand  exceed  the  volume  of  the  cement  The  aaad 
shall  be  fine  and  dean,  and  all  of  it  shall  pass  a  20-nieah  sieve.  It  ahall  be  heated  to 
a  temperature  of  not  less  than  149°  C  (800"  F)  nor  more  than  206°  C  (400o  F)  and 
shall  be  between  theae  Umlta  when  mixed  with  the  cenWnt.  The  asphalt  cement 
shall  be  heated  in  kettles  properly  equipped  with  an  approved  thermometer,  which 
■hall  regi^r  the  temperature  of  the  cement.  The  mixture  shall  be  fiushed  on  the 
surface  of  the  blocka  and  pushed  into  the  jdnts  with  suitable  tods,  refluaUng  or 
repouring  it  neesmary,  so  that  the  joints  remMn  permanently  iUled  flush  with  the 
surface  of  the  pavement.  Aa  little  as  pcaaible  of  the  mixta  re  shall  be  left  on  the 
surface. 

"The  aaphatt  pavfng  cement  Bhall  be  obtained  by  the  distillation  ot  an  aqihatiic 
petroleum  at  a  temperature  not  eueeding  872°  C  (700°  F),  and  shall  comply  with 
the  following  requirementa: 

1.  It  shall  be  homoseneoua. 
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2.  Its  meltinc  point  *)wll  not  be  Ion  thu  54"  C  (ISO*  F)  nor  more  tfatn  68"  C  (146'  F). 

5.  Its  solubility  in  carbon  t8tr»chlorid«  shall  not  be  Imb  than  98.6%. 

4.  Its  penetration  at  26°  C  (77°  F)  shall  not  be  less  than  60  nor  more  than  100, 
the  penetration  teat  being  made  with  a  No.  2  needle  for  6  sec  under  a  load  of 
100  t  and  Che  penetration  at  3S°  C  (100°  F)  shall  not  exceed  three  times  Its  penetra- 
tJon  at  26°  C  (77"  F),  the  condition  of  time  and  bad  beinc  as  above  established.  The 
Contractor,  before  becumtng  work,  shall  obtain  from  the  Engineer  a  sUteraent  fn  writ- 
ing as  to  the  penetration  desired  for  any  particular  contract  and  a  variation  of  not 
greater  than  ten  points  either  way  from  this  penetration  will  be  permitted. 

6.  Its  ductiUty  at  26°  C  (77°  F)  shall  not  be  1m  than  40  em.  the  rate  of  elraigatlMi 
beings  cm  jmr  win. 

6>  It  aball  not  lose  nore  than  8%  by  volatilization  when  maintained  at  •  tempen- 
tura  of  168*  C  (826*  F)  for  6  br,  nor  shall  the  penetration  of  the  roddue,  after  such 
heating,  be  leas  than  one-half  the  origiQal  penetration. 

"  The  aqthalt  filler  shall  be  used  on  the  work  at  a  temperature  of  not  less  than  136*  C 
^6*  P)  and  shall  at  no  time  be  heated  above  177°  C  (350°  F).  It  shall  be  delivered 
where  directed  by  the  engineer  in  time  to  allow  for  examination  and  analysis.  In 
■Pldying  the  filler,  care  shall  be  taken  that  the  pavers  are  cloeely  f<dlowed  by  the 
filler  gang,  and  in  no  case  shall  the  paving  be  left  over  night,  or  when  work  Is 
stopped,  without  the  filling  of  the  Jolnta  bdng  completed.  In  ease  nin  stops  the 
filler  gang  before  its  work  is  flnlated,  the  joints  shall  be  protected  by  tarpauUna  or 
other  means,  so  as  to  keep  out  water.  TAider  no  dreumstances  shsll  the  filler  be 
poured  into  wet  joints. 

"C  Cement  Orant  Tiller.  After  the  pavement  has  been  tonight  to  a  uniform  sur- 
fnost  Portland  cement  grout  shall  be  poured  into  the  Joints  until  it  appears  aa  the 
surface.  The  grout  shall  be  broomed  or  scraped  into  the  jt^ta  If  necessary  to  fill 
the  ssme,  and  the  operation  shall  be  repeated  as  the  grout  settles  and  before  the  initial 
aet  has  taken  place,  until  the  joints  are  thoroly  filled  fiush  with  the  surface  of  the 
blocks.  Immediately  after  this  the  «itdre  pavement  shall  be  broomed  to  a  smooth 
niifaoa.   The  bloeks  shall  be  wetted  Immediately  before  applying  the  grout. 

"The  cement  grout  shall  be  composed  of  one  part  of  Portland  cement  and  one  part 
of  clean,  sharp  sand.  The  cement  and  sand  shall  be  thoroly  mixed  dry  and  only 
enough  clean  fresh  water  shall  be  added  to  make  a  grout  which  will  How  to  the  bottom 
of  the  joints. 

"The  grout  shall  be  machine  mixed  in  a  batch  mixer  approved  by  the  engineer  and 
shall  be  applied  to  the  joints  before  the  Ingredients  have  separated.  ParUcular  atten- 
tion is  called  to  the  Importance  of  ascertaining  the  prcqportlonal  amount  of  water 
to  be  used  with  the  mixture  of  different  Idnda  of  cemoit  and  suid  to  give  the  beet 
reaults,  and  when  the  most  advantageous  proportions  hsve  been  ascertained,  these 
diail  be  used. 

"After  the  grouting  is  completed,  and  a  anffideDt  time  f or hard«iing  has  elapsed  so 
that  «  coating  of  sand  wHl  not  shsorb  moistnre  from  the  eerooit  mixture,  H  In  of 
sand  shall  be  spread  over  the  whole  surface  and  aball  be  kept  damp  until  thie  street  b 
opened  for  traffic.  After  the  grouting  is  completed  the  street  shall  be  kept  closed  and 
no  carting  or  traffic  allowed  on  any  part  of  the  grouted  pavement  tutil  at  least  7 
days  have  elapsed.  Should  the  bond  between  the  blocks  become  broken,  before  tiie 
snnk  is  aec^ted,  sueb  defective  work  tiudi  be  regroutedM-relald  and  again  barrlcndad, 
as  previously  deecribed." 


The  cost  of  construction  work  of  any  character  will  vary  according  to 
localities.  Prices  of  labor  and  material  are  always  different  in  different 
places,  but  if  the  oorroct  quantities  of  labor  and  material  are  fdven  for 
any  construction,  it  is  a  nmple  ntatter  for  any  engineer  to  apply  the  costs 
of  these  two  items  to  lus  location;  so  that  in  presenting  the  cost  of  stone 
block  or  other  pavements,  it  is  intended  to  be  accurate  as  regards  the  quan- 
tity of  work  done  and  the  amount  of  material  consumed  for  any  locality, 
and  to  be  acctirate  aa  to  prices  of  labor  and  material  where  tha  coat  of 
the  work  is  given. 
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BoRW^  of  BfookljB,  IIT«w  Yorii  City.  Tbe  Mfanrinc  Is  thm  ormintlon  MtaaDy 
■mploycd  In  eonatructinc  pu^te  block  pavasant  in  1914. 

CMamt-Cimcrete  Foondatioii 


Lamm 


Maibuaui  fbr  Cu  Yd  or  Coi 


Gsag 


1  [oreman  

i  men  whsding  Msd  

1  cement  man  

4  btond  mixers  

2  blend  ehovelan  

6  atone  ahovohn  

1  atone  trimmer  

2  plank  man  

4  emerata  wfaadara  , 

4  KHursta  rafcara  

2  eoncreta  ranUMn  

1  concretA  brooiMr  

1  man  at  t*il  ol  mizer  

8  ttne  sraden  

1  entfnaw  

Un  M  ml»r  and  team  to  fund . . . 


Day 


Item 


$6.00 
4.00 
2.00 
8.00 
4.00 

10.00 
2.00 
4.00 
8.00 
8.00 
4.00 
2.00 
2.00 
6.00 
4.76 

10.00 


Craoent . . 
Sand  

atoBe^.. 


Quantity 


1  bbl 
0^  cu  yd 

0.88  ea  yd 


Priee 
per 

Unit 


11.30 
O.M 

1.86 


n.9oo 

0.3M 


1.1 


Coet  per  cubic  yard  93.324 

Materia]  coat  per  eu  yd  $3 .824 

Labor  coat parcuyd  0. 670 

Total  coat  per  Ol  yd  $8,994 

Total  eort  per  BQ  yd  br  8  In 
foundation  $0,666 


S83.75     TotalTSOsqyd  (126  cu  yd)  @11.2  «enta. 
Total  coat  per  cu  yd  baeed  on  laying  126  cu  yd  per  day   tO .  67 
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Materials  ras  Squabb  Yabd  Gunitb  Pavh) 

Gang 

Per  Day 

Item 

Qoandty 

Price  per  Unit 

Coat 

IS.OO 
35.00 
12.00 
14.00 
16.00 

Granite.... 
Pitch 

Gravel  

Sand  

28  per  aq  yd 

2onM 

0 . 04  eu  yd 
0.03  eu  yd 

$2.00  sq  yd 
16. 00  ton 
2.00  cu  yd 
l.OOeuyd 

$2.00 
O.IB 
0.08 
0.03 

$2.26 

7  pavera  at  (6.00. . . 
S  rammers  at  $4.00. 

7  pouren  at  $2.00.. 

8  kbomaat$2.00.. 

Total  coat  par  sq  yd 
baaed  on  laying 
466  aq  yd  per  imy 

$82.00 
$0.18 

Henoa.  aa  the  concrete  coata  $0,666  pa-  aq  yd  and  the  iranlta  $2,440  per  aq  yd,  the 
total  coat  par  aq  yd  with  6%  of  tbe  aom  of  the  above  Itona  added  tat  inddwtala,  $0,165, 
will  be  $3,261.   The  avange  price  paid  to  contnctora  in  1914  ma  $8.68  per  aq  yd. 

HinneapoUai  Hinn.   The  tollowing  la  the  otganlaatlon  oaed,  the  woric  beinf  done 

by  the  dty: 

Groiited  Sbme  Bloek  Pning 
1  superintendent,  pert  time   $1 . 00 

1  timekeeper,  part  time   0 .  SO 

1  foreman,  per  day   4.60 

6  pavera  at  $3.60  per  day   21.00 

1  rammer,  per  day. . .   8.00 

1  aweeper,  per  day   2.60 

6  tendera  at  $2.60  per  day   16.00 

I  water  boy.  per  day   1.50 

4  men  grouting  at  $2.60  pw  day   10.00 


$68.00 

Google 
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Thk  cans  will  lay  3S0  sq  yd  per  day  at  f 0.179  per  sq 3rd.  StoM  Mati<L7S  per  >q  yd. 
making  a  total  of  f  1.929  per  bq  yd,  not  Includins  foundation. 

Baltworb.   Inl9M(lSb),nnetitUockp«T«iiieiitca«tp«rBqinMyarda>  toUomt 

Bmking  up  old  pamnent   $0.09 

ReentUnc  old  blodm   }..00 

HauUnc  layini  and  froutfatg  '0.71 

ToW   $1.80 

Tha  avaraia  coat  of  naw  bloeka  laid  ma  12.80;  tbna  them  ma  aavad  $1  pw  aq  yd. 

SdMoadadj,  II.  T.  Tha  foIlowfaiK  flgurea  ijva  tlia  coat  In  detail  for  i^iag  a  raent 
Sranlta  tHoA  paTvaiant  In  IBIS,  eontai^big  2587  aq  yd. 

Total  Per  Sq  Yd 

lAbor,  rippins  up  aaphalt  aod  concrete               $116.28  $0.0445 

Team  hlie,  hauling  aaphalt  and  concrete              40.27  O.OlfiS 

Jjiitar,  rlpidns  ap  old  cranlta  bloda.                   78.76  0.0805 

Labor,  r^pUaOnc  and  crading  Bubcrade              107.81  0.0417 

Team  hire,  hauUni  matolala  from  aubgiada . .       82.41  0.0241 


$404.63  $0.1564 

1:8:6  Cement-Concrete  Foundation  Per 

4  In  Thick  Total  Sq  Yd 

Labor,  mixing  and  layinc  concrete  foundation  $308.27  $0.1192 

Material,  cament  delivered  on  Job   263.86  0.1018 

Material,  sand  deUvered  on  job   71.08  0.0276 

Matarial,  atone  driivared  on  job   216.22  0.0885 


$868.92  $0.8820 
Par 

1  \  8  Cenmit  Mortar  Bad,  TUn  Total  Sq  Yd 

Labor,  mlxlnv  and  placing  mortar  bad   $190.80  $0.0738 

Material,  cement  on  job   224.42  0.086S 

Matttial,  Band  00  job   62.80  0.0242 

$478.02  $0.1848 

Braaklnc.  DraBalng  and  Laying  Bloeka  Total  Per  Sq  Yd 

Labor,  biaaldng  and  dreiring  granite   $1910.67  $0.7385 

I^bor,  aharpening  and  maUng  toola   129.38  0.0601 

Material,  iharpening  and  maldng  tools   16.00  0.0058 

Team  hire,  shifting  bloeka   IS. 80  0.0069 

Ijibor,  handling  blocks  to  pa  vera   102.88  0.0396 

Ubor.  laying  blocks   464.77  0.1796 

Labor,  ramming  bloito   16.98  0.0065 

$2654.88  I1.02W 

1  :  2  Cement  Grout  Joints  and  Sufface  Total  Per  Sq  Yd 

l^bor,  mixing  and  pladng  grout   $120.66  $0.0466 

Material,  cement  onjob   182. 86  0. 0707 

Material,  nad  on  }ab   27.66  0.0106 

$331.06  $0.1279 
Ov«rbead  Charges  Total  Per  Sq  Yd 

Labor,  foreman.  SMlMant  foreman,  etc   $211.94  $0.0819 

lAbor.  watchman   142.87  0.0662 

$864.81  $0.1871 

Extra  Work 

Rapalra  to  sld«  walks,  etc                                            $111. 18  $O  .M80 

Oiand  total                                                   9BUS.9Q  $1.0072 
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Unit  prion:  f»einen,  per  day,  14;  aMtaUnt  foremen,  pN  day,  (8.60;  block  eutten, 
per  dayi  96;  pavm,  per  ilay,  96;  labwera  rad  wat^men,  per  day,  $2.26;  tew&a^ 
wacon  and  driver,  per  day,  tS;  hone,  wacon  and  driver,  per  day,  14;  ForUaad  eemoBt 
bbl  f.o.b.  etn,  $1.24;  land,  ton,  f.o.b.  carm,  |0.25;  crushed  atone,  In,  ton,  f^b, 
iob,  $1.75;  cruahed  atone  ^  in,  ton,  f.o.b.  sidetrack,  $1.20. 

The  old  blocks  were  8  in  deep  and  ranged  from  12  to  16  in  in  length.  The  lS4a 
bloda  were  broken  into  (our  parts,  making  four  blocks  4  by  4  by  8  ia.  The  12-in  blodcs 
wen  cot  into  four  parts  by  splitting  the  blocks  lengthwise,  making  two  blocks  12  in 
loag  and  4  In  deep,  and  these  were  brolien  in  the  middle,  each  making  two  bloeta 
4  in  deep  and  6  in  long;  ao  that  a  4  by  12  in  block  would  make  four  new  biodcs  oncb 
4  by  6  bi,  and  n  4  by  16  In  blodc  would  make  four  bbeka  4  by  4  la  on  top  and  8  b 
deq).  In  other  words,  each  12.1n  block  would  have  a  aurface  of  48  aq  In,  while  the 
four  new  onea  woald  have  a  surface  of  96  sq  In;  each  IS-in  block  would  have  a  surface 
of  64  sq  In;  while  the  four  new  4  by  8  in  blocks  would  have  a  surface  of  128  sq  in. 

The  tollowing  figures  are  for  anotbw  job  in  Schenectady  containing  4189  aq  yd 
covoing,  removing  and  f"'|™'"g  of  old  asphalt  blocks,  repairing  fouBdation,  reeuttng 


old  4  by  8  by  IS  la  blocks  to  4  by  4  by  6  In  bloda,  laying  in  1  :  4  mortar  bed.  and 
applying  1 : 8  camrat  grout  and  surface  plaatar. 

Cost  Per 
Sq  Yd 

Grading  and  removing  old  materials   $0.1212 

Patching  up  old  concrete  base   0.0443 

Mortar  bed   0.2088 

Brealdng,  dreedng  and  laying  blocks     1.0389 

GrontiDg  joints  and  surface   0. 1483 

Ovarbead  chargsa   0.1650 

Extra  work   0.0062 


Total   $1.7122 

Nawark,  N.  J.  The  following  are  the  figures  given  by  Howell,  (16)  as  the  coat  par 
■q  yd  for  a  pavement  laid  with  raeut  blocka: 

Blocks,  21  per  sq  yd  at  $0.08   $0.68 

Paid  dippera  for  work   0.6S 

Laying  and  handling   0.20 

Sand   O.OB 

Concrete   0.66 

Grading   0.10 

Hauling   0.10 

Granting   0.12 


Total  par  aq  yd   $2.38 


11.  Dunz  and  EleinpSaster 

Deicription.  Small  stone  block  pavements  known  aa  Duraz  and  Klcin- 
pflastcr  have  been  laid  to  a  considerable  extent  in  Europe,  the  former 
name  being  used  in  England  and  the  latter  in  Germany.  The  principal 
feature  of  the  pavements  is  the  small  irregular  size  of  the  blocka,  approxi- 
mating cubes  2  ^  to  4  in  in  sise.  At  the  present  time  practically  all  Uocka 
are  made  with  specially  designed  maehinGS.  An  efficient  opwator  at  one 
machine  can  make  on  an  average  2400  blocks  in  a  10-hr  d^.  They  ore 
sufficiently  irrei!ular  both  in  siise  and  shape  to  permit  them  to  be  laid  in 
area  of  circles  of  comparatively  small  radii  and  3o  that  the  jointa  will  not 
be  excessively  large.  By  laj-ing  tlie  courses  in  circular  arcs  practically  none 
of  the  joints  are  parallel  to  any  line  of  traffic.  In  Europe  these  blocks  ha^-e 
been  used  to  a  great  extent  in  resurfacing  the  broken  stone  roads  where 
the  traffic  is  too  heavy  for  the  macadam  and  to  some  extent  on  city  streets. 
They  hava  been  used  to  a  slight  extent  in  pavements  in  some  southmi 
cities  in  the  United  States. 
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City 



Sq  Yd 

Price* 

per 
Sq  Yd 

—   —  — 

Guar- 
antee 
Yean 



Kind 

01 

FSkr 

Pou 

Thick- 
oeea 
In 

NCRBTB 
NDATIOM 

Propor- 

tiOM 

80  167 

$3.25 

Gravel 

6 

1 

8 

7 

8.76 

Cetnoit  grout 

6 

1 

4 

10 

'Woreest«r,  Maaa, . . . 

16  612 

3.24 

-  -  - 

Cement  grout 

6 

1 

8 

S 

Hertford,  Cono .... 

1  096 

3.561 

1 

Cement  grout 

6 

1 

S  : 

c 

Providence,  R.  I  

20  987 

3.76 

Cement  grout 

6 

I 

3  : 

6 

Albany,  N.  Y  

Ifl  117 

2.17 

6 

Cement  grout 

6 

1 

3  : 

6 

Amatordun,  N.  Y. . . 

6  807 

3.70 

1 

Pitch 

6 

1 

8  t 

8 

Boroush  of  Manhat- 

tan.  N.  I.  Lilty 

66  473 

3.74 

1 

Aspoaic 

6 

1 

8  : 

6 

Borough  of  Brook- 

lyn,  N.  Y.  City. . . 

iVO  94(1 

3.18t 

1 

FitCD  ana  Band 

6 

1 

8  : 

6 

Camden,  N.  J  

35  179 

2.85 

1 

Cement  grout 

6 

1 

3  : 

6 

Plttsburgb,  Pa  

16  640 

2.80 

1 

Cement  grout 

6 

1 

S  : 

6 

61  893 

8.30 

5 

Bituminous 

6 

1 

8  ; 

6 

Toledo,  Ohio  

2  978 

8.40 

6 

A^halt 

6 

1 

8H: 

8 

Chicago,  lU  

60  823 

3.8S 

6 

Pitch 

6 

1 

8 

6 

MOwaukee,  Wis .... 

26  173 

2.90 

Cement  grout 

6 

1 

a  : 

6 

St.  Paul,  Minn 

16  142 

3.04 

Cement  grout 

6 

1 

2H-- 
3  : 

5 

Kansai  City,  Mo.. . 

14  435 

3.16 

B 

Cement  grout 

6 

J 

6 

Siotix  Falla,  S.  D.  .  . 

1  924 

3.69 

1 

Asphalt 

6 

1 

2H: 

6 

4  000 

3.07t 

& 

Asphalt 

6 

1 

8  : 

8 

Nuliville,  Tenn  

19  236 

2.78 

C«nent  grout 

6 

1 

3  : 

8 

8U6 

3.1&t 

Cement  grout 

6 

1 

3  : 

6 

*Maa  eovatH  uivaiMnt,  foundation,  and  ahAping  aubgrada. 

JDoea  not  indude  ahaping  aubgrade. 
Indudea  taking  up  old  pav«ment. 


Conafnictlon  and  Cost  Data.  Geriumt  (9).  The  KMnpflaater  atone  block  pave- 
ment on  the  DOberltzer  Heentraflse  between  Berlin  and  Charlottenburg  Is  composed 
of  a  series  of  three  stone  course  area  averaging  about  12  in  in  overall  width  between 
whteb  Xlelnpfleater  cubes  era  laid  diagonally.  The  cords  of  the  rings  average  7  ft 
and  the  middle  ordinatea  IS  In.  The  size  of  the  Kleinpflaster  cubes  vary  In  surface 
dimensions  from  2H  by  2H  in  to  3><j  by  4  in.  The  widths  of  the  joints  vary  from  K 
to  3^  in.  It  is  reported  that  this  pavement  was  laid  upon  a  gravel  foundation  with 
gravel  fltled  joints.  The  width  of  the  center  drive  of  this  famous  boulevard,  paved 
as  above  described,  is  87  ft. 

Ehglakd.  ^^ctoria  Road,  Eltham  (9) .  The  current  practice  of  construetjng  a  Duraz 
■tone  block  pavement  is  typified  by  the  method  used  in  laying  the  Durax  pavement 
on  Victoria  Road  in  Eltham  In  1913.  On  a  prepared  macadam  foundation,  tarred 
sand  was  laid  to  such  a  depth  that,  after  the  Durox  cubes  were  rammed,  the  depth 
of  sand  wsa  between  }i  and  }4  In.  The  alignment  of  the  blocks  and  the  numbw  of 
arcs  in  a  transverse  section  were  controlled  by  iron  pegs  driven  Into  the  macadam 
foundation  prior  to  the  laying  of  tbe  bloclo.  Strings  stretched  between  these  iron 
pep  served  as  gutdca  for  Uie  placing  of  the  stones  from  which  adjaooit  arcs  sprung. 
The  largest  cubes  were  laid  at  the  center  of  the  arcs  and  adjacent  thereto,  while  the 
smallest  cubes  were  laid  near  the  springinK  lines.  The  arcs  were  so  laid  that  the  cords 
averaged  3  ft  6  in  and  the  middle  ordinate  varied  between  9  and  10  in.  After  the 
jtrfnts  of  the  bloclcs  were  filled  irith  dean  stone  chips,  the  blodcs  were  well  rammed. 
Tbe  final  operatioi)  conslated  In  pouring  tbe  Jolnta  with  hot  pitch  and  covering  the 
Burtaea  with  gravel.   Tha  cost  of  this  Durax  pavement  waa  8  ■'■"'■'ig«  (f  1.96)  per  yd 
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■nptr  with  foundmdon.  the  work  being  ourttod  oat  by  eoBtraeton  under  a  S-ywmi 
milatetuum  contrmct.  The  blodm  used  la  the  pkvefnent  wtra  furniabed  by  tlw 
Duiu  DustkM  Roads.  limited.  Thia  company  muiutactuKa  these  bloeks  In  Hum 
gndss,  hsvioK  the  followlns  limltins  edge  dinwnsiona:  7  to  9  cm  <?H  to  3>»  in), 
S  to  10  cm  (fiii  to  4  in):  and  10  to  12  cm  (4  to  4H  la).  One  gndc  is  furnished  lor 
the  coDstructioD  of  a  glvea  pavement. 

London  Folkestone  Rosd>  Sidcup,  Kent  County  (21).  The  moite  cubes  used  wen 
obtained  60%  (ram  the  Duraz  Dustiess  Roads  Company's  Swedish  quarries  at  Rix^ 
tite  ramalnder  from  the  Company's  Enderby  quarry  Mar  L«laester.  The  aiae  of  the 
cubes  was  7  to  9  em  QH  to  in),  fiving  a  flnlsbed  depth  of  paving  ol  about  tn. 
The  grouting  mixture  was  composed  of  coal  tar  pitch,  tempered  with  ereoaote  oil  or 
tar.  Into  which  was  itirxed  about  30%  of  fine,  dried  sand.  The  existing  *M*T4iaiP 
was  scarified  and  removed  and  the  foundation  thoroly  coneolidated  by  w«ttinc  and 
rollbis.  On  this  praparad  foundation  a  layer  of  tanad  linieatmia  or  Ag  eh^»pfagi 
was  ainvad  to  a  tUdmeH  of  H  ti>>  and  the  dibsa  laid  on  this  In  Intcsaectlng  segmartal 
twiiSM.  the  paving  being  afterwards  thoroly  consolidated  by  hand  ramming.  Tbc 
grouting  mixture  was  poured  on  the  surface  In  a  boiling  state  and  forced  into  the 
intststicea  with  a  rubber  squeegee,  the  whole  surface  b^g  then  covered  with  hot 
cfaippingB  applied  befora  the  grouting  had  soUdUad.  This  was  consolidated  by  hand 
naming  and  steam  rolling.  The  report  to  the  Board  also  statca  that  tkere  bad  facon 
no  repairs  on  thla  section  from  Uie  date  ttf  completitm.  July,  1911,  up  to  Nov., 
1912.  The  original  cost  is  given  as  7  shillings  S  pence  «1.80).  The  traffic  txatmam 
batwaen  Aug.  16  and  21,  1912  showed  sin  average  daily  traffic,  6.00  A.  U.  to  6.00 
A.  M.,  of  760  cycles,  638  motor  v^deles  and  tillers,  and  386  horsMnnrB  Trhiflaa. 
giving  an  average  weight  in  tons  par  yard  width  at  cairiagvway  of  806,  the  total  widdi 
of  carriageway  being  21  ft. 

Spaciflcationa.  The  following  abstracts  from  specifications  are  typical 
ol  the  practice  of  conRlructing  Durax  pavements  in  the  United  States: 

Tba  Ehirax  cubes,  which  shall  be  of  medium  grained  granite,  sbowing  an  even  dia- 
tributfim  of  constituent  mstwiali,  shall  be  of  uniform  quality  and  texture,  without 
swns,  scales  or  discol oration  showing  disintegration,  free  from  an  excess  of  mica  or 
feldspar,  and  equal  In  every  respect  to  the  sample  in  the  office  of  the  Engines.  The 
granite  sbaU  be  such  ss  will  give  about  30  000  lb  per  sq  in  crushing  strength,  com- 
bined with  a  uniform  structure  and  toughneea  ctf  12  as  detennlood  by  the  method 
employed  by  the  Dept.  ot  Agr.  of  tlie  U.  S.  O.  P.  R.  from  samples  taken  directly  frosn 
quany.  Durax  eubea  shall  have  tix  irrecular,  approximately  square  surfacaa,  ti>e 
edges  of  which  shall  measure  not  man  than  4  and  not  kss  than  23i  in  provided  the 
blodn  used  on  any  one  city  block  shall  not  vary  mora  than  H  In  la  sise,  tiiat  is,  either 
from  2H  to        in,  or  from  3Ji  to  4  In.  . 

On  the  concrete  base  siuiU  be  laid  IH  in  of  a  cushion  composed  of  clean  sand  sad 
Portland  cement  in  the  ratio  of  2  to  1.  This  cushion  sluUl  be  made  true  with  the 
use  of  a  templet  and  shall  be  compacted  by  rolling  to  the  satisfaction  of  the  Fnginw 
On  tliia  oishlon  tlie  cubes  shsll  be  laid  carefully  and  ctose  togetho-  taking  p^ns  to 
break  jtnnts  ss  much  ss  possible;  the  said  cubee  shall  be  laid  in  the  form  of  an  arc, 
the  break  in  the  arc  to  be  5  ft  in  width  or  such  other  width  as  directed  by  the  Engines'. 
After  the  cubes  are  laid,  they  shall  be  thoroly  rolled  and  made  true  to  the  crown  of  the 
street  with  a  roller  weighing  not  lem  than  6  tons,  after  which  the  surface  of  the  Duiax 
eubea  Amll  be  thoroly  sprinkled  several  timea  sufficient  to  moisten  the  cushion  after 
which  the  same  sfaall  be  thoroly  grouted  with  grout  eompceed  of  clean  sand  and  Port- 
land  cement  in  the  ratio  of  1  to  1.  The  surface  of  the  pavement  shall  tl^cn  be  coh- 
ered with  sand  and  kept  moist  for  a  period  of  1  week.  Provided  the  Engineer  ao 
directs  instead  of  filling  the  joints  with  grout,  the  same  shall  be  tilled  with  hot  asphalt 
and  hot  sand  mixed  together  In  such  proportions  as  may  be  required  by  tVe  Engineer. 
If  an  asphalt  filler  is  used  the  joints  shall  be  dry  before  pouring  and  the  asphalt  used 
in  the  filler  ahaU  be  an  aqihalt  whid)  will  not  become  brittle  at- 18" C  (O^F)  nor  flow 
at  49"  C  (120"  F)  and  shall  be  waterproof,  free  from  water  or  decomposition  matter; 
shall  adhere  to  the  paving  stones  and  shall  remain  ductile  and  pliable  at  alt  diroatie 
temperatures  to  which  it  may  be  subject  in  actual  use.  The  asphalt  shall  be  mixed 
by  volume  with  60%  hot  sheeUssphalt  aand.  Alter  an  asphalt  filler  haa  been  applied, 
tha  entire  surface  shall  be  covered  with  a  coarse  sand  which  shall  be  swept  over  tba 
surface  and  lolnta. 
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18.  Stone  Tnckways 


Trackways  have  been  built,  both  in  this  countiy  and  abroad,  of  stone 
slabs,  brick,  concrete  blocks,  steel  shapes,  and  other  materials.  Stone 
trackways  wore  used  on  one  of  the  old  toll  roads  in  New  York  State  as 
early  as  1831.  The  slabs,  which  measured  24  in  in  width  4  in  in  thick- 
ness, were  laid  with  a  gauge  which  would  accommodate  the  vehicles.  The 
space  between  them  was  paved  with  cobblestone.  Trackways  of  rectan- 
gular stone  blocks,  averaging  12  in  wide,  6  in  thick,  and  of  varying  lensths, 
have  been  used  in  some  cities  of  England  and  Scotland  on  steep  hills  or 
where  the  tra£5c  is  ezceptionally  heavy.  These  trackways,  locally  called 
"  whalers,"  ore  laid  in  many  parte  of  Great  Britain,  but  mostly  in  Liver- 
pool  and  Glasgow.  They  are  laid  on  sbeets  with  heavy  grades,  so  as  to 
reduce  the  traction.  In  Glasgow,  in  1913,  there  were  10.76  milee  of  these 
**  wheders."  The  atones  of  which  they  are  made  vary  in  nse  from  10  to 
IS  in  in  width  and  from  6  to  8  in  in  deptii,  according  to  conditions.  They 
cost  about  Sl-40  per  running  ft.  These  "  wheelers  "  too  are  often  seen 
in  the  rural  sections  of  England,  where  they  are  laid  on  steep  grades,  both 
in  order  to  reduce  the  wear  and  tear  of  heavy  loads  and  also  to  reduce 
tracUoo,  as  in  the  cities.  Granite  trackways,  made  of  slabs  2  ft  wide,  I  ft 
thick,  spaaed  4  ft  ^Mut  on  centers,  are  used  in  several  cities  in  Switieriand. 


In  America  it  used  to  be  customary  to  lay  crosswalks  at  each  street  inter- 
section in  all  stone  Uook  pavements  to  accommodate  pedeetriana.  This 
was  more  necessary  with  the  old  style  pavement  than  with  the  modem 
blocks,  and  the  practice  may  be  discontinued  if  the  improved  form  of 
blocks  is  generally  adopted.  The  character  of  the  stone  in  the  crosswalks 
should  be  the  same  as  that  in  the  pavement,  so  that  the  wear  may  be 
uniform  upon  both. 

Tbn  Boreas  of  Hlghwajv,  Brooklyn,  H.  T.,  spedflcatiuis  for  enxswalks,  ssy:  "They 
slull  bs  18  bi  iride,  of  a  lulfonB  tMctaiMs,  not  Imb  than  6  nor  more  thaa  8  In  In  dapth. 
and  from  to  8  ft  in  length,  except  that  in  qioGlal  easas  between  rallroed  trmds 
tbey  may  be  of  such  dlmeudona  as  may  be  approved  by  the  Chief  BnglsMr  ol  tbo 
Buieau  of  Highways. 

"Tbe  top  shall  be  dnMcd  to  a  surfaoe  not  varyiiw  In  evennni  mora  than  i^  in. 
The  lidas  and  enda  shall  be  dreaaed  aquan  down  and  the  lattar  cut  to  a  tnuwverss 
bevel  of  6  in  in  width,  or  to  such  other  bavel  as  may  be  directed,  and  the  Joiutlng 
from  top  to  bottom  shall  give  jt^ta  not  greats  than  H  in. 

"The  brldge-atonea  ahall  be  laid  in  paranel  coutbm  separated  by  granite  blocks, 
and  shall  be  well  and  flmily  bedded  on  a  layer  of  aand  apnad  on  the  foundation  as 
praparad  for  the  pavement^  The  trsnsvem  Jtriata  ahall  be  broken  by  a  lap  of  at  least 
1  ft,  and  be  ao  laid  as  not  to  be  paralM  to  vahlcnlar  trafllc. 

European  Practice.  In  Europe  in  some  eitisa  raosswalks  are  provided, 
and  in  others  specially  dieased  blocks  are  laid  where  the  crosswalks  would 
naturally  be  placed. 

The  London  apedfleatloiis  fa  thk  nspset  say:  "The  croaaings  riiall  be  formed  at  i 
by  T  In  ^Mdaily  droaaod  Abttdeen  granite  setts,  and  two  rows  <d  12  by  6  in  flat  kerbs 
laid  on  a  bed  of  Portland  cement-concrete  at  least  6  In  thick,  the  sorfaoe  of  both 
concrete  and  eranlte  being  cambered  tnuiBv«aely  as  directed  by  tbe  En^new.  The 
Sat  kerhe  and  setts  shall  be  laid  in  straight,  elosa  J<dnted,  aitd  properly  bonded 
courses,  all  the  joints  b^g  aoUdly  grouted  wtth  PorUasd  eemmt  and  Thunea  sand, 
as  before  described,  well  rammed,  back  rammed,  flnlahed  to  a  true  snrfaoi^  and 
covered  with  a  top  draaaing  of  fine  ahlngle." 

The  Liverpool  qtedfieatlona  aay:  "Tbe  croasinBi  shall  consist  of  thrse  rows  oC 
16  by  8-in  granite  eroasing  stones,  and  the  remaining  qtaoe  aball  be  paved  on  aaeh 


13.  Crosswalks 
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idda  of  the  croMinK  stones,  to  tho  full  widtfa  of  the  footwsy,  in  s  ■fmilar  rnaw^nar  to 
tbe  Gsnlagsmy.  The  croesuiK  stones  shall  be  of  granite  of  a  quality  to  be  approved 
by  the  City  Bnsiiieer,  drasBed  perfectly  tnw,  and  out  of  wiadlng  on  the  faea;  the 
sides  and  j<^ta  to  be  perfectly  aquare  and  aeourately  dressed  Uiruottt  tbelr  entire 
depth;  the  Btonea  to  be  bedded  in  cement-concrete,  the  joints  to  be  filled  with  sbiiicle 
and  grouted  in  ■  similar  manner  to  the  pavinE-  A  trianpilar  groove  1  in  wide  by 
5i  in  deep  to  be  formed  along  the  upper  surfaos  of  each  stone.  No  stone  to  be  lea 
than  8  ft  in  lencth." 

Glasgow  requires  tar  its  street  crossIngB  sU  blocks  dressed  as  toIlowB:  "Badi 

crossing  aett  shall  be  axed  on  the  top,  jointed  on  the  sides  and  enda,  dre—ed  on  tit» 
bed,  ahall  be  level  on  the  top  and  bed,  and  have  sides  and  enda  parallel  and  square; 
the  axing,  jointing,  and  dreasing  ahall  be  equal  to  the  sample  to  be  seen  in  the  Oflce 
of  Public  Worka.  Setts  of  each  elaxa  shall  be  truly  gauged.  No  variation  in  width 
or  dQ>th  greater  tlian  H  in  over  or  under  the  aises  specified  on  orders  will  be  allowed. 
All  setts  must  be  free  from  cracks  and  flaws.  Setta  with  bulges  or  hollows  will  not 
be  accepted." 

It  would  seem  that  poadbly  as  good  results  could  be  obtained  by  having  stonca  In 
the  line  of  the  croseings  specially  dreeeed  as  by  the  use  of  large,  flat  stones.  The  aver- 
age price  for  croaswalka  in  Brooklyn,  N.  Y.,  is  ^.75  per  sq  ft  or  $6.75  per  sq  yd,  irttile 
tlw  price  for  the  blodn,  Grade  I.  was  in  1914,  $2.84  per  sq  yd.  This  would  allow 
a  differsaoB  ot  |S.91  wan  yd,  whidi  would  couidnrably  nuxa  than  pay  for  the  sKtia 
ilninslm  of  th«  bloeliB  that  woild  be  required  to  make  a  moottt  Mifacab 


The  coat  of  a  pavement  in  any  city,  especially  the  citiea  of  America,  is 
difficult  to  obtain.  It  is  questionable,  too,  of  how  much  value  this  informa- 
tion  would  be,  as  in  most  instances  Americaa  cities  do  oot  have  money 
enough  to  keep  their  pavemcuta  in  good  repair,  and  too  often  the  infor- 
mation would  be  the  amount  of  money  paid  out  for  repair  work  rather 
than  the  actual  cost  of  necessary  repairs.  Then,  too,  the  character  of  the 
street  upon  which  the  pavement  is  laid  makes  a  great  difference.  For 
instance,  it  would  be  a  simple  matter  in  any  city  to  lay  on  a  selected  street 
a  granite  pavement  which  would  last  50  years  and  wotild  require  practically 
□o  work  for  repairs  during  the  entire  time,  while,  on  the  other  hand,  a 
pavement  could  bo  laid  on  a  heavy  traffic  street  where  it  would  only  last 
from  10  to  15  years,  and  then  only  after  heavy  and  constant  repair. 

European  cities,  as  a  rule,  have  stone  Uock  pavements  of  some  form, 
except  where  streets  ha^-e  been  repaved  in  recent  ycaru,  even  on  residence 
streets.  In  1913  a  stone  pavement  on  the  principal  street  of  Berae,  Swita- 
erland,  which  bad  been  laid  25  or  30  years  at  least,  appeared,  considering 
the  traffic  and  other  sumnmding  conditions,  to  have  an  additional  life  of  25 
years.  The  street  was  solidly  built  up,  and  there  was  little  prcnpect  of  any 
change  in  conditions,  so  that  the  pavement  would  probably  be  undisturbed 
for  years. 

It  is  a  fact,  however,  that  it  is  the  wisest  of  eoonomies  tta  any  city  to 
keep  all  its  pavements,  stime  block  as  well  aa  othen,  in  the  best  of  ratMir. 
The  life  of  a  stone  pavement  will  depend  entirely  upon  traffic,  and  the 
better  its  condition  is,  the  less  will  be  the  effect  of  that  traffic.  Orvuuaed 
gangs  should  be  kept  constantly  employed  in  gcung  over  the  stone  block 
pavements  to  keep  them  in  good  condition. 
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GENERAL  DATA 
1.  Historical  Development 
Brick  PavementB,  in  the  sense  that  they  are  highway  surfacings  laid  with 
artificial  blocks  hardened  by  heat  and  made  from  shales  or  other  mixtures 
of  olay  and  sand,  ore  of  conaiderable  antiquity.  The  Romans  laid  such 
pavements,  where  the  brick  or  tiles  were  superficially  18  by  12  in.  Holland, 
about  1700,  was  probably  the  firat  of  modern  nations  to  use  brick  similar 
to  those  now  in  use  for  pavements.  Byrne  (5)  states  that  "  the  first  brick 
pavement  laid  in  the  United  States  was  in  Charlestown,  W.  Va.,  1872." 
Eldridge  (29)  gives  credit  to  Monmouth  Township,  Warren  County,  III., 
for  "  being  the  firat  in  this  country  to  make  experiments  in  the  building 
of  country  roads  with  brick"  in  1892.  The  brick  used  in  Charlestown, 
W.  Va.  (10).  in  1870  were  side  cut,  rapressed,  hard  burned  building  brick 
of  high  density  and  absorbing  4.S%  on  soaking  24  hr.  Bloomiugton,  III., 
and  St.  Louis  also  used  brick  between  1875  and  1882,  but  the  pa\'ement8 
were  unsatisfactory  and  no  further  effort  was  made  to  use  brick  until  1896. 
Wheding.  W.  Va.,  put  down  an  impure,  fire  clay  paving  brick  !n  1883  that 
was  so  successful  a^  to  make  this  one  of  the  important  pioneers  of  the 
paving  brick  industry  from  the  confidence  so  inspired;  some  of  these  brick 
ore  Btill  in  use  altho  most  of  them  were  renewed  after  2  years.  Decatur,  Hi., 
also  put  down  a  vitrified  brick  this  same  year  (1883)  that  was  made  from  a 
glacial  clay,  and  this  was  still  in  use  in  1909.  The  year  1885  witnessed 
the  first  substantial  increase  in  the  use  of  vitrified  brick,  as  during  (hat 

1101 


D>qiti;M  Ciy 


Googlt 


1102 


Brick  P&vementB 


Sect.  20 


year  it  waa  laid  at  Columbus,  Zaaesville  and  SteubeaviUe,  Ohio,  and 
Peoria,  lU.  By  1904,  the  importance  of  vitrified  brick  pavements  had 
reached  such  a  point  that  the  organisation  of  their  manufacturers  under 
the  name  of  the  "  National  Paving  Brick  Manufacturers  AssodaUon"  -was 
had,  and  since  that  event,  the  progress  ia  both  the  manufacture  and  use  of 
vitrified  brick  for  paving  road  and  street  eurfaces  has  been  rapid  and  consider- 
able.   For  detailed  historical  data  concerning  bnck  pavements,  see  (30r). 

Vitrified  Brick.  The  e&rlier  trork  was  mostly  of  un  vitrified  brick  wiTnilM- 
to  those  used  for  OTdinary  building  purposes,  except  that  in  most  cases 
the  effort  was  made  to  select  the  harder  burned  brUsk  for  pavements.  In 
some  cases,  where  they  were  readily  availaUe,  more  especially  perhaps 
abroad,  slag  and  scoria  brick  were  used.  Since  the  development  of  the 
vitrified  brick,  the  use  of  imvitrified  brick  has  been  abandoned,  and  all 
modem  brick  pavements  are  laid  with  vitrified  or  slag  brick.  As  a  matter 
of  fact,  the  term  vitrified  is  misapplied,  aa  the  brick  are  not  converted 
into  glass  by  heat.  Vitrification  is  approached  but  not  reached  in  the 
manufacture,  and  annealing  then  takes  place  so  aa  to  produce  a  brick 
thoroly  oompaot.  hard,  and  tough,  but  not  brittle.  The  term,  however, 
has  acquired  such  general  use  that  it  will  probably  continue  as  a  means 
of  differentiating  l^ck  so  made,  and  perhaps  really  vitrified  siveificiaUy, 
from  those  simply  hard  burned  for  ordinary  building  purposes. 

The  Development  of  the  Use  of  Slag  Brick  Abroad  lias  been  more  rapid 
than  in  the  United  States,  largely  due  to  the  fact  that  the  manufacture 
of  such  brick  in  this  country  is  extremely  limited,  and  the  importation  of 
the  foreign  block  has,  in  mtwt  cases,  been  bo  expensive  as  to  preclude  their 
use  in  spite  of  their  advantages  in  some  particulars.  In  Canada,  where 
their  cost  is  approximately  the  same  as  that  of  the  vitrified  clay  and  ahale 
brick,  the  use  of  the  slag  brick  is  relativdy  much  larger.  Their  manu- 
facture and  use  in  the  United  States  is  now  on  the  increase. 

The  Use  of  Brick  Pavements  seems  to  be  on  the  increase,  especially  in 
the  case  of  roads.  Until  very  recently  practically  all  of  the  brick  pave»- 
mentfi  laid  were  on  city  streets,  but  their  extension  to  many  country  roads 
has  occurred  since  IdlO.  Their  success  for  road  suriacing  has  been  con- 
siderable in  respects,  except  possibly  as  regards  the  economy  factor. 
In  some  cases  at  least,  they  have  not  been  successful  from  this  point  of 
view,  in  that  their  cost  to  date  has  been  greater  than  need  have  been  in- 
curred under  the  local  conditions  or  for  aatisfaction.  Undoubtedly  in  some 
of  these  cases,  however,  the  change  of  local  conditions  taking  place  to 
produce  more  severe  conditions  will,  if  the  proper  maintenance  is  accorded 
these  pavements,  ultimately  show  that  the  selection  of  the  brick  pavement 
in  many  of  these  instances  was  wise  from  the  point  of  view  of  economy. 


Cheapness.  While  an  average  cost  per  square  yard  of  a  \'itrified  brick 
pavement  on  a  cement-concrete  base  may  bo  approximately  and  con- 
veniently taken  at  S2,  it  may  often,  because  of  local  conditions,  be  less 
than  this.  The  omission  of  the  concrete  base  and  the  utilization  of  the 
local  foundation  material,  which  may  be  proper  undfer  cortain  local  condi- 
tions such  as  suitable  materials  and  light  traffic,  may  reduce  the  coat  per 
square  yard  to  as  low  aa  $1.25.  The  greater  avwlability  of  brick  for  tfae 
surfacing,  when  the  availability  and  propriety  of  other  suriacings  are  con- 
sidered under  the  same  conditions,  may  show  the  cost  of  the  brick  pave- 
ment to  be  a  favorable  figure  beside  the  cost  of  the  other  surfacing  being 
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considered.  On  the  other  hand,  it  frequently  happens  that  the  first  coet 
of  brick  pavements  will  be  considerably  more  than  S2  per  aq  yd  and  that 
the  fiiBt  cost  otiier  suitable  pavements  firom  readily  available  materials 
will  be  at  the  some  time  much  leas  than  this  figure.  In  such  instances,  the 
aelection  of  the  Meic  pavement  most  be  justified  }yy  droumstanoes  which 
will  offset  their  higher  first  cost.    See  (16). 

The  Maintenance  Cost,  being  made  up  partly  by  the  interest  on  t^ 
first  coat,  will  be  affected  by  economy  in  the  latter.  The  future  main- 
tenance cost,  that  is,  the  actual  cost  of  making  repairs  to  the  pavement, 
resulting  from  the  amount  of  traffic  the  pavement  gets  and  its  ability  to 
resist  the  strains  of  such  traffic,  will  depend  upon  the  propriety  with  which 
the  selection  of  the  pavement  is  made  for  the  local  conditions  and  the 
character  and  effideney  of  the  maintenance  accorded  the  pavement.  Aa> 
Burning  that  the  selection  of  a  biick  pavement  in  any  instance  is  proper, 
and  that  the  character  and  efficiency  of  the  actual  maintenance  is  good, 
it  is  claimed  that  the  maintenance  cost  of  brick  pavements  is  low.  It 
has  been  claimed  that  it  is  practically  nil,  but  this  claim  is  an  exaggeration. 
Necessity  for  repairs  invariably  arises  even  tbo  the  intervening  periods 
may  seem  relatively  long.  When  these  repairs  have  to  be  made,  the  cost 
must  be  distributed  ovw  the  period.  The  length  of  this  period  is  affected  by 
the  character  of  the  eonstructum  and  the  amount  of  traffic.  With  octmnely 
uniform  brick  and  proper  workmanship,  a  much  greater  evenneas  of  wear  and 
absence  of  broken  brick  or  depressions  in  the  pavement  relieves  the  necessity 
for  repairs  to  a  much  greater  extent  than  in  cases  where  uniformity  of  brick 
is  lacking  and  where  proper  joint  filling  and  good  workmanship  generally  are 
deficient.  The  difficulties  of  securing  uniform  brick  and  proper  workman- 
ship in  the  construction  of  the  pavement  are  not  inconsiderable,  and  are 
perhaps  greater  than  in  the  cases  of  some  other  competing  pavements. 

Durability  is  the  ease  of  making  and  infrequency  of  repairs.  It  is  genera 
ally  fairly  high  where  briek  pavementa  have  been  i>ropeily  selected  for 
local  eonditicms.  Ease  of  repair  to  Iniok  pavements  vaay  be  greater  than 
in  the  cases  of  some  oth«r  pavemmts  because  no  special  plant  is  usually 
required  for  the  prompt  correction  of  nunm  defects.  For  instance,  the 
repairing  of  a  plumber's  cut  in  a  brick  pavement  can  be  quite  efiiciently 
done  without  the  use  of  machinery,  whereas  in  the  case  of  a  bituminous 
concrete  or  sheet-asphalt  pavement,  it  is  questionable  if  the  repairs  could  be 
successfully  made  in  the  abeence  of  a  heating  and  mixing  plant.  The  strength 
and  redstance  to  wear  of  brick  pavements  is  limited,  and  they  will  not  satia- 
faetorily  endure  under  the  heavitet  traffic,  such  as  frequently  prevails  in 
large  cities  especially  along  the  docks  or  freight  yards,  even  when  the  pave- 
ments are  laid  in  the  best  posHMe  manner  from  the  toughest  selected  brick. 

ReilitaBce  to  Tractloii  of  a  brick  pavement  is  relatively  lie^t.  The 
following  table  will  give  an  idea  of  the  relative  values  of  different  pavo> 
ments  in  this  respect: 


CfasTBctcr  of  Sarfsdng 


HflristBDeala 

Founds 
per  Ton 


Sheet-aapfaalt. 


Gordon 
EldridCB 

MaeNeU  an4  Rumfoid 
Bavan 

Main  and  Oordon 
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The  fisures  for  bituminous  concrete  and  fur  cemoat-concrote  aurfacings 
arc  not  available.  Those  for  bituminoUH  concrete  would  probably  be 
somewhat  higher  than  for  aheet-asphalt  and  might  be  considerably  higher, 
as  would  also  be  the  case  with  the  sheet-Bsphslt  itself  during  periods  when 
(he  bituminous  cement  became  soft  under  heat.  Brick  pavements  irould 
not  be  80  affected.  The  figures  for  oenMnt-concreto  would  probably  b« 
higher  than  those  for  sheet-asphalt  or  brick,  but  probably  less  than  those  for 
bituminous  oono^te  when  oonditions  are  most  unfavorable  for  the  latter. 

Non-SlipperineM.  As  the  slipperinetia  of  a  pavement  depends  not  only 
upon  its  character  but  upon  the  condition  of  the  surfacing,  oomparisona  of 
slipperineas  can  only  be  made  under  the  assumption  that  conditions  of  the 
surface,  such  as  aie  affected  by  the  cleanliness  of  the  pavement  for  inetanoe, 
are  the  same,  lliefle  suifaoe  conditions  are  further  modified  by  weather 
and  olimaUo  oonditions.  Cement  grouted  brick  pavements  are  snKwUier 
than  those  with  Utuminoos  filled  joints,  and  consequently  to  some  extent 
offer  less  foothold  for  horses.  Thia  is  especially  true  when  the  dtrtioen 
of  the  two  surfaces  is  the  same,  because  the  depressions  in  the  bituminous 
filled  joints  do  not  permit  the  slipping  of  the  horsea'  shoes  to  the  extent 
that  will  occur  on  the  smoother  surface  of  the  cement  grouted  pav<?ment. 
The  cement  grouted  brick  pavements,  however,  are  not  gonerally  as  slippery, 
especially  in  oold  weather,  as  bituminous  surfaces,  and  the  latter  seem 
to  become  slinMry  more  readily  in  the  preaenoe  of  adventitioua  products 
than  do  even  the  cement  grouted  btick  pavements. 

Sanitarineu.   Brick  pavemente.  if  kept  clean,  are  highly  sanitary, 
because  of  their  imiwrviousness.   In  the  case  of  hillside  briek  or  of  pave- 
mente with  bituminous  joints,  where  depressione  along  the  joint  lines  exist 
to  a  greater  or  less  extent,  decomposing  matter  may  be  held  for  consider- 
able periods  and  such  pavement-t  are  not  as  sanitary  as  the  cement  grouted 
pavements  where  the  surface  in  smoother.    On  the  other  hand,  when  the 
regular  cleaning  of  the  pavemente  is  defective  for  any  reason,  there  are  no 
qualiUes  inherent  in  the  brick  pavemmt,  such  as  do  exist  to  a  certain  extent 
in  the  bituminous  pavements,  which  interfoe  somewhat  with  the  develop- 
ment erf  bacteria.   Many  bitummous  materials  have  a  eonsiderabls  effect 
toward  preventing  or  interrupting  the  growth  of  bacteria  in  the  orguie 
matter  reaching  their  surfaces,  and  in  this  way  tend  to  increase  the  sanitari- 
ness  of  their  immediate  surroundings.    With  both  cement  grouted  brick 
pavements  and  bituminous  pavemente  where  the  surface  is  quite  smooth, 
the  dustiness,  which  is  a  consideration  under  the  head  of  sanitariness,  may 
not  be  seriously  objectionable  even  tho'maintenanoe  conditions  are  not 
ideal.    In  these  cases  the  traffic  itself  may  keep  extraneous  matter  so  swept 
to  the  sides  of  the  roadway  as  to  prevent  its  becoming  objectionable  by 
Its  presence.    With  the  rougber  stuface  brick  pavements,  sueh  as  those 
with  bituminous  Joints  or  of  hillside  btock,  the  eondititms  as  to  dustiness 
in  the  event  of  inefficient  maintenance  and  cleaning  are  more  likely  to 
be  objectionable.    Waring  (0),  in  1896,  said  that  if  all  the  streets  of 
Kew  York  City  were  given,  where  the  tcrades  would  permit,  a  smooth 
pavement  and  a  proper  relation  estahlishEKl  between  the  pavement  sad 
the  street  car  tracks,  the  cost  of  sweeping  the  entire  rity  would  be  reduced 
hy  S500  000  per  annum.    Waring  used  the  sheet-asphalt  pavement  ss  an 
example  of  a  smooth  pavement,  but  the  appli(»ition  is  equally  as  great  In 
the  case  of  propo-Iy  constructed  and  maintained  cement  grouted  briek 
pavements,  which  are  as  easily  cleaned  in  most  eases  as  the  sheet«s|didt. 
Brick  pavements  with  bituminous  joints  are  not  as  essily  "lo^tuMt  u  Utau- 
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inous  pavomenta,  but  they  are  more  easily  cleaned  than  cement-coDcrete 
pavemeats,  because  of  the  greater  poroaity  of  the  latter  and  aa  the  usual 
rough  surface  of  the  cemeDt-eononte  pavement  gives  greater  acUwaion 
to  foreign  matter  ooming  on  it. 

ITolaelauaaas.  The  importance  of  this  factor  in  a  pavement  is  being 
more  and  more  appreciated.  One  serious  objection  that  has  been  raised 
to  briclc  pavements  in  the  past,  and  is  still  interfering  with  their  selectioD 
in  many  cases,  is  that  they  seem  to  be  comparatively  noisy,  coming  perhaps 
second  only  to  stone  block  in  this  respect.  As  a  matter  of  fact,  there  have 
been  oases  where  it  was  claimed  that  they  were  even  more  noisy  than  the 
stone  block  they  replaced.  In  a  letter  addressed  to  the  Chairman  of  the 
Paving  Commission  of  Baltimore  City  in  1914,  certain  abuttors  on  a  street 
oont^ning  one  street-car  track,  and  formerly  paved  with  granite  block 
on  a  gravel  foundation,  stated  that  "  the  brick  are  noisier  than  the  Belgian 
blocks  they  replaced."  The  new  construction  consisted  of  sheet-asphalt 
from  each  curb  to  the  nearest  rail  and  vitrified  brick  with  cement  filler 
between  the  roils,  all  being  laid  on  a  cement-concrete  base.  Similar  in- 
stances of  an  apparent  increase  in  the  noisiness  by  the  substitution,  within 
the  street  railway  areas  on  a  number  of  streets  in  Baltimore,  of  brick  for 
stone  block  or  other  pavements,  compels  the  consideration  of  this  matter. 
Unquestionably  the  brick  are  more  resonant  than  the  more  massive  stone 
Uock,  bituminous  concrete,  or  even  cement-concrete  and  macadam. 
Furthermore,  the  smoother  surface  of  the  cement  grouted  brick  pavement 
may  act  as  a  better  r^eotor  to  the  sound  produced  upon  it  than  the  rougher 
surface  of  the  other  pavements,  such  as  stone  block  for  instance,  where 
the  surfaces  of  individual  blocks  are  probably  not  as  smooth  as  the  brick 
and  the  surface  of  the  pavement  itself  does  not  approach  as  closely  to  a 
single  plane  as  does  the  surface  of  the  oement  grouted  brick  pavement. 
Consequently  the  sound  may  be  more  or  less  broken  up  in  the  case  of  the 
■tone  Uock  surface  and  not  so  directly  and  effectively  reflected.  The 
reflection  of  sound  may  be  compared  perhaps  to  the  reflection  of  ll^t 
which  is  normally  most  efficient  from  a  polished  and  non-absorbent  surface 
like  that  of  a  mirror  of  silvered  glass.  The  comparative  noiselessness  or 
noisiness  of  cement  grouted  and  bituminous  filled  brick  pavements  is  a 
controversial  question,  and  until  some  standards  for  measuring  noise  have 
been  devised,  a  settlement  of  the  question  in  any  case  will  probably  be 
largely  on  a  basis  of  opinion.  With  a  cement  filler  the  reverberating  qualities 
of  the  brick  pavement  are  at  the  maximum  and  any  hoUow  rumblings,  such 
aa  frequently  occur  from  unequal  bedding  of  the  brick  and  the  displace- 
ment of  the  sand  cu^ilon  are  more  readily  transmitted  to  adjacent  stores 
and  buildings,  and  apparently  magnified  there.  The  brick  pavements 
with  bituminous  joints  do  not  produce  the  roaring  hoUow  sound  which 
so  often  emanates  from  cement  grouted  brick  pavements  and  which  is 
frequently  objected  to  seriously.  On  the  other  hand,  the  pavements  with 
bituminous  joints  do  give  forth  a  sharp  rattling  noise  owing  to  the  in- 
evitable wearing  out  or  sinking  of  the  bituminous  filler  between  the  brick 
and  the  striking  of  the  hard  tires  of  vehicle  on  the  edges  of  the  brick, 
and  tiiis  noise  is  sometimea  seriously  objected  to.  The  noiseleeaness  of 
bituminous  pavements  and  of  macadam  is  extreme,  especially  in  the  case 
of  the  tomer.  The  noiselessness  of  oement-concrete  is  usu^y  nearer  that 
of  macadam  than  is  the  case  of  any  briok  pavement. 

Accestabillty  or  ^reeaUeness  to  aesthetic  or  personal  demands  on  the 
pavement  will  bo  determined  by  local  conditions  and  the  character  of  the 
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pavement.  Under  some  conditions,  the  light  color  of  fire  clay  brick  ii 
an  arsument  for  its  selection.  In  others,  it  may  be  an  argument  c^tainst 
it,  and  the  same  he  said  of  tha  reddish  eolcHed  Mhale  brick  and  tht 
bluish  or  grayish  slog  brick.  If  the  firat  cost  of  the  pavement  is  largrijr 
paid  by  the  abutting  property  ownera,  it  may  be  fair  to  take  into  con- 
sideration, when  the  selection  of  the  surfacing  is  to  be  made,  the  preferences 
of  these  abuttors  for  any  peculiarities  of  a  particular  kind  of  pai^ment. 

FaTorablenesB  to  Trsvel,  meaning  the  ease  and  comfort  enjoyed  in 
driving  over  a  pavement,  may  or  may  not  argue  for  the  selection  of  a  hiiA 
pavement  according  to  the  character  of  the  traffic.  If  the  traffic  consists 
largely  of  horse-drawn  pleasure  vehicles,  the  rigidity  of  a  brick  pavement 
will  quite  likely  be  offensive,  and  such  a  pavement  as  a  tatuminous  pave- 
ment with  its  greater  resiliency  may  be  preferred.  Brick  pavements  aeem 
a  little  more  rigid  than  some  cemeat^-conerote  pavements,  altho  there  ma; 
not  be  much  difference  in  this  respect.  Further  statements  as  to  the 
r^tive  advantages  and  disadvantages  of  brick  pavements  may  be  found 
in  Sects.  4  and  24. 


Brick  pavements  are  laid  both  with  and  without  artificial  foundations. 
Modern  practice  generally  calls  for  an  artificial  foundation  of  Portland 
cement-concrete  to  be  provided.  There  can  be  no  question,  in  view-  of  the 
extremely  satisfactory  experiences  in  many  places  where  an  artificial  founda- 
tion has  been  omitted,  that  a  practice  of  always  providing  a  concrete 
foundation  would  be  extravagant.  A  subgrade  of  gravel  or  sand  properl>' 
prepared  is  frequently  all  that  is  necessary  to  give  an  ample  foundation 
for  a  brick  pavement,  especially  where  the  traffic  over  the  latter  is  not 
likely  to  be  of  the  most  severe  type  within  a  reasonable  period.  An  excellent 
instance  of  the  satisfactory  wear  of  a  brick  pavement  on  a  sandy  ba^e 
and  under  fairly  heavy  traffic  may  be  found  on  West  Chase  St.,  Baltimore. 
This  pavement  was  laid  in  1902,  and  was  in  excellent  condition  in  1916. 
The  street  is  on  the  crest  of  a  slight  ridge  running  east  and  west,  the  sub- 
grade  is  gravel  or  sandy  gravel  and  the  drainage  naturally  is  all  that  could 
be  desired.  Other  instances  of  the  successful  omission  of  concrete  founda- 
tion may  be  found  in  the  naturally  sandy  sections  of  such  towns  as  Miami, 
Yla.,  and  elsewhere.  It  is  absolutely  necessary,  where  an  artificial  founda- 
tion ia  to  bo  omitted,  that  the  natural  foundation  or  subgrade  shall  be 
properly  prepared  by  thoroly  and  evenly  compacting  the  same  and  by 
carefully  shaping  it  so  that  a  imiform  support  and  cushion  may  be  accorded 
the  brick  pavement.  The  cost  should  be  but  little  greater  than  the  cost 
of  the  same  work  necessary  before  the  placing  of  the  concrete  or  other 
artificial  foundation.  The  saving  in  first  cost  of  the  pavement  will  be 
from  60  to  75  cents  per  bcj  yd,  and  in  the  annuid  cost  of  the  pavement, 
interest  on  this  saving  may  he  upward  of  3  cents  per  sq  yd. 

The  Natural  Foondatioo  or  subgrade  for  a  brick  pavement  should  be 
carefully  prepared  whether  or  not  an  artificial  foundation  is  to  be  placed 
on  it.  The  importance  of  proper  prepuation  of  the  natural  foundation, 
in  cases  where  the  cushion  and  wearing  course  are  to  rest  directly  oa  the 
foundation,  is  often  greater  than  when  artificial  foundations  are  to  be 
provided,  particularly  in  view  of  the  greater  difficulties  sometimes  en- 
countered with  the  work  of  preparation  in  the  former  cases. 

In  any  event,  the  somewhat  usual  practice  of  neglecting  the  preparation 
of  the  nstuTMl  foundation  and  of  rdyinft  on  the  artificial  foundation  to 
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make  up  for  the  defects  of  the  natural  foundation  should  be  avoided.  The 
natural  foundation  must  be  properly  drained  and  thoroly  compacted  and, 
as  nearly  as  may  be  practicable,  brought  to  the  proper  grades,  crora-sections 
and  uniiormity  of  surface,  if  economy  in  the  design  fuid  ooostructioD  of 
the  subsequent  work  is  to  be  ezpeot«d.  In  these  reepeots,  the  importance 
of  the  proper  preparation  of  the  natural  foundatioD  for  a  brick  pavement 
and  of  an  artificial  foundation  differs  along  no  line  except  in  degree  per- 
haps, from  the  importance  of  the  proper  preparation  of  the  foundation 
and  Bubgrade  for  a  macadam  road-cnist.  The  natural  foundation  should 
preferably  be  thoroly  consolidated  by  a  roller  similar  to  that  used  in  macadam 
work  and,  when  once  prepared,  should  be  kept  as  free  from  disturbatice  as 
possible  during  the  interval  occupied  by  placing  the  artificial  foundation. 
Any  natural  foundation  which  may  be  expected  to  sufTer  displacement, 
or  to  permit  a  displacement  of  the  sand  cudiion  placed  on  it,  should  have 
its  defects  in  these  respects  remedied,  or  it  ^ould  be  supplemented  by  an 
artificiid  foundation  over  it. 

Laylin  (42)  states,  that  "  Many  of  the  brick  pavements  in  northern 
Ohio  on  streets  and  roads  having  a  sandy  or  gravelly  soil,  are  laid  on  natural 
bed  foundation,  and  where  traffic  is  light  or  medium,  such  streets  are  (pving 
first-class  service.  Many  such  streets  have  been  in  use  twenty  years  and 
oiore,  and  they  give  every  evidence  of  bung  good  conatruction."  See 
alao  (21)  and  (39). 

SouJNQ.  The  natural  foundation  should  alwqrs  be  thoroly  compacted, 
where  imcticable  by  rolling  as  referred  to  in  Art.  9,  even  when  an  artificial 
foundation  is  to  be  placed  thereon.  In  caaee,  such  as  of  extremely  sandy 
road-beds,  where  steam  rolling  may  be  impoesible,  compaction  by  a  horse- 
drawn  roller  may  be  the  neceesary  resort.  A  steam  roller  should  be  used 
whenever  ]K>B8ible  and  the  embankments  and  subgrades  thoroly  rolled,  any 
depressions  being  filled  with  material  similu  to  the  rest  of  the  foundation 
and  reroUed  until  tite  surface  is  uniformly  firm,  even  and  at  the  proper 
elevations. 

Artifldal  Fonndsttons  for  brick  pavements  an,  as  has  been  noted,  gener- 
ally of  Portland  cement-concrete.  The  usual  practice  has  been  to  make 
concrete  foundations  6  in  in  thickness,  but  it  is  likely  that  some  extrava- 
gance has  been  incurred  by  the  adoption  of  this  convenient  figure.  This  is 
especially  true  where  the  filling  of  the  jointe  in  the  pavement  has  sub- 
sequently been  of  high  character  and  with  Portland  cement  grout.  Brick 
pavements  are  not  expected  to  be  economical  under  the  most  severe  type 
of  traffic,  and  therefore,  where  other  conditions  justify  the  selection  of 
Bucb  a  pavement,  it  is  also  quite  frequently  true  that  a  4  or  6  in  concrete 
foundation  will  answer  every  purpose,  and  permit  a  saving  to  be  made, 
especially  imder  the  modem  practice  of  more  carefully  and  thoroly  prepar- 
ing the  Bubgrade.  Other  kinds  of  artificial  foundations  for  brick  pavements 
have  been  used,  such  as  broken  stone,  gravel  or  dag  roads,  heavy  layers 
of  compacted  gravel  or  sand,  brick  laid  on  a  layer  of  sand,  and  plank.  The 
use  of  the  brick  and  plank  foundations  has  been  fo\ind  unsatisfactory 
and  has  practically  ceased.    See  (33). 

Unifobhitt  and  EvBNNBsa  OP  SuBFACK  in  the  case  of  rigid  artificial  foun- 
dations are  especially  important,  because  of  the  relatively  greater  emphasiB 
in  the  residts  brought  about  by  the  greater  rigidity  usually  had  from 
artificial  foundations.  Lack  of  uniformity  therefore  is  more  apparent  on 
the  surface  of  the  pavement  in  course  of  time,  than  would  be  the  case 
where  there  was  laek  of  uniformilar  at  the  start  as  in  the  instance  of  natural 
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foundatioDB.    Evenness  of  mirface  for  artificial  foundations  ia  neoeaary 
in  order  to  secure  uniformity  in  the  tbickneas  of  the  cushion.    The  im- 
portance of  thia  uniformity  ia  set  forth  in  Art.  11.   The  tendency  ia  iiir  him 
ing  to  require  greater  attention  to  the  securing  of  a  moat  even  surface  of 
Buoh  artifidat  foundationa  as  cementHKtnorete. 

Macadau  FonNDATiONa  have  been  need  to  aupport  weaiing  couraea 
of  vitrified  brick  with  more  or  less  Buccesa.  If  the  macadam  haa  been 
thoroly  compacted  and  settled  into  an  enduring  and  reaaraiably  rigid  fonn. 
and  the  surface  of  the  old  macadam  was  not  so  uneven  aa  to  i>emiit  too 
great  a  variation  io  the  thicknees  of  the  sand  cuahion,  the  resulta  have 
been  fairly  satisfactory.  On  the  other  hand,  where  the  macadam  was 
insufficiently  rigid  or  compact  and  so  uneven  on  its  surface  aa  to  require 
a  sand  ouahion  greatly  varying  in  thickneaa  at  different  points,  the  final 
reaulta  ware  unaatisfaetoiy. 

Broum  Stohii,  Siag  ob  Gbatbl  FouMDAnom  have  been  more  or  les 
successful  on  the  same  principle.  The  defect  of  sui^  foundationa,  usually 
rather  loosely  compacted,  is  that  they  permit  the  esc^w  (rf  a  oertain  amount 
of  sand  cushion  down  into  their  interstices,  which  results  in  uneven  settle- 
merit  and  often  breaking  up  of  the  brick  wearing  course. 

RoiiUNQ.  The  artificial  foundation  may  or  may  not  properly  be  rolled, 
according  to  its  character.  At  any  rate,  it  should  be  thoroly  and  uniformly 
compacted  hy  such  means  aa  are  most  ^propriate.  If  of  broken  Bt<»ie, 
gravid  or  similar  material,  it  dumld  be  thon4y  nrftod  to  the  ubnost  poaeible 
compaction  by  a  10-ton  three-wheeled  steam  rolkr.  The  use  of  a  double 
drum  roller  will  be  unsatisfactory  because  of  the  uneven  oompaotioo  result- 
ing from  such  use  of  thia  roller.  The  bridgiog  of  compressible  areas  in  the 
material  by  the  long  drums  results  in  places  being  left  in  the  layer  i^cb 
afterward  produce  unevennees  in  its  surface  and  eventually  in  the  surface  of 
the  pavement  itself.  With  a  three-wheeled  roller,  these  weak  spots  sbmld 
be  discovered  and  may  be  remedied  before  being  covered  up.  Craaent- 
concrete  is  not  uaually  rolled  after  being  mixed  and  placed  tho  it  may  be. 
The  effort  is  uaually  made,  however,  to  compact  the  conaet«  to  Bome 
extent  at  least  by  ramming  it  in  place.  WhUe  this  does  i»oduce  Boms 
degree  of  compaction,  the  uniformity  of  compaction  ia  questJonaUa  m 
many  cases  and  rolling,  if  practicable,  would  be  better.  Broken  stone,  roUod 
and  then  grouted  with  cement  mortar  so  as  to  produce  in  situ  a  cement- 
concrete  would  form  a  strong  foundation  for  a  brick  pavement  but  the 
difficulties  in  the  WBy  of  securing  a  sufficiently  even  surface  uniformly  at 
the  proper  elevations  so  as  to  provide  for  a  unifram  thickness  in  thft  sand 
cushion  may  be  insupraable. 

Curbs  have  usually  been  ctmsidcral  necessary  along  brick  paTements 
for  the  purpose  of  preventing  the  outside  brick  from  bnsldng  away  under 
traffic  crossing  fnnn  the  pavemmt  to  the  shoulder  and  the  consequent 
ultimate  destruction  of  the  pavement.  Wooden  curbs  have  been  used  with 
more  or  leas  success  in  many  cases  of  country  roads.  Usually  it  has  been 
considered  better  practice  to  build  cement-concrete  curbs  from  4  to  6  in 
in  width  and  extending  as  low  as  the  base  of  the  artificial  foundation.  The 
ohjectioD  to  such  curbs  is  their  first  cost  and  the  extreme  difference  in 
rigidi^  between  them  and  the  material  forming  the  shoulder  outside  of 
them.  This  results  in  a  tendency  for  a  rut  to  fonn  along  the  curb  and  Just 
outside  of  ft  in  the  shoulder  material  which  mt  serves  to  eolleot  water 
which  will  materially  affect  the  foundation.  Furtiier,  unless  the  sbonlden 
are  well  maintained  outside  the  curb,  the  wheels  of  vehicles  att«nptfng 
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to  reach  the  pavement  from  the  shoulder,  6nd  difGculty  In  climbing  up 
over  the  edge  of  the  ciirb,  and  if  iron-tired,  tend  to  destroy  the  curb 
itseLf.  A  miggeBtion  for  obviatinB  the  diffieultioB  inroduoed  by  curbs,  and 
tried  auceeeafully  to  aome  extent,  oonoistB  of  constructing  on  a  cement- 
conorete  foundation  a  hig  projecting  upward  from  the  upper  surface  of 
the  oonorete  about  2  in  just  outside  the  edge  of  the  sand  cushion  of  the 
pavement.  This  necessitates  making  the  concrete  foundation  from  3  to 
6  in  wider  than  the  pavement  in  order  to  give  a  substsntial  width  to  each 
lug,  and  results  in  a  sunken  curb  holding  the  sand  cushion  and  the  lower 
edge  of  the  vitrified  brick  in  place.  The  cement  filler,  together  with  the 
support  of  selected  shoulder  material  against  the  outeide  of  the  l»ick,  is 
claimed  to  furnish  sufBcient  atrength  for  keeping  the  brick  in  place,  and 
at  the  same  time  to  avoid  in  part  at  least  the  cost  and  other  objiaotionable 
features  of  a  rigid  curb  along  the  edges  of  the  pavement. 

MATERIALS 

4.  Shale  and  Fire-Clay  Brick 

The  Three  Principal  Paving  Bricka  now  in  use  are  the'viUifled  shale 
brick,  vitrified  fire-clay  brick,  and  the  slag  or  scoria  blocks.  Probably  the 
use  of  the  shale  brick  ia  at  present  greater  than  that  of  the  other  two  com- 
bined. The  shale  brick  are  made  of  a  proper  mixture  of  suitable  clay 
and  shale,  dependent  upon  the  characteristics  of  each  of  the  materials 
available  in  a  given  locality.  The  mixture  is  carefully  and  intimately 
made  after  the  materials  have  been  ground  or  otherwise  prepared  so  as  to 
permit  their  proper  incorporation,  and  every  effort  is,  or  should  be,  made 
to  obtain  a  homogeneous  mixture.  The  mixing  is  done  with  the  aid  of 
water,  and  when  of  the  proper  consistency,  the  material  is  passed  thru 
rolls,  cutters  and  presses  to  form  the  individual  blocks.  These  blocks  are 
dried  and  then  roasted  in  kilns  until  an  approach  to  vitrification  of  the 
blocks  is  had,  when  the  fires  are  reduced  and  the  contents  of  the  kilns 
gradually  cooled  or  annealed.  Modificationa  in  the  above  processes  produce 
different  types  of  bricks.    See  (36). 

Repressed  Brick  are  made  by  repressing  in  molds,  before  roasting, 
the  rough  brick  as  they  originally  come  from  the  cutters.  Most  repressed 
brick  have  projections  iu  the  form  of  lugs  or  raised  letters  ob  one  or  both 
sides,  intended  to  bring  about  a  alight  and  uniform  separation  of  the  rows 
of  brick  when  laid  in  a  pavement,  with  the  idea  that  better  joints  may 
be  had  thereby-  Some  repressed  brick  have  letters  on  their  aides  depressed 
into  one  face  in  order  to  permit  the  joint  material  to  get  a  better  hdd  on 
the  brick. 

mre  Cut  Brick  arc  formed  directly  from  a  ribbon  of  the  soft  matOTial 
proceeding  from  the  mixing  machine,  and  are  not  repressed.  They  are 
of  both  kinds,  smooth  and  with  lugs.  They  are  generally  somewhat  rougher 
In  appearance  than  the  repressed  brick,  but  it  is  represented  that  they  are 
more  uniform,  and  both  stronger  and  tougher  than  repressed  block,  because 
the  repressing  is  claimed  to  disturb  the  molecular  structure  injuriously. 

Vtrdeal  Fiber  Brick  are  so  cut  from  the  ribbon  of  material  that  tibe- 
Borf&oe  of  Che  l»ick  exposed  to  ttaffic,  as  ordinarily  laid  in  a  pavement, 
is  perpendicular  to  the  axis  of  the  ribbon  as  it  comes  from  the  rolls.  Any 
fibers  in  the  ribbon  would  therefore  be  perpendicular  to  the  siuface  of  the 
brick  when  so  laid,  as  is  Uie  case  with  the  wood  fibers  in  a  wood  block 
pavement.   See  (27).   .  _ 
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Tucker  (Ma)  proaenta  the  differanoM  between  repreeaed  brick  and  wtkal  fllMr 

brick  M  tt^wa:  "The  firmt  difference  ralatea  to  putting  the  fiber  ot  the  bride  in  n 
TBTtieal  podtion  in  the  pavement.  Experiments  with  kd  auEer  machine  prove  mn- 
dualvely  that,  as  the  day  column  ia  forced  thru  the  die  of  the  au^er  machine,  tbcn 
la  ■  mll-pronouneed  arrangeroeRt  of  the  plastic  material  in  concentric  layera.  Thia 
arrangement  of  material  is  cloeely  repreeented  by  the  fiber  in  wood.  The  clay  cohuoB 
ia  cut  into  blocka  by  wire  in  the  uaual  fashion,  but  instead  of  bdng  pasKd  to  the  te- 
prmring  machine,  the  green  blocka  are  immediately  paaaed  to  the  dryera  and  tbenee 
fatto  the  kilns.  The  auger  machine  eipenda  perbapa  76  h  p  of  energy  in  mmprndiig 
the  material  and  building  up  the  fibrous  atructure  just  mentioned.  These  blodca  ar» 
ordinarily  passed  to  the  repressing  machine  where  the  movable  sides  of  the  die  bring 
a  heavy  pressure  to  bear  on  the  six  surfaces  of  the  block,  effectually  upsetting  or  breaking 
down  the  fibrous  atructure  previously  obtained  besides  expending  a  oousiderafate 
amount  of  enwgy  to  undo  what  the  anger  aadiine  has  Juat  done. 

"Other  differences  are  that  the  repressed  brick  has  smoother  surfaoes,  k  habituaOy 
given  rounded  edges,  and  usually  carries  the  maker's  name.  The  new  s^le  of  block 
is  purposely  left  as  square-edged  as  the  process  of  manufacture  will  permit,  ia  cut  by  a 
coarse  wire  with  a  view  to  producing  a  roughened  surface,  and  therefore  has  only  tha 
tour  smooth  surfaces  given  hy  the  sides  ot  the  die  In  tbe  auger  machine.  It  has  been 
oomraon  practice  to  so  proportion  tbe  repressed  brick  that  each  brick  went  into  the 
pavement  lying  on  its  ride  so  far  as  the  fiber  was  concerned,  tho  on  edge  as  to  dae^ 
the  effect  being  aa  if  wood  paving  blocks  were  laid  with  thdr  grain  parallel  to  the 
direction  of  traffic.  Instead  ol  having  It  vertical.  On  the  hypothesis  of  a  flbrous  structat* 
it  appears  that  tbe  redatanee  to  wear  should  be  much  greater  if  the  fibers  an  pt«Tnl 
vertically  in  the  pavement  instead  of  lying  flat  dnce  the  tendency  to  spall  or  break  is 
thereby  greatly  Iceooned.  Tbe  vertical-fiber  method  of  laying  brick  is  now  canrM 
out.  The  dimensions  of  the  brick  are  8>^  by  3H  by  3  in,  and  tb^  are  laU  flatwiv; 
that  ia,  with  tbe  3-ln  dimenrion  vertical. 

"Prom  the  manufacturer's  standpdnt,  there  Is  a  condderable  saving  of  material  diw 
to  lessening  tbe  pavmnent  thickness.  Also,  ss  the  bricks  have  thdr  larger  dimensioos 
flatwise,  a  len  number  of  bridts  is  required  to  the  square  yard  and  substantial 
savings  may  be  thereby  made,  while  the  ctmsequent  lessening  of  cost  tends  to 
popularize  brick  paving.  Also  the  cost  ot  power  required  to  operate  the  n|iiiM 
Ing  machine  is  saved,  as  well  as  the  extra  hauling  required  to  put  the  brick  thru  it." 


nre-Clc7  Brick  are  made  from  fusible,  plastic  days,  selected  for  the 
purpose,  with  or  without  an  admixture  of  sand,  io  much  the  same  manner 
and  form  as  are  shale  brick,  tho  usually  of  smaller  sise  than  the  latter. 
Thoy  are  supposed  to  be  somewhat  softer  and  less  brittle  than  shale  brirk, 
but  the  difficulties  of  securing  proper  materials  and  of  their  manufacturr 
has  interfered  with  their  serious  competition,  except  locally,  with  the  ahale 
briek,  and  their  use  is  much  lees  extensive. 


Scoria  or  Slag  Blocks  are  usually  east  in  molds  from  the  molten  alag 
forming  the  waste  or  by-product  from  blast  furnaces  fco*  piodunng  iroa. 
These  alags  vary  a  great  deal  in  comixwition  according  to  the  charaet« 
of  the  iron  ores  being  used,  and  the  character  of  tho  flux  employed  for 
their  puri&cation.  The  acid  slags,  being  more  vitreous,  are  tbe  ones  suit- 
able foi  brick  making.  Not  all  of  the  acid  slates,  however,  can  be  used 
to  advantage  for  slag  brick,  and  the  details  of  the  methods  of  manufacture 
are  important.  Proper  uinealing  of  the  brick  is  somewhat  cUffieult  hut 
absolutely  necessary  for  success.  Qood  slag  brick  appear  to  stand  up 
better,  under  fairly  heavy  traffic,  than  do  shale  or  fireclay  brick.  They 
are  often,  however,  unfalriy  reputed  to  be  aomewhat  more  aUppoy  than 
the  others. 

AnAnalydaflfaSlagBlochtdieaBtruUlonfivnalotbdngasadin  »UtaBaltf' 
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more,  Ud.,  ud  suppaaed  to  bam  come  from  Englud,  was  mt  follows:  Size  of  block, 
3H  by  4  by  8  in,  edfca  bevelled  on  one  face;  weliht.  10.68  lb;  •fwdflc  Kravity.  2.684. 

Chftmlcal  Annfyiis  ^ 

mm   S4.43% 

Alumina   29.68% 

Ozldetrfiron   4.00% 

lime   H.78% 

Magneaia   10.02% 

AlkaliM     l.lb% 

Sulphuric  add   8.99% 


100.00% 

6.   niydcal  Properties  of  Brick 

The  quality  of  a  paving  brick  depends  upon  its  density,  hardness,  im- 
perviousnosa,  resistance  to  cross  breaking  and  cruahing  straina,  touglmess, 
and  uoiformity  or  homogeneity  of  character. 

Form  and  Size.  Paving  brick  are,  approximately  at  least,  rectangular 
in  section  each  way,  tho  the  edges  of  the  faces  intended  to  be  exposed  in  the 
pavement  are  frequently  rounded  slightly  at  the  comers,  especialty  in  the 
case  of  reprwsed  and  d&e  brick.  (higinBlly,  paving  brick  were  made  in 
various  sisea.  some  makes  being  practically  identical  in  size  with  the  or- 
dinary building  brick,  that  is,  2  by  4  by  8  in,  while  variations  from  this 
size  up  to  what  might  be  called  tilea,  12  by  12  by  4  or  0  in  thick  were  not 
uncommon.  The  standard  size  for  shale  brick  now  ia  3^^  by  4  by  SJ^  in; 
for  fire  clay  brick,  2.Hj  by  4  by  8}^  in;  and  for  slag  brick,  3K  by  4  by  8  in. 
In  repressed  brick,  if  the  edges  are  rounded  the  radius  should  not  exceed 
Yit  in  and  any  lugs  or  projections  on  the  side  of  the  brick  should  be  not 
greater  than  yi  in  beyond  the  plane  of  the  side.  Variations  in  width  and 
dep^  should  not  exceed  H  i°<  nor  in  length  be  more  than  ^  in. 

Reduction  in  Depth  of  Brick  (49c).  "Since  the  advent  of  the  monolithic  and  wml- 
monolithlc  construction  there  is  a  tendency  among  paving  englneen  to  reduce  the 
depth  of  the  brick  from  4  to  S  in.  If  a  S-in  bride  laid  directly  in  the  green  concrete, 
or  on  a  eementwid  miperfoundatioo  will  give  as  duraUe  a  wearing  aurface  aa  a  44a 
brick,  there  would  be  contiderable  saving  in  the  ooat  of  brick  paving,  eapedally  In 
dfstricta  at  a  distance  from  the  brick  planto.  The  paving  engineer  in  pr^iaring  his 
estimatce  should  Investigate  the  saving  in  1  in  of  bride  as  compared  with  I  in  of  the 
prepared  foundation,  and  prepare  his  plans  and  croea  section  of  pavement  accordingly. 
In  the  manufacture  of  paving  brick  there  is  a  little  saving  In  cost  at  the  plant; 
the  main  saving,  however,  being  in  the  transportation  diargea.  A  thousand  8-in 
paving  brick  weigh  about  7600  lb  which  ia  a  saving  in  weight  of  approxtmately  2600 
Xb  over  that  of  a  4-iB  brick;  This  would  mean  on  a  shipment  of  brick  to  New  Yoili 
Ci^  from  the  eastern  Ohio  district  a  saving  of  about  16  cents  per  sq  yd  of  brick  surface. 
To  the  contractor  there  is  a  considerable  saving  In  the  use  of  a  3-in  paving  brick.  He 
can  haul  one-third  more  brick  per  load;  the  manipulation  of  handling  and  laying  would 
be  faster;  thqr  would  require  one-fourth  lest  grout  or  bonding  material  and  abo  require 
IssB  sxoavatfan.  Many  en^aera  are  taking  advantage  of  tlMse  savlngB  and  Umm 
has  bean  an  Inereaslng  demand  tor  8-ln  brick  during  tlw  year  1916." 

H amber  per  Square  Yard  of  Pavement.  With  fire-play  brick  of  the  size 
above  given,  allowing  for  joints,  58  will  be  required  to  the  square  yard  of 
pavement  if  tho  brick  are  laid  on  edge,  and  38  brick  per  square  yard  if 
they  are  laid  flatwise.  With  shale  brick  laid  edgewise,  43  will  be  required 
to  the  square  yard,  and  38.  if  laid  flatwise. 

The  Color  of  shale  brick  ia  usually  a  dark  red,  more  or  less  mottled  or 
BpeoUed  with  small  blue  or  yellowish  white  spots;  that  of  fire-clay  brick 
is  usually  yellow  or  y^owish  white;  and  that  of  slan  brick,  light  blue  or 
Uuiah  gray.   All  these  paving  brick  have  a  skin  or  superficial  coat  more 
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vitreous  in  character  than  the  interior  of  the  brick,  and  generally  darker 
ia  color.  As  tbia  skin  is  broken  or  worn  off,  the  wear  of  the  exposed  ictcrior 
maw  40  often  perceptibly  different  under  traffic.  Too  great  a  %*anati(m  is 
oolor  between  the  outside  and  the  inside  of  any  brick  therefore  indicatee  s 
difference  in  character  and  possibly  to  an  objectionable  extent. 

The  color  of  paviitK  brick  is  no  criterion  for  comparing  brick  made  from 
different  clays,  tho  for  a  given  clay  it  may  be  a  reliable  guide,  if  bime<i 
under  the  same  conditions,  as  to  the  heat  it  has  received.  Uniformity  of 
color  tbniout  a  broken  brick  ia  a  valuable  guide  for  checking  up  the  work 
of  the  burner,  as  too  dark  a  center  shows  varied  Bring,  while  a  too  light- 
colored  center  shows  insufficient  time  in  holding  the  beat.  Homogeneity, 
density  and  degree  of  vitrification  may  be  judged  by  the  appearance  of  the 
fracture  on  breaking  a  brick,  and  there  should  be  apparent  no  large  spots 
of  unfused  matter  in  glassy  or  siwngy  spots,  no  lack  of  uniformity,  no 
shakes  or  marked  lantinatioiia. 

Density  is  a  desirable  factor  in  paving  brick,  as,  other  things  being  equal, 
with  the  denser  brick,  the  greater  quantity  of  wearing  material  ia  had  in  a 
given  space.    The  density  is  usually  expressed  in  terms  of  specific  gravity, 
the  shale  brick  ranging  from  2.05  to  2.55;   the  fire-clay  iHick  from 
to  2.30;  and  the  slag  brick  from  2.5  to  3.0. 

Hardneu  is  the  property  resisting  the  attrition  of  the  tires.  eqteeiiJIy 
when  the  brakos  are  applied,  and  of  horses'  shoes.  It  is  probably  next  to 
toughness  as  an  important  requisite  of  good  paving  brick. 

Impcrrioasnesf  is  an  indication  of  the  degree  of  vitrification,  as  a  sound 
and  perfectly  vitrified  brick  ie  non-poroua.  Fire-clay  brick  rarely  absorb 
less  than  2%  on  24  hr  soaking  in  water,  and  often  over  5%  without  rnucb 
injury  to  their  use  in  pavements.  Shale  brick  range  from  1  to  2>^%,  while 
slag  brick  show  even  less  absorption.  Too  little  al^sorption  may  be  in- 
dicative of  brittleness.  The  National  Paving  Brick  Manufacturen  As- 
sociation takes  the  position  that  the  absorption  test  ia  unneoeesary,  ia  that 
the  rattler  test  gives  all  the  necessary  information. 

TiUxm  (8)  nys:  "The  poronty  of  ■  paving  brick  is  one  that  can  be  easily  tested  ud 
has  received  considerable  attention  by  engineers.  It  has  been  goierally  considered 
tlut  2%  Is  the  maximum  amount  of  absorption  that  a  good  paving  brick  should  be 
allowed.  Very  few  good  shale  bricks  will  ezeeed  this,  but  brides  manufactured  tnm. 
fire-days,  which  from  their  nature  are  Incapable  of  idtrifleation,  will  in  almost  evtry 
case  abaorb  more  than  this  amount.  It  has  generally  been  considered  that  the  dangv 
of  absarptlon  in  a  paving  brick  was  similar  to  that  in  building  bricks,  that  is,  its  lia- 
bility to  disintegrate  under  tbe  action  of  frost,  but  Et  must  be  remembered  tliat  paving 
brick  and  building  bride  are  two  different  subatancea.  In  order  to  rsacfa  the  point 
of  vitrifieatioii,  brick  have  been  subjected  to  such  severe  heat  that  they  have  aequlrad 
a  strength  which  Is  fully  atte  to  withstand  all  actions  of  tbe  frost,  and  testa  mads 
have  borne  out  this  view  of  tbe  question.  Tests  for  porosity,  however,  are  Taloable, 
as  they  indicate,  in  a  way  not  otherwise  possible,  the  amount  of  vitrifleati<n  that  has 
taken  place,  espedally  on  the  exterior.  If  the  bride  are  thoroly  vitrified  they  cannot 
be  porous  and  absorb  any  appreciable  amount  of  water." 

The  Resistance  to  Crushing  and  Cross-Breaking  Strains  should  be  re- 
garded in  the  light  of  the  strains  likely  to  come  on  any  individual  brick 
in  the  pavement.  Usually  these  tests  are  omitted.  Paving  brick  vary 
greatly  in  crushing  resistance,  ranging  between  4  000  and  30  000  lb  per 
sq  in.  Cross-breaking  resistance  ranges  from  1  000  to  3  500  lb  per  sq  in 
of  crose-section  when  tested  between  supports  6  in  apart  and  loaded  midway! 
With  the  sand  cushion  under  a  brick  pavement  and  the  other  precautions 
taken  in  constructing  a  pavement,  a  test  for  the  cro8>4>reaking  strength 
is  rarely  needed. 
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Toaghneu  is  a  most  vital  property  in  a  brick  for  pavement  purposes,  tat 
toughness  is  (he  ability  to  resist  the  most  severe  of  the  destructive  agencies 
of  the  pavement,  that  is,  the  shocks  of  traffic.  The  ratUer  test  (see  Art  9) 
for  toughness  has  been  fairly  well  standardised.  As  a  matter  of  fact, 
this  test  for  toughness,  when  properly  carried  out,  frequently  obviates 
the  necessity  for  any  of  the  other  tests  above  mentioned,  except  perhaps 
those  made  thru  visual  inspection  as  already  indicated.  A  test  for  tou^- 
ness  or  resistance  to  spaUing,  or  chipping  off  at  the  edges  under  shock,  has 
been  proposed,  but  it  has  not  as  yet  been  standardized,  nor  does  it  seem 
to  have  been  generally  accepted  in  principle.  Green  (34)  has  conducted  a 
series  of  teats,  with  the  Page  impact  machine,  to  investigate  the  relation- 
ship between  toughness  and  the  loss  on  abranon  in  the  standard  rattler 
tests.    Typical  remits  of  tests  ue  given  in  Table  I. 


Table  I 


Method  of 
Manufseture 

AvenffeTougli- 
nem  of  Surfaoe 
Coras 

PeroentaEe 
RatUer 
Lose 

Uetbodof 
Manufacture 

AvaracaTou^ 
ness  of  Surface 
Corel 

Pweentsge 
Rattler 

LOSB 

Wire  Cut  . . . 

10.6 

16.6 

Etepreamd . . . 

9.0 

18.0 

Wire  Cut  . . . 

12.0 

IS.O 

Rapreoed , . . 

7.B 

16.1 

Wire  Cut  .  . . 

10.0 

16. S 

Repressed . . . 

6.0 

16.8 

Wire  Cut . . . 

10.0 

17.2 

Repre«ed , . . 

7.6 

16.9 

Wra  Cut.. . . 

9.0 

19.4 

Repreesed  . . . 

7.6 

17.6 

Wire  Cut . . . 

6.0 

19.9 

RepreoBod  . . . 

9.0 

19.1 

Wire  Cut  .  . , 

10.0 

20.0 

RepresKd  . . . 

4.0 

19.7 

Wire  Cut  . . . 

9.0 

20.0 

Raprened. . . 

7.0 

20.2 

Wire  Cut-.  .  . 

4.5 

20.2 

Repnmbd, . . 

6.0 

20.6 

Wire  Cut  .  . . 

6.6 

20.8 

Repreoed . , . 

7.0 

SO.T 

Wire  Cut . . . 

9.3 

21.0 

The  Uniformity  or  Homogeneity  of  paving  brick  in  all  respects  is  most 
important,  and  this  applies  to  a  lot  of  brick  as  well  as  to  the  individual 
specimen.  It  is  obvious  that  variation  in  the  individual  bricks  composing 
K  [tavement  will  result  in  lack  of  uniformity  in  the  resistance  of  the  pave- 
ment to  wear  under  traffic,  just  as  lack  of  uniformity  in  the  composition 
of  the  individual  specimen  will  result  in  lowering  its  reaastance  to  wear. 
Brick  pavements  can  frequently  be  so  unevenly  worn  as  to  be  unsatisfactory 
in  Uieir  condition,  or  even  to  warrant  their  relaying,  because  of  the  numer^ 
ous  holes  in  the  surface  caused  from  the  more  rapid  wear  of  one  or  two 
brick  which  have  been  surrounded,  as  laid,  by  more  resistant  brick.  Had 
the  brick  worn  more  uniformly  thruout  the  pavement,  while  the  total 
wear  of  the  pavement  would  have  perhaps  been  greater,  its  existing  con- 
dition of  surface  would  have  been  far  less  unsatisfactory.  A  great  defect 
of  the  tests  now  generally  made  on  paving  brick  is  that  they  do  not  usually 
provide  for  special  consideration  on  this  point.  See  Arts.  8  and  9.  See 
also  (13).    For  about  1000  records  of  brick  tests,  see  (44a)  and  (44b). 

nilUD  (8)  Bays:  "All  products  of  the  same  kiln  should  be  unifonnly  burned. 
While  Utis  {■  aomstimes  difl^^t  to  be  obtained,  if  propw  ore  is  exerdaed  in  the  burning, 
and  the  brick  are  selected  at  the  kfln  before  shipmeot,  Mtlafactoiy  results  can  ba 
aeeured  In  almost  every  Instance.  A  bettor  pavement  will  remit  from  a  lot  of  bride 
that  are  uniformly  burned,  even  if  not  fully  up  to  the  required  standard,  than  from  a  lot 
which  la  perhaps  one-half  perfect  and  the  other  half  somewhat  Inferior,  for  when  nibjeet- 
ed  to  tnilBc  ttie  harder  bride  will  tiielF  aise,  while  the  softer  bride  will  wear  and 

the  entire  soriaoe  soon  become  rough  and  uneven  and  very  dIsi«neaUa  for  travel." 

Tests  on  Indivldiial  Blick.  Provision  should  be  made  for  aeouring  in- 
fmnaUon  as  to  the  unifonm^,  or  lack  of  it.  in  the  losses  of  the  individual 
brick;  or,  as  tb^  are  samples,  of  the  lot  of  brick  they  represent.  The 
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neoeasity  for  uniformity  among  the  individual  brick  composiDg  a  pavement 
has  already  been  generally  recognized.  Further  discuseion  on  the  subject 
may  be  found  in  (24)  and  (47a).  Specifications  such  as  those  of  the  Am. 
See.  Test.  Mat.  (see  Art.  9)  or  of  the  Am.  Soo.  Mud.  Imp.  should  have 
added  to  them  a  clause  like  that  in  the  specifications  of  the  Md.  Road 
Comm.,  thus:    "  The  losees  in  the  rattler  test  shall  not  average  more  than 

 nor  shall  the  difference  between  the  maximum  and  minimum  losscb 

in  the  rattler  test  exceed  ten  points."    See  (44b),  (51a),  (51b)  and  (S2b). 

miaois  Practica  (Sis).  "The  bricks  are  marked  with  a  eoraprcMed  sir  drill  maMac 
a  hole  only  ViO  In  In  diameter,  and  }i  in  deep  (see  Fig.  1).  Appnudmately  200  rattier 
tMta  have  been  performed  during  the  put  yean^  luiac  the  ^mve  scheme  ot  identiSea- 


Xcu  J  Mo.  S  Ma  « 

Same  m  ebove  with  one  hole  on  opposite  alda 
No.  6  No.  7  No.  8  No.  9  No.  10 

Fig.  I.   Roman  Method  <rf  Meridng  Paving  Brick  lor  Rattler  Tcet 

tioD,  end  it  has  been  noted  that  very  few  of  the  bridm  whlidi  broke,  or  diipped,  in  the 
rattler  were  broken  thru  a  drill  hole.  A  number  of  cxnnparative  rattler  toeta  wen 
performed  with  marked  and  unmarked  bricks,  and  it  has  been  found  that  the  drilling  of 
the  small  holes  used  In  maridng  did  not  cause  any  j^predable  increase  in  the  raltlar  Ion. 
It  has  been  noted  in  practice  that  a  shipment  of  bricki  showing  a  fairly  high  avwege 
rattler  loss  and  nniform  wearing  qualiUee,  will  often  make  a  better  pavement  than  bridBi 
showhig  a  low  tvenge  loo.  but  ^bn  rather  wide  variationB  In  wearing  qaaUties." 

Hewaik.  V.  Method  and  Teats  (40).  "The  system  of  marldng  brido, 
which  is  in  use  In  a  number  of  cities,  is  as  follows:  (1)  drill  hole  on  the  flat  part;  (2> 
one  drill  hole  on  the  top  part;  (8)  one  drill  hole  on  each  flat  portion;  (4)  ooe  drilt 
bole  on  top  and  bottom:  (6)  one  drill  hole  on  the  end;  (6)  one  drill  hole  on  eadh  end;  (7> 
two  drill  holes  on  flat  part;  (8)  two  drill  holes  on  the  top  part;  W  one  on  top  asd  one 
on  Midi  (10)  blank  The  drill  hole*  can  be  put  in  tha  bridm  by  a  man  acenrtomd 
to  do  that  kind  at  work  fai  from  20  to  25  n^   There  are  bat  16  holes  to  be  driDad." 

TaUe  n.— Pnuntage  Lost  b;  Each  Brick  in  Ratdn  (M) 


Samples 

No.  1 

No.  2 

No.  3 

No.  4 

No.  6 

No.  6 

No.  7 

No.  8 

No.  9 

No.  10 

Aver. 

1  

24^0 

24.0 

24.6 

24.6 

26.0 

19.0 

19,6 

19.6 

20.0 

80.0 

22.09 

20.8 

20.6 

20.6 

21.0 

21.6 

22.0 

21.6 

26.0 

26.6 

26.0 

22.80 

81.0 

21.5 

21.6 

22.0 

82.0 

21.7 

21. S 

20.8 

22.0 

28.6 

22.28 

4  

21.0 

21.3 

21.4 

21.2 

22.0 

21.9 

21.7 

28. 5 

2>.K 

88.55 

6  

20.0 

20. B 

21.0 

21.6 

22.0 

22.0 

22.0 

28.0 

S2.0 

88. SB 

Tabla  m.— Tjrpical  TMti  on  Individual  Brick  Made  bj  Muyland  OMlofkal 

Survey  (44b) 


Komber 
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Revolutions 


Teet 

No.  1 

No.  2 

No.  8 

No.  4 

No.  6 

No.  6 

No.  7 

No.  8 

No.  9 

No.  10 

Aver. 

818  

10 

18 

IS 

16 

16 

16 

16 

28 

S< 

18 

20 

20 

24 

26 

26 

26 

80 

81 

84 

86 

281  

18 

21 

28 

24 

24 

24 

26 

29 

87 

86 

242  

20 

28 

82 

23 

24 

28 

26 

27 

28 

42 

86 

18 

20 

84 

26 

26 

26 

31 

S8 

86 

28 

16 

16 

17 

18 

20 

28 

26 

82 

69 

85 

17 

17 

18 

20 

20 

22 

22 

24 

38 

21 

IS 

17 

17 

17 

20 

20 

28 

2« 

44 

88 

11 

11 

12 

16 

17 

18 

88 

S7 

86 

It 

18 

19 

21 

22 

22 

28 

88 

SO 

SO 

SS 

Diqibzec  by 
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Sampling  Brick 
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7.  SampUng  Bxick 


The  foUowing  method  was  adopted  at  the  First  Conference  of  State 
Highway  Testius  Endneera  and  ChemiBts  held  under  the  auspices  of  the 
U.  S.  O.  p.  R.  in  Feb.,  1917. 

"  InspActloii.  Vitrified  brlcka  may  be  inspected  and  tested  at  the  point  of  manu- 
facture, or  they  may  be  sampled  at  the  point  of  delivery,  and  repreeentative  samplee 
■ubmitted  to  the  laboratory  for  tcsdnz  prior  to  acceptance  of  the  shipment. 

**  Plant  Inipection.  Whenever  practicable  the  inspection  and  testing  of  vitrifled 
bricks  shall  be  carried  on  at  the  manufacttirer's  plant  The  choice  between  plant 
inspection  and  sampling  at  p<^t  of  use  should  be  liaaed  om  the  average  number  of 
brick  to  be  shipped  from  the  plant  per  day,  and  the  total  number  required  for  the 
particular  piece  of  work.  Whenever  conditions  permit,  samples  should  be  taken 
flirectly  from  the  kiln  during  the  proocas  of  emptying.  One  or  more  sets  of  tests, 
depentUng  upon  the  size  of  the  kiln,  each  set  consisting  of  three  separate  tests,  should 
be  made  on  each  Idln.  Each  teat  in  a  set  of  three  should  represent  approximately  a 
■iDgle  degree  of  burning,  based  on  the  padtiw  of  the  biidm  in  the  kiln,  and  alt  t«o 
of  the  brickR  in  a  single  test  should  be  of  the  same  approximate  degree  of  burning. 
Tbe  average  abrasioD  looa  in  three  such  testa  will  determine  whether  the  contents  ot  a 
kiln  or  part  of  a  kiln  meet  the  average  marimum  abraaioo  Ion  q>eclfled;  and  the 
awdnuun  varlatiao  between  tha  percent  abraslcm  In— cs  of  the  three  sets  will  be  used  to 
detoinine  wbaA  portimt  of  the  bridm  represented  will  be  dilled  or  rejected. 

"Sampling  from  piLBS  at  the  plant.  In  general,  samples  selected  from  piles  at  the 
plant  shall  be  as  nearly  as  poesihle  representative  of  the  en  tire  run  ot  the  bricls.  Samples 
from  {Hies  shall  be  taken  from  as  many  different  points  correepouding  to  the  length, 
breadth  and  depth  of  the  pile  as  possible.  In  no  case  shall  they  be  confined  to  the 
upper  or  outer  few  layers.  Where  controversy  arises  regarding  the  admissibility 
of  cntain  types  or  portions  ot  the  lot,  entire  test  samples  may  be  selected  from  such 
types  or  portions  having  a  characteristic  ^ipearance  in  common. 

"  Sampling  St  Ptdnt  of  Deliveiy.  A  representative  sample  should  be  taken  from 
sach  carload  received.  Considerations  covered  under  Sainpling  from  Piles  at  the 
plant  apply  equally  to  sampling  from  cars. 

"  SUppinc.  Samples  sh^)ped  by  freight  or  expreee  to  tlw  laboratory  shall  be  put 
up  in  packages  Mitrfwtiig  12  brida  each,  padnd  in  two  rows  separated  by  a  partition 
for  protection. 

"  Condition  of  Bricks  before  Testing.  If  bricks  are  damp,  they  shall  be  dried  at  a 
temp^ature  of  89°  C  (100°  F)  before  testing.  No  bricks  shall  be  included  in  the  test 
lot  which  would  be  rejected  on  tbe  basis  of  cracks,  <diips,  or  other  delects  covered  by 
the  qwdflGntum  daiMM  for  yimul  inspactfoa." 


The  metjbod  adopted  by  the  Am.  Soo.  Test.  Mat.  U  described  in  Art.  9. 


Tests  for  QuaUtr  of  Paving  Brick  usually  made  are  now  generally  con- 
fined to  one,  tbe  rattler  test.  Sometimes,  however,  a  test  is  made  for 
absorption  and  for  the  cross-breaking  strength.  Specifications  also  gener- 
ally include  clauses  concerning  the  visual  inspection  of  the  brick  in  order 
to  provide  for  especial  uniformity  in  size  and  shape,  and  for  homogeneity 
and  freedom  from  flaws,  nodules,  voids,  etc  in  internal  composition. 

The  Absorption  Test,  when  made,  is  usually  carried  out  as  follows:  Five 
brick,  which  have  been  thru  the  rattier  test,  are  thoroly  dried  and  their 
weights  recorded.  They  are  then  immersed  in  water  for  48  hr,  removed 
and  dried  superficially  with  blotring  paper,  and  a^un  weighed.  The  gain 
in  wei^t  is  oalculated  and  reported  as  tiifi  absorption,  the  percentage  being 
based  on  the  weight  of  the  brick. 

The  Croia-BreaUng  or  Transverse  Test  is  as  follows:  The  brick  is  sup- 
ported upon  two  knife  edges  and  a  load  is  applied  on  the  upper  side  midway 
between  the  supports  by  means  of  a  third  knife  edge.   The  load  is  gradually 
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lucraaMd  Until  rupture  occuta.   The  result  of  the  test  is  expreiaed  in  di| 

'i  P  ^ 

ratio  of  the  fractioa  .-7,-73  called  the  modulus  of  rupture.    In  the  fmctit^ 

P  represents  the  breaking  loads  in  pounds,  L  the  distance  between  thi 
supports,  B  the  breadth  of  the  apccimen,  and  D  the  depth  of  the  specinm^ 
measured  in  inches.  In  making  the  test,  a  number  of  individual  sam 
should  be  used  so  that  a  fair  average  of  the  lot  may  be  obtained. 

Rattler  Test.  For  a  description  of  the  standard  method  of  making  tha 
rattler  test,  see  the  Standard  Spedfications  for  Paving  Brick  of  the  Am. 
Soo.  Test.  Mat.  pven  in  Art.  9. 

9.  8p«ciflcatioii8  for  Brick 

Tha  rint  Confmnc*,  1117,  Stato  Hlfhwaj  Bnginam  and  Ckamtatt 

adopted  the  following  speciflcatioos  for  paving  brick. 

All  brick  absll  be  of  a  rise  eommerdally  Imom  u  vltrifM  blo^  Tbey  shall  bs 
thoroly  annealed,  toug;h  and  durable,  refular  ia  liaa  and  ahapa  and  evenly  burned. 
When  broken  the  brida  •ball  ahow  a  dense,  atooe-Uka  body,  free  from  Ume,  air  poAeta 

erada  or  marked  lamina tlona.    KUn  marks  ahall  not  ezeaed  o(  aa  inch,  aad  tke 

wauing  aurface  shall  show  but  Blicht  Idln  marka. 

"  RatUer  Test.  Repreaentative  samples  oi  the  brick  ah^  meet  the  followint 
requirements  when  subjected  to  the  rattler  tert.  Averace  lorn  by  abrarioa  on  om  « 
more  tcat^  not  more  than  ....  To-    Maximum  differenee  In  peroent  lorn  by  abrwea 

when  more  than  one  reprcaratative  sample  is  toeted,  not  more  than  %.    A  naa- 

Imum  of  three  teats  will  be  used  aa  a  heals  for  rejection. 

"  DimeoaiODS.   The  bride  ahall  meet  Uie  loUowlBg  requirnaenta:  Lenctb,  .... 

fatebee  to  ... .  ladMa;  width  iachea  to  ... ,  iadMai  daptih, ....  hiefaM  to  ... . 

iaehea. 

"  Vailatlona  among  bride  from  a  aiagle  plant  shaO  not  eieeed  the  loUawtas  Hate: 

Variation  hi  length  of  aa  indi;  niiatteo  la  width, ....  ot  an  iaeli;  TariatfoB  fa 

depth.  frf  an  Indk 

"If  the  edgM  of  the brlt^  an  nmaded,  the  radliis  sh^ aotoeaad  ....  efanfncL 

Only  bride  with  hip  oa  one  side,  raised  not  ]tm  than  of  an  Inch,  nor  more  thaa 

 of  an  indi,  shall  be  used. 

"  Visoal  Inspection.  The  brida  shaU  be  subjected  to  inq>ecti««t  subsequMkt  to  de- 
livery at  the  place  of  use,  prior  to  and  during  laying,  in  order  to  cull  out  and  rcQset 
upon  variattona  from  the  gMteral  and  direenritms  clsmei  and  upon  the  following  grounda: 
All  bricha  whldt  are  brok«i  thru,  or  chipped  in  such  manner  that  ndtlm  anaih^ 
surfaoe  remains  aubetantially  intact,  or  in  audi  manner  that  the  lower  or  bwit^ 
surface  is  redtieed  in  area  by  more  than  one  fifth.  All  bridts  which  are  cradced  to  a 
depth  greater  than  ....  inch  on  any  surface,  or  which  are  cradted  on  the  wearing 
surface.  All  brides  which  are  so  off-atae  or  ao  misshaped,  bent,  twisted,  or  kUn- 
marked  that  they  will  not  form  a  proper  surface  or  align  properly  with  other  bricka. 
All  bricks  which  are  obviotisly  too  aoft  and  too  pooriy  vitrified  to  endure  street  wear." 

The  Am.  Soc.  Test,  Mat.  standard  gpeoifications  for  paving  brick  adopted 
in  1916,  are  as  follows: 

"The  quaUty  and  acceptability  of  paving  brick.  In  the  afaeenee  of  other  madal 
teats  mutually  agreed  upon  in  advance  by  the  seller  on  the  one  ride  and  the  buyw  on 
the  otbw  aide,  ahall  be  determined  by  the  following  procedure; 

1.  The  Rattler  Teat,  for  the  purpose  of  determining  whether  the  materia!  as  a  whok 
posseeeea  to  a  suffldent  degree  strengUi,  toughneaa  and  hardneas. 

2.  Visual  Inflection,  for  the  purpose  of  determining  whether  the  physieal  prop- 
erties of  the  material  ai  to  dimwisiona.  accuracy  and  uniformity  erf  alwpe  and  color, 
are  In  general  Mtiafactory,  and  for  the  purpose  of  culling  out  from  the  shipment  in- 
dividually imperfeec  or  nnaatfafactoiy  brick. 

"Thm  acceptance  of  paving  brick  as  satkfaetorily  meeting  00a  cf  these  teats,  Aall 
Bot  be  construed  as  In  any  way  waiving  the  other. 
"TbaSelectiaagf  SaiVtoatoTesL    1.  Plscb  or  Sahfuns.   In  gMiwalt,  lAaia  a 
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shipment  of  bricka  Involrlng  a  quantity  of  km  than  100  000  la  under  eooalderation,  the 
aatmpUBK  niay  be  done  dthcr  at  the  brick  factory  prior  to  aUpment,  or  on  can  at  their 
deatination  or  i»  the  Btreet,  when  delivered  ready  for  um.  When  the  quantity  under 
craidderation  exceeds  100  000  the  sampling  ahall  be  dona  at  the  factory  prior  to  ahip- 
ment.  Bridia  aeeq>ted  aa  the  remit  of  >mt  prior  to  sUiwunt,  shall  not  be  liable  to 
■ubaeipiMit  rejaodon  «•  ■.  whola.  bat  an  aubjeet  to  waA  culH&f  aa  li  provfdad  tar 
under  Visual  Impaction. 

"  2.  Hbthod  or  teacTiKQ  Sampi^  In  general,  the  buyer  ahall  e^t  Ua  own 
■amplea  from  the  material  which  the  aelter  proposes  to  furnish.  The  seller  ahall  have 
the  right  to  be  preaent  during  the  aelaetloB  of  a  sample.  The  aamplw  ahall  endeavor, 
to  the  bast  of  his  Judgmnt,  to  aalaet  bride  rspr— wring  the  average  d  the  lot.  No 
■amplea  ahall  indiide  brkka  wUdi  wovld  be  refected  1^  ^aaal  iBapaetlaa,  except; 
that  wh«e  controveny  ariaea,  whole  teats  may  be  selected  to  determine  the  admissi- 
bility of  certain  types  or  portions  of  the  lot  having  a  charactoiatlc  appearance  in 
common.  In  cases,  where  prolonged  controvuw  occurs  between  buyer  and  idler  and 
Hunplee  selected  by  each  iMrty  fail  to  show  reasonable  ooneurrenoe,  then  both  parttaa 
shall  unite  in  tlu  selection  of  a  disinterested  person  to  select  the  —twpi—,  ud  both 
partieB  sfaall  be  bound  by  the  results  of  samples  thus  selected. 

"3.  NuHBER  or  Samflbb  FSB  Lot.  In  general,  one  sample  xst  ten  bricks  shall  be 
tested  for  every  10  000  brides  cootain^  in  the  lot  under  consideration;  but  where 
the  total  quantity  exceeda  100  000,  the  number  of  awmlea  tested  may  be  lawar  than 
(me  per  10  000,  provided,  that  they  shall  be  dfetzibotad  aa  uniformly  aa  ptaeUeablo 
over  the  entire  lot. 

"4.  SHntaun  of  S>uinm  Samples  which  most  be  tranqiorted  long  distances 
by  freight  or  ezprev,  shall  be  carefully  put  up  in  pndcagea  holding  not  more  than 
twelve  bricks  eadu  When  more  than  six  brides  are  shipped  In  one  package,  it  shaU 
be  so  arranged  aa  to  carry  two  parallel  raws-of  bridis  dda  by  dde,  and  these  rowe  shaU 
be  separated  by  a  partition.  In  event  of  some  of  the  bricks  being  cracked  or  broken  in 
trand^  the  sample  shall  ba  disquamhid,  U  thaee  are  not  remaining  tan  aooad  undamaged 
briehi. 

"6.  Stobaob  and  Cabb  or  Sampub.  Samples  shall  be  cardoHy  handled  to  avoid 
breakage  or  injury.  They  shall  be  kept  in  the  dry  so  far  as  practicable.  If  wet,  when 
recdved,  or  known  to  have  been  immersed  or  subjected  to  recent  prolonged  wetting, 
tbw  shall  be  dried  for  at  least  6  hr  in  a  temperature  tdSBfC  (100"  F)  before  testing. 

**  The  Ckms traction  of  dte  Rattler.  S.  GunnAL  DmaH.  The  machine  shall  be  ot 
good  mechanical  eonstruetitn,  edf-eontabied,  and  diall  eonform  to  tfta  folloiring 
detaile  of  material  and  dlmendons,  and  ahall  oondrt  of  barrd,  ftune,  ud  driving 
mechanism  as  herein  described. 

"7.  Thb  Babsbl.  The  band  of  the  machine  shaU  be  made  up  of  the  heads,  head- 
liners,  staves  and  stave-Unera.  The  heads  may  be  cast  In  one  piece  with  the  trunnions, 
which  shall  be  2>j  In  In  diameter,  and  shall  have  a  bearing  6  in  in  length,  or  they  may 
ba  east  with  heavy  babe,  wludi  shall  be  bored  out  for  2  T/u  In  shafts,  and  shall  be  key- 
aeatad  for  two  keys  each  H  by  H  in  and  spaced  W  apart.  The  shaft  diall  be  a  anug 
fit  and  when  keyed  ahall  be  entirely  free  from  lost  motion.  The  distance  from  the 
end  of  the  shaft  or  trunnion  to  the  Inside  face  of  the  head  shall  be  16  in  in  the  head 
for  the  driving  end  of  the  rattler,  and  11 H  In  for  the  other  head,  and  the  distance 
from  tha  faes  at  the  huba  to  the  Indda  boa  of  the  heada  sh^  ba  5H  >b-  The  heads 
dudl  ba  not  lass  than  H  In  thick,  nor  more  than  ^  In  thldc  In  outline,  eadt  head 
shall  be  a  regular  14-dded  polygon  inscribed  In  a  drcle  2SH  in  in  diameter.  Each 
bead  diall  be  provided  with  flanges  not  lea  than  H  in  thick,  and  extending  outward 
fn  from  the  buide  face  of  the  head  to  afford  a  means  of  fastening  the  sUvea.  The 
surface  of  the  flanges  of  the  head  shall  be  smooth  and  give  a  true  and  uniform  bearing 
for  the  staves.  To  seoire  the  desired  true  and  uniform  bearing  the  surfaces  of  the 
flanges  of  the  head  shall  be  either  ground  or  machined.  The  flangea  shall  be  dotted 
on  the  outer  edge,  so  as  to  provide  for  two  ^  in  bolts  at  each  end  ot  each  stave,  said 
dots  to  be  u/it  in  wide  and  ZH  In,  center  to  center.  Each  dot  shall  be  provided  with  a 
recess  for  the  bolt  head,  which  shall  act  to  prevent  the  turning  erf  the  same.  Between 
each  two  dots  there  aball  be  a  brace  H  in  thick,  extending  down  the  outward  dde  of 
the  head  not  leas  than  2  in.  There  shall  be  lot  each  head  a  cast-iron  headllner  1  In 
In  thldmaa  asd  aonformlng  to  tha  outline  of  the  head,  bat  Inscribed  In  a  drde  28  H  in 
fa  dianiater.   This  head  liner  shall  be  ftatsnad  to  the  bead  by  aarsn  H-in  oap^crews. 
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thru  the  haul  from  the  outtlda.  Whcti«VBr  th«M  hsMllinen  beoonw  worn  dma 
H  in  betow  their  initial  Burfsee  l«vel  at  any  point  of  their  niriaoe.  they  shall  be  latJatJ 
witii  new  ones.  The  metal  of  theee  headUnen  ■ball  be  hard  machitwry  iroo  aad  aboeM 
eontalB  not  Ins  than  \%  of  eomUned  carbon. 

"TIm  stavea  shall  be  made  irf  6-in  medium -steel  gtnictural  ehaniiela.  Z7V^  in  ho) 
and  welEhing  16.6  lb  per  Un  (L  The  Btaves  shall  have  two  holes  is/ts  >i>  in  diametai 
drilled  in  each  end,  the  center  line  of  the  hol«s  being  1  in  from  the  end  and  1  *i  ia 
either  way  from  the  longitudinal  center  line.  The  spaces  between  the  stav«a  aliall  h 
as  uniform  as  practicable,  but  shall  not  exceed  S/lS  in-  The  interior  or  Bat  ride  at  ce4 
flUve  shall  be  protected  by  a  liner  ?i  in  thick  by  &S  In  wide  by  19f£  in  lone-  TMf 
liner  shall  consist  of  medium-steel  plate,  and  shall  be  riveted  to  the  channel  by  thic* 
<  j-in  rivets,  one  of  which  shall  be  on  the  center  line  both  ways  and  the  other  two  imt 
the  longitudinal  center  tine  and  spaced  7  in  from  the  o«iter  eadi  way.  The  timi 
holes  shall  be  countersunk  on  the  face  of  the  liner  and  the  riveta  shall  be  driven  bcC 
and  chipped  off  flush  with  the  surface  of  tbe  Uners.  These  liners  shall  be  inapedad 
from  time  to  time,  and  if  found  looee  shall  be  at  once  re-riveted.  Any  test  nt  the 
expiration  <rf  which  a  staTe^Ina-  )■  found  detached  fmn  tbe  stave  or  aerioimly  ont  A  ' 
poaititm.  shall  be  rejected.  When  a  new  rattler.  In  which  a  complete  set  of  new  atava 
is  furnished,  ts  first  put  Into  operation,  it  shall  be  dkarged  with  400  lb  of  shot  of  tb 
same  sixes,  and  in  the  same  proportions  as  provided  in  Par.  9,  and  shall  then  be  run  for 
la  000  revolutions  at  the  usual  preaeribed  rata  of  qwed.  Tbe  shot  shall  thai  bt 
removed  and  a  standard  shot  charge  bMerted,  after  wUch  the  rattler  may  be  cdwiiBi 
with  brick  for  a  test.  No  stave  dull  be  used  for  BU»e  than  70  oonaecutive  teals  iiitbant 
lenewinE  its  lining.  Two  of  the  14  etaves  shall  be  ranoved  and  relined  at  a  time  is 
such  a  way  that  of  each  pair,  one  falls  upon  one  side  of  the  barrel  and  the  other  upon 
tbe  oppoeite  aida,  and  abo  so  that  the  staves  changed  shall  be  ccatsecutive  but  not 
contiguous;  for  eaample,  1  and  8,  8  and  10,  6  and  12,  7  and  14,  2  and  9.  4  and  11, 
A  and  IS,  etc,  to  tbe  end  that  the  Interior  of  tbe  banel  at  all  times  shall  preeesit  the 
same  relative  ctmdition  of  r^iair.  The  changes  in  the  stavea  shouM  bs  made  at  the 
time  when  tbe  shot  duigea  are  bdng  corrected,  and  tbe  reoMd  must  show  the  iiumb« 
of  charges  run  since  the  last  pair  A  new  Uned  stavea  was  placed  In  pomtiaa.  The 
staves,  whm  bolted  to  the  heads,  shall  form  a  barrel  20  in  long,  inside  meaaumnoit. 
between  beadlinen.  The  linen  erf  the  stavea  shall  he  so  placed  as  to  drop  between 
tha  hsadlinen.  The  staves  shall  be  bolted  tightly  to  tbe  heads  by  tour  bolt^  and 
each  bolt  shall  be  provided  irith  » lock  nut,  and  ^ail  be  bufweted  at  not  Itm  irequent 
Intervals  than  every  fifth  test  and  aU  nuts  kept  tight.  A  record  shall  be  made  aftv 
each  inspection  showing  in  what  condition  the  bolts  were  found. 

"  8.  The  Feahs  and  Duvino  Mbchanisk.  The  barrel  shall  be  mounted  on  a  c*at- 
iron  frame  of  suflldent  strength  and  rigidity  to  support  it  without  undue  vibratioo. 
It  shall  reat  00  a  rigid  foundation  with  or  without  the  int«position  of  wooden  platen 
and  shall  be  fasteoed  thereto  by  bolts  at  not  teas  than  four  points.  It  shall  be  diivcB 
by  gearing  whose  ratio  of  driver  to  driven  is  not  less  than  one  to  four.  Tbe  counter 
shaft,  upon  which  the  driving  pinion  ia  mounted,  shall  not  be  lees  Chan  l''/i6in  in  diao»- 
eter,  with  bearing  not  leas  than  6  in  in  length.  If  a  belt  drive  Is  used  the  pulley  shall  not 
be  lees  than  IS  in  in  diameter  and  6!4  in  in  face.  A  belt  at  least  6  in  in  width  property 
adjusted,  to  avoid  unneceeesry  slipping,  should  be  used. 

"9.  The  Abrabivb  Charqe.  The  abrasive  charge  shall  consist  of  east^ron  apherce 
of  two  uses.  When  new,  the  larger  apboes  shall  be  S.76  in  In  diameter  and  shall 
weigh  approximately  7.6  lb  (3.40  kg)  each.  Ten  4>beres  this  rise  shall  be  used. 
These  shall  be  weighed  separately  after  each  ten  teats,  and  if  the  weight  of  any  large 
q>bere  falls  to  7  lb  (3.175  kg),  it  shall  be  discarded  and  anew  one  substituted;  provided, 
however,  that  all  of  tbe  l«rge  spheres  shall  not  be  discarded  and  substituted  by  new 
ones  at  any  single  time,  and  that  so  f ar  «a  posrible  the  large  ipberes  shall  cwnpose  « 
graduated  series  In  vbtIoui  stages  of  wear.  When  new,  the  smaller  spboes  shaD  be 
1.875  in  in  diameter  and  shall  weigh  approxinutely  0.9B  lb  (0.43  kg)  each.  In  general, 
the  number  of  small  qtheres  in  a  charge  shall  not  fall  below  246  nor  exceed  260.  Tbe 
collective  weight  of  the  large  and  Bmall  spheres  shall  be  as  near^  300  lb  as  possible. 
No  small  sphere  Bball  be  retained  in  use  after  it  has  been  worn  down  so,  that  it  will 
pass  a  circular  hole  1.76  in  in  diameter,  drilled  in  an  iron  plate  in  in  thicknes,  or 
w^  less  than  0.76  lb  (0.34  kg).  Further,  the  small  spheres  shall  be  tested,  by 
paaafng  thsu  over  the  above  plate  or  by  wetghing,  after  evary  ten  Ma,  and  any  which 
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pam  thru  or  fall  below  the  Bpedfied  weiEht,  shsll  be  replaced  by  new  ■pheret;  pro- 
vided, further,  that  all  ot  the  small  spheroB  ahali  not  be  rejected  and  replaced  by  new 
ones  at  any  me  timei  and  that  eo  far  aa  poarible  the  Hull  qiherea  ahall  compoaa  a 
gratduktad  aeriea  in  variooi  atages  at  wear. .  At  any  time,  that  any  qihere  ia  found 
to  be  broken  or  defective,  ft  ahall  at  ooce  be  replaced.  The  ina  eompoelns  liMae 
BP  hp  res  ahall  have  a  chemical  composition  within  the  followinc  Uiniti:  Combined 
carbon,  not  under  2.50%;  graphitic  carbon,  not  over  0.25%;  aiUcon,  not  over  1.00%; 
manganeae,  not  over  0.60%;  phosphorus,  not  over  0.26%;  aulphur  not  over  0.80%. 
For  each  new  batdi  of  q>hmB  uaed,  the  dimilcal  analy^  ahall  be  laraiahed  by  Uie 
nuOcw  or  be  obtained  by  the  uaer,  More  introducing  into  the  tsbaxfe,  and  unless  the 
analyinB  meets  the  above  apedflcatlona,  the  batch  of  sphenai  shall  be  rejected. 

"  The  Operation  of  the  Test.  10.  Thb  Bkick  Chaxgel  The  number  of  bricks  per 
test,  shall  be  ten  for  all  bricks  of  so-called  block-size,  whose  dimensions  fall  between 
8  and  9  hi  in  length,  3  and  3H  in  In  breadth,  and  3%  and  In  in  thidoieea.*  No 
bri^  should  be  selected  as  part  of  a  regular  teat,  that  would  be  rejected  by  any  other 
requirements  of  the  spedficatiooa  under  which  the  purchase  is  made. 

"11.  Spbed  AND  Duration  or  RsvoLUTlON.  The  rattler  shall  be  rotated  at  a  un^ 
form  rate  of  not  leas  than  29.6  nor  more  than  30.6  rev  per  min,  and  1800  rev  shall 
eoostitute  the  test  A  counting  machine  shall  be  attached  to  the  rattler  for  counting 
the  revolutions.  A  mar^,  not  to  exceed  10  rev  will  be  allowed  for  stopping.  Only 
one  atart  and  stop  per  test  is  genwally  acceptable.  If,  from  aeddentij  cauaea,  tlw 
rattier  Is  stopped  and  started  more  than  once  during  a  teat,  and  the  lose  exceeds  the 
fnfTfmiifii  puToUble  under  the  qwdtlcatlons,  the  test  shall  be  disqualified  and  another 
made. 

"  12.  THb  Scales.  The  scales  must  have  a  capacity  of  not  leas  than  800  lb,  and 
must  be  SMtdtive  to  0.G  oa,  and  must  be  tested  by  a  standard  teat  weight  at  intervals 
of  not  tsH  than  every  ten  testa. 

"18.  Tub  Results.  The  leas  shall  be  calculated  in  pwcentage  ef  the  fnltia]  wvight 
of  tl>e  brick  componng  the  charge.  In  weighing  the  rattled  brick,  any  piece  w^Mng 
less  than  1  lb  shall  be  rejected. 

"  14.  Thb  Rccords.  a  complete  and  continuous  record  shall  be  kept  of  the  operation 
of  all  rattlers  working  under  these  specifications.  This  record  shall  contain  the  follow- 
ing data  oonaeming  each  test  made:  (1)  The  name  of  the  person,  firm  or  corporation 
furnishing  each  sample  tested.  (2>  Tlie  name  of  the  maker  of  the  brick  represented  in 
each  sample  tested.  (3)  The  name  of  the  street,  or  contract,  which  the  sample  rep- 
reaented.  (4)  The  branda  or  marks  upon  the  bricks  by  which  they  were  identiAed. 
(5)  The  number  of  bricks  furnished.  (6)  The  date  on- which  they  were  received  for 
teat.  (7)  The  date  on  which  they  were  tested.  (8)  The  drying  treatment  given 
befM*  tMtiag,  if  any.  (9)  The  Iragth,  breadth  and  thkkneas  of  the  brides.  (10)  The 
eoUeettv*  widght  of  the  tan  large  spbudcal  shot  uasd  in  making  the  test  at  die  time  of 
thdr  last  standardisation.  (11)  The  number  and  collective  wdght  of  the  small  spher- 
ical shot  used  in  making  the  test,  at  the  Ume  of  their  last  standardization.  (12)  The 
total  weight  of  the  shot  charge,  after  Its  last  standardization.  (18)  Certificate  of  the 
operator  that  he  examined  the  condition  of  the  machine  as  to  staves,  liner,  and  any 
other  parts  affecting  the  barrel,  and  found  them  right  at  the  beginning  of  the  test. 
(14)  Certificate  of  the  operator  of  the  number  of  charges  tested  dnoe  Uie  last  stand- 
ardization of  shot  charge  and  last  renewals  of  stave-liners.  (16)  The  time  of  the  he- 
ginning  and  ending  of  each  test,  and  the  number  of  revolutions  made  by  the  barrel 
during  the  test,  as  shown  by  the  indicator.  (16)  Certificate  of  the  operator  as  to 
number  of  stops  and  starts  made  in  each  teat  <17)  The  initial  collective  weight  of 
the  ten  brides  composing  the  charge  and  their  collective  weight  after  rattling.  (18)  The 
loss  calculated  in  percentage  of  Ute  initial  weight  and  the  calculation  itself.  (19) 
The  number  of  broken  bricks  and  remarks  upon  the  portions  which  were  Included  In 
the  final  w^hing.  (20)  General  remarka  upon  the  test  and  any  Irregularities  occur- 
ring hi  Ita  execution.  (21)  The  date  upon  wtiicfa  tlw  test  was  made.  (22)  Thelocatlon 
<a  the  rattler  and  name  at  the  ownw,  upon  vdiidi  tiw  teat  was  made.    (28)  The  cbt- 


*Where  brick  of  larger  or  smaller  alzea  than  the  dimensions  given  above  for  blocks 
are  to  be  tested,  the  same  numtier  of  bricks  per  charge  should  be  used,  but  aUowanoe 
for  the  difference  in  sise  should  be  made  in  setting  the  limits  for  average  and 
rattler  loes. 
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tiAnte  of  Um  operator,  that  the  teat  waa  made  under  tbe  Bpedflcatiotia  of  the  Am. 
Soe.  Twt  Hmb,  and  that  the  record  is  a  true  record.  <24)  The  rifnator*  ot  tha  opit- 
ator  or  peraoQ  reapooaible  for  the  teaL    (26)  The  serial  Dumber  of  the  taat. 

"In  the  event  of  more  than  one  copy  of  the  record  of  any  test  bekic  required,  thcr 
may  be  fumiahed  on  aeparate  sheeta,  and  marked  duplicatM,  bat  the  oriciasl  raeord 
dtaJl  alway*  be  preaerved  intact  and  complete.  Foe  the  convenieoce  ot  the  pubik; 
the  accompanyinx  Uank  form,  which  providea  space  for  the  naoMary  data,  b  tunUmi 
aod  Its  use  raoorameaded. 


Raport  of  Standard  Ratder  Test  of  Pavliif  Brick 


ImrnncATKMt  Data 

Name  of  tbe  Arm  fumishlng  sample  

Name  of  the  firm  mattuf  acturing  sample  

Street  or  job  which  sample  reprssenta  

Bnnda  or  marks  on  the  brick  

Quanti^  ftmiidiad  Drying  Treatmeot  

Date  raoafTBd  Date  tested  

Lm^th  Breadth  Thickness. 

STAHDAIIDUA'nON  DaTA 


Serial  No. 


Weight  of 
Charm  (After 
Staadardisa- 
tion) 

CondlttoBof 
'Lode  Nuta 
on  Staves 

Condition 
of 
Sealea 

Number  and 
Poaition  of  Frenh 
SUve-Unen 

Repaira.    (Note  any 
repairs  afTeeting  tte 
eonditiaB  a<  Um 
barrel) 

10  Larie 

mherea .... 
Small  nhena. 
Total  

Number  of  dutfgSB  toted  since  last  inflection  

RUNmKO  Data 


Time  Roadinga 

Bevtdutloi) 
Counter 
Readings 

Eluiuiin( 
Note^ 
Slopes 
etc 

Hours 

Mlnutea 

Seconds 

Beginning  of  Teat.. . . 

WfilUKTa  AND  CALCULATIOMH 


Initial  W^ht  of  Ten  Bricks. 

Final  WelKDt  of  Same  

Loss  of  Weight  


Pereentage  Lom 
(Note:  Tbe  CalniUtioii  Ui 
Appear) 


Number  of  brolcen  bricks  and  remarks  oQ  same  

I  certify  that  the  foregoing  tcet  waa  made  under  the  apedflcations  of  tbe  America 
Sode^  for  TeeUng  Materials,  and  la  a  true  record. 

(Signature  of  Tester)  

Date   Location  of  Xjtboratory  

"Acceptance  and  Rejectioa  of  Material.  15.  BAflis  or  Accbptancb  ob  RKmcnoK 
Paving  brides  ahal]  not  be  judged  (or  acceptance  or  rejectiaQ  by  the  remlta  of  Indivldad 
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tarti,  but  1^  tb*  kvangB  (4  not  Im  tluui  Itim  tarta.  When  •  lot  of  brioki  fsll  to  niMt 
the  requind  avenge,  it  ahall  be  optionml  witb  the  buytr,  whetlier  tbe  biicka  AM  be 
definitely  raieeted  or  vbether  they  jxay  be  ragndsd  and  a  portion  aelected  for  further 
test  M  provided  in  Par.  16. 

"16.  Ranob  or  FLVCniATtON.  Some  fluctuation  in  tbe  rwulta  of  the  nttkr  twt, 
both  on  acoount  at  varfationa  In  tbe  brido  and  In  tbe  madiiDe  tued  in  tettinK,  an 
unaToidabU,  and  a  raaaonabie  allomnw  for  auch  fluctuation!  ahould  be  made,  whmrer 
the  standard  may  be  fixed.  In  any  lot  id  paving  brlcki  U  the  loai  on  a  teat  computed 
upon  its  initial  weight  axeeeda  the  atandard  Icaa  by  mora  than  2%,  then  tbe  portion 
of  the  lot  ropreeented  by  that  teat  ahall  at  onoe  be  reaaupled  and  thne  mon  ttata 
executed  upon  it,  and  if  any  of  these  three  testa  ahaQ  again  ezeead  by  mon  than  2% 
the  required  standard,  then  that  portion  ot  tbe  lot  shall  be  njected.  If  in  any  lot  ot 
bride,  two  or  mon  tests  eKOeed  the  permissibto  nuutimnm,  thim  Uw  buyer  may  at  Us 
option  nleet  tita  nUn  lol^  tnm  tfao  the  arcnia  of  all  the  teats  laeiitod  may  be 
within  the  required  Hmlla. 

"17.  Fduno  or  Standards.  The  percentage  of  Icm  which  may  be  taken  as  the 
atandard,  will  not  be  flzod  tn  theae  qMcifleationa.  and  shall  remain  within  the  province 
of  the  contracting  parties.  For  the  iDformatioa  erf  the  pubUe,  the  following  scale  of 
•vsnga  hasH  la  ^van,  repreawitfag  what  may  be  agpactad  of  taata  azacntad  vndar 
the  foragoing  qwdlleatioBB: 


Genera] 

Maximum 

Average  Lobb 

PermiBsible  Lohh 

Percent 

Percent 

22 

24 

24 

26 

2S 
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Whidi  <rf  tbeae  gradea  should  be  apedfled  in  any  given  district  and  for  any  ^van 
purpose  is  a  matter  wholly  within  the  province  ot  the  buyer,  and  should  be  governed 
by  tbe  kind  and  amount  of  traffic  to  be  carried,  and  the  quali^  of  paving  bricks 
available. 

"18.  CUU.DKI  AMD  Rbthstinq.  Whan,  under  Para.  16  and  16,  a  lot  or  portion  of 
a  lot  of  bridca  is  rejected,  eitbw  by  reaaoo  of  failura  to  show  a  low  enough  avenge 
teat  or  because  d  teats  above  tbe  permissible  maximum,  the  buyer  may  at  his  option 
ptrmit  the  seller  to  regrade  the  njected  brick,  aqianting  out  that  portkm,  which  ha 
comdders  at  fault  and  retaining  that  wlilch  ha  eonaiden  good.  When  the  regradlBg 
is  complete,  the  good  portion  shall  be  thai  resampled  and  retaated,  under  the  original 
conditions,  and  if  it  falls  again  ather  In  average  or  In  permissible  maximum,  thai 
the  buyer  may  definitdy  and  flnally  reject  the  entire  lot  or  portion  under  test. 

"  19.  Payhbnt  or  Coer  or  Twrno.  Unices  otboiriee  apedfied.  the  coat  of  tcating 
the  material  aa  delivered  or  prepared  for  delivery,  up  to  tbe  prescribed  number  of 
testa  tor  valid  acceptanoe  or  rejertlan  of  the  lot,  atull  be  paid  by  the  buyer.  See  also 
Par.  23.  The  cost  of  tasting  extn  samples  made  necessary  by  tbe  failure  ot  the 
whole  lot  or  any  portion  ot  it,  shaQ  be  paid  by  the  sailer,  whether  the  material  la  flnally 
accepted  or  rejected. 

"  Visual  Inspection.  It  shall  be  the  right  ot  the  buyer  to  Inapeet  the  bricks,  sob- 
■equsnt  to  their  delivery  at  the  place  of  use.  and  prior  to  or  during  laying,  to  eiin  out 
and  reject  upon  tbe  following  grounds: 

"20.  All  bridn  wlilch  an  broken  in  two  or  dup)^  In  such  a  manner  that  neither 
wearing  surface  r«nalns  substantially  inUct,  or  that  the  lower  or  bearing  surface  Is 
reduced  In  area  by  man  than  1/5.  Where  bridn  an  njected  upon  this  ground.  It 
shall  be  the  duty  of  the  purchaser  to  use  them  so  f ar  aa  practicable  In  obtaining  the 
neceaaary  half-brieka  for  brealdng  counea  and  making  closurea,  Inatead  ot  breaking 
otherwise  whole  and  sound  bricks  for  this  purpose. 

"21.  AH  bildci  wUeh  an  aradcod  in  audi  a  dagraa  aa  to  produce  deteeta  sodi  aa 
an  deflnsd  fan  Par.  20,  either  from  aboeka  recdved  la  ahlpoMBt  and  handling^  or  from 
defective  eondjtfeaia  of  manufacture,  espedaUy  in  drying,  buraiag  or  cooling,  unless 
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Sect.» 


EoA  crmcka  m  plainly  ■uperfldal  maA  not  auch  u  to  pftmpUbly  WMkea  th»  nriattan 

of  tlM  brick  to  iu  eondltioiiB  of  um. 

"22.  All  brickB  which  mn  mo  oS-ehe,  or  ao  mInhapMi.  bent,  twiatad  or  Idln-markHL 
that  they  will  not  farm  ■  proper  aurfue  aa  defined  by  the  pavinc  apedfica  tiook.  at 
BUgn  with  other  bricka  without  makins  jolnta  other  than  thoae  pennltted  in  the  pnvnv 
vedJIeadoBfl. 

"88.  All  brieka  which  are  obvioualy  too  aoft  and  too  poorly  vitrified  to  endure  atrecc 
wear.  When  any  diaagreemeat  arfaea  between  buyer  and  aeUer  under  this  itmn.  it 
shall  be  the  right  of  the  buyer  to  make  two  or  more  rattler  teata  ot  the  brick  wbM 
he  wiahea  to  exdude,  aa  provided  to  Vmr.  S,  and  tt  In  eltber  or  both  teata,  the  bridn 
fan  beyond  the  mudraum  rattler  lowea  permitted  under  the  spedfieationa,  then  al 
bricka  having  the  aame  objectionable  appearance  may  be  ezduded,  and  the  aeUar  ahal 
pay  for  the  coat  ot  the  teat.  But  if  unifor  audi  proeodura,  the  bricka  iriiich  haw  ban 
teated  aa  objecticKiable,  thall  ptm  the  rattier  teat,  both  Imtrn  falhnc  within  the  per- 
mitted maxiroum,  then  the  buyer  cannot  exdude  the  dan*  ot  material  iijiiaaiailMl  by 
thla  teat  and  he  ahall  pay  fcNr  the  coat  of  the  teaL 

"24.  Alt  bricks  whidi  difTer  ao  markedly  in  color  from  the  type  or  averace  of  the 
■hipment,  aa  to  make  the  raniltant  pavement  checkered  or  diaaEreeably  mottled  ia 
appearance.  This  Section  ahall  not  be  held  to  apply  to  the  normal  variationn  in  eohv 
whidl  may  occur  in  the  product  of  one  plant  among  bricka  which  will  meet  tb«  rattler 
teat  aa  referred  to  in  Pata.  IS,  16  and  IT,  but  shall  apply  only  to  dlfferanoan  ot  eokr 
which  Imply  difTefeocea  In  the  material  of  which  the  biids  are  made,  or  tUwias 
diSerencea  In  manutactuie." 

10.  Cost  Data  on  Briek 


Tsble  IV.— Production  aad  Coat  of  PmTlag  Brick  in  the  United  Statei 
From  MfMsrol  ReaowcM  of  the  United  State*,  ISiB 


Year 

Quantity 

Value 

Avenge 
Price  per 
Thouaud 

381  691 

000 

9S  130  472 

88 

20 

18M  

820  407 

000 

2  794  686 

8 

72 

1897  

435  861 

000 

8  682  037 

8 

22 

IBM  

474  419 

000 

4  016  822 

8 

47 

1899  

680  751 

000 

4  760  424 

8 

18 

1900  

M6  679 

000 

4  764  124 

8 

71 

1901  

605  077 

000 

6  484  134 

9 

06 

1902  

617  192 

000 

6  744  630 

9 

31 

1908  

654  499 

000 

6  453  S49 

9 

86 

1904  

735  489 

000 

7  557  426 

10 

28 

665  879 

ooo 

6  703  710 

10 

07 

1906  

751  974 

000 

7  867  768 

10 

45 

1907  

ST6  245 

000 

9  664  282 

11 

02 

I80B  

978  122 

000 

10  657  476 

10 

90 

1909  

1  023  654 

000 

11  269  586 

n 

01 

1910  

9SS  000 

000 

11  004  666 

11 

37 

1911  

948  7r)8 

000 

11  116  742 

11 

72 

911  869 

000 

10  921  676 

11 

98 

1918  

958  680 

000 

12  138  221 

12 

66 

931  324 

000 

12  500  866 

13 

42 

953  336 

000 

12  230  889 

12 

83 

CONSTRUCTION 
11.  CvBhloiU 

A  cuBhioD  between  th«  paving  brick  and  the  artificial  foundation,  union 
the  Utt«r  is  of  the  proper  quality  of  sand,  has  been  considered  Decnsaiy 
for  two  ressonB:  Pint,  to  tiRtiat  and  elimtnatA  the  unavoidable  inequalitica 
and  unevenneBses  in  the  surface  of  the  artificial  or  natural  fouodation;  and 
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second,  in  order  to  give  a  uniform  bearing  and  cushioning  to,  and  to  com- 
pensate for  the  inevitable  inequalities  in  height  of,  the  individual  brick. 
Abo  it  has  been  contended  that  there  was  a  desirability  for  the  interposi- 
tion of  a  somewhat  reuUent  layer  between  the  rigid  brick  wearing  surface 
and  its  equally  rigid  foundation,  in  order  that  a  resilienf^  in  the  whole 
result  might  be  secured  to  some  extent  at  least,  as  well  as  to  decrease  the 
resonance  and  noise.  All  are  not  in  agreenient  on  these  points  and  the 
effectiveness  of  the  sand  cushion. 

Hortar  beds  on  top  of  the  artificial  foundation  are  a  relatively  new 
development  in  brick  paving  work,  tho  they  have  been  used  for  wood  blocks 
for  many  years,  especially  in  Europe.  In  1900,  Baltimore  laid  a  vitri&ed 
brick  pavement  on  Lexington  St.  between  Calvert  and  Charles  Sts.,  uiiing 
a  H-in  layer  of  one  part  cement  mixed  with  three  parts  sand,  and  since 
that  time  has  laid  several  other  straets  with  brick  on  a  similar  bed,  alt^ 
the  proporUon  of  sand  has  been  increased  in  some  cases  to  five.  In  1910, 
the  roadways  in  the  Fenn.  R.  R.  Terminal  in  New  York  City  were  stmilarty 
built  with  a  mortar  bed  for  the  brick.  Both  the  instances  cited  now  show 
entirely  satisfactory  results  from  the  use  of  the  mortar  bed.  It  is  true 
that  in  each  case,  traffic  conditions  are  peculiar.  The  7%  grade  and  the 
local  police  regulation  making  it  a  ona-wsy  street,  limit  the  traffic  on  Lexing- 
ton St.,  Baltimore,  and  the  traffic  on  the  Penn.  R.  R.  Terminal  roadways 
is  preponderatingly  that  of  rubber  tired  motor  vehicles.  Altbo  many 
other  ins  tan  res  of  the  more  re(»nt  use  of  mortar  beds  for  brick  pavements 
may  be  found,  definite  conclusions  have  not  been  drawn  as  yet.  The  use 
of  mortar  beds  in  substitution  for  a  sand  or  other  cushion  may  prove  to 
be  highly  advantageous  for  many  reasons,  such  as  the  elimination  of  hollow 
sounds  or  roaring  in  brick  pavements,  the  successful  correction  of  the 
tendency  of  a  sand  cushion  to  shift  its  place,  greater  ease  and  rapidity  in 
construction,  no  increase  and  perhaps  even  a  decrease  in  cost,  and  the 
result  of  an  even  more  highly  resistant  surfacing.  On  the  other  hand,  this 
substitution  may  rrault  in  increased  resonance,  increased  rigidity  and 
brittlenese  of  surfacing,  and  increase  in  the  effects  of  expansion  and  con- 
traction. Cracking  of  the  foundation  may  become  apparent  in  the  pave- 
ment when  otherwise  it  would  not  be  transmitted  to  the  surfacing.  See 
(15),  (19),  (22c),  (30b),  (31a),  (32a),  (32b),  (36a),  (35b),  (43),  (46),  (47b), 
(49a).  C49b),  (52a)  and  (56). 

With  Sand  Cushions,  such  as  have  been  usually  provided  for  brick 
pavements,  the  thickoesa  for  the  cushion  recommended  by  the  National 
Paving  Brick  Manufacturers'  Assn.  is  IH  in  after  compaction.  Some 
engineers  reduce  this  figure  going  as  low  as  1  in,  but  unless  the  surface  of 
the  foundation  is  extremely  and  unusually  even,  a  1-in  sand  cushion  is 
likely  to  prove  unsatisfactory.  While  1  in  of  sand  will  probabb'  provide  suffi- 
cient cushioning  effect  for  the  brick,  less  than  I  in  will  not  do  so.  A  1-in 
cushion  being  specified  and  attempted,  it  is  almost  impossible  to  prevent 
the  cushion  having  a  thickness  of  less  than  1  in  at  certain  points,  which 
points  later  prove  foci  of  failure  in  the  pavement  surface. 

It  has  been  found,  upon  inspection,  that  under  the  peculiar  conditions  of 
some  cases,  a  shifting  of  the  sand  cushion  under  the  brick  has  taken  place, 
and  the  brick  have  been  in  these  cases  left  unsupported  or  unevenly  sup- 
ported in  areas  of  the  pavement.  The  thicker  the  cushion  originally 
provided,  the  greater  the  probstHlitiee  of  such  possible  shifting  of  the 
cushion,  hence  the  maximum  limit  of  2  in.  More  than  2  in  cannot  be 
Iffoperly  compacted.   The  shifting  of  the  sand  cushion  is  considered  re- 
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sponsible  for  the  objecUonaMe  hollow  sound  or  resonuice  of  some  bridt 

VAvements. 

A  great  deal  of  care,  more  than  is  usually  displayed  in  the  work  of  pro- 
viding this  cushion,  is  desirable.  It  should  be  of  ihe  greatest  poosibie 
uniformity  both  oa  to  compositioti  a&d  tbickneas.  The  sand  should  bt 
free  from  pebbles  aad  sufficiently  free  from  loam  or  earthy  inatto-  to 
prevent  its  caking.  See  (20).  It  must  be  evenly  spread  and  thoroly  and 
evenly  compacted.  It  cannot  be  spread  properly  if  wet,  and  it  cannot  be 
evenly  compacted  if  spread  from  dumped  piles  whose  tops  have  been  merely 
knocked  off.  A  tboro  raking  of  the  cushion  after  spreading  is  desirable  in 
order  to  secure  an  even  distribution  of  the  sand,  and  rolling  is  neceaeaiy  to 
insure  proper  compaction.  A  template  properly  made  and  operated  is  then 
necessary  for  truing  the  surface  of  the  cu^on  and  securing  the  desirable 
evenness  to  it.  Uniformity  of  thickness  of  the  cushion  is  largriy  depMident 
upon  the  evenoeos  of  the  surface  of  the  foundation.  The  escape  of  the  aand 
cushion  into  the  joints  of  the  artificial  fotmdation  along  r^ls  should  be 
made  impossible. 

Sand  Mixed  with  Bitutninoos  Material  is  much  more  resilient  than  the 
sand  alone.  The  use  of  this  mixture  may  avoid  some  of  the  difficulties 
with  sand  cushions,  and  the  thickness  of  the  cushion  might  be  cut  down 
without  loss  of  cushioning  effect.  Such  a  cushion  would  also  be  probably 
less  likely  to  respond  to  shifting  influence. 

Sswdnst  Mixed  with  BltnniiiUMis  Cemoat  will  form  aa  ebstte  eushion.  and  oas 
fMrhaps  less  az passive  in  esrtala  locaUtfss  than  ■  amnd  mixture.  The  thiflmiiM  nnraa 
NUT  tor  cuahioaing  afleet  in  this  csm  might  be  sHU  further  ndnosd.  The  UtomineaB 
cement  might  be  expected  to  prevent  the  decay  of  the  MwdUSt,  and.  If  of  prapv 
qumllty  and  mixed  In  proper  proportiona,  the  reaiatanoa  ot  the  oushicn  to  MtilfHn 
in&ueneea  would  probably  be  at  least  normal. 

Fibered-Asphslt  Ptvemrat  might  be  used  advantageously.  Fibered-eiiphalt  is  a 
mtxton  of  ssphalt  cemait  sad  wood  fiber  obtahwd  w  a  by^produet  Id  Om  catradfaa 
of  8q>  products  from  treses  the  wood  fibers  la  the  preeosi  being  U  eonridsraUy  great« 
length  than  the  parttcka  of  sawdust. 

The  Citiliion  Should  Always  be  Well  Rolled.  After  spreading,  to  a 
slight  excess  in  thickness,  the  sand  and  thoroly  raking  it,  so  as  to  eecuie 
an  even  disposition  of  it,  a  roller  weighing  from  300  to  400  lb  should  be 
drawn  by  hand  both  longitudinally  and  laterally  or  diagonally  over  the 
sand  cushion.  Any  depressions  resulting  should  be  filled  with  more  sand 
and  the  rolling  resumed  and  continued  until  the  utmost  compaction  of  the 
sand  is  evenly  secured.  The  surface  of  the  sand  should  then  be  found 
to  be  slightly  higher  than  the  elevations  desired  for  it,  and  it  should  be 
brought  evenly  to  the  proper  hei^t  by  striking  off  the  surface  witb  a 
template. 

Spedfleations  for  Cushion  Materials  adopted  at  the  First  Conference, 
1917,  State  Highway  Engineers  and  Chemists,  are  as  follows: 

"  The  Sand  ahidi  pus  a  inch  laboratory  screen,  and  leaa  than  ....  percent  shaO 

pam  a  20-mesh  sieve.  The  material  removed  by  the  elutriation  teat,  consisting  dilafljr 
ei  day  and  loein,  shall  not  exceed  ....  percent  by  weight. 

"  Tba  Grannie  ted  Slag  ahsll  conalBt  of  dean,  sharp,  gritty  particles  of  water-cooWd 
(lastrt  types  allowable)        sll  of  whldi  shall  pass  s  hich  laboratoty  screen. " 


The  usual  practice  is  to  lay  the  txick  in  courses  at  right  angles  with 
the  aids  of  the  street  and  on  edge,  so  that  the  individual  brick  preoent  to 
wear  one  of  the  two  faoes  about  8M  by  8H-   Exceptions  to  this  practies 
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are  sometioies  met  with  at  intersections  where  the  courses  in  each  quarter 
of  the  intersection  are  laid  parallel  to  a  diaffonal  thru  the  intersection 
\rith  the  idea  of  giving  a  better  foothold  to  animals  turning  the  comer 
or  crossing  the  pavement.  It  has  been  suggested  that  no  real  necessity 
exists,  when  the  pavement  is  properly  grouted  with  cement  mortar,  for 
courses  across  the  roadway  and  that  the  avoidance  of  gores  in  the  surface 
of  ctirved  roadways  may  be  had  by  luring  (hp  brick  leogthwiae.  This  has 
been  uucceesfully  done  in  some  oases.  One  of  the  difficulties  in  laying  a 
brick  pavement  arises  from  the  desirability  of  keeping  the  couraea  reason- 
ably straight,  for  appearance's  sake,  and  the  Joints  between  the  courses 
and  between  the  individual  brick  uniform,  so  as  to  permit  evenness  in 
their  filling.  The  usual  variation  from  the  straight  line  allowable  in  the 
courses  is  within  2  in,  for  the  attainment  of  its  appearance,  but  it  is  not 
desirable  to  have  the  brick  more  tightly  jammed  together  at  some  points 
than  at  others.  Too  wide  a  joint  is  obviously  undesirable  and  too  narrow 
a  one  is  equally  bo  because  of  the  difficulties  of  properly  filling  causessiveLy 
narrow  joints.  Different  devices  have  been  adopted  for  keeping  the  bricks 
St  a  certain  distance  from  each  other  in  the  shape  of  letters  or  raised  pro- 
jections on  the  brick.  The  more  recent  device  of  lugs  seems  to  give  the 
best  results  and  to  provide  for  a  proper  width  of  joint. 

Inspection  of  Brick  During  Laying.  As  brick  samples  to  be  tested  are 
usually  taken  in  the  proportion  of  one  sample  for  each  1000  brick  in  the 
shipment,  it  is  evident  that  there  is  a  considerable  opportunity  for  in- 
dividual brick  of  varying  quality  passing  the  tests.  The  presence  of  such 
brick  in  the  pavement  may  remit  in  uneven  wear  and  the  production  of 
serious  holes  in  the  surface.  It  is  frequently  the  practice,  after  the  brick 
have  been  laid  in  the  pavement,  but  before  they  are  grouted,  to  sprinkle 
the  pavement  with  water.  The  eye  is  then  able  to  note  quickly  any  great 
variation  in  the  imperviousness  of  the  individual  brick,  and  the  removal 
and  replacement  of  these  can  quickly  and  readily  be  made.  A  very  common 
practice  under  recent  specifications  consists  of  inspecting  the  brick  after 
laying,  but  before  filling  the  joints,  and  turning  over,  with  the  aid  of  a 
pair  of  tonga,  those  brick  which  have  been  placed  in  the  pavement  with  an 
objeoUonaUe  face  up.  This  is  bad  practice,  because  the  sand  cushion  is 
disturbed  in  the  process.  The  best  practice  is  to  place  the  brick  for  the 
pavers  so  that  they  will  invariably  lay  the  brick  with  its  best  face  up. 

Bricks  Laid  on  the  Flat  Side.  A  recent  experiment  has  been  made  in  a 
number  of  instances  by  laying  the  brick  on  their  flat  or  larger  side,  and  in 
courses  as  above.  This  departure  gives  the  advantage  of  requiring  slightly 
less  brick  per  square  yard  than  where  they  are  laid  on  edge,  tho  it  reducen 
the  resistance  of  the  pavement  to  sustaining  heavy  loads,  and  there  is 
more  liability  of  the  brick  becoming  cross-broken  thru  the  reduction  in 
depth.  There  seems  to  be  no  good  reason  why  the  practice  of  laying  the 
brick  on  their  flat  «des  should  not  be  followed  where  the  loads  coming  on 
the  pavement  are  only  moderately  heavy  and  where  a  proper  foundation 
and  cushion  have  been  provided.  The  reduction  in  first  cost  per  square 
yard  by  If^ng  the  brick  flatwise  would  average  between  5  and  10  cents 
per  sq  yd.  Where  the  traffic  is  expected  to  be  light,  the  laying  of  tho  brick 
flatwise  may  have  another  advantage,  if  a  natural  foundation  of  suitable 
sand  IS  expected  to  be  sufficient,  in  that  the  greater  bearing  area  of  the 
brick  laid  flatwise  should  reduce  a  tendency  of  the  individual  brick  laid 
edgewise  to  become  driven  down  under  traffic.  See  (17),  (30a},  (SOe), 
(&4a)  and  (57). 
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Th«  Brick  Shonld  b«  Rolled  subsequent  to  layiog  and  after  the  surface 
of  the  partly  completed  pavement  has  been  swept  clean,  inspected  for  de- 
fects and  the  latter  corrected.  Disturbance  of  the  brick  after  rolliBR  should 
Im  avoided  just  as  far  as  possible.   The  roller  fur  the  brirk  should  be  one 

that  can  be  easily  and  rapidly  managed  and  should  weigb  between  4  and 
5  tons,  in  order  to  offset  any  tendency  of  the  brick  to  careen  under  the 
roller,  the  number  of  forward  trips  of  the  latter  over  any  part  of  the  pa^-e- 
nient  should  be  equalled  by  the  number  of  backward  trips  over  the  same 
part.  The  rolling  should  proceed  bcgiDninR  at  each  edge  of  the  pavement 
along  the  curb  and  working  toward  the  center  uf  the  roadway;  then  cross 
rolling  at  angles  of  about  45°  each  way  from  the  center  line;  again  rolling 
lengthwise  and  again  cross  rolling  as  before,  continuing  this  procesa  until 
the  brick  are  firmly  fixed  in  the  cushion,  the  surface  of  the  pavement  even 
at  the  elevations  intended  and  any  inequalities  of  the  cushion  or  in  the 
height  of  the  brick  ironed  out  and  the  cushion  more  or  less  pushed  up  into 
the  joints  between  the  brick.  This  condition  is  always  found  in  the  case 
of  property  rolled  brick  pavements,  the  rising  of  the  cushion  into  the  jointa 
being  somewhat  uneven,  in  an  amount  var>-ing  from  to  1  in  according 
to  the  conditions.  Rolling  with  a  horse  roller  or  too  heavy  a  steam  roller 
can  but  result  unsuccessfully,  as  under  such  rollers,  the  brick  will  invariably 
creep  under  the  horisontid  atrains.  Again,  such  rollers  cause  the  brick 
to  tilt  as  they  are  passed  over  and  become  displaced  to  an  extent  that  the 
surface  uf  the  pavement  becomes  rougher  the  more  it  is  rolled.  Further, 
under  excetiiuve  weights  of  roller,  the  brick  ore  so  pushed  down  that  they 
rebound  when  the  weight  passes  oft  and  compaction  to  the  desired  degree 
is  never  aecyred. 

After  the  brick  are  properly  rolled  and  fixed,  those  that  have  broken 
under  the  roller  should  be  removed  and  replaced,  the  new  brick  being 
carefully  tamped  into  place.  In  places  where  the  use  of  the  roller  is  im- 
practicable, such  as  around  manbolee  or  close  to  the  curbs,  the  brick  should 
be  brought  to  a  true  surface  and  made  firm  by  means  ramming.  For 
this  purpose,  a  rammer  should  weigh  from  80  to  100  lb  and  its  blows  ehould 
not  fall  directly  upon  the  brick  but  should  be  traoBmitted  thru  a  board 
laid  on  their  stirface. 


The  Filler  Recommended  by  the  Rational  Paving  Brick  Manufacturers' 
Assn.  la  Cement  Grout,  except  for  expansion  joints.  The  cement  filler 
when  properly  applied  unquestionably  stvea  additional  strmsth  to  the 
pavement  by  uniting  the  indi^'idual  brick  together  into  a  strongly  coherent 
mass,  and  thus  enabling  the  distribution  of  the  strains  over  a  larger  area. 
It  gives  better  protection  to  the  edges  of  the  indindual  brick  and  against 
their  tendency  to  spall  at  the  edges  under  blows.  It  aids  toward  imiformily 
of  wear  and  results  in  a  smoother  surface  for  the  pavement.  Its  disad- 
vantages are  the  mechanical  difficulties  of  properly  applj'ing  a  cement 
filler  and  of  having  this  sort  of  filling  sufficiently  uniform  thruout  the  paved 
area.  The  cement  filler  is  rigid  and  increases,  rather  than  decreases,  the 
rigidity  of  the  pavement  and  the  effects  of  expansion  and  contraction. 
On  steep  grades,  the  cement  grouted  brick  pavement  may  be  objectionably 
slippery,  especially  in  certain  kinds  of  weather.  It  is  objected  to  frequently 
as  producing  a  more  noisy  pavement  than  a  bituminous  SiUer,  but  this 
complaint  is  disputed  (see  Art.  2). 

The  Rdatin  Strength  of  Cement  Orout  FUlva  made  with  different 


IS.  Joint  FUUng 


Art.  13 


Jmnt  Filling 


1127 


proportions  of  cement  and  sand  ia  indicated  by  some  tests  made  in  con- 
nection with  some  brick  pavement  work  in  King  County,  Wash. 

Allen  (11)  BtatM  that  then  tests  wen  mada  "of  netions  of  brick  paTement  eon- 
■tructed  u'  beama  12  ia  wide  and  Bpanning  42  fat  batwnn  supports,  chiefly  to  study 
the  efficiency  of  cement  joints  mixed  1 : 1, 1  :  and  1:2.  In  maldu(  these  beams, 
the  methods  of  laying  and  of  mixing  and  brusliing  in  grout  commonly  used  In  county 
work  were  those  employed.  Each  beam  was  tested  on  s  42  in  span,  center  to  centeTt 
and  tlie  load  appHed  at  the  center  of  the  span.  The  beams  were  placed  in  the  testing 
machine  with  the  wearing  surface  i^i,  on  which  surface  the  load  wss  applied.  The 
ends  o(  the  beams  rested  on  rocker  supports,  and  phwter  of  Paris  was  used  to  secure 
■n  even  iMaring  at  all  onitaet  pointa  A  defleetometer  was  used  to  record  the  amount 
<rf  deflection  in  the  beam  at  the  instant  of  failure.  With  the  1  : 1  grout  the  plane 
ot  failure  cut  right  across  one  brick  and  for  the  rest  of  the  way  was  thru  the  bond. 
In  one  instance  a  lug  wss  sheared  off.  With  the  1  :  IH  poat  the  failure  in  one  case 
was  across  two  brick  and  the  rest  ot  the  way  thrwtbs  bond.  In  the  seeoBd  case  the 
bihiie  Faa  thru  the  bond  aU  <rf  the  way.  With  the  1 :  S  groat  the  falhue  was  entlraly 
Umi  the  bond  Id  each  instanee.  In  no  instance  was  the  iaihira  thru  the  grout;  It  waa 
•hnyi  tbm  the  bond,  acnaa  the  grout  or  thru  the  brick.  The  Multa  of  then  beun 
taata  are  given  In  Table  V: 

Table  V 


Beam  No. 

DniGNSioNS  oy 

Deflee. 
tion  at 

Max. 

Load 
Ins 

Maxi. 

mum 
Load 
Pounds 

Modulus 
of  Rup- 
ture, lb 
per 
sq  in 

Cement 

Sand 
Mixture 

NumbCT 

of 
Bricks 
Rap- 
tuied 

Hgt 
laa 

Width 
Ins 

« 

12 

42 

0.037 

8290 

1080 

1:1 

1 

4 

12 

42 

0.0S8 

8000 

984 

1:1 

1 

S  

4 

12 

42 

0.04S 

801(1 

989 

1:1 

1 

Avange. . . . 

0.039 

1016 

4 

iz 

42 

0.026 

2s66 

918 

Nrnie 

6  

4 

12 

42 

0.020 

2S16 

867 

2 

Average .... 

0.028 

2410 

887 

4 

12 

42 

0.030 

790 

1:2 

None 

7  

4 

12 

42 

0.084 

2860 

771 

1:2 

None 

Average. . . , 

O.0S2 

780 

The  Awlicatioii  of  the  Cement  VUXw  is  one  of  the  most  important  featurea 
of  proper  brick  pavement  construction  and  should  have  the  utmost  care. 
The  cement  filler  ahould  be  mcchanicaltr  mixed  and  mechanically  applied, 
if  possible.  While  in  the  appUcation  of  the  cement  filler,  usually  more 
incorrect  and  varied  means  or  methods  are  resorted  to  than  in  any  other 
portion  of  the  work,  the  proper  method  ia  a  simple  one  and  easily  followed. 
Clean  sand,  first-class  Portland  cement  and  a  proper  proportion  of  water 
are  necessary.  Too  much  water  is  as  objectionable  as  too  little,  owin»(  to 
the  greater  tendentry  toward  se^n^gation  of  the  sand  and  cement  when 
water  is  used  in  excess.  Too  little  water  does  not  provide  the  fluidity 
necessary  for  the  mixture  to  properly  enter  the  joints.  A  good  method 
for  applying  the  cement  filler  to  brick  pavements,  which  method  has  been 
developed  thru  practical  work,  has  been  euvfutly  deerribed  in  the  publi- 
cations of  the  National  PavinK  Brick  Mnnutbcturera*  Assn.  as  follows: 

"The  sand  should  be  dry.  The  mixture,  not  exceeding  1  /3  bu  of  the  sand,  together 
with  a  like  amount  of  cement,  shall  be  placed  in  the  box  and  mixed  dry,  until  the 
man  asmimni  an  even  and  unbroken  shade  of  color.  Then  water  shall  he  added  to 
form  a  liquid  mixture  of  the  oonsisteBcy  of  thin  cream.  From  the  time  the  water  is 
applied  until  tlie  last  drop  is  rmoved  and  floated  into  thA  Joints  of  the  brisk  pavanuD^ 


D>qiti;M  by 
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Um  nlxtura  must  ba  kept  in  oonatut  motioQ.  The  mixture  th&U  b«  ramoved  ffon 
the  box  to  th*  street  aurfaoe  with  «  seoop  shovel,  kU  the  while  baliiK  Btiired  ia  Uw 
box  M  the  eeme  ia  bebts  thus  emptied.  Tlie  box  for  thia  purpoee  ehall  b«  S  )j  to  4  ft 
Icmi,  27  to  80  In  wide,  end  14  in  deep,  reeting  on  tega  of  dlflerent  lengtha,  so  that  the 
nistura  wlU  readily  flow  to  the  lower  corner  of  the  box,  which  ehould  be  bum  8  to 
10  is  abom  the  pavement.  This  aditiire,  ttMB  tha  flUHOMit  It  toucfaea  Um  bndt, 
■hall  ba  thoroly  swept  into  the  jofaitB.  Two  such  boxea  ehall  ba  provldad  fai  caaa  tk 
street  is  20  ft  or  lees  in  width;  exceeding  20  ft  in  width,  three  bozea  should  be  need. 

"The  work  of  filling  should  thus  be  carried  forward  In  line  until  an  advance  o(  15  to 
SO  yd  baa  been  made,  when  the  aame  force  and  appliances  shall  be  turned  badk  and 
cover  the  nnn  ^aoa  in  like  manner,  cxeq>t  to  make  the  proportiona  H  Portland  Mnent, 
and  H  mad.  To  avoM  the  poesibUity  <4  the  thickniing  at  any  pcdnt,  than  tbovU 
be  a  man  with  a  qtrinkling  can,  the  head  perforated  with  small  holes,  BprinUing  (cntly 
the  surface  ahead  of  the  sweeper.  Within  H  to  ^  hr  after  tbis.last  coat  ia  ai^tlied. 
and  the  grout  between  tha  joints  has  fully  subeidod  and  the  Initial  eat  is  taldng  piace, 
the  whole  surface  must  he  slightly  sprinkled  and  all  surplus  mixture  left  on  the  tops 
of  the  brick  swspt  Into  the  joints,  bringing  them  up  flush  and  full.  After  the  joints 
are  thus  filled  flush  with  the  of  the  brick  and  aulBcient  Ume  lor  evaporatim  or 
initial  hardening  has  taken  place,  so  that  the  costing  of  land  will  not  abaotb  any 
moisture  from  the  cement  mixture,  ^  in  (tf  sand  shall  be  qtread  over  the  whole  surface, 
and  in  caae  the  work  is  subjected  to  a  hot  summer  sun,  an  occasional  qnfnldfng  auft- 
dent  to  dampen  the  sand  should  follow  for  2  or  8  days. 

"Tha  first  appUcattoa  should  ba  thin  fat  order  ttiat  It  may  flow  to  the  depth  ol  the 
Jelnti  of  tha  brick,  thareby  tanurlng  a  substantial  bond,  and  shoold  ba  kspt  in  eomtant 
motion  wtiDe  being  applied,  otherwise  the  sand  wfO  settle,  leaving  water  and  cement. 
Instead  of  water,  sand  and  cement.  The  water  and  cement  would  not  be  objectioaaUe, 
but  the  sand  by  itself  is  wholly  so. 

"  It  must  also  be  mixed  In  small  quantities,  as  It  Is  next  to  Imponible  to  keep  the 
sand  in  suspension  when  more  than  a  common  water  pail  of  each,  eand  and  CNncnt, 
is  used,  and  unless  It  Is  depoaited  upon  the  pavement  irith  the  sand  in  comblnatiea 
with  the  solution,  the  cement  and  wat«r  will  get  Into  the  lower  portion  of  the  joints 
betwera  the  bridm,  and  the  sand  without  the  cement  in  the  uppw  portion.  It  is 
preferable^  after  the  sand  and  cement  have  been  .mixed  dry,  to  apply  niffldent  water 
and  mix  dowly.  first  to  a  good  mortar,  then  add  suffldant  watar  to  bring  Uia  nMtiar 
to  the  required  condstency.  By  this  method  a  more  thoro  adherion  of  tte  eanuBt 
to  tlie  sand  can  be  obtained." 

Speciflcatiou  for  Grouting  Sand  tulopted  at  the  First  Conference,  1917. 
Stato  Highway  Engineera  and  Chemists  are  as  follows; 

"  TIm  sand  shall  cmisist  of  clesn,  hard,  durable,  un  coated  particlea,  prdimbly  rill* 
ceous,  free  from  lumps  of  clay  and  all  organic  matter. 

"  Grading.  It  shall  be  well  graded  from  coarse  to  fine  and,  when  tested  Iqr  -nmns 
of  laboratory  screens,  shall  meet  the  following  requirements: 

Passing  •  mesh  sieve  not  less  than  ••%. 

Passing  100-meah  sieve  not  more  than  . . . .%. 

Not  more  than  %  by  w^ht  shall  be  removed  by  the  elutriatimi  test. 

"  Mortst  Strength  Test  When  the  sand  b  mixed  with  Portland  eemant  in  tha  pio. 
partlons  of  1  part  <4  cement  to  8  parts  of  sand  by  wdght,  according  to  standard  mBthods 
of  malting  1 : 8  mortar  briquets,  the  resulting  mortar  at  tiie  age  of  7  and  28  daya  ahaD 

have  a  t^idle  strength  of  at  least  ***pncait  of  that  devel<q>ed  In  the  same  time 

by  mortar  of  the  same  proportions  and  consistency,  made  of  the  same  cement  and 
Ottawa  sand.  Preliminary  acceptance  samples  shall  be  subjected  to  both  7  and  26-da7 
testa,  and  aoeeptanea  based  tbereupcm.  Rsmpha  tested  during  tba  pngnm  at  ths 
work  will  be  accepted  on  the  basis  of  the  7-day  teat." 

Tha  Following  Praetlcoi  Often  ObMrrsd  lua  Enoaaoui  and  ahould  be 
avoided:   The  filler  ia  applied  from  the  mixing  box  with  a  buelcet  and 


*It  is  recommended  that  a  10-meah  ideve  be  specified. 
*"Ninety-five  percent  is  recommended  for  this  purpose. 


"**It  is  recommended  that  65  percent  be  the  minimum  allowable  strength  ratio;  md 
that  la  loeaUtles  wtere  praetieaUe,  a  Ugfanr  strength  ratio  ba  qwdM. 
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carriod  to  thekpouit  o(  application.  SettlenieDt  of  the  sand  to  the  bottom 
of  the  bucket  invariably  occurs,  aa  it  also  does  when  too  great  a  time  elapses 
between  the  mixing  in  the  box  and  the  turning  of  the  box  or  the  emptying 
of  the  box,  especially  if  the  Btirring  is  not  continuous.  Water,  applied 
to  the  dry  mixture  before  the  latter  has  reached  an  even  tthade,  iaterfereB 
irith  the  proper  adheuon  of  the  particles.  Remedying  an  improper  thick- 
ness of  mixture  hy  throwing  it  upon  the  pavraient  and  then  adding  more 
water  serves  only  to  float  the  cement  away  from  tJhe  sand.  Applying  the 
mixture  to  the  pavement  faster  than  it  can  be  swept  in  results  in  lack 
of  unifoimity  and  dissatisfaction.  If  the  qtiantity  of  mixture  applied 
requires  a  portion  of  it  to  be  swept  to  a  considerable  distance  in  order  for 
it  to  disappear  in  the  joints,  the  last  that  goes  in  will  be  little  better  than 
pure  sand.  By  the  proper  method,  the  mixture  in  the  box  is  drawn  to  the 
upper  portion  of  the  box  by  two  workmen  with  hoes,  and  with  the  natural 
backward  flow,  the  mixture  is  equally  agitated.  The  lift  of  the  scoop, 
with  the  box  suffidontly  adjacent  to  the  joints  to  be  filled,  will  allow  a 
mixture  in  proper  condition  to  strike  the  surface  of  the  brick  and  to  im- 
mediately enter  the  joints,  thus  more  nearly  insuring  the  Slier  in  place  in 
its  proper  proportion  than  by  any  other  method.  By  the  use  of  a  sufficient 
number  of  boxes  and  a  systematised  force  of  workmen,  the  greatest  economy 
to  the  contractor  is  secured  and  the  possibilities  of  the  cement  filler  attained. 

Dampening  the  Brick  ahead  of  the  application  of  the  filler  is  necessary  in 
almost  alt  cases  in  order  that  proper  adhesion  of  the  filler  to  the  brick  shall 
be  had.  The  brick  must  be  uniformly  dampened  and  not  excessively 
wetted.  The  use  of  a  hose,  especially  one  throwing  a  stream  of  water, 
is  objectionable  for  this  tnupose.  It  may  be  possible  to  use  a  hose  satis- 
factorily if  it  is  supplied  with  a  nozzle  which  will  result  in  a  thin  spray  of 
water  being  thrown  thru  it.  Even  then,  the  use  of  the  hose  tends  to  result 
in  the  application  of  too  much  water.  A  sprinkling  can  with  what  is 
known  as  a  rose  head,  that  is,  a  head  with  many  small  perforations  in  it 
over  the  spout,  and  the  careful  application  of  the  water  by  hand  should 
generally  be  required.    See  (30d). 

Bitiuninous  Fillers  reduce  the  necessity  of  expansion  joints  in  the  pave- 
ment, and  permit  a  certain  flexibility  in  the  pavement  which  practically 
oUiterates  any  cracking  of  the  brick  thru  contraction  or  expansion.  They 
are  usually  applied  with  greater  ease  and  uniformity  than  in  the  case  of  a 
cement  filler.  They  leave  a  surface  to  the  pavement  which  is  less  smooth 
and  consequently  less  slippery.  Another  advantfige  claimed  for  the  bitu- 
minous filler  is  the  possibility  when  once  cracked,  of  its  reunion,  which  is 
impossible  in  a  cement  filler.  Their  disadvantages  are  that  the  proper 
kind  of  bituminous  filler  is  usually  difiicult  to  obtain  for  any  specific  case; 
that  is,  bituminous  cement,  with  the  proper  quality  of  adhesiveness  in 
order  to  stick  the  brick  together,  is  generally  quite  susceptible  to  extremes 
of  heat  and  cold,  becoming  fluid  and  running  out  of  the  Joints  on  grades 
in  the  warm  sun,  and  becoming  brittle  and  breaking  in  the  joints  In  cold 
weather.  Any  lack  of  imperviousness  in  the  joints,  thru  the  breaking  of 
the  filler,  will  result  disastrously  to  the  cushion  and  to  the  pavement. 
Further,  bituminous  fillers  fail  to  support  the  edges  of  the  brick  sufficiently 
to  prevent  spoiling,  and  it  is  but  a  short  time  after  a  brick  pavement  witii 
bituminous  joints  is  completed  before  the  brick  begin  to  wear  into  convex 
form  on  their  upper  surface,  thus  increasing  the  difficulties  of  keeping 
the  pavement  thoroly  clean,  increaang  the  noise  from  the  surface,  and 
damaging  its  appearance. 
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14.  Expansion  Joints 


EzpanBion  joints  should  be  provided,  aloDR  the  curbs  at  least,  in  all 
brick  pavetneutfl.  In  the  case  of  cement  Rroutcd  brick  pavemeota,  greater 
provision  for  expaosion  joints  must  be  made  than  in  the  case  of  brick  pave- 
ments with  bituminous  joints.  A  seneral  pnuitice,  where  the  brick  am 
laid  in  courses  acnwn  the  roadway,  is  to  place  a  board  of  a  proper  thicknew 
next  to  the  curb  before  the  brick  are  laid  and  then,  after  the  joint  filling 
of  the  pavement  is  completed,  to  withdraw  the  board  and  fill  the  space 
left  with  a  bituminous  cement.  The  thickness  of  the  board  to  be  used 
will  depend  upon  the  width  of  the  street,  and  the  following  thicknesses  are 
those  recommended  by  the  National  Paving  Brick  Manufacturers'  Assn.: 
Width  up  to  2U  ft,  H  in  along  each  curb;  20  to  30  ft,  3/4  in  along  each  eurb; 
30  ft  or  over,  1  in  along  each  curb. 

Diitrlbotion  of  Total  TUcknaas  of  Bltnndnona  Fffler.  A  better  practice 
is  to  distribute  the  thickness  of  this  expansion  joint  over  three  or  four 
joints  in  courses  of  brick  laid  parallel  to  the  curb  and  against  which  longi- 
tudinal courses,  the  courses  of  the  brick  across  the  roadway  abut.  This 
is  especially  so  in  the  cases  of  the  wider  expansion  joints  required.  There 
is  less  Ukelihood  of  the  several  thinner  joints  being  rendered  ineffective 
by  sand,  gravel  or  other  debris  from  the  roadway,  than  in  the  case  of  one 
wide  joint. 

Expansion  Joints  Acroaa  the  Street  are  now  generally  omitted  and  are 
recommended  to  be  always  omitted  by  the  latest  spedficationa  of  the 
National  Paving  Brick  Manufacturers*  Assn.  It  is  questionable  if  in  the 
cases  of  wide  brick  pavements,  this  recommendation  should  be  followed 
for  the  reason  that,  on  some  streets  laid  in  recent  years  under  the  modem 
specifications  and  the  most  careful  inspection,  it  has  been  found  that  ap- 
parently the  strains  caused  by  expansion  in  the  cement  grouted  brick 
pavements  have  not  all  been  transmitted  to  the  expansion  jointa  on  the 
side  and  there  taken  up  without  causing  some  shattering  of  the  brick  in 
the  pavement  apparently  thru  excessive  pressure  on  these  brick.  In  the 
rases  referred  to,  the  streets  were  40  ft  or  more  between  curbs  and  no  street 
car  tracks  were  in  the  area  of  the  pavement.  The  only  expansion  jointa 
were  the  ones  provided  along  the  curbs.  The  crushing  strength  of  the 
hrick,  altho  ntumal  at  least,  was  apparently  insufhcient  to  resist  the  strains, 
caused  by  expansion  or  contraction,  which  passed  thru  them  from 
adjacent  areas.  Apparently  expansion  joints  nt  intervals  of,  s^,  100  ft 
across  the  street  would  have  obviated  the  difficulty. 

Transverse  Bxpuuloo  Joint  for  HooditUe  Brick  Paving  (48b).  "  The  transvens 
joint  has  a  spedal  feature  that  b  ori^oal  with  the  writer.  Whan  the  locrtbm  qf  the 
joint  ia  made,  a  trench  2  ft  wide,  12  In  on  each  side  of  the  location,  is  cut  to  a  depth 
(rf  3  in.  This  trench  is  filled  level  full  with  concrete  and  covered  with  building  pajta. 
The  concrete  base  ia  then  placed  and  shaped  over  this  support.  The  joint  b  afterward 
cut  thru  to  the  paper  and  filled  with  sand,  as  above  deociibed,  care  being  taken  not 
to  break  the  paper.  This  givea  a  solid  base  for  the  jdnt  to  rest  upon,  and  on  which 
it  may  freely  move.  This  prevents  settling  of  the  base,  which  might  be  caused  from 
water  seeping  thru  and  softening  the  subgrade  at  these  joints.  Another  special  feature 
of  the  joint  ia  the  laying  of  the  brick  as  headers,  with  the  prepared  joint  betwem  the 
heads.  Ikying  the  brick  as  headers  at  the  end  of  aU  street  intenections,  which  talus 
the  place  of  marginal  curbing,  is  another  special  feature.  The  theory  for  this  arrange- 
ment Is  that  the  weakest  pcunt  in  the  pavement,  and  the  point  most  exposed  to  traffic, 
ta  at  the  jointa  and  at  the  end  of  the  Intersections.  By  laying  the  lni<^  as  headm 
a  longer  bearing  Is  ^van  for  realsting  the  Impact  from  vehlelea  and  from  banes'  hoofs.' 

Precautions  in  Construction  of  Expansion  Joints.  Great  care  must  be 
taken  with  the  expansion  joints  in  order  that  there  may  be  no  hindrance 
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to  their  aetlng  as  such.  Sand  or  other  moompreoBible  materi&l  of'  any 
kind  must  not  be  allowed  to  enter  them  and  the  IntuminouB  cement  must 
be  of  the  proper  quality  to  permit  the  movement  of  the  brick  adjaceot 
without  separation  either  from  the  brick  or  in  the  bituminoue  cement 
itself.  Any  such  separation  will  permit  the  entrance  of  foreign  material 
and  ultimately  destroy  the  expansibility  of  the  joint.  The  bituminous 
cement  must  not  be  bo  susceptible  to  heat  as  to  run  out  of  the  joints  in 
hot  weather  nor  so  susceptible  to  cold  as  to  permit  the  separation  of  the 
brick  from  the  bituminous  cement  or  the  cracking  open  of  the  bituminous 
filler  in  the  joints  during  the  contraction  of  the  pavement.  If  the  bitu- 
minous cement  is  likely  to  be  covered  with  water  for  considerable  periods 
at  oertain  seasons,  its  good  qualities  must  not  be  affected  by  this  immwmon, 
and  if  the  expansion  joints  are  so  situated  as  to  receive  the  shocks  of  traffic, 
it  must  not  at  any  time  become  brittle  enough  to  be  broken  out  of  the 
joints  by  the  traffic.  The  main  objections  to  expansion  joints  in  the  pave- 
ment across  tho  roadway  are  their  cost  and  their  interference  with  uni- 
formity of  the  siirface  exposed  to  traffic  and  the  resulting  ridge  or  depression 
which  will  occur  at  them  and  tend  toward  uneven  wear. 

Where  Car  Tracks  Are  to  Exist  within  the  area  of  the  brick  pavonent, 
an  expansion  joint  should  be  provided  along  botii  sides  of  each  rail.  It  may 
be  placed  next  to  the  rsil  or  rail  filler  block,  or  it  may  be  installed  along 
the  side  of  the  runner,  block  laid  lengthwise  with  the  roil,  in  case  the  latter 
is  used. 


Fundamental  Principles  adopted  in  1917  by  the  Bpec.  Com.  Mat.  Road 
Cons.,  Am.  Soc.  C.  E.  (12b). 

"Aitifldal  Poandatioa.  Owing  to  the  inelastic  nature  of  bride  and  slag  block  pave* 
ments,  the  aurface  of  the  wearing  course  must  be  smooth  and  true  to  contour,  to  Insure 
ease  ei  tractitm,  comfortable  riding,  and  the  Integrity  of  the  surface,  pardeularly  wbm 
cement  jointi  are  used.  Special  car«,  therefore,  should  be  taken  to  provide  a  concrete 
foundation  of  ample  strength  and  with  a  surface  parallel  with  that  of  the  wearing 
course.  The  minimum  of  4  in  for  the  thickness  of  the  artificial  foundation  should 
be  used  only  when  the  brick  or  blocks  are  bedded  in  cement  mortar  on  a  concrete 
foundation  resulting  in  a  monolithic  pavemmt  approximately  8  in  In  thickness,  or 
irtun  the  nataral  foundatlrai  aflorda  good  drainage  and  b  firm  and  unyielding.  Then 
may  be  oon^doDs  under  whldi  the  ecmaete  foundatloD  can  be  oitlrely  dispensed  with, 
but  this  is  only  justified  where,  owing  to  the  low  first  cost  of  the  brick,  exceptionally 
good  beorine  qualities  of  the  soil,  light  trafBc,  and  lack  of  funds  to  provide  a  more 
substantial  road  surface,  brick  laid  with  sand  joints  and  without  an  artificial  founda- 
tion may  be  used  as  the  first  step  in  road  improvement.  If  the  roadway  is  not  kept 
clean,  the  material  which  accumulates  on  the  surface  of  the  wearing  course  will  protect 
it  from  injury,  and  its  function  will  then  be  simply  to  provide  a  foundatlan  for  an 
earth  road. 

"  Cushion  Course,  The  function  of  the  cushion  between  the  hri<dc  or  block  and  the 
artificial  foundatiott  ot  concrete  Is  to  give  resiliency  to  the  wearing  course  and  to  allow 
for  irregularities  in  the  surface  of  the  concrete  and  for  onavoldable  variations  In  the 
depth  of  the  brick  or  block.  If  the  surface  of  the  concrete  foundation  is  made  tnie 
to  the  adopted  cross  saedon,  as  the  'variation  of  the  depth  of  the  brick  or  blodi  decreases, 
tha  thickness  of  the  sand  coshioo  may  be  correspondingly  decreased.  The  derirable 
redliraey  will  be  secured  by  a  sand  cushion  1  in,  or  even  slightly  less.  In  depth, 
provided  that  depth  Is  uniform,  and  if  the  surface  of  the  concrete  foundation  is  truly 
parallel  with  the  finished  pavement;  and.  If  the  variation  in  Uie  depUi  of  the  bride 
or  blodc  does  not  exceed  ji  In,  the  thickness  of  the  sand  cushion  can  safely  be  reduced 
to  in.  In  a  number  of  brfdi  pavementa  recently  laid,  the  cosldon  eonne  has  beat 
dispensed  witli  entirely,  the  brldi  having  been  bedded  in  cement  mortar  spread  over 
the  eoncrete  foundation.   This  results  in  a  monoUUde  struetore  Issi  capable  of  absoib- 
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in(  ihodc  thui  Ii  the  cue  wbare  a  nnd  or  bltumlnoui  euhloD  !■  Interpcml  bafewMS 
the  weariDK  nufftoe  and  Uw  founcUtion,  and  the  joints  mn  flUsd  with  a  bitomlnaw 
filler.  A  euaUoB  oouiw  oorapaaed  trf  MDd  or  ttone  dilps  ud  a  Utumlnotia  eancat 
b'oo  M  to  H  In  tbiAoem  may  be  sabadtutad  tor  nnd  or  eenuBt  mortar,  provfdfed 
tha  anifaAa  of  tbe  etmerete  foondattan  !s  made  auflld«ot1y  amooth  and  ngalmr  fa 


"  CoDstractiOQ.  The  bride  or  blodc  ihould  be  laid  In  attaight  eounes  at  rifht 
Biiflaa  to  tha  axis  cA  the  roadway,  altbo  at  ioteraectioiu  they  may  iirtTanlaniiwialj 
ba  laid  In  diafooal  oouraia  airancod  ao  that  traflte  turning  any  <d  oomeCT  «a 
move  acran  and  not  alone  tba  contlnuonB  jolnta.  They  should  ba  laid  ao  that  tb* 
Joints  shall  be  nalfarm  In  width  and  suffldent  width  only  to  permit  ths  fiUar  to 
reach  the  bottom  of  the  jdnts.  Luf  bricks  have  the  advsntace  of  insulin^  aoch 
uniform  Joints,  with  ordinary  care  in  laying.  U  a  sand  eushicn  is  uaed  sreat  car* 
ahould  be  taken  to  avoid  any  disturbance  of  the  surface  ai  the  cushion  after  it  aha! 
bare  been  brought  to  true  grade  by  using  a  template.  II  bedded  in  a  mortar  or  bjta- 
minoua  cuahion,  the  brick  or  block  ahould  ba  be^ad  ao  that  Uta  aorfaea  ahall  ba  aa  tna 
aa  poadbla.  In  all  casea  the  bride  aftv  bolng  laid  ahould  ba  brought  to  a  tra*  and 
•van  aurfaea  tqr  tha  uae  of  a  roUv." 

SpadficatilMU  for  Brick  PtTomeiit  with  Sand  Cudilon  u  adopted  in 
1016  by  the  Am.  8oo.  Mun.  Imp.  are  tm  follows,  except  that  tiie  description 
of  the  rattlw  teat  (see  Art.  9)  is  omitted. 

**  Ckuactar  of  Brick.  All  brick  must  be  of  the  slsaa  ctHnmerdally  known  aa  pavfa* 
brick  tba  widtha  ei  which  muat  not  vary  mora  than  i/s  in.  They  must  be  thoraly 
annaalad,  tough  and  durable,  raguiar  In  size,  ahape  and  evenly  burned.  What  brokaa. 
the  brick  diall  ahow  a  deiiaet  ■tone-like  body,  free  from  lime,  air-pockets,  taadn  or- 
marked  laminations.  They  must  not  be  fire  flashed,  smoked  or  treated  in  any  manner 
tending  to  give  artifldally  a  uniform  color  outside.  Kiln  marks  muat  not  exceed 
Vu  In  one  from  anoUwr,  and  one  edge  at  least  shall  ahow  but  alight  kiln  marka.  AH 
Mfik  80  distorted  in  bomlng  as  to  Ivr  unaranl^  in  tha  paTamaat  ahaO  ba  rajaetad. 

"Tha  STANDABD  BIB  of  paving  Mekahall  be  8 l/i  tn  in  width,  4  In  In  depth,  and 
6  ]/]  In  In  length.  They  shall  not  vary  from  these  dimenBl<»u  to  ezeeed  1/a  in  in  width 
and  depth,  and  not  more  than  i/i  in  in  length.  If  the  edges  of  the  brick  are  rounded 
the  radius  shall  not  exceed  in.  Only  brick  with  four  raiaed  lugs  on  one  ride  not  to 
ueeed  l/t  in  nor  leas  than  i/a  in  in  hdght  ahall  be  used.  No  one  lug  shall  exceed  i/a  in 
In  area. 

"Inspection  cf  Brick.  All  brick  shall  be  subject  to  thoro  inspecticm  before  and 
after  laying  and  rolling,  and  all  rejected  matnial  ahall  be  Immediately  removed  from 
the  street.  Factory  inspection  of  brick,  including  the  rattler  teat,  i^iall  be  made  if, 
in  the  judgment  erf  the  engineer,  it  be  expedient.  This  test  and  Inspection,  however, 
in  no  wise  prevent  further  testa  and  inspection  of  the  brick  after  they  have  been  received 
upon  tbe  improvement.  If  In  tha  judgmmt  ot  the  engineer  such  la  warranted. 

"  DaUvaiy  of  Brick.  Tbe  bride  shaU  be  hauled  and  cartfully  unloaded  by  hand 
without  spiling  or  otbwwiae  Hm^ng  the  bride,  and  neatly  i^led  oo  the  inlks  oi 
outdde  of  the  curbs  before  the  grading  Is  finished,  and  In  laying  be  carried  from  there 
to  the  pavement. 

"  Rattier  Test  for  Nock  Size.  The  brick  ahaU  not  loae  of  their  wdgU  mote  than 
82%  after  bong  submitted  to  tha  ftrilowing  teata,  provided,  however,  that  briA  from 
any  one  factory  and  used  in  any  one  improvement  shaU  not  vary  more  than  8  points. 

Sunptes  of  brick  of  uniform  shape  and  appearance  shall  be  taken  from  eacb  car  tcated, 
eetimated  at  10  000  brick.  Brick  having  a  defect,  that  would  cull  th^,  shall  not  be 
uaed.  Three  grades  of  aamplea  shall  be  teated,  one  of  the  softest,  one  of  the  medium 
and  one  of  the  hardest  burned.  If  all  of  the  teats  over-run  the  above  percentage  of 
loss,  the  car  shall  be  rejected.  If  one  or  two  of  the  teats  over-run,  another  test  of 
said  grade  or  grades  ahall  be  made.  Should  only  one  of  these  tests  over-run  the  apedfied 
percentages  of  lam,  the  contractor  may  cull  uld  grade,  provided  they  do  not  exceed 
10%  of  the  amount  of  brick  in  the  car,  and  deliver  the  balance  on  the  improvenmt. 
Otherwise  the  whole  car  will  be  rejected.  In  order  to  prevent  the  cuitinued  i^pmenta 
of  Inferior  brick,  only  two  cars  to  two  separate  shipments  of  any  make  of  bride  wHt 
be  teated.  Should  they  fail  to  meet  the  requiremmta  stated  above  said  mifca  «( 
brick  will  be  rejected  for  thk  improvement. 


contour. 
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"  NuitBBi  AND  CoNDmON  OF  BsiCK.  Tea  pavlnt  brick  ihall  oocMtitute  tfaa  number 
to  be  UBBd  in  s  single  teat.  The  brick  ihall  be  thoroly  dried  (or  at  lent  S  hr  Jb  a  tem- 
panture  of  88°  C  (100°  F)  before  teadng. 

"  Tans  Bbtorb  Unloaoino.  The  oontnctor  ahall  notily  the  proper  dty  offlda) 
of  the  looadoa  tnd  car  aumber  of  each  carload  ot  brick  received,  so  that  BamplA,  U 
deemed  neoenary,  may  be  taken  and  tested  by  the  dty,  and  no  brick  eball  be  delivered 
on  or  adjacent  to  any  Improvement  on  which  brick  are  to  be  used  until  a  written 
•tatcment  hae  been  received  from  the  Engiaeer  or  hie  autborisad  rapneentatlWt  that 
they  have  been  mperfldaUy  fa>npeeted  or  have  paned  the  feqvdisd  testa.  Dedsioo 
relative  to  each  carload  will  be  made  within  24  hr  <rf  notice.  FenafaeloD  to  deliver 
brick  on  the  line  of  work  shall  not  be  cmuddered  a  final  acceptance  in  any  raapect. 

"  Foundation.  The  cement  used  shall  conform  to  the  requirements  epedfled.  The 
fine  aggregate  shall  cctudat  of  any  material  of  «iliceoua  or  igneous  oHgia.  free  from 
ndca  In  exoeas  of  6%,  and  other  Impurities,  mlfonnly  graded,  the  partldee  rsa^bit 
in  sbe  from  K  In  to  that  whldb  will  pass  a  100-merii  sleva.  The  eoaree  aggregate 
■hall  be  sound  gravd,  brokeo  stone  or  sUg,  having  a  spedflc  gravity  of  not  le«  than  2.6. 
It  riiall  be  free  from  all  foreign  matter,  uniformly  graded,  and  shall  range  in  siae  from 
)i  in  up,  the  largest  particles  not  to  exceed  in  any  dlmeodan  one-half  the  thiekneM  of 
the  concrete  in  place. 

"  In  preparing  the  concrete,  the  cement  and  aggregate  diall  be  meaaured  separately 
•ad  then  mixed  In  such  pnqKirtlons  that  the  resulting  concrete  shall  contain  fine 
aggregate  amounting  to  ona-haU  of  the  volume  of  .the  coane  aggregate,  and  that 
7  eu  ft  ot  concrete  in  place  wiU  coo  tain  94  lb  o(  cement  The  Ingredients  of  the  eooeiet* 
shall  be  thoroly  mixed,  sufficient  water  being  added  to  obtain  the  desired  consistency, 
and  the  mixing  continued  until  the  materials  are  miiformiy  distributed,  and  each 
particle  of  the  fine  aggregate  Is  thoroly  coated  with  osmcot,  and  each  particle  at  the 
ooaiae  aggregate  la  thoroly  ooated  wlOi  mortar.  When  a  mechanical  eonerste  Dilnr 
Is  used,  the  materials  must  be  proportioned  dry,  and  then  dep<wted  In  the  mixer  aU 
at  Che  same  time.  The  mixer  must  produce  a  concrete  of  uniform  condst«icy  and 
color,  with  the  stones  thoroly  mixed  with  water,  sand  and  cemenL  The  materials 
shall  be  mixed  wet  enough  to  produce  a  concrete  of  a  eonatstency  that  will  flush  readily 
under  light  *"T'"gj  but  wfaldi  can  be  handled  without  caudng  a  separatloB  of  the 
ooane  sggregate  from  the  mortar.  Retempering,  that  is,  remixing  with  additional 
water,  mortar  or  concrete  that  has  partially  hardased,  will  not  be  permitted. 

"The  concrete  shall  be  depodted  In  a  layer  on  the  subgrade  in  such  quantitlea  that, 
after  being  thoroly  rammed  in  place,  it  will  be  of  the  required  thickneaa,  and  the  upper 
surface  shall  be  true,  uniform  and  parallel  with  the  surface  of  the  finished  pavemmt. 
In  conveying  the  concrete  from  the  t^lace  of  mixing  to  the  place  of  deposit,  the  op»aCi<m 
must  be  eindueted  In  sudi  a  manner  that  no  mortar  wUl  be  lost  and  the  ooncrete 
must  be  so  handled  that  the  (oundatloii  will  be  of  uniform  oompositkn  thiuout,  sbowlBg 
no  excess  nor  lack  of  mortar  in  any  place. 

"The  foundation  shall  be  6  In  in  thickness,  with  Its  upper  surface  flniabed  panOel 
to  and       In  below  the  grade  of  the  finished  pavemenL 

"  When  complete,  the  foundatbm  shall  be  kept  molBt  for  not  leas  than  2  days  and 
it  ahaH  bo  ^teetad  from  traffic  untU  the  concrete  has  thwoly  eet. 

"No  CMicrete  shall  be  mixed  while  the  air  temperature  Is  below  0"  C  (82°  F),  and 
in  no  case  shall  any  material  containing  froet  be  used,  and  If  this  temperature  la  readied 
at  any  time  before  the  foimdation  shall  have  been  thoroly  set.  It  shall  be  immediately 
provided  with  such  covering  as  will  protect  it  from  all  damage.  In  no  event  shall 
a  concrete  foundation  be  laid  on  a  frosts  subgrade. 

"  Sand  Cushion.  Over  the  foundation,  which  must  be  thoroly  cleaned,  shall  be 
spread  to  a  uniform  depth  of  IH  in,  after  rolling,  a  cushion  of  clean,  sharp  sand,  frsa 
from  foreign  matter  except  that  it  mty  contain  not  to  exceed  6%  of  loam.  The  sand 
must  be  fairly  well  graded  from  K  in  to  that  which  will  be  retained  on  a  60-mesh  sieve. 
The  word  sand  indudee  broken  stone  or  slag  meeting  the  spedfied  grading.  The 
cushion  shall  be  carefully  ahaped  to  a  true  croaaaectlon  of  the  roadway  by  meaiks  of 
a  template  having  a  steel  faced  edge,  covering  at  least  one-half  the  widtii  of  the  brick 
work,  and  so  fitted  with  roUera  as  to  be  easily  drawn  on  the  curb  and  guide  tlmbon 
orialL 


"The  TSMFLATB  fjtill  be  buOt  in  mbetantial  accordance  with  plan  accompanying 
jtlMSs  «peciflcatlon». 
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"Guim  TiMBEiBS  thall  be  1!^  hy  4  in  by  16  ft,  drcMed  <m  two  aid«a,  Isid  to  a  trne 
nirfmce  in  the  center  of  the  atreet,  mad  atno  nest  to  the  curb  if  the  curb  OLBDot  be  uaed. 

"Before  SHAPING  THB  CUSUION  B  i-^  in  strip  shall  be  laid  on  the  curb,  and  cnide  tim- 
or  rsU,  wad  the  template  drawn  over  the  same,  after  wUefa  the  in  atrip  ifaaD 
be  removed,  the  cushion  slightly  moistened  and  rolled  over  Ha  entire  surface  with 
«  hand  itdler.  The  roller  shall  not  be  leas  than  36  in  in  diameter,  24  in  Id  width,  and 
shall  weiih  not  lees  than  10  lb  per  In  in  width,  and  have  a  handle  12  ft  in  length.  After 
roUing,  the  template  shall  be  drawn  over  the  curb  and  guide  timbers  or  rail,  to  cdmpWe 
the  cushion.  The  cushion  shall  be  prepared  at  least  50  ft  in  advance  of  the  bric^ 
flaring. 

"  Laying  of  tiie  Brick.  The  brick  shall  be  laid  in  straight  lines  on  edge,  at  ri^t 
angles  to  the  curb.  At  IntorsecUons,  they  shall  be  laid  as  directed.  Brick  ehmU 
be  laid  with  the  lug  aides  all  in  the  Hamc  direction.  Brick  must  be  placed  doae  together, 
both  ends  and  tUdta,  breaking  joints  at  least  3  in.  At  every  fourth  course,  the  brick 
ahall  be  drivm  together  to  secure  tight  joints  and  straight  eouraee  and  all  thick  brick 
ahall  be  removed.  Brick  shall  be  used  with  the  best  edge  up.  Broken,  chipped 
warped  brick,  not  auitable  to  lay  as  a  whole,  may  be  ueed  for  betting.  When  any 
section  Bh^  contain  mora  than  10%  at  cults,  the  brick  shall  be  taken  up  and  the 
cushion  adjusted.  Brick  riiall  be  laid  trom  curb  to  curb,  or  car  track  to  curb.  No 
beta  or  broken  brick  shall  be  used  except  at  curbs  or  at  streetxxr  tracks.  Battins 
for  closures  shall  immediately  follow  the  laying.  Joints  shall  be  cut  square  with  Che 
top  and  sidca  of  the  bride  All  Joints  most  be  kept  dean  and  open  to  the  bottom 
until  fUled  as  spedOed. 

"  Sinet-Car  Tracks.  Along  the  street-car  trsdta  the  brick  mist  not  be  laid  within 
H  in  of  the  rail,  and  when  rolled  ahall  be  )^  In  below  the  top  of  the  rail.  The  apeoe 
between  the  web  of  the  rail  and  the  brick  shall  be  filled  with  cement  mortar,  consistiag 
of  2  parts  sand  and  1  part  Portland  cement.  The  mortar  shall  be  In  proper  ecmdftion 
and  the  edge  constructed  to  a  straight  line  before  the  brick  are  laid. 

"  Expansion  Joints  for  Cement  Grout  Filler.  Expansion  joints  shall  be  placed 
parallel  wiUiandateachof  the  curb  lines,  and  shall  be  l^!n  in  width.  The  joints  shaD 
be  made  fay  placing  together  on  edge,  parallel  with  the  curb,  two  wedge-ehaped  stripa 
6  in  In  width,  and  dressed  on  two  faces.  The  strip  next  to  the  curb  shall  be  I  in  wide 
on  top,  beveled  to  a  thickness  of  H  in  at  the  bottom,  and  the  strip  next  to  the  brick 
ahall  be  of  the  same  dimensions  and  placed  in  a  reverse  position.  The  brick  ahall 
be  laid  llgbtiy  against  said  strips.  Soon  alter  the  pavement  has  been  grouted  and 
the  oement  fUIer  has  eet^  and  the  pavement  is  in  all  other  reepects  finidied,  the  etripe 
shall  be  removed,  the  jcints  tJioroly  cleaned  out,  and  Immediately  completely  filled 
with  a  bituminous  filler  composed  of  a  material  which,  when  penetrated  by  a  Mo.  2 
needle  under  a  wdght  of  200  g  for  1  mln  at  a  temperature  of  0°  C  (32'*  F),  will  heve  a 
penetration  of  not  less  than  20,  and  when  penetrated  by  a  No.  2  needle  under  60  g 
for  5  sec  at »  temperature  of  46°  C  (116°  F),  will  not  have  a  penetration  ot  ov«r  100. 
A  premolded  expansloQ  strip  made  of  a  material  unaffected  by  the  action  of  water  or 
street  liquids  may  be  used  along  each  curb  line,  if  it  meets  all  tiie  requirements  for 
the  jcHRt  filler  herein  specified.  These  strips  shall  not  be  leas  than  *i  in  in  width  for 
a  30  ft  street  or  under,  increasing  proportionately  to  1}^  in  in  width  for  a  60-ft  street 
or  ovw, 

"  RolHng.  Aft«r  the  brick  in  the  pavement  have  been  passed  for  roUing  and  the 
surface  swqpt  clean,  the  pavement  shall  be  rolled  with  a  roller  weighing  not  teas  than 
S  nor  more  than  6  tons,  in  the  following  manner:  The  brick  next  the  curb  ahall  be 
tamped  with  a  hard  wood  tamper,  to  the  proper  grade.  The  rolling  shall  then  com- 
mence near  the  curb  at  a  very  slow  pace,  and  continue  back  and  forth  toward  the 
center,  until  the  center  of  the  street  is  reached,  then,  passing  to  the  opposite  curb, 
ft  shall  be  repeated  in  the  same  manner  to  the  center  of  the  street.  After  this  first 
IWBBing  of  the  roller  the  pace  may  be  quidcened  and  tlie  rolHng  continued  until  the 
brick  pavement  has  a  smxtoth  surface.  The  pavement  ahall  then  be  rolled  transversely 
at  an  angle  of  45°  from  curb  to  curb,  repeating  the  rolling  in  the  opposite  46°  directlMi. 
Before  and  after  this  transverse  rolling  has  taken  place,  all  broken  or  injured  bri<l 
must  be  taken  up  and  replaced  with  perfect  ones.  The  substitute  brick  must  be  brought 
to  the  true  surface  by  tamphig.  After  final  rolling  the  pavement  shall  be  tested  ^th 
a  10  ft  straight-edge,  laid  parallel  with  the  curb,  and  any  depreeaion  exceeding  H  In 
muct  be  taken  out.    If  necesfiary,  the  ptvement  shall  be  again  rolled. 
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"  PDrOud  CwBent  Groat  Filler.  The  fillar  bIuU  be  compoMd  of  1  put  each  of 
flna,  dm.  ibaqi  nuid  and  PortUnd  cement. 

"The  eetnuit  shall  meet  the  requirements  of  the  standnrd  BpedflcatlOBa  for  Portland 
ramoit  of  the  Am.  Soc.  Test.  Mat.,  adopted  Ausuet  16, 1909,  with  subaequent  amend- 
ments. The  Mnd  shall  be  clean  and  sharp,  laiiiy  well  graded  from  that  r*— '"g  a 
20- mesh  sieve  to  that  retained  on  a  100-meeh  rieve.  Sand  ahall  be  measured  In  a 
box  having  the  same  cubical  contents  as  1  saclc  of  cement. 

"Before  any  grouting  ia  done,  a  sulBcieat  amount  of  cemmt  and  an  equal  amount 
erf  mid  to  compete  the  work  prepared  for  grouting  at  that  time,  Imt  not  to  ueeed 
2  houn'  run  ah^  be  thoroly  mtnd  dry  until  tiw  nuus  iwimw  a  utiff orm  color.  From 
tbia  mixture  an  amount  not  exceeding  2  cu  f t  shall  be  taken  and  placed  in  the  grouting 
box  and  enough  clean  water  added  to  obtain  a  grout  that  will  penetrate  to  the  bottom 
erf  the  bride  From  the  time  the  water  is  apidied  until  all  ia  removed  and  fla«ted 
into  the  junta  trf  the  pavement,  the  mixture  most  be  kept  in  otmataut  motloa.  A 
mechanical  mixer  approved  by  the  Engineer  that  wiQ  meet  tbeaa  requirements  may  be 
used  after  the  dry  mixture  of  sand  and  cement  has  been  made.  Before  the  grout  is 
applied  the  brick  shall  be  thoroly  wet  by  being  gently  sprayed.  The  water  shall  be 
added  to  this  dry  mixture  In  a  box  preferably  about  4  f t  8  ia  Itmg,  30  In  wide,  and  14 
in  deep,  resting  on  legs  of  different  lengths,  no  that  the  mixture  will  rapidly  Sow  to 
the  Iowa  eoroer  of  the  box,  the  bottom  of  which  shall  be  about  3  in  above  the  pave, 
inent.  One  box  ahall  be  used  for  each  14  ft  in  width  of  roadway,  and  at  leaat  two 
boxes  must  be  used  in  all  eases. 

"Tbe  grout  shall  be  removed  from  the  box  with  scoop  ahoveb  and  applied  to  the 
brick  in  front  of  the  sweepers,  who  shaU  rapidly  sweep  It  lengtbwiae  of  the  bride  into 
the  unfilled  joints,  until  the  j<rints  are  filled  to  within  not  more  than  Jri  in  d  the  top 
of  the  bride  After  the  grout  has  had  a  chance  to  settle  into  the  idat  and  before 
tba  Initial  a>t  davelopa,  tbe  balance  of  every  joint  shall  be  filled  iritk  a  tUelw  grout, 
and,  it  necenary,  reflhed,  until  the  jt^te  remain  full  to  the  top.  After  this  application 
haa  had  time  to  settle  and  before  the  initial  set  takes  place,  the  pavement  shall  be 
flnished  to  a  smooth  surface  with  a  squeegee  or  wooden  scraper  having  a  rubber  edge, 
which  shall  be  worked  over  the  brick  at  an  angle  with  the  brick. 

"When  completed  and  the  cement  has  received  Its  initial  set,  the  pavement  shaU 
be  covered  with  a  }^  in  layer  of  sand,  which  shall  be  frequently  sprinkled  in  warm 
weather.  No  travel  shall  be  permitted  on  the  pavement  for  a  period  of  at  least  7  days 
after  grouting,  or  longer,  as  the  Engineer  may  require  on  account  of  weather  condi- 
tions. Ample  barricades  and  watchmen  shall  be  provided  by  the  contractor  for  the 
proper  protection  to  the  gjouting. 

"  Coal  Tar  Paring  Pitch  Filler.  The  joints  or  spaces  between  the  bricks,  and 
thoas  between  the  bricks  and  tbe  curb,  railroad  trades,  around  manholes,  etc,  shall 
be  filled  with  ooal  tar  paving  pitch,  which  shall  comply  with  the  following  requlrementa: 

"Phtbical  Propbbtibb.  When  In  place  in  the  pavement.  It  shall  be  of  mdx  dian- 
act«  that  it  will  adhere  6rm1y  to  the  paving  brick  and  to  the  curb,  and  shall  be  Bufli- 
deatly  plastic  to  allow  for  the  contraction  and  expansion  in  the  pavement  without 
devdoiring  cracks  in  the  joints.  The  filler  shall  be  such  that  it  retain  its  conaisten«3' 
under  extreme  temperature.  It  shall  be  proof  against  acticm  by  water  and  all  adds 
and  alkalies  to  which  the  pavement  may  be  exposed.  The  free  carbon  ahall  not  be  leas 
than  2S  nor  more  than  40*;^^.  The  specific  gravity  shall  not  be  lees  than  1.23  nor  more 
than  1.S0  at  1G.G°  C  (60°  F).  It  shall  have  a  melting  point  varying  not  more  than 
8"  from  67°  C  (6°  from  135°  F),  determined  by  the  cube  method. 

"  Methods  of  Use.  The  filler  shall  be  heated  and  poured  into  the  jtnnts  to  tbe 
full  depth  thereof,  at  a  temperature  of  not  less  than  149°  C  (300°  F),  nor  greater  than 
177°  C  (350"  F).  All  joints  shall  be  completely  filled  at  the  top.  The  top  dressing 
of  sand  shall  be  spread  over  the  pavement  Immediately  after  the  Uller  is  applied  and 
while  It  is  stiU  soft.  In  cold  weather  the  sand  shall  be  heated  so  as  to  readily  bond 
with  the  pitch.  Extra  care  shall  be  used  at  the  gutters  and  around  catch  basins,  etc, 
to  effectually  prevent  the  leakage  of  water  into  the  sub-roadway. 

"Asphalt  PUer.  The  Interatices  of  the  brick  shall  be  completely  filled  with  an 
aaphalt  filler  heated  to  a  terapenitum  of  not  less  than  177°  C  (350°  F)  nor  more  than 
282°  C  (460°  F).  This  a4>halt  filler  shall  not  contain  pitch  nor  any  part  of  coal  tar. 
It  shall  contain  at  least  08%  of  bitumen  soluble  in  carbon  Usulphlde.  It  shall  remain 
pUable  at  all  tanpcnturai  to  ndileh  It  may  be  sabjeeted  as  a  street  paving  flllw;  it  shall 
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be ahulBtriy  proof  afKlnat  wtar uid  Btnet  Uquldi;  It  ahall  finnly  adhsr*  to  Um  tm\ik 
ud  tm  pU>Ue  rather  than  rfgld.    Tbe  penetrstion  abmSl  eonfarm  to  the  toBomS^ 
No.  2  needle,  6  eee,  100  k  Kt  25"  C  (77"  F),  2B  to  60. 
No.  2  Medk,  1  iniD,  200  f  at  0°  C  (32°  F).  not  below  26. 
No.  2  needle,  ft  mc,    20  g  at  46°  C  (116°  F),  not  abovi  IMk 
Can  dial]  be  ex^vteed  to  completely  lUl  all  opening  around  street  atnietmei  and 
tbfl  Btnet  iball  not  be  used  for  tratBc  until  the  filler  ii  completely  aet.   A  top  dr^^^ 
of  sand  Bhall  be  spread  Immediately  after  the  filler  la  applied  and  while  ft  ia  still  mett. 

"  Hataitenance.  The  pwiod  of  guaran^  shall  be  6  yean.  £)urin2  the  period  of 
guaranty,  whenever  the  aurface  of  a  vitrified  bride  pavonent  becomea  unevca,  faoUi^ 
water  Ufa  or  more  in  depth  In  a  dtotance  <d  4  It  ot  leaa,  or  when  the  paTenMnt 
Mttlad  ovw  treodiei  eslating  pnvloua  to  the  eompletiiHi  of  the  pawBes^  then  tita 
brick  shall  be  taken  up  and  rdaid  to  pnq>er  crown  and  grade.  Any  bride  wtiieh  ^ay 
be  found  soft,  unsound,  broken  or  disintegrated,  and  all  porttons  the  pavemcat 
which  may  have  become  rough  by  reason  erf  the  chipping  or  hre^dng  of  the  edga 
of  the  bride,  so  as  to  produce  jdnta  exeeeding  H  in  at  a  point  ^  in  below  the  aufM 
of  the  brid^  shall  be  nsnowd.  and  property  rqriaeed  with  sound  matoinL 

"Note.  All  caatiBp  for  manholes,  eatdibarins,  etc,  shall  not  be  Inbeddad  fai  tke 
eoBcrete  foundation.  Tbey  shall  be  made  to  rest  on  top  of  the  foundation  to  allow  tte 
pavement  to  expand  uniformly,  theraby  avoiding  the  cracking  and  eniddni  of  the  brick. ' 

"Note  to  Engineer:  Where  medium  or  li^t  traffic  or  other  condltkms  adat,  whir*, 
in  the  opinicm  of  the  Engineer,  do  not  require  a  brick  capable  of  giving  an  slimslii 
hm  of  only  22%,  brick  of  a  quality  which  will  give  a  lose  trf  26  or  evm  28%  may  be 
used.  While  tba  committee  Is  in  favor  of  a  cenMot  grout  filler,  it  bdievea  thnt  •mhat 
eoDAtlMU  do  not  favor  the  use  of  tha  saina,  a  bftuminous  filler  may  be  uaad.  IVv 
oaaneot  grout  flilart  the  eommlttae  raoommetidB  a  aquan  edge  bridE." 

Specifications  for  Brick  Pacing  on  Send-Cement  Mortar  Bed,  as  adopted 
by  ^e  National  Paving  Brick  MsDufactutera'  Assn.  are,  in  part,  as  foUom: 

"  Snpeifoundation.  Upcm  that  part  of  the  foundation  already  prepared,  thece 
■hall  be  added  a  auperf  oundation  completing  the  whole,  compoaed  of  1  part  of  ceuMnt 
to  4  parte  of  sand,  stone  screenings  or  granulated  slag,  which,  when  thoroly  rolled  and 
compacted  to  a  unitoim  deuitaf  by  meana  of  a  band  roller,  abaQ  be  not  more  than  1 
in  in  depth. 

"CoNBTBUcnoN.  The  sand  and  cement  for  the  added  portion  of  the  foundatiaa 
thall  be  mixed  in  the  proportions  hermn  provided,  by  hand  or  medianical  mixer,  until 
the  maaa  attains  a  uniform  shade  and  In  such  quantities  that  the  operations  of  coa- 
stnictlng  the  superfoundatioa  may  proceed  continuously.  The  superfoundatioB  sitall 
be  ff*'np<>^  to  a  true  surface  paralld  with  the  aurfaoe  of  the  finished  roadway,  by  means 
of  a  template  extending  the  entire  width  of  the  roadway,  dnwn  forward  upon  the 
curba  or  guide  tails.  Wbtn  the  width  of  the  roadway  precludes  the  use  of  a  template 
•panning  the  entira  distance  the  operatJaiB  of  shatdng  die  superfoundation  shall  be 
performed  upon  aections  thereof,  uaiiig  scantling  laid  upon  the  foundatlrat  as  the  guide 
rails.  After  the  superfoundation  has  been  spread  and  struck  off  a  depth  not  lees  than 
H  in  above  the  finished  depth  herein  provided,  it  shall  b^  thoroly  and  uniformly  com- 
pacted by  rolling.  The  roller  used  for  this  puipoae  diall  be  of  ttis  hand  lype,  wd^dng 
not  more  than  10  lb  pw  In  of  length.  It  shall  be  not  more  than  S4  In  in  diaineter,  nor 
more  than  SO  in  In  loigth.  Rolling  shall  commence  at  the  curb  and  continue  parallel 
to  it  at  a  slow  pace,  moving  backward  and  forward  until  the  opposite  curb  is  readied. 
Any  depreanons  created  by  rolling  shall  be  lightly  roughened  by  means  of  rakea  and  a 
sulBdent  quantity  <rf  aggr^ate  mixture  be  added,  so  that  whra  again  atrudc  off  and 
roiled  the  surface  shall  conform  to  that  herein  provided.  The  ojMrations  of  striUng  off 
and  rolling  shall  be  repeated  until  the  entire  superfoundation  is  uniformly  dense  and 
free  frmn  depressions.  When  the  use  of  the  template  and  guide  rails  for  strildag  ofl 
any  portion  of  the  superfoundation  is  impracticable,  it  shall  be  shaped  to  the  surface 
requked  by  hand  luting.  All  provisions  for  rolling,  compacting  and  smoothing  ahaU 
be  observed. 

"  Laying  the  Briek.  Upon  the  superfoundation  as  prepared,  the  brick  shall  be  bth 
mediately  laid  wlA  the  better  edge  uppermost  and  the  projaetimts  in  one  diiectioD. 
Only  whole  briA  shall  be  used  except  as  pro  vided  or  by  spedal  diiedion  of  the  en^ieer. " 

Spedflcetione  tn  Biiek  Paving  on  a  Green  Concrete  Foundation,  m 
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adopted  fay  the  Natkmal  Favins  Briek  Manufaotiiran'  Atm.  an,  ia  parf, 
aa  foUovs: 

"  The  Ssbpada,  II  dry,  ihiU  be  U^tly  aprinUed  with  mtv  bafon  pkdBc  the 

eonerate. 

**  Concrete  for  flie  Foondfttltm  shsU  be  deposited,  strudc  off  and  Aniahed  to  the 

dapth  <d   fnchcB  as  provided  In  the  plans  and  spedAcations  so  that  when 

oomplete,  the  wfaoe  ehall  be  penllel  to,  and  indiei  helow  the  gnde  of  the 

fln'«Ky'  roadway.  The  surfaoe  shall  be  smooth  and  mltonaly  "■H**"'.  with  the 
eowM  KKKrac^te  thoroly  embedded  In  mortar.  Conerata  tai  phue  shall  bav*  been 
ao  mixed,  deposited,  and  flnlshed.  that  the  coarse  and  fine  agsreiate  shall  be  uniformly 
distributed  thruout  the  mass.  The  concrete  shall  be  brought  to  the  required  surface 
■moothneas  and  condition  for  layinc  the  biidi  therecm  by  adding  thereto  a  thin  eoat- 
bv  of  sand  and  eomnb 

"  The  Sand  and  Cement  for  the  TUn  Coathi<  shall  be  of  a  quality  equal  to  that  used 
in  the  fine  aggregate  in  the  concrete^  They  shall  be  thoroly  mixed  dry  In  advance 
ia  A  mechanical  batch  mixer,  in  the  proportion  of  1  part  cement  to  8  parts  of  aand 
by  volume.  Uixing  shall  continue  until  the  mass  attains  a  uniform  shade.  Suflkient 
quantity  shall  be  prepared  at  intervals  In  order  that  there  shall  be  no  intermptfan  in 
preparing  the  surface  of  the  concrete  for  bride  Uylng- 

"  Steel  Forms  shall  be  utilized  to  retain  the  concrete  and  brick  and  serve  as  guide 
rails  tor  the  template,  and  whan  so  naad,  ahall  be  true  to  Uoe  and  grades 

"  Double  TeiMate.  The  eonecata  ^lalt  be  brought  witldn  the  requirements  by 
means  of  a  doubla  template  which  shall  condst  of  a  6-in  steel  I-beam  bt  front  and  a 
6-in  steel  channel  or  I-beam  to  the  rear,  held  in  a  rigid  frame  with  the  two  members 
paralM,  spaced  2  ft  from  center  to  center,  and  shapad  to  conform  to  the  crosi  anetion 
(rf  tha  roadway.  The  raar,mamber  shall  be  bald  In  tha  frame  with  Aa  botton  B/u  tn 
Uglier  than  that  ot  the  (nune  nMmbar.  JUSSam  ahall  be  attadwd  to  tba  frame  iriddi 
shall  reat,  when  in  uae,  upon  the  guide  rmlb. 

*'  In  Shaping  tiie  Concrete  deposited  from  the  mixer,  It  shall  be  thoroly  spaded,  aettled 
and  roughly  surfaced  Immediately  ahead  oi  the  doable  template.  A  auSdeot  amount 
dt  dry  mixture  for  the  thin  coating  shall  be  supplied  continually  between  the  framed 
tem plates  ao  that  la  the  forward  movement,  the  rear  tempUte  diall  distribute  tha 
necessary  film  over  the  entire  surface,  produdng  the  required  smoothness.  In  casaa 
where  the  uae  of  the  double-framed  template  is  impractieable,  tha  required  aurfaoe 
aball  be  secured  by  templates  or  by  hand  luting. 

"Note:  By  reseon  of  the  fact  that  the  rear  cutting  edge  ot  the  doable  template 
la  >/m  In  higher  than  the  front  cutting  edge,  the  forward  movonent  of  tbo  template 
as  deeoibad  performs  two  operations  simultaneously,  namely:  That  of  striking  off 
tita  oonerata  which  has  bam  dcpoaited  upon  the  subgrade  and  spreading  over  Ita  aarfaoe 
the  l/ia  In  film  of  the  dry  mixture,  which  being  of  equal  quality  of  the  mortar  in  tha 
concrete  becomes  an  integral  part  of  the  concrete.  Concrete  of  a  eondstency  wbidi 
will  iUBtahi  the  brick  suriace  uniformly  during  the  laying,  rolHog,  and  filling  the  Joints 
is  a  necessaiy  prerecfuisite.  It  Is  equally  necessary,  too,  that  the  green  eoncrata  shall 
ba  of  a  oonriataney  afltnding  a  mortar  surfaca  iMA  will  tnaiira  a  partaet  adharion 
of  tha  bride  The  uae  of  transverse  Jolnta  In  the  aurf  aea  or  baaa  of  the  roadway  should 
not  be  permitted. 

"  Conditiona  Governing  Laying  Concrete.  The  use  of  paittally  hardened  mortar  or 
concrete,  remixed  with  water,  is  prohibited.  No  concrete  shall  be  mixed  or  depoalted 
when  the  air  temperature  ia  below  0°  G  <S2°  F),  unices  during  the  mixing  the  aggregates 
aball  be  heated  so  that  when  placed,  the  temperature  of  On  concrete  shall  be  not  leas 
than  I6°C  (60°  F).  Tha  pavement  shall  then  be  protected  by  auSdent  covering 
against  freeing.    In  no  event  shall  concrete  be  deposited  upon  a  frosen  subgrade. 

*'  Laying  tha  Brick.  Upon  the  foundation  as  prepared,  the  brick  diall  be  Imme- 
diately Uid  with  the  batter  adga  nppamuat  and  Uia  projeetlona  In  one  direction. 
Only  wbole  bride  aball  ba  uaed  axeq>t  aa  provldad  or  by  apadal  dlradioa  <d  the 
iinitlnaaf " 

16.  Coiutniction  Cost  Data 

The  price  of  brick  pavemeota,  including  foundations,  varies  according  to 
local  eonditioos,  but  generally  will  nuga  between  S1.25  and  $2.50  per  bcx  yd, 
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under  oontracta  which  ioclude  a  fair  profit  to  the  contractor.  Then  fignni 
may  be  subdivided  into  itema  as  foUows: 

Cortpw  SqYd  CDitpvSqn 

Praparatlon  of  aubmda  aftn-  wmwMUaa  or  enibaDk- 

ment  b  eomplatea  

ArtlfldBl  loundiuioa  

CoDente  fouadatioa,  6  bi 

Hatnlata  

Hbdncand  idadnc  

Sand  nuhuui 

Matnisia  

Pladns,  «ompa«tii)c  and  trimmliic  

Briok  marliut  oonne 

Brlek,  ifnitw^  »™<  pUag, ,  ,  


Or 

*'*r*'"'**'  jotnta. 


10.02 

tO.06 

0.S& 

o.n 

0.10 

0.10 

o.ao 

0.016 

O.03 

0.66 

1.10 

0.06 

a.  10 

o.os 

o.oe 

o.ou 

a.os 

0.01 

0.01 

$1.2S 

SB.U 

The  neceoBuy  oleanins  up  of  the  work,  ^inklinc  and  otherwiae  keeping 
moiat  of  the  grout  filler  after  placing,  and  other  work  incidental  to  the 
performanoe  ot  the  contract  under  such  apeeificationa  aa  thoae  of  the  Na- 
tional Paving  Brick  Manufaetureia'  Aaan.,  are  covered  by  these  figures  u 
well  aa  interest,  rental,  or  other  charges  for  machinery  or  tools  and  a  profit 
to  the  contractor.    See  (6),  (7).  (23),  (30c)  and  (66). 

A  Formula  (63)  for  estimating  the  coat  of  brick  pavements  in  rural 
districts  is  as  follows:  Cost  per  square  yard  of  foundation  of  6  in  of  oenwnt- 
ooncrete  equals  1.90Z>  +  0.213C  +  0.1385  +  0.167A  +  0.040B,  where  C 
equals  the  ooat  of  cement  per  barrel;  S  equals  the  cost  of  sand  pw  cufaie 
yard;  A  equals  tlie  cost  of  the  aggregate  per  cubic  yard;  B  equals  tht 
coat  of  brick  per  thousand;  and  t  equals  the  cost  of  labor  per  hour. 

**Gu7,  tnd.  (23).  Contract  prices  for  brit^  pavements  on  Mn  concrete  fawt 
varied  during  1911  from  12.18  to  $2.18  per  oq  yd,  while  the  east  data  OMapOed  litm 
inqMctors*  reports  show  a  cort  to  the  contractor  of  tram  91.6S  to  fl.TSL  Thk  e«t 
price  dom  not  iadnda  overhead  aqiefue  of  any  Idnd.  nor  does  (t  todode  the  diseDwat 
item  refened  to  above.  Gradfatg  is  paid  fw  as  a  separata  Item,  as  fa  all  other  laddMtal 
worit  such  as  coriii^  Mswalks,  eatd^iedas,  hoadem,  ste. 

Table  VI. — Coet  of  Brick  Pavement  in  Gary.  Ind.,  in  ItU 

Improvement  Madison  Ave        26th  Ave  25th  Ave 

SqYdPsvement   S289.8                8S22.4  8727.1 

Rate  In  Per  Per  Pw 

Labor  Item            CenU  Hr     Sq  Yd       Hr       Sq  Yd      Hr      Sq  T4 

Team                               SO  148 

lAbor  20  to  SO  1746 

Brickaatter  60  to  6K  218 

Foramsn  S6  to  40 

Water  boy  10  to  20 


180    278 

1678    £612 

180    447 

190    162 

160    100 


Labor  cort*   $0,118  ....  f0.086    fO.lU 

Per  H  Per  M  Per  M 

Briefc  hauled                                11.60     0.06  82.16  0.090  $2.02  0.08 

Brick  COM                                   22.60     0.902  22.60  0.968  22.00  0.89 

Camnit,  aq  yd  per  bag                  ^^.O    18.6    9.8   

Grout-eemsnt-wster                                  0.08    0.026    e.«86 


Totml  unit  cost   $1,106  $1.16  |1.U 

•iDdndss  aoat  of  naUag  sand  cushion,  laying,  rolUng  and  grouting  brisk." 

D>qiti;M  by  Google 
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Hettiod  of  Flforinc  Cost  of  Brick  PaTinc  on  a  Oreen  Concrete  Fonndatloo  (26). 
••This  la  ■  method  ot  urlviiif  at  a  COST  only.    The  figurea  uoed  may  not  app^  at 
I  mil  to  any  caae  in  band,  but  in  arriviag  at  what  the  coat  of  a  bride  road  ia  in  any 
'  particular  caae  the  actual  cost  of  tba  aeveral  Itanu  muat  be  ascertained.    Than  the 
real  coat  can  be  determined  by  loilowing  the  method  outlined." 

Assumed  prices  for  illustration:  Cement  at  $1.40  per  bbl  delivered.  4  in  brick  at 
^lA  per  M,  f.  o.  b.  factory.  Sand  at  $1  per  ton  delivered,  at  8000  lb  per  eu  yd.  Brokra 
■tone,  I1.ZS  per  Um  delivered,  at  2600  lb  per  cu  yd.  Haul  tor  bitek,  lH  xtdim  at  30 
CWta  per  ton-mile. 

Assumed  proportions:  Basa,  4  In,  1 : 8  ;  6  anerete,  requlrins  par  ea  yd  1  bbl 
cement,  0.46  cu  yd  sand  and  ItM  M  yd  atoM 


CkWT  OP  CONCRBTB  Basb:  Per  Cu  Yd  Per  Sq  Yd 

Cement   |1.400 

Sand  8000  X—  X  »1.00  -   0.678 

2000 

St(Kia2600X^  X  11.26  -   1.S44 

■Wat«   0.100 

Mixing,  placing  and  finishing   0.  S60 


9)»4.S«(  90.466 

Cost  op  Buck:  Far  Ton  PerSq  Yd 

Brick  f.  o.  b.  factory  at  $14.00  per  M   $2.80  $0,660 

Freight   0.60  0.120 

Hauttng.  l}j  ndto  at  SO  enti   0.46  0.090 

Luring  and  rolling   0.060 


Cor  or  OBounNo: 

Cement  grout  flller,  1  bbl  oenant  +  1  bbl  aand  grouts, 
26  sq  yd,  4  1b  htUSt. 

26Sq  Yd 

Ibbloanunt   $1,400 

IbUaand   0.2KI 


10.860 


2S)$1.622(  $0,066 

Wilng  and  applyiiic:  0.040 

  0.105 

CovKiNQ  AND  dnOfo:  0.006 

Total   $1,446 

17.   Special  Forms  of  Brick  Paving 

HUltide  Brick.  The  special  fonn  knowo  aa  biiiade  brick  haa  recently 
oome  on  the  market  in  response  to  a  draiand  for  reduced  alipperiuesB  in 
brick  pavemeote  on  srades.   The  hillside  brick  is  the  ordinary  paving 

brick  with  one  of  the  longest  edges  in  the  face  exposed  to  traffic  chamfered 
off  or  with  grooves  in  its  wearing  face. 

The  Chaufered  Brick  are  laid  as  usual  except  that  care  is  taken  to 
have  this  chamfered  edge  always  placed  down  grade,  Emd  next  to  the  square 
edge  of  the  brick  adjacent.  After  the  joints  have  been  filled  with  cement 
grout  in  the  ordinary  manner,  the  joint  filler,  just  before  it  is  set  hard,  is 
removed  from  the  chamfered  space  by  means  of  stiff  brooms,  and  a  fairly 
de^  groove  ia  thus  left  across  the  pavement  on  the  up-hill  side  of  each 
course.  The  ridged  or  oomigated  pavement  Urns  presented  to  the  traflSo 
is  less  sUppray  than  the  ordinary  smooth  pavement  with  completely  filled 
cement  joints. 


D'qitijM  by 
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Gbootbd  Bbiok.  a  novel  type  of  hillside  brick  yraa  laid  in  Toronto  in 
1914.  It  iB  described  (22a)  as  "combining  the  distinctive  features  of  the 
ordinaiy  wire-cut-lug  brick  mth  two  transverse  grooves,  about  3  in  apairt, 
on  the  wearins  surface,  designed  to  give  horses  a  foothold  on  steep  grades, 
^he  bricks  are  laid  longitudinally  with  the  street.  Joints  are  broken  on 
each  brick  so  that  instead  of  extending  in  lines  acrosa  the  entire  width  of  the 
street,  as  in  the  case  with  ordinary  hillside  brick,  each  groove  is  no  longer 
than  the  width  of  the  brick.  This  affords  shoe-calka  opportunity  to  get 
a  grip  almost  anywhere.  However,  aa  the  grooves  are  broken  at  short 
intervals,  broad  tires  bridge  them  on  alternate  oourseB  of  brick  and  rcdl 
over  the  pavement  without  experiencing  an  appreciable  jolt. 

"Ntme  of  the  hilUde  brick  waa  laid  in  counea  at  richt  angles  to  the  curb,  but  they 
were  laid  obliquely  acron  the  street,  a  method  necewiUted  by  laying  the  brick  kmgl- 
tudiaaUy  In  the  direction  of  the  length  of  the  street  The  pavuneat  has  ■  6-in  concrete 
foondation  and  a  tmnd  bed,  with  eementgrout  flUer  mixed  1  to  1.  Grouting 

was  begun  at  the  foot  of  the  grade,  as  otberwlae  the  thin  grout  would  have  Bowed 
down  the  longitudinal  joints  and  overflowed  the  lower  part  of  the  pavemoit.  Small 
quantities  of  Erout  by  tiie  shovelful  were  poured  at  a  time,  and  the  surplus  was  quickly 
bnabed  fonrard  up  the  grade.  The  final  course  of  grout  waa  squeegood  until  the 
surface  o<  the  Jointi  waa  full,  fltwh  with  the  pevenuot,  care  bdng  taken  to  kaw  tiie 
Joints  fun  nnta  t^ie  setting  began.  After  the  final  courae  of  flUer  began  to  set,  Oie 
tnutsverse  grooves  in  the  brick  were  brushed  out  with  wire  brooms.  The  brushing  was 
not  really  Decenary,  as  the  grout  in  the  grooves  wean  out  under  the  Impact  of  hones' 
sboe-caiks,  but  the  process  made  the  groovee  snviceable  at  onoe."   See  also  <81b). 

Vose  BAtk  are  brick  of  a  special  form  for  fitting  against  On  heads  of 
Btieet-car  milB.  They  are  like  ordinary  paving  brick  except  that  at  one 
end  the  corner  of  the  upper  side  is  rounded  off  into  an  ogee  curve,  so  as 
to  permit  the  end  of  the  brick  to  go  up  against  the  web  of  the  rail  and  the 
surface  of  the  brick  to  be  close  to  the  head  of  the  rail  near  the  top,  thus 
enabUng  a  tighter  joint  to  be  made  between  the  paving  and  the  rail.  This 
result  is  similarly  attained  by  the  use  of  special  filler  brick,  made  with 
chamfered  edges,  of  the  proper  thickness  to  permit  the  brick  to  be  placed 
in  the  area  between  the  web  of  the  rail  and  the  plane  of  the  outside  of  the 
head,  so  that  the  ordinary  brick  may  then  abut  against  the  head  of  the 
rfdl  and  the  outside  face  of  the  filler  brick.  On  the  inside  of  the  T-rail,  wlmn 
A  flange-way  must  be  provided  for  the  street-car  wheels,  filler  brick  are 
provided  for  occupying  the  area  between  the  web  and  the  plane  on  the 
inside  of  the  head  of  the  rail,  and  then  a  special  form  of  brick  similar  to 
hillside  brick,  and  having  one  <^amfered  edge,  are  laid  lengthwise  as  runners 
next  to  the  filler  brick.  A  channel  for  the  street-car  flanges  is  thiis  provided, 
the  inner  side  of  which  ia  sloping  instead  of  vertical,  enabling  narrow  tired 
vehicles  to  avoid  being  held  by  this  channel.  The  proper  construction  of 
a  brick  pavement  in  connection  with  streetMjar  tracks  is  an  extremely 
important  and  difficult  matter.  The  area  of  greatest  weakness  in  brick 
pavements  is  usually  a  narrow  one  along  the  street-car  rails,  and  this 
weakness  appears  to  be  occasioned  by  the  usual  difference  in  rif^dity  between 
the  street-railway  construction  and  that  of  the  brick  pavement,  together 
with  a  usual  lack  of  precaution  against  the  entrance  of  water  at  this  point 
to  the  interior  of  the  pavement  construction,  or  the  difficulty  of  maintaining 
the  proper  degree  of  imperviousness  in  the  pavement  within  this  area. 
Any  entrance  of  water  along  the  rail  wilt  sooner  or  later  affect  the  position 
of  the  sand  cushion  under  the  pavement  or  even  the  foundations  and  then 
the  pavement  itself.  The  filling  ctf  the  irregular  area  between  the  web  of 
the  rail  and  the  vertical  planes  paaring  thru  the  outddes  the  head  of 
the  rail  ia  a  most  difficult  matter,  and  various  eqwdients  have  been  teied. 
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Fillins  thu  area  with  mortar  or  concrete  is  usually  most  difficult  if  not 
impracticable.  The  fitter  brick  above  mentioned  seem  to  be  an  improve- 
ment, but  their  rigidity,  and  that  of  the  mortar  used  witii  them,  frequently 
results  in  the  erackine  of  this  filler  where  the  rail  is  not  sufficiently  rigid 
under  the  loads  coming  on  it,  and  such  cracking  permits  the  entcmaoe  (tf 
moisture  or  the  escape  of  the  sand  cushion.  In  Baltimore,  it  has  been  the 
practice  to  lue  wooden  plank  of  the  proper  thickness  to  fill  these  spaces,  but 
it  is  difficult  to  secure  tight  joints  in  the  plank  around  the  fish  platea,  tie 
rods,  bonds,  etc.  The  usual  concentration  of  the  effecta  of  traffic,  on  the 
strip  of  the  pavement  immediately  adjacent  to  the  rail,  demands  the  great' 
eat  possible  precautions  and  the  best  possible  work  on  this  portion  of  the 
pavement  if  uniformity  of  the  pavement  surface  is  to  be  had  in  aervits. 
See  Sect.  23.  Vitrified  brick  or  other  blocks  are  frequently  used  in  one 
or  two  lines  as  runners  along  the  rails  of  street-car  tracks  where  a  Hta- 
minous  pavement  is  used  for  the  balance  of  the  roadway,  because  of  the 
difficulties  of  constructing  and  maintaining  a  proper  continuity  in  the 
bituminous  pavement  if  brought  against  the  head  of  the  rail.  Where  the 
car  track  construction  is  of  a  high  character,  the  use  of  brick  or  aimilar 
smooth  blocks  gives  satisfaction,  but  if  the  car  track  conBtmrtion  is  what 
might  be  called  fiimsy  and  unsubstantial  or  lacks  rigidity  under  the  vehicles 
using  it,  the  relative^  small  mass  of  the  brick  does  not  seem  to  be  sufficient 
to  permit  it  to  ^ve  the  satisfactory  results  desired.  In  such  cases,  the 
brick  even  become  displaced,  the  joints  open  and  water  is  permitted  to 
enter  the  pavement  at  this  joint.  This  results  in  more  rapid  deterioratioa 
of  the  roadway  surface  as  a  whole.  In  such  cases  of  inferior  coDstructJoD 
of  car  tracks  in  the  pavement,  the  use  of  brick  or  similar  small  smooth 
blocks  should  be  avoided,  and  larger  blocks,  such  as  stone  paving  blocks, 
should  be  used  instead,  in  order  to  secure  the  utmost  advantage  to  be  had 
from  their  greater  inertia  and  ability  to  resist  di^lacement. 

Ktominlzad  Bxlck  were  laid  on  Stark  Street,  Portland.  Oregon,  in  1SS3. 
The  brick  had  been  boiled  in  coal  tar  before  being  laid,  and  this  section  ut 
pavement  remained  in  service  for  17  years.  In  1906,  nose  brick,  which 
had  been  boiled  in  asphalt,  were  laid  along  the  street-railway  tracks  in 
Los  Angeles,  and  in  1912,  a  small  area,  at  the  corner  of  Second  and  Mark^ 
Streets,  San  Francisco,  was  laid  with  similar  material.  Adjoining  this 
latter  area,  sections  of  basalt  block  and  sheet-asphalt  were  laid.  It  b 
claimed  that  the  treated  brick  showed  leas  wear  after  2  years'  use  than 
either  of  the  other  sections.  Similar  pavements  of  brick  soaked  or  boiled  in 
Intuminous  matraial,  have  been  laid  in  Nashville  and  Chattanooga,  Tenn. 
The  treatment  of  the  brick  in  the  above  cases  was  more  or  less  crude  and 
caused  the  bituminous  material  to  penetrate  only  from  K  to  ^  in  below 
the  surface.  The  recently  developed  treatment  causes  a  much  more  tJioro 
impregnation  of  the  brick  and  saturates  the  brick  with  from  6%  to  15% 
of  its  weight  with  bitumen.  The  treatment  seems  to  increase  the  imp«v 
viouuiess  of  the  brick,  improve  the  adhesion  of  any  bituminous  filler  used 
in  the  joints,  reduce  the  noisiness  and  slipperiness  of  the  pavement,  and 
increase  the  saoitarineas  of  the  pavement.  More  important,  however, 
than  any  of  these  facts  is  apparently  the  effect  on  the  wearing  gualitiea  of 
the  brick.  A  remarkable  reduction  in  the  loss  under  the  ratUer  test  a 
apparently  secured.  Perhaps  the  most  noticeable  result  is  the  tremendous 
increase  in  uniformity  of  loss  among  the  individual  brick  when  they  hxn 
been  properly  bituminised.  Table  VIII  shows  the  results  of  some  testa 
made  by  R.  W.  Hunt  4  Co.,  on  brick  both  treated  and  untreated.  In 
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Table  VnL — ComparatlTe  TMtt  id  Sbal9  and  Clay  Bric^  Tmtad  and 
Untreated  widi  Bttninlnons  Material 


WBlGfll 

— 

DBFOKB 

WbIOHT  AFTBt 

PhrcbntLobb 

A  SOT 

TH  f  .ft 

Tbbt 

IK  Lb 

IN  Wright 

Made 
fma 

AlbBT 

Before 

After 

Before 

AftO- 

Xrea^ 

TreaU 

Treat- 

Treat- 

Traal- 

numt 

meQt 

ment 

ment 

ment 

mant 

Shale 

60.66 

66.75 

28.64 

48.87 

68.84 

14.77 

Shale 

46.fi0 

48.97 

17.69 

42.76 

61.96 

12.70 

Mack  ManufuturinK  Co. 

FIi«  Clay 

and  Shale 

46.26 

47.49 

81.82 

40.98 

80.79 

18.71 

Shale 

48.66 

61.83 

86.77 

44.60 

24.42 

18.81 

JomeatowD  ShklePkvinE 

Co.  

Shale 

49.76 

64.60 

30.18 

47.24 

89.84 

13.48 

Boclcing  Valley  Brick  Co. 
MetropoUtao  Block  

Shale 

47.96 

49.94 

84.82 

43.48 

28.48 

12.94 

Shale 

60. OS 

64.63 

38.26 

48.28 

28.66 

11.46 

Note:  In  neh  caae  ten  brieka  ware  naed,  6  tnnted  and  6  untreated.  WBtght  of 
abrasive  material  as  fdllowa:  Small  abot,  225  lb;  la/|a  abot.  76  lb.  Number  of  rev- 
oiutiono,  1800  at  rate  of  80  rev  pa-  mtn.  Eadi  Mak  welgfaed  Mpaiately  Mm  and 
sftar  tnt. 


each  caae,  bricks  of  the  same  quality  and  from  the  same  batch  were  used 
in  the  comparative  teats  aad  were  in  oil  cases  secooda.  It  will  be  seen 
that  while  the  rattler  lose  of  the  untreated  brick  runs  from  23  to  over  60 
that  of  the  treated  brick  runs  between  11.4  and  14.8%.  The  uniformity  of 
the  brick  under  wear  (see  Art.  8)  seema  therefore  tremendously  increased. 
Further,  the  tests  apparently  show  that  a  brick  which  haa  not  beeo  burned 
to  the  ordinary  degree  of  vitrification  can  be  made,  by  tide  treatment, 
to  give  an  abrasion  loss  lower  than  ordinarily  specified  for  the  best  grade 
of  vitrified  brick.  Apparently  the  impregnating  bitumen  by  its  adhesive- 
ness prevents  the  brick  from  losing  particles  which  would  break  off  the 
untreated  brick,  and  thus  perhaps  cushions  the  cell  walls  of  the  brick  so 
as  to  greatly  increase  their  resistance  against  breaking  down  under  shock. 
From  the  manufacturers'  point  of  view,  the  treatment  will  apparently 
enaUe  the  burning  of  the  brick  to  be  stopped  at  a  considerably  lower  point 
than  is  now  necessary  for  the  No.  1  pavers,  and  further  enable  the  disixiB- 
ing  of  practically  all  of  each  burning  as  No.  1  pavers,  instead  of  only 
from  60  to  7U%  as  is  usually  the  caae.  Apparently  a  great  improvement 
of  even  the  best  vitrified  brick  pavement  is  offered  by  bituminiring  brick. 
If,  after  more  thoro  trial,  the  pavement  shall  fulfill  the  promise  held  out  1^ 
the  experience  to  date,  a  wider  field  will  be  opened  for  such  pavement  and 
many  of  the  now  existing  objections  to  vitrified  brick  pavementa  will  be 
lemoved. 

The  Hanafactnre  al  Bitnminiscd  Brick  ia  described  aa  (ollowa:  The  bamlng  aa 
ordinarily  conducted  is  stopped  2  or  S  days  sooner  than  for  vitrified  pavera.  The 

brick  are  then  cooled  down  to  a  handling  temperature  and  run  into  a  t%ht  cylinder. 
A  vacuum  of  25  In  b  produced  In  the  blinder  while  the  brick  are  at  a  temperature 
of  approximately  177°  C  (850°  F).  The  bituminoiui  material,  in  the  meantime  having 
been  heated  in  a  tank,  is  now  discharged  into  the  cylinder,  filling  it  to  a  point  above 
the  brick,  where  a  preaaure  of  approximately  160  lb  per  aq  in  la  produced  and  main- 
tained from  1  to  S  hr.  The  cylinder  la  then  drained,  alt  surplus  Utuninous  material 
bdng  returned  to  the  tank.  The  brick  are  then  transferred  to  an  ■■mafHin  chamber 
and  allomd  to  cooL   It  is  claimed  that  the  procan  fwodnesa  a  naiform  impregnation. 

&qiti;Mt)vG0QQ[e 
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Vitrifled  Ctlbei.  Id  the  effort  to  reduce  the  first  oost  of  vitrified  briek 
pavementfl,  J.  Y.  McCUntock,  County  EngiDoer  of  Monroe  County,  N.  Y., 
in  1908  began  experimenting  in  the  use  of  artificial  cubes  made  from  local 
clays  and  shales  in  the  same  manner  as  the  ordinary  vitrified  paving  bridL 
These  cubes  were  2  or  214  in  each  way,  and  were  laid  on  voriotis  kinda  it 
foundaUoDs  with  a  sand  cushion  under  the  cubes.  Experiments  vdtfa 
cubes  of  other  materials  were  made  contemporaneously.  The  ifitiiBed 
clay  and  shale  cubes  in  these  experiments  have  been  remarkaUy  iiiii  i  uiifal 
under  the  local  traffic  conditions.  The  joint  filler  used  was  in  some  caasi 
sand  or  sandy  loam;  in  some,  cement  grout;  and  in  other  cases,  bttumiiKW 
cement  was  used.  The  cubes  were  laid  in  different  ways,  in  some  cassi, 
individually  by  hand;  in  some  cases,  from  pallets  containing  from  124  to 
144  cubes  eacb;  and  in  other  cases,  they  were  simply  loosely  spread  and 
raked  into  place.  It  was  found  that  too  great  a  variation  in  Uie  depth 
of  the  sand  cushion  was  as  undearable  as  in  the  case  of  vitrified  hriet 
Too  wide  joints  permitted  the  removal  of  a  sandy  filler  by  fast  movii^ 
automobile  traffic,  resulting  in  excessive  spalling  and  wear  along  the  joiBt 
lines.  In  the  latter  case,  improvement  was  had  by  the  use  of  a  bitiuniiKivi 
material  over  the  pavement  after  the  surface  had  been  cleaned  oS  and 
the  sandy  material  in  the  joints  removed  to  a  moderate,  but  uniform,  depth 
below  the  surface  of  the  cubes.  It  was  further  found  that  the  edge  of  the 
cube  pavement  could  be  successfully  held  by  a  macadam  shoulder,  thu 
enabling  a  gradual  transition  from  the  hard  surface  of  the  road  to  the 
earUi  Mulder  outside,  and  the  prevention  of  ruts  along  the  edges  of  the 
harder  pavement.  The  cul>e  pavement  seems  to  be  sufficiently  fleadbfe 
under  frost  action  to  make  it  well  suited  for  a  surfacing  with  a  maesdav 
base,  and  to  give  a  surface  that  is  very  satisfactory  in  both  wet  aad  drf 
weather  for  traffic.  Furthermore,  as  it  can  be  laid  early  and  late  in  the 
working  season  and  easily  patched,  it  aeems  to  have  important  advantacea 
The  resistance  to  wear  of  these  vitrified  cube  pavements  has  been  adminUe, 
and  when  laid  on  a  concrete  foundation  and  with  grouted  joints,  they  have 
worn  very  well  under  heavy  motor  traffic  and  medium  team  traiSc.  When 
laid  on  a  macadam  base  with  fsiriy  wide  sand  joints,  they  stand  under 
moderate  traffic.  When  so  laid  with  a  sand  filler  and  superficially  coMed 
with  bituminous  material,  they  have  stood  considerably  heavier  traffic. 
The  indications  are  that  a  well  burned  vitrified  shale  cube  laid  on  a  oonctcM 
foundation  with  cement  grouted  joints  will  stand  satisfactorily  the  traffic 
on  all  but  a  few  of  the  most  heavily  travelled  country  roads. 

The  COST  of  the  first  vitrified  cube  pavements  on  an  old  macadam  hast 
was  reported  in  1909  as  <1.17  per  sq  yd.  The  cost  at  the  plant  was  $3.20 
per  thousand  for  the  cubes,  or  71  cents  per  sq  yd,  while  it  is  estimated  that 
it  would  be  possible  to  reduce  this  cost  60%  by  more  efficient  methods  in 
burning  and  handling  the  cubes.  In  1913,  an  actual  reduction  in  tlie  txmt 
of  the  cubee  to  $2.50  per  thousand  or  SS  cents  per  sq  yd,  was  aceomidiahed. 
The  freight  on  the  cubes  from  the  plant  was  11  cents  per  sq  yd,  or  the  cost 
delivered  was  66  cents  per  sq  yd,  as  against  85  to90cents  per  sq  yd  forordinaiy 
paving  brick.   See  (37). 

MAINTENAHCE 
18.  Methods  of  Hainteoance 

The  maintenance  of  a  properly  built  brick  pavement  should  be  so  sli^ 
as  hardly  to  Justify  extended  discussion  of  the  subject.  By  maintenance 
18  to  ba  understood  no  oonstderatioQ  nf  thn  nlMninn     the  surface.  Thb 
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eleanuiK,  while  as  important  in  the  eaae  of  brick  psvementa  as  in  any  others, 
is  a  separate  eubjeot  and  fully  discussed  under  its  proper  head  (see  Sect.  22). 
The  maintenance  proper  of  a  brick  pavement  will  eonaiat  of  restoring  the 
uniformity  of  its  surface  or  correcting  defects  resulting  from  faults  in  the 
eonstruotion.  From  one  cause  or  another,  an  individual  loick  in  the  sur- 
Iftoe  may  prove  to  be  or  become  defective  and  immediately  defects  in  the 
surrounding  area  appear  and  grow  rapidly.  The  removal  of  the  defective 
brick  or  bricks  and  their  replacement  by  suitaUe  bricks  with  a  concen- 
trated view  to  securing  the  greatest  possible  homogenraty  and  uniformity 
of  the  entire  surface  should  be  had  as  promptly  aa  possible. 

The  Expansion  Joints  may  need  some  attention  in  order  that  the  elastic 
material  in  them  shaU  remain  everywhere  even  with  and  protecting  the 
ediges  of  the  bricks  adjoining  the  joint.  Also,  in  case  cracks  appear  in 
tbe  pavement,  these  opportunities  for  water  to  reach  the  interior,  with 
probable  resultant  damage,  should  be  promptly  and  finally  closed  by  filling 
tliem  with  melted  bituminous  cement  of  proper  character. 

The  Wearing  Down  of  the  Surface  of  a  well  built  vitri&ed  brick  pavement 
is  such  a  slow  matter  that  its  end  of  life  on  this  line  is  beyond  contempla- 
tion. The  disintegration  of  individual  bricks  in  the  pavement  is  another 
matter  and  not  by  any  means  infrequent.  The  deterioration  of  considei^ 
able  areas  with  a  resulting  damage,  even  to  the  point  of  a  just  condemna- 
tion of  tbe  whole  pavement,  is  rapid  if  neglect  is  accorded  the  first  symptoms 
of  such  a  process  taking  place. 

Bltwnlnons-misd  Brick  Parements  have  sometimeB  ifven  excellent 
service  with  slight  maintenance  expenditures  for  many  years  until  they 
have  become  objectionable,  under  the  local  conditions,  for  the  reason  of 
their  then  exceesive  noisiness  due  to  the  badly  wom-off  upper  edges  of  the 
brick.  Some  such  pavements  have  then  been  taken  up  and  the  same 
brick  relaid  bottom  up  with  satisfactory  results.  This  might  be  considered 
Maintenance.  It  would  be  impracticable  in  cases  where  cMnent  grout  has 
been  originally  used  for  the  joint  filler. 

KepUcing  Brick  Paving  After  ReiUling  Excavations  <46).  "In  nuUnc  tbe  cut 
thni  the  pavement,  altenuite  bricka  will  BometimM  be  brokan  In  the  middle,  having 
a  aeries  of  broken  bricks  along  the  edge  of  the  cut.  These  half,  bricks  must  be  toothed 
out  with  a  chisel  so  that  none  but  whole  bricks  retn^.  It  la  then  poasible  to  break 
Joints  in  patching.  A  patch  which  does  not  dove-tail  into  the  original  pavemmt,  but 
leaves  a  long  straight  longitudinal  joint  between  patch  and  pavement,  cannot  be 
too  strongly  condemned.  A  long  handled  18-in  chisel  is  the  best  instrument  to  use 
Id  making  the  ori^nal  cut  In  a  pavement.  Aft«r  an  opening  has  hwa  broken  with  a 
maul,  the  dilsel  can  be  used  to  cut  and  pry  out  eadi  brl^  sqiaratdy,  — *'^"g  a  elaanar 
openfaig  and  fadHtathic  the  pateher's  job.  Hatching  brM  for  Uw  patch  Is  an  Im- 
portant matter.  If  the  color  and  siae  coincide  with  the  original  pavemrat,  the  patch 
will  be  Bcarcsly  noticeable.  The  brick  should  be  carefully  measured  in  matching  for 
■be.  Who*  the  new  brick  are  a  hairbreadth  thicker  than  the  old  ones,  the  courses 
tn  thrown  out  of  seriea  and  good  Jirfnta  are  hnpoaidble." 

Renorlng  and  deaning  Mck  by  Commssed  Air  Power  (26).  "The  eqidpment 
need  (or  this  work  consisted  of  a  15-HP  Sullivan  Class  W-K-3,  portable,  aingle  stags 
air  eompreasor,  tbe  compressor  being  operated  by  a  gasoline  engine,  mounted  on 
the  aame  truck  with  the  compreaaor  and  operating  tlie  eompreasor  thru  a  gear  and 
pteion.  This  outfit  famished  compressed  air  tor  a  Sullivan  DA-16,  26  lb  plug  drill, 
and  a  Sullivan  DB-18  hand  bushing  tool  e<iulpped  with  biu  like  that  on  a  cold  chisel. 
The  larger  of  the  two  tools  is  used  for  tearing  up  the  brick,  and  the  smaller  for  deaning 
tbs  oU  mortar  and  grout  from  them.  With  the  plug  drill  one  man  can  remove  4  sq 
ft  of  pavMumt  In  16  or  20  min,  Uldng  the  bricks  dther  one  bride  at  a  time  or 
■ereral,  as  desired.  When  ddng  this  woric  by  hand,  the  woricmen  were  treqnsntly 
^itUgsd  to  brsak  ssvml  bricks  wbieh  wen  perteetly  good,  in  order  to  get  oat  ons^ 
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M  tlHit  tlw  loM  WM  eoiNUmble.  Bef  on  tbs  por^M  of  ttaft  outftt  tha  oopt  (d  mor- 
inc  and  rlainlng  brleb  by  hand  w»  t24  par  M  and  a  cnw  at  10  men  was  able  u 
handle  1000  brieka  per  day.  Tbe  detailed  coat  ct  apanting  tba  eompnaaor  and  driB 
outfit  ma  aa  foUowa: 


1  Comprtaicr  engineer   (3.00 

7  Gal  of  laa  at  IS  oanta   1.26 

4  Oparatora  at  $1.86   7.40 

LtdtricmtiiiK  oil   0.26 


Total  coat  par  day   fll.91 


"  Tbe  above  doea  not  tndude  intmet  or  depredation.  Crowlay  eatimat«a  that  abcM 
2000  bridn  are  ramoved  and  daaned  in  8  hr  with  tbe  two  toola.  Thia  brings  tbt 
ooat  of  taking  up  and  cleaning  to  $5.96  per  M  bricba.  On  work  doM  with  this  outfit 
la  1914  a  crew  of  40  men  waa  cut  down  to  18  men.  It  ia  estiniated  that  thia  outfit 
paya  for  Itaelf  on  every  100  000  bricka  taken  up  and  cleaned.  Saving  inchided  labor 
OB  tba  brick,  aavlDE  in  the  laad  cuaUon,  aavinK  in  time  in  maUnc  the  bed  undar  tba 
brick  and  in  tiding  the  brick.   Cement  ukl  groutinc  are  alao  ■and." 

19.  BltuminoiM  Cupeta 

The  effort  hu  been  made  to  reduce  the  noiae  and  elipperijiees  of  aome 
brick  pavements  as  weU  as  to  leoKthen  their  life  under  traffic  by  api^-iac 
to  their  eivfaces  a  carpet  romposed  of  bituminous  cement  and  sand  cc 
gravel.  Some'  of  these  experinicats  have  been  fairly  successful  while  otben 
have  been  quite  the  opposite.  The  obstacles  to  aucceos  seem  to  be  mainly 
those  of  securing  proper  adhesion  of  tbe  carpet  to  the  brick  surface  and 
of  securing  such  a  proper  body  to,  or  cohesion  in,  the  carpet  itself,  as  inU 
enable  it  to  resist  succoasfully  the  tendencies  of  the  traffic  to  atrip  the 
oarpet  from  the  pavement  or  to  disintegrate  it.  If  the  carpet  is  to  h« 
successful,  it  must  be  able  to  resist  to  the  last  the  tendency  to  peel  off'  tb(^ 
brick  surface,  and  it  must  have  sufficient  body  to  resist  the  didnt«grating 
effect  of  the  traffic  which  tends  to  push  it  into  waves,  or  to  crumble  it  into 
a  loose  mass.  It  is  evident  from  the  experiments  that  have  been  *niwlT 
that  there  is  a  limit  to  the  amount  of  traffic  which  any  such  carpet  can 
successfully  withstand,  and  the  attempt  to  provide  a  bituminous  carpet 
on  a  brick  pavement,  should  not  be  made  where  the  severity  of  the  traffic 
ia  greater  than  a  certain  degree.  At  the  present  time,  it  is  impoasiblc  to 
express  thia  limited  degree  of  severity  of  traffic  in  formulas  or  figures. 
Aside  from  the  adhesive  and  cohesive  qualities  of  the  bituminouB  cemeDt 
itself,  the  compontion  of  the  carpet  and  its  thickness  have  much  to  do 
with  its  resistance  to  disintogration  under  traffic.  For  inatance,  considraioc 
that  a  sheet-asphalt  pavement  is  a  carpet,  there  ia  no  reason  why  it  could 
not  be  laid  on  a  brick  pavement  as  a  foundation,  and  its  ability  to  withstand 
traffic  when  so  laid  would  be  equal  to  the  ordinary  abihty  in  this  dirmtion 
of  any  sheet-asphalt  pavement  properly  proportioned  and  properly  laid. 
On  the  other  hand,  it  is  evident  that  a  ver>-  thin  oarpet  composed  of  the 
same  asphaltic  cement  and  sand  would  be  least  resistant  under  the  same 
traffic.  Between  theae  two  extremes  may  be  expected  to  be  found  various 
mixtures  and  thicknesses  suitable  for  different  degrees  of  traffic.  Tbe 
adherence  of  carpets  to  brick  pavements  seems  to  be  more  aatisfactoiy 
in  cases  where  they  are  placed  on  pavements  with  Utuminous  joints  ttt»i^ 
in  those  ooaes  where  a  cement  filler  has  been  used  in  the  jmnts.  It  would 
probably  be  greateat  on  bituminiaed  brick  (see  Art.  17).   See  (28). 
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GENERAL  DATA 

1.   Historical  Development 

In  1870  North  (51)  stated  that  "In  Scotland  a  concrete  has  been  used 
with  Portland  cement,  for  lunding.  The  surface  was  very  good,  but  when 
the  road  commenced  to  break,  it  went  to  pieces  ver>'  fast." 

Tba  First  Perdand  Cement-Concrete  Pavements  in  the  United  States 
are  usually  referred  to  as  being  laid  in  Bellefontaine,  Ohio,  in  1894,  but  as 
a  matter  of  fact,  the  year  before,  J.  Y.  McClintock,  County  Engineer  of 
Monroe  County,  N.  Y.,  put  down  on  South  Fitzhugh  St..  Rochester, 
a  section  of  Portland  cement  grouted  macAdam.  This  was  a  forerunner  of 
the  modem  concrete  pavement  of  the  Hassam  type.  An  exoerpt  from 
McClintock's  1894  Report  (55)  is  as  follows: 

"TtMra  STB  msiqr  mOes  of  atnets  wbere  a  dieap  pavement  Is  raquirite  sad  wiiere 
mmradam  with  trap  rodi  wooM  be  Hdtable  except  that  it  mmam  deslnbb  to  get  rid 
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of  the  ■mmll  amount  of  mud  wUch  ii  unutlly  praaent,  and  to  have  ■  mifiMK  that  em 
be  mahad  aO  dmn.  To  meet  this  requirement  ve  triied  in  1898  the  foUowias  on  Soott 
Fitxhugl)  St.  north  of  the  canaL  The  surface  of  an  exisdog  macadam  pavonent  waa 
Indeed  off  and  a  layer  of  trap  rock  6  in  thick  in  the  middle  and  2  in  thick  at  edge  of 
paved  guCten  was  put  on  and  thoroly  rolled  with  a  ateam  roller.  After  this  was  doM, 
luBtMd  of  putting  on  a  binding  material  and  rolling  that  in  aa  unial,  Portland  eomt 
grout,  one  of  aand  to  one  of  cement,  mixed  to  the  conaiatency  of  cream  ma  earcMOj 
poured  in  ao  aa  to  flU  all  the  voida  between  the  broken  atone  and  form  a  aoUd  matrii 
to  htdd  aadt  atMW  flmly  In  podtton.  The  atone  waa  thoroljr  mt  jwt  Mart  poortic 
in  the  grout.  One  barrel  oC  eenunt  wat  uaed  to  each  8.T  sq  yd  of  pavHncnt.  Aflv 
the  mortar  had  aet  for  24  hr,  sand  waa  thrown  ovn  the  aurfaoe  and  wato-  was  aprinUad 
upon  it  and  all  travel  was  kept  off  It  for  9  days.  Tbb  has  been  down  8  months  aai 
already  ahowa  that  tba  aiie  of  atona  naad  waa  too  amall;  it  would  all  paa  thru  a  IH  ^ 
rii^  The  atooci  an  ao  ■nail  that  tba  caBi  of  a  hoiaa  ihoa  throwa  a  atoae  oat  bodnr 
BOmednua.  It  wUl  be  woQ  to  try  tlda  again  with  atmiea  whidi  wU  paaa  s  3  In 
and  will  not  pass  a  2  in  ring.   The  coat  of  this  pavemmt  waa  (1  per  aq  yd." 

UeCIintodc  in  March,  1918,  teetlAed  concerning  this  worlc.  in  the  case  of  the  HHaam 
Paving  Co.  veraus  the  Consolidated  Contract  Co.,  as  foUowa:  "The  pieee  of  panancnt 
laid  developed  Irregular  temperature  cradca  and  on  ooe>  portion  of  It  where  the  hnda 
atood  in  the  ahade  of  the  court  house,  the  hotasa  would  drill  holea  with  their  feet  k 
Idddng  off  flies,  so  that  it  soon  became  a  question  of  how  the  pavancnt  eould  be  main- 
tained. (After  ^ht  months'  use,  the  horaea'  calka  were  {rfddng  out  aome  a<  the 
Individual  stmtee.)  It  was  some  2>i  years  after  the  pavement  was  laid,  .  .  .  that  it 
was  deemed  wise  by  the  dty  auUioritiea  to  cover  Ute  new  portioa  of  the  roadv^ 
with  asphalt. 

The  BeUflfoataine  Pavements  were  of  the  two  oourse  mixed  type.  From 
1894  until  1909,  the  construction  of  coacrote  pavementa  of  either  type 
made  little  headway,  one  reason  probably  being  the  hi|^  first  coat  of  audi 
pave  men  te  under  the  then  existing  oonditioDs,  and  another  betuc  tba 
especial  difficult  of  making  minor  repairs  to  them. 
.  Wajne  CotuU?,  Midi.,  began  in  1909  the  oonstniction  of  a  ecmaUesaUt 
mileaao  of  ooncrete  pavements.  While  this  work  was  at  first  largalgr  of 
an  experimental  nature,  it  was  inteUigently  done,  and  the  wide  advertise- 
ment of  the  Bueoees  of  the  remits  induoed  fur^er  experiments  in  maar 
looalitiee. 


TaMe  1. — Sninmary  of  Square  Tarda  of  Coaerete  PavenMats  ok  Koadf. 
Streats,  and  Allejrs  Constructed  to  Dae^bef  1,  inc  (iSb) 


Prior  to 
1900 

1909 

mo 

1911 

19U 

Streeto  

Alleys  

34  Ml 
444  864 
112  491 

82  626 
SS6168 
86  826 

161 148 
681 68T 
107  874 

281  077 
1011440 
186  674 

18C848I 
8SUa9 
UB7I8 

581416 

444  609 

941  6G0 

1 489  191 

6881 118 

1918 

1914 

1916 

To  Dae.  1, 
1916 

Totali 

StreeU  

3  839  185 
8  946  219 
308  866 

10  608  421 
4  880  604 
800  188 

12  060  909 
6  988  679 
612  921 

16  688129 
7  601  789 
894  280 

44  910018 
28  002  668 
8  746171 

7 

16  789168 

18  597709 

84  828  148 

76CS7Stt 
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8.  ChuactwisticB 


For  the  sakfl  of  making  clear  the  stetunmta  to  follow,  let  It  be  aanmed 
primari^  that  a  ceroent-ooncrete  pavanent  ia  one  in  which  the  artificial 
Borfacing  lor  the  roadway  is  built  of  a  concrete  compoeed  of  liTdraulio 
oemMit,  Band,  and  gravel  or  broken  etooe,  all  of  pradetennined  proportions, 
and  is  not  covered,  or  protected  from  wear,  by  a  carpet  or  coating  of  appre- 
ciable thickness  of  bituminous  cement  and  other  material.  Then  all 
those  roadways,  of  which  a  cementK»>ncrete  layer  is  covered  by  a  carpet 
of  bituminous  material,  will  naturally  fall  together  into  another  class  where 
a  concrete  base  or  foundation  supports  a  wearing  surface  composed  of  block 
paving,  sheet  or  rode  asidialt,  bituminous  carpets,  etc,  and  in  the  oon-, 
eiderationol  them  instances  of  the  uee  of  eonorete,  the  latter  will  be  referred 
to  as  the  concrete  fbundatioQ. 

The  use  of  concrete  for  both  roadway  surfaces  and  foundations  is  not  new. 
In  1893  the  concrete  pavement  was  discovered,  tried  out  and  abandoned. 
It  was  found  to  posaeaa  certain  inherent  defects  and,  under  the  then  exist- 
ing conditions,  these  proved  so  serious  that  its  economical  use  was  found  to 
be  limited  so  as  to  result  in  the  practical  abandonment  of  this  form  of  sur- 
facing f<»  the  time  being.  With  the  changed  oonditions  now  existing,  the 
use  of  concrete  for  roadways  has  again  begun.  The  increase  of  traffic  has 
demanded  stronger  roads.  The  reduced  ratio  of  horse-drawn  to  total  trafflo 
has  changed  the  average  character  of  the  stresses  on  the  surfacing  material. 
The  immense  reduction  in  the  cost  of  hydraulic  cement  and  the  improve- 
ments in  machinery  for  mixing  and  placing  the  concrete  have  aided  the  latter 
to  compete  with  other  road  crusts  in  first  cost  and  also  in  long-run  coet. 
It  seems  that  imder  the  changed  conditions  there  are  at  present  many  cases 
where  eziating  circumstances,  such,  for  instance,  as  poor  natural  foundation 
for,  and  heavy  traffic  on  the  road,  or  convenience  in  the  supply  of  materials 
for  concrete,  justify  or  even  demand  its  selection  for  at  iMit  a  part  of  the 
road  crust.  On  the  oUier  band,  the  tendency  of  certain  road  authorities 
and  others  to  rush  to  concrete  as  a  panacea  for  all  road  ills  ia  to  be  deplored 
as  both  irrational  and  extravagant.  In  these  days  the  great  problem  for 
road  authorities  is  the  proper  selection  of  the  form  of  construction  beet 
suited  for  the  circumstances  of  any  particular  case,  and  a  sufficient  variety 
of  surfacingB,  including  concrete,  is  now  available  to  permit  true  economy 
to  be  had  by  a  proper  choice. 

Of  the  factors  influencing  the  decision  for  or  against  the  selection  of 
concrete  as  the  road  surfacing  may  be  considered  first  cost,  long-run  cost, 
durabiliiy ,  ease  of  maintenance,  cleanliness,  resistance  to  traction,  slipperiness, 
BBnitariness,  acceptability ,  and  f avorableness  to  travel. 

Cost.  Only  too  frequently,  this  consideration  is  limited  to  first  cost 
and  fails  to  include,  as  it  should,  the  interest  charges  on  first  coet  and  the 
cost  of  maintaining  the  pavement  in  as  good  condition  as  when  first  com-' 
pleted,  or  a  depreciation  charge,  in  order  that  a  fair  comparison  may  be 
drawn.  See  (15).  Concrete  can  never  be  as  low  in  first-cost  as  macadam 
under  the  same  conditions,  because  of  the  introduction  into  the  former  of 
cement  for  which  an  additional  cost  has  to  be  met.  Ordinarily  oompetiUon 
may  be  had,  often  euccessfully,  by  a  proper  assumption  that  a  less  thickness 
of  ooncrete  will  be  as  strong  as  the  macadam  to  be  prescribed,  and  further, 
that  it  is  frequently  possible  to  use  in  the  concrete  a  local  material  for  the 
aggregate  which  may  be  secured  at  a  raaaller  cost,  than  necessary  for  a 
pnver  stone  lor  the  macadam.   A  local  granite  may  make  an  excellent 
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oonorete.  when  it  would  inove  entirely  unsatufoeboiy,  becaiue  of  ita  lack 
of  binding  qualities.  Tor  maoadam,  and,  if  macadam  wen  to  be  built,  the 
coet  of  importins  a  suitable  stone  might  oiTset  the  additional  ooet  of  maldng 
concrete  from  the  local  granite.  In  the  same  way,  wtiere  small  sandy  gnnl 
is  plentiful  in  a  locality  and  good  stone  for  broken  stone  macadam  is  re- 
quired to  be  imported  at  a  constderable  expense,  frequently  gravel  coatnbe 
roads  or  gravel  concrete  foundations,  carrying  a  bituminous  surfooe,  wiB 
be  found  to  be  the  economical  solution.  Contrary  to  the  argumeote  of 
many  of  the  advocates  of  oontavte  pavements,  a  concrete  surfacing  is  not 
permimait  in  the  sense  that  it  will  last  indeflniteiy  without  repair.  Cdd- 
orete  roadways,  in  addition  to  the  interest  charges  to  be  figured  in  thn 
long  run  cost,  require  continuous  expense  for  maintenance  and  repair.  Kx- 
oept  possibly  in  those  oases  where  a  curb  adjoins  the  edges  of  the  concrete 
roadway,  the  shoulders,  even  if  the  concrete  itself  does  not,  begin  the  day 
after  the  completion  of  the  roadway  to  need  maintenance.  While  the  shoulder 
maintenance  may  not  be  a  part  of  the  maintenanoe  charges  for  the  concrete 
itself,  it  certainly  is  a  part  of  the  road  maintenanoe  especially  where,  in 
coder  to  keep  the  first  cost  down,  the  eonorete  surface  has  been  built  too 
narrowin  width  to  carry  cm  it  all  the  traffic  and  a  ooniidenbia  portion  of  tht 
latter  constantly  turns  out  on  the  shouklen.  The  concrete  surfacing  itself 
will,  after  a  period  dependent  of  ooune  on  local  conditions,  require  repain 
and  it  is  an  inhMMit  difficulty  of  concrete,  that  repain  to  it  are  not  easily 
made.  This  fact  was  one  of  the  main  reasons  for  the  abandonment  of  the 
earlier  efforts  to  use  concrete  for  roadway  surfaces.  While  these  repain 
may  seem  in  some  respects  relatively  slight,  the  expense  for  them  wfll  hi 
inversely  large.  Reliable  figures  of  cost  for  maintenance  of  concrete  road- 
ways are  not  as  yet  at  hand  but  the  foregcnng  m^  serve  to  indieate.  InM 
the  point  of  view  of  cost,  the  factors  to  be  oooaiderBd  in  tiiis  aonneotkn  and 
the  ptnnts  of  weakness  in  some  of  the  arguments  that  have  bera  advanesd 
for  the  more  general  adoption  of  concrete  roadway  surfaces. 

Dnnblli^.  Reference  has  been  made  to  the  fact  that  concrete  is  not 
easy  to  repair.  The  frequency  of  repair  may  depend  largely  on  local  condi- 
tions, but  it  is  also  affected  by  certain  peculiarities  of  any  concrete.  The  mix- 
ing together  of  four  different  materials  and  the  placing  of  the  resulting  bum 
in  the  roadway  give  many  opportunities  for  irregularities  to  occur.  A  most 
desirable  feature  of  any  road  surface  is  wi  ability  to  wear  unifomly  and 
this  is  frequently,  if  not  generally,  mora  deoraUe  than  a  leas  uniloni, 
even  if  ^wer,  rate  of  wear.  The  difficulties  in  the  way  oi  the  iitiinMsiilj 
high  degree  of  uniformity  in  cement-ooncrete  for  roadway  surfaces  are 
apparent,  when  it  is  recognised  that  few  sources  of  broken  stone  deliver  a 
uniform  product;  that  there  is  frequently  considerable  variation  in  the  ledge 
or  quarry  itself;  that  there  often  is  variation  even  between  the  products  of 
diffraent  days  from  the  crusher  and  screens;  and  that  seKregatton  of  the 
■smaller  from  the  larger  siiee  generally  occurs  in  loading,  shipping  and  han- 
dling this  product.  The  same  may  be  said  as  regards  the  sand  in  many 
eases.  The  quantity  of  water  present  in  the  mixture  is  frequently  move  or 
less  irregular,  and  segregation  and  other  causes  for  non<4miformity  generally 
■rise  during  the  mixing  and  placing  of  the  concrete.  All  these  otmtribate 
to  the  presence  so  generally  noted  in  concrete  roadway  surfaces  of  spots 
of  unequal  abiUties  to  resist  wear  and  to  the  consequently  resulting  boles 
so  difficult  of  proper  repair,  which  form  one  of  the  main  objections  to  this 
type  of  pavement.  While  proper  supervision  does  reduce  to  aome  extant 
the  lack  of  faomegsnsity  in  results^  certain  inlmnt  iiregidaritlM  eu  be 
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only  nduoed  by  unproved  mechanical  means  while  oertoln  othefs  seem 
inevitaUe.  For  instance,  the  natural  iiregularity  in  poeition  of  the  stone 
in  the  surface  of  the  placed  concrete  may  be  reduced  to  a  conmderable 
extent  by  rolling  so  that,  just  as  in  good  broken-stone  macadam,  the  major- 
ity of  the  larger  pieces  of  stone  in  the  surface  will  lie  with  a  face  exposed  to 
subsequent  wear  instead  of  an  edge  as  is  found  in  most  cattes  of  insufficiently 
rolled  macadam.  Harrowing  a  layer  of  broken  stone  will  result  in  greater 
uniformity  as  to  sise  of  the  pieces  of  stone  iu  the  surface.  Hence  there 
seems  to  be  good  ground  for  some  of  the  claims  of  the  advocates  of  a  con- 
crete roadway  surface  formed  by  grouting  the  broken  stone  spread  and 
rolled  in  place  such  as  in  the  Haawam  pavement.  Further  the  physical 
bond  thus  secured  between  the  stone  particles  is  worth  oonsidering  as  an 
additional  factor  for  Btrangth  and  durability. 

DDVicni/nBS  or  RnpAiBiNa.  Concrete  is  not  easily  repaired  so  as 
to  be  satisfactory.  The  difficulty  of  remedying  a  sUght  depression  worn 
into  the  surface  under  traffic  generally  leads  to  letting  such  a  defect  in- 
crease to  material  dimensions  before  attempting  its  repair,  which  delay 
is  of  course  objectionable.  To  repair  any  depression  with  any  d^ree 
1^  satisfaction  it  has  been  found  necessary  that  the  depth  of  the  hole  be, 
or  be  made,  niffioient  to  provide  space  for  placing  in  it  aggr^atA  of  the  same 
sise  as  that  which  forms  the  adjoining  surfaces  and  fiush  with  them.  Also  it 
is  necessary  that  the  new  concrete  be  of  uniform  thickness,  not  tapering 
off  at  the  edges.  This  means,  that  for  the  proper  repair  of  a  hole,  the  old 
concrete  must  be  more  or  less  cut  away.  Even  then  if  a  good  bond  is  not 
secured  between  the  new  and  the  old  concrete,  the  joints  in  the  surface 
soon  become  objectionable.  When  the  ordinary  concrete  roadway  sur- 
face begins  to  need  repair,  it  is  practically  only  a  question  of  a  short  time 
when  the  concrete  surfadhg  will  have  to  be  abandoned  as  such,  and  turned 
into  a  oonorete  foundatim  because  of  the  difficulUes  of  repairing  the  oon- 
crete  so  ss  to  leave  it  latisfaotoiy  as  a  road  surface.  If  a  concrete  rmidway 
is  built  with  gravel,  notwithstanding  that  the  average  greater  strength  of 
gravel  concrete  is  greater  than  with  broken  stone  concrete,  the  lack  of 
mechanical  bond  obtainable  from  the  rounded  stones  in  the  surface  ren- 
ders the  latter  particularly  susceptible  to  damage  by  the  shod  feet  of  draught 
animals.  The  blow  of  a  horseshoe  may  break  the  cementing  mortar  around 
a  stone  and  the  pushing  or  twisting  of  the  foot  may  then  easily  dislodge  the 
nnntded  stone  from  its  place.  Of  oourse  the  adjoining  stones  are  thai  mon  ■ 
easily  dislodged  and  the  hole  in  the  surface  grows  rapidly  and  needs  repair. 
The  difficnltieB  of  proper  repair  are  so  well  recognised  that  many  enipnaers 
are  now  recommending  such  work  to  be  done  with  latuminous  concrete  in- 
stead of  cement-con  crote,  but  of  course  this  is  only  a  step  toward  the  ult^ 
mate  transformation  of  the  concrete  roadway  into  a  concrete  foundation. 

Ckacks  and  Joints.  Again  it  seems  pretty  generally  agreed  that  concrete 
roadways  are  liable  to  objectionable  cracking  under  the  influence  of  changes 
in  temperature  and  in  tiie  coiulitions  regarding  moistiue  present.  After 
being  plaoad,  the  wet  ooncrete  shrinks  eoD^darably  in  settang  and  diying 
and  tliiB  ohuig»  of  volume  produces  craola  in  the  surface.  These  cracks 
fonn  points  of  we^cness  and  foci  of  deterioration  more  or  less  serious  accord- 
ing to  their  distribution  and  concentration.  The  effort  is  usually  made  to 
concentrate  them  in  regularly  occurring  joints  and  these  joints  are  often 
predeterminedly  built  in  place  with  cumbersome  iron  or  steel  plates, 
which  themselves  are  objectionable  to  traffic.  These  expansion  joints 
increase  in  obnoxiousoese  as  the  road  gets  older  and  wears  down,  and  olti- 
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nuitely,  in  order  to  relieve  this  feature,  if  for  no  other  reason,  the  ooating 
of  the  iriude  road  with  a  bituminous  or  other  surface  or  pavement  is  aec- 
eesary.  If  theM  expansion  iointe  are  not  provided  in  the  first  place,  the 
ooncrete  roadway  surface  may  develop  cracks  irregularly  under  alternate 
wetneee  and  dryness  or  heat  and  cold,  and  theee  cracks  break  away  cm 
their  edgee  and  ultimately  develop  into  objectionable  places  in  the  surface. 
AKMuently  the  only  remedy  is  to  cover  the  entire  surface  with  a  carpet 
or  pavement  The  concrete  roadway  then  beoomee  a  oooorete  foundation,  aitd 
if  it  can  be  foreseen,  that  suob  an  end  is  probably  to  result  within  a  limited 
time,  reasons  of  economy  demand  its  careful  consideration  before  readiinc 
a  decision  to  attempt  the  concrete  roadway  construction  in  tt^  fimt  place. 

Sase  of  Halnteiiance.  Special  machinery  is  not  required  for  main- 
taining ooncrete  roadways  and  in  this  respect  they  may  have  an  advantace 
over  such  pavements  as  bituminous  ooncrete  and  sheet-asphalt.  Heaters, 
mixers,  and  unusual  tools  are  not  required  nor  even  steam  roUen  for  any  Imt 
the  largest  repair  jobs. 

CieanUness.  Concrete  pavements  are  fairiy  easily  kept  reasonably  clean. 
They  ue  perhaps  less  susceptible  of  dusUeasness  and  thoro  oleanlineas; 
than  is  an  asphalt  surface  or  the  best  brick  pavement,  but  on  the  other 
hand  they  are  more  so  than  macadam  or  even  a  good  stone  block  pavement. 

Reiiitance  to  Traction.  This  is  extraordinarily  low  in  the  cases  of  con- 
crete pavements,  and  few  pavements  lead  them  on  this  point. 

Slipperinesi.  Concrete  pavements  are  generally  more  shppery  than 
macadam  and  stone  block  pavements,  except  pertiaps  in  some  cases  of  the 
latter  where  the  Joints  are  filled  with  cement  mortar,  but  less  so  than  wood 
UogIe,  bituminouB  pavements  generally,  and  well  laid  brick  pavements. 

SanttariaoH.  Craorete  pavemMits  an  slightly  lees  sanitary  than 
bituminous  surfaces  and  pavements;  are  equal  in  this  respect  to  the  best 
laid  brick;  and  are  more  sanitary  than  stone  block  pavements  or  macadam. 

Acceptability.  That  is,  the  bases  of  personal  or  local  preferencea  and  of 
aesthetic  consideration  and  of  noieelesBneee.  The  gtarine  effect  of  the  mortar 
in  the  ooncrete  is  frequently  objectionable  even  when  dark  colored  stone 
is  used  for  the  aggregate.  On  the  the  other  hand,  a  H^t  color  of  the  con- 
crete may  be  beneficial  for  onlighted  roads  thru  woods  especially  wh«o  there 
is  much  travel  at  ni|^t.  As  to  noieelessness,  ooncrete  pavnuents  aSSa 
slight  objections  on  this  count.  They  are  productive  ol  mem  nmae  thaa 
tntuminous  surfaces  and  pavements  at  tn>™lf»q,  but  of  leas  than  brick  or 
stone  blocks. 

Favorableneas  to  Travel.  Concrete  pavements  axe  somewhat  less 
favorable  to  travel  than  macadam  or  bituminous  surfaces  and  pavements, 
and  more  favorable  than  atone  blocks  or  brick  in  that  their  surface  rigidity- 
lies  between  the  two  types  mentioned.  An  extremely  rigid  inelastic 
Buriace  is  objectionable  to  passengers  traveling  over  it  even  when  the 
vehicular  devices  for  lessening  the  inevitable  diocks  are  of  the  higbeet 
efficiency.  Animals  natur^y  prefer  the  softer  materials  on  which  to  tread 
especially  when  unaccustomed  to  metalled  or  paved  roads.  As  the  pro- 
portion of  surfaced  to  unsurfaced  roads  Increases  the  latter  objection  to 
ooncrete  will  be  somewhat  reduced.  Comidiaints  from  motorists'  using 
newly  completed  stretches  of  concrete  roadways  are  that  an  unpleasant 
vibration  was  noticeable  to  the  passengere  in  going  over  such  roads,  and 
it  seems  probable  from  the  descriptions,  that  such  vibration  was  due  to 
minor  unevennesses  or  corrugations  in  the  surface  unnoticeaUe  to  the  eyes 
w  at  low  speada.  If  the  speed  is  hi^  enou^,  this  vitmtion  can  In  de- 


L 


Art.  2 


Chanctoifltias 


1167 


tected  oQ  the  best  concrete  roadways  tho  it  seems  imperceptible  on  macadam 
or  on  good  bitumitaoua  surfaces  and  pavements.  Thoae  who  lean  to- 
ward concrete  roadways  may  attempt  to  meet  the  objections  by  suggesting 
that  the  removal  of  nearly  all  grounds  for  objection  and  a  considerate 
strengthening  of  the  arguments  for  the  more  general  use  of  concrete  for 
roadways  may  be  had  by  provicting  a  bituminous  surface  on  the  concrete. 

Concrete  f^Tsmsnts  ts  Concrete  Fovudatioiu.  Because  ctf  the  difficul- 
ties, inherent  with  oement-concreto  and  inddental  to  Its  oonstrtiotion,  of 
securing  uniformity  and  homogeneity  in  the  wearing  surface  of  the  concrete 
roadway ;  because  of  the  initial  extra  cost  for  the  proper  results  in  many  cases ; 
because  of  its  peculiarities,  often  offensive,  such  as  high  rigidity,  dusti- 
ness, glaring  color  when  new,  or  mottled  color  when  repaired;  and  because 
of  the  difficulties  and  costs  of  repairs  when  needed;  the  proper  selection  of 
oement-conorete  for  a  wearing  surface  is  of  limited  application  and  the  es- 
pecial worth  of  this  material  in  roadway  work  lies  in  its  great  value  for 
foundations,  on  which  carpets  of  various  kinds  may  be  satisfactorily  and 
economically  built  and  maintained.  On  the  other  hand,  the  high  power  (^con- 
crete to  distribute  over  large  areas  of  sub-grade  the  strains  coming  on  road- 
way surface,  and  the  adaptability  of  a  cement-concrete  roadway  surfacing 
to  its  use  as  a  pavement  foundation  when,  under  rapidily  changing  traffic 
conditions,  such  a  transposition  probably  will  be  desired  at  an  early  period, 
justify,  under  certain  local  conditions,  the  selection  of  cement-concrete 
as  the  roadway  surfacing.  The  far  larger  part  of  the  consideration  con- 
cerning oemenfc-ooncrete  pavements  is  composed  of  two  main  parts.  First,  the 
advisability  of  providing  a  concrete  foundation  for  the  surfacing,  and  second, 
the  determination  of  the  obaraoter,  composition  and  thickness  of  the  latter. 
It  is  interesting  to  note  in  this  connection,  the  opinion  of  some  eminent 
Australian  engineers  expressed  (3)  as  foUows: 

"  VlthlB  the  lut  few  ymn  thera  htm  been  much  diKiusIon  of  the  questloB,  wbether 
eoBcnto  aitax,  without  a  wearing  ooat  of  any  other  matariil,  can  be  advsBticeoualy 
smptoysd  for  roadwaya  for  vshkolar  traffic  or  not,  and  wkMy  different  ofrfninu  hsvo 
been  sxpmnd.  Where  Portland  oement  is  very  cheap,  ai  in  the  United  States  of 
America,  a  rich  mixture  is  wamnted,  and  good  reeults  luve  been  claimed,  in  some 
cases  justly.  Soma  leading  engineers  recommend  700  lb  cement  to  each  cu  yd  o( 
oonoeta.  Thera  has  been  but  little  test  of  this  mattflal  lot  this  purpose  in  Australasia, 
and  the  fsw  trial  pieces  have  not,  ereo  whan  covered  with  a  tUn  carpet  coat  of  bltu- 
mlnooB  mixture,  worn  nearly  wdl  enough  to  be  eonaldered  aucceeaful.  la  genera!, 
and  especially  when  a  wet  mixture  is  used,  the  upper  surface  of  the  concrete  will  be 
mostly  mortar,  ai  the  coarse  aggregate  tends  to  ^nk,  and  this  mortar  haa  generally 
btMi  found  too  brittle  to  resist  abraskm  by  borsM'  shoes  and  metal  tires.  A  bituminous 
eoat,  say  K  to  >j  In  thick,  is  not  soflldent  to  take  up  the  ahock  of  traffic,  and  it  generally 
peels  off;  then  the  mortar  of  the  concrete  b  broken  up  and  ravels,  cups  are  formed, 
which  are  soon  enlarged  and,  unless  quickly  repaired,  the  road  goes  to  pieces.  If  the 
mortar  of  the  concrete  is  puticularly  rich  in  really  good  cnncnt,  and  the  i^gregate 
la  both  tou^  and  hard,  the  surface  will  last  longw.  Another  ditBculty  is  the  cracking 
due  to  chafes  of  temperatures.  Unless  expansion  j(dnts  are  at  pretty  doee  mtervab 
the  eoBcrete  at  the  roadway  la  generally  found  to  eradc,  this  leading  to  the  formation  of 
mta  and  grooves,  which  quiddy  increase  in  aiae  by  the  abrasion  of  their  edgea.  The 
same  abnuion  oeeura  at  expansion  joints,  the  filling  In,  which  is  necemariljr  plsstic, 
so  that  for  more  reastuu  than  one,  road  surfaces  of  concrete  alone  cannot,  for  geni^ra) 
traffic,  be  said  to  have  realized  the  expectationa  of  a  few  yean  ago.  Even  if  they  had 
date  BO,  the  price  of  cement  in  Austialssla  has  been,  and  la  likely  to  be,  too  high  to 
warrant  their  amploymaDt,  exeapt  in  qtedal  easaa.  For  automobUe  traffic  ahme,  with 
tb»  gsneral  use  tit  rubber  ttaes,  good  concrete  would  be  an  Ideal  road  crust,  but  the 
era  <rf  tUs  condition  fa  not  yet,  and  for  many  a  long  day  shod  horses  and  steel  tires 
wUl  have  to  be  reckoned  with.  Experience  to  data  has  undoubtedly  ahown  that  In 
road-making,  the  best  use  lor  esmeot-ooncreto  fa  for  foundation  courses  for  wood 
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bloddnCi  stone  paving,  or  tough  Utundnooi  wwlng  eoati,  suffletently  thick  to  abMcfe 
tha  ihocki  ot  traffle  uid  to  prawnt  the  diaintefnitioa  o(  the  eaaavtK."  See  94a), 
(Z4d),  (88b},  04a),  (36),  (41)  and  (67). 

**  Cement-Coacnte  PaTMMOt  ImU  for  Pnlur*  Uw  u  a  Fotuidatioii.  (49c)  Thv  dty 
Ncoiniied  as  ita  proMam  tha  eoBstnictioii  of  a  pavement  which  wouM  not  only  amy 
Baccanfully  aD  praaent  tiafflc,  but  wbkh,  at  wma  Uma  in  the  future,  could  tw  ntffiaaA 
fat  connection  with  the  development  ot  the  road  bito  a  dty  street,  ts  the  dty  was 
building  up  rapidly  In  thia-  diisctlon.  Plans  had  already  been  prepared  tor  anck 
development,  and  called  (or  a  6&>ft  street  with  lO^t  sidewalks  and  a  46-ft  roadway. 
It  was  not  thou^t  deairable  for  tits  (amnt.  iMwaver  to  make  tlw  roadway  pnvamaat 
wider  than  22  (t,  which  would  be  ample  for  a  doable  Uaa  of  traffic  and  aliowanoe  far 
tutnhiK  out  from  on*  Una  at  a  time.  TUa  SB  ft  was  laid  with  eoncnta  paveiiMat 
the  top  surface  oi  which  waa  made  parallel  to  and  2  in  below  the  middle  22  ft  of  tie 
surface  elevatioD  iHt>posed  for  the  street  pavement  in  the  final  development.  Wha 
the  growth  of  the  dty  out  thia  road  may  make  it  desirable  to  reconstruct  it  as  a  atreat, 
tite  praeent  omerete  roadway  will  be  widened  by  12  ft  on  eadi  aide,  and  the  whole  wB 
then  be  used  aa  a  concrete  twse  and  covered  with  a  £4a  layer  of  atoae-fUied  — rtiah 
The  pr«B«nt  pa'sanaant  li  9M  In  tUek  wliich  will  Im  ample  for  a  toundattoa  for  auch  a 
wearing  aurbo^  aw  tlw  It  nay  have  lost  ^  ia  or  so  ot  material  bgr  waar  In  tti 
meantime." 

S.  Subgrade 

C^onsldaiatioa  and  tha  Propar  Prapanttlon  of  tba  Subgrada  before  placing 
the  ooncrete,  whether  the  latter  ia  to  itaelf  provide  the  road  surface  or 
whetim-  it  is  alniply  to  act  aa  a  foundation  for  the  roadway  aurfaciuc  ii 
very  important.  In  some  oanco.  the  roughest  kind  of  pieparatioti  of  the 
■ubgrade  has  occurred,  it  being  argued  that  concrete,  from  its  inherent 
qualitiea,  will  render  unnecessary  any  careful  work  on  the  natural  foundation 
under  it.  Economy  and  efficieocy  can  only  be  had  by  carefully  providing 
a  suitable  subgrade  which  shall  be  as  even  in  composition  as  practicable,  and 
be  tfaoToly  compacted  and  carefully  trimmed  to  the  required  ^adea  aod  croas- 
seoUon.  Sometimes  the  subgrade  ia  rolled  even  where  ooncrete  foundationi 
for  pavementa  of  varvnu  kinda  were  to  be  laid.  Where  the  ooncrete  lav« 
is  expected  to  be  subjected  to  the  effects  of  expansion  and  ooatraetton, 
careful  trimming  up  and  smoothing  of  the  surface  of  the  subgrade  is  worth 
while  in  order  to  help  minimise  the  effects  of  expansion  and  eontractioB 
of  the  ooncrete.  A  lateral  movement  of  the  concrete  over  the  subgrade 
acemn  to  take  place,  and  unl^  the  surface  of  the  subgrade  is  sufficiently 
smooth  to  reduce  the  friction  between  the  concrete  and  the  subgrade 
material  to  such  a  Low  point  as  to  permit  this  movement  to  be  carried  to 
the  expansion  joints  provided  in  the  concrete,  there  is  danger  of  serioos 
cracks  occurring  in  the  concrete  between  the  expansion  joints.  PWthef, 
the  proper  preparation  of  the  subgrade  or  base  with  regard  to  suffioent 
drainage  is  desirable,  in  order  that  the  concrete  layer  may  not  be  sub- 
jected unduly  to  strains  arising  through  Lack  of  proper  drainage  ia  the 
bane.  See  (44).  In  California  where  much  excellent  concrete  roadway 
surfacing  has  been  laid,  the  subgrade  is  simultaneousLy  compacted  and 
planed  just  prior  to  the  deposition  of  concrete  on  it.  A  template  attaobed 
to  and  moved  by  the  roller  results  in  an  imusually  even  and  smooth  sub- 
grade  which  is  at  the  same  time  made  firm  ttnd  compact. 

The  Report  of  Com.  IV,  U14  Hat;  Conf.  Concrete  Scad  BnOdiaf, 
included  the  following  recommendations; 

"  Natural  Sobgrade.  The  Committee  calb  attention  to  tiw  fact  that  defects  In  tbc 
subgrade  of  a  concrete  pavement,  or  the  improper  preparation  of  it,  may  neutraUac 
or  nullify  the  care  given  to  aubsequent  atagea  of  the  craiatruction.  The  fnadamental 
reqntraount  of  tha  subgrade  la  that  It  abaU  at  aU  tiaus  be  ot  unif om  density,  ao  that 
it  will  not  aettle  unannly  and  cans*  eradm  in  tlie  eooerete  aurface.   Some  enginceis 
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■PINuvntly  believfl  that  it  is  not  necenuy  to  take  m  miteh  an  la  preparing  tha  wab- 
grade  or  foundatioD  of  a  coscrete  pavement  aa  of  other  forms  of  roada  having  an 
artlfidal  surface,  because  the  eoucrate  slab  will  act  aa  a  bridge  ovwr  any  aott  streak 
or  lowKpotin  the  toundadoa;  but  the  Committee  is  of  the  opinion  that  this  is  a  mJatakB. 
The  strength  of  a  plain  concrete  slab  In  acting  as  a  beam  to  carry  the  load  over  a  low 
mpot  or  soft  place  in  the  foundatint  ia  vuy  slight;  and  it  la  an  ea^  to  remova  the  low 
place  or  atrft  spot  aa  not  to  justify  the  depoidenoe  upoa  the  beam  aettoo  of  the  con- 
crete. Any  unevm  aettlemuit  td  the  foundation  of  a  cooCTete  pavement  la  nearty 
oartain  to  cause  a  crack.  With  some  forms  of  pavements  a  crack  In  the  surface  will 
heal  under  traffloi  but  a  crack  in  a  concrete  pavemeat  not  (xily  cannot  heal  under 
traffic,  but  wiQ  conflnuaUy  enlarge.  There  is  no  part  of  tha  work  at  tha  eonatructton 
o<  a  eonoata  pawnent  that  is  mora  wmthy  of  Intcfllgaot  em  and  paloataklnc  hAor 
than  the  preparation  of  the  subgrade;  and  the  slight  addltiraal  coat  necessary  to  Insure 
good  reenlts  is  abundantly  justifiable. 

"  New  Pavement  on  Old  Road-Bed.  If  the  concrete  pavement  Is  to  be  coostnietad 
upon  virgin  sdl,  that  b,  if  it  k  not  to  be  constructed  on  an  cdd  road-bed,  the  preeautloM 
usnally  taken,  which  are  desoibed  in  tha  spedficatitxu  to  follow,  are  suffldant  to  ssiiiiin 
a  reasonably  good  foundation.  But  if  tbe  concrete  pavement  is  to  be  constructed 
upon  an  old  road-bed  of  any  Idad,  dther  an  earth  or  a  broken  stone  or  gravel  road, 
great  care  must  be  taken  in  preparing  the  subgrade.  The  old  road-bed  is  likely  to  be 
more  compact  In  the  center  than  at  the  sides;  and  consequently  there  Is  danger  that 
the  emcrete  pavement  irill  settle  more  at  the  sldee  than  at  the  crater,  and  tberetore 
win  crack  kmgituian^.  Further,  It  la  Ukdy  that  the  travallad  way  ttf  tbe  old  raad 
win  not  at  an  plaoH  be  central  under  the  aew  oonereto  pavenaent,  and  iiinaanwiHj  the 
latter  iriU  setUe  unevenly  and  cra^  Whoa  tbe  sobgnda  la  an  Old  roadway,  It  Is  not 
anffldrait  to  roll  the  subgrade  longitudinally,  since  the  roller  is  likely  to  balance  upon 
tbe  more  compact  central  core,  and  therefore  not  consolidate  the  soil  at  the  aide  of  the 
old  roadway.  It  is  not  neeeasary  to  sttempt  a  det^M  daacriplicm  of  the  method  at 
overcoming  tUs  dUBeulty;  but  the  engineer  should  be  alert  to  determine  iriiathar  tUa 
eoadttfam  obtalna,  and  when  It  doea  occur,  the  naeSMry  mveauttons  dwuM  be  takn 
to  secure  a  thoro  eonedidatlon  of  all  parts  of  the  new  road-bed.  It  may  be  nacaaary 
to  add  material  at  the  side  of  the  more  compact  central  core  of  the  old  roadway.  Ia 
extreme  esses  It  may  be  oecesaary  to  loosen  the  old  road-bed  by  spildng  or  scari^dBft 
and  then  harrow  it,  and  finally  consolidate  tbe  entire  new  road-bed  with  the  roUv. 
The  Committee  deeira  to  emphatically  aswrt  that  the  need  of  care  in  this  matter  b 
not  tmaglnary,  and  that  such  condltiona  do  really  occur  in  actual  praetica. 

"  Dndtawia.  Tbm  didnac*  of  tha  road-bad  of  •  ooaetete  pavenMot  b  of  vital  in* 
portanca.  If  the  subgrade  Is  not  well  drained,  there  Is  danger  that,  after  tha  ooBcreto 
Is  laid,  the  drying  of  the  aoU  under  the  edges  tA  the  concrete  may  pwmit  the  pavement 
to  settle  and  thus  cause  longitudinal  cracka  on  the  surface.  Purtber,  If  tbe  subgrade 
Is  not  wdl  drained,  than  la  a  possibility  that  the  froat  may  Uft  the  edgea  of  tha  concrete 
roadway  and  eanaa  a  loncltudfaial  owk,  at  least  oo  the  kwar  dda  and  poariUy  alia 
upon  the  upper  sorfaoe  of  the  concrete. 

'■  Sprinkling  the  Road-Bed.  Pondbly  the  fol]o«4ng  item  Is  more  properly  induded 
In  the  instructions  tor  laying  the  concrete;  but  It  is  mrationed  l>ere  In  order  thai 
It  may  not  be  overlooked.  Before  tbe  concrete  is  placed,  the  road-bed  should  ba 
Uwroly  saturated  with  water.  This  precaution  is  parttcularly  Important  If  tin  grooiid 
b  dry  or  tha  soil  Is  sandy. 

X  Rolling  the  Road-Bod.  The  road^ied  shall  be  cmsldered  aa  that  portion  of  tha 
road  upon  which  the  concrete  is  to  be  placed.  The  road-bed  shall  be  rolled  with  a 
three-wbeelod  self-propelling  roller  weighing  not  less  than  10  tons,  until  every  portion 
of  It  b  firm  and  hard.  Whra  the  natural  road-bed  b  so  sandy  Uiat  no  consolldatioa 
of  the  soil  can  ba  secured,  the  rolling  may  ba  omitted.  If  aoft  spots  occur  In  the  sub* 
gnde,  tbw  shall  ba  dug  out  and  tbe  soft  material  ahaO  be  rqtbced  with  good  earth 
or  other  material  wMch  wlU  soasoUdate  under  tha  roller."   See  (GOe). 


There  ia  almost  a  univeraal  tendency  in  road  oooatruotion  to  keep  the 
width  of  the  ooucrete  knr  in  Older  to  reduce  tbe  first  oort  of  the 
■urfadng,  aod  there  aeens  to  have  been  a  neglect  of  proper  ooudderation 
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of  the  matter  of  Bhonlden.  Thu  noi^eot,  in  maoy  omm  has  nnquestknidilr 
TMultad  in  extravagances  and  waste  in       Itmg  run,  even  if  it  haa  seeund 

economy  in  the  first  cost.  The  shoulder  maintenance  coats  generally  fona 
no  inconsiderable  part  of  the  total  maintenance  cost  of  a  modem  road, 
and  it  is  often  real  ecoDomy  to  build  a  pavement  wider  in  order  to  keep  don 
an  annual  expense  for  maintaining  tho  shoulders.  The  actual  width  of  ths 
oonorete  roadway  to  be  built  should,  as  indicated  in  Sect.  4,  be  made  witfa 
proper  consideration  of  the  traffic  conditions  to  be  expected  on  the  road  within 
a  reasonable  period.  Where  the  concrete  pavement  is  so  naxrow,  that 
vehicles  are  almost  eonstantly,  in  avcoding  others,  passing  from  the  rigid 
oonorete  to  the  shoulder,  serious  wear  of  both  the  pavemmt  and  the  sbouldv 
will  be  found  to  take  place  along  this  line  of  weaknees.  This  wear  ia  fre- 
quently accompanied  by  the  formation  of  a  rut  in  the  shoulder,  vriiid 
holds  water  in  wet  weather  and  thus  endangers  the  foundation  of  the  road. 
Some  of  the  passing  traffic  will  undoubtedly  turn  out  on  to  the  Aoukkr 
further  than  the  rest,  but  at  the  extreme  outside  of  the  shoulder  the  travd 
over  it  may  be  so  light  and  infrequent,  that  the  natural  material  there 
is  not  strained  beyond  what  might  be  called  its  elastic  limit,  and  heoea 
there  is  no  reason,  on  this  aoeount  at  Least,  for  its  r^Jaeement  at  aay 
extra  cost. 

The  Selection  of  the  Material  and  Methods  for  tte  ConstmctloB  sf 
Shenlders  to  a  concrete  road  will  therefore  be  seen  to  leqtdre  the  uae  of 

something  between  the  natural  soil,  at  the  outside  extremes,  and  the  con- 
crete itself;  that  the  choices  are  determined  hy  local  conditions,  such  as 
availability  of  different  materials  and  methods,  width  of  the 
road-crust,  amount  of  traffic,  etc;  and  that  the  wearing  abilities  or  daatis 
limits  of  the  shoulder  material  at  any  pcNnt  should  be  outside  or  above  the 
streasBB  to  be  expected  at  that  point.  The  passage  of  traffic  ftina  the  pave- 
ment to  soft  adjacent  material  can  of  course  be  absolutely  prevented,  and 
Ute  protection  of  the  edges  of  the  pavement  be  had  by  the  Installation  of  a 
raised  edging  or  curb  as  in  the  cases  of  most  streets.  The  neoessaiy  >«n- 
foroement  of  the  shoulder,  where  no  raised  curb  is  to  prevent  tmffic  on  it. 
may  be  had  in  various  ways.  One  would,  of  course,  be  to  widen  the  con- 
crete pavement  to  such  an  extent  as  to  preclude  any  possibility  of  traffic 
going  off  it.  In  doing  this  the  center  thickness  of  the  pavement  need  not 
necessarily  be  preserved  to  its  edges  but  the  thickness  may  be  tapered  down 
somewhat  at  the  outsidos.  Or  this  widening,  and  tapering  down  in  thick- 
ness, of  the  pavement  vaaif  he  done  over  a  portion  of  what  might  otberwiae 
be  the  shoulder  and  then  the  reinforcement  continued  by  the  use  of  maeaiian 
or  pii-gravri  or  other  materials  as  mi^  be  neceasaiy.  Agabi,  the  width 
<A  the  oonorete  pavement  being  fixed,  the  shoulder  reinforcement  may  be 
had  by  the  construction  of  bituminous  concrete,  bituminous  TH»^dam. 
water  bound  macadam,  with  or  without  a  bituminous  carpet,  etc,  adioining 
the  concrete  road,  all  as  may  be  necessary  and  deflirabte  under  the  local 
conditions.    See  (24b),  (50h)  and  (SOs). 

6.  Crowns,  Oxades  and  Thlckneu 
CnmiH.  The  axiom  of  road  building  that  the  flatter  the  nxkhny,  Oe 
greateris  thedistribution  of  trafBc  over  it,  should  be  home  in  mlndpartioilariy 

with  concrete  pavements,  as  their  constniotioQ  lends  itself  to  the  seeuring  of 
low  crowns.  In  the  oonstruotion  of  conoreta  roadways,  the  effort  should 
be  made  to  secure  the  lowest  possible  crown  oonsistmt  with  proper  died- 
ding  of  the  water  from  the  suxfaee  to  the  sides  of  the  road.  A*  lov  at 
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riae  for  each  foot  of  width  between  the  aide  and  the  center  is  gen- 
'  satisfactory,  especially  where  templates  for  striking  the  surface  are 
irly  used  and  the  final  trimming  up  of  the  surface  carefully  done.  In 
86,  should  the  crown  be  permitted  to  be  over  }^  in  per  foot,  and  even 
mMrimum  should  be  avt^ded  where  practicaUe.  It  may  be  diffic^lt 
lure  as  even  and  perfect  a  surface  under  the  Haaaam  method  as  under 
lixing  method  of  laying  the  concrete,  because  under  the  fonoer  method, 
lee  of  templates  is  out  of  the  qoeetion.  Probably  ^  in  per  foot  ia 
JT  a  crown  as  can  be  satisfactorily  secured  under  the  Hassam  method, 
lut,  the  occurrence  of  slight  depressions  in  the  surface  which  will  hold 

of  water.  These  watei^holding  places  may  not  be  in  themaiilves  objee- 
ble,  but  their  presence  affects  the  condition  of  the  concrete  and  can 
esult  in  lack  of  uniformity  in  its  behavior  under  service.  Often  the 
1  and  cross-eeoUon  present  the  lines  of  two  ^tlanes  slightly  rounded  off 
air  intersection  in  Quo  oenter  of  the  roadway,  but  the  provision  of  dr- 
or  parabolic  area  instead  of  tbeee  lines  is  bettor,  aspeaially  in  the  cases 
ue  city  stieete  where  considerations  of  appeanuoe  demand  even  more 
.  in  this  direeti<m.  The  summit  of  the  crown,  or  as  it  is  sometimes 
I  the  crown,  may  be  moved  from  the  midway  line  of  the  roadway  if 
sary,  because  of  different  elevations  of  the  footways  on  either  side, 
r  other  reasons.  In  the  construction  of  the  roadwi^  by  the  Hassam 
oA,  the  stone  should  be  spread  as  in  the  case  of  macadam,  so  that  the 
ce  of  the  stone  will  form  two  planes  intersecting  at  an  angle.  The 
g  will  then  provide  all  the  curvature  Deoesaaiy  in  the  croes-saotion. 
r  the  mixing  method,  the  tempUtee  used  will,  with  the  final  finishing, 
mine  the  curvature  saiMfactoifly. 

'  Report  of  Com.  Zm.  U14,  Hat.  Coot.  Cooerste  Road  Rnfldhig  Indudsd  the 
Ing  OD  Crowns:   See  abo  (50ii). 

tUOM  some  types  of  parementB,  those  ot  oonorete  an  and  unseed  by  water. 
It  should  find  its  way  to  the  nibcrade.  Howevw,  since  even  thbi  sheets  of 
or  ice  on  the  surface  of  any  pavement  ara  objecttonable,  a  sufBdoit  crown 
be  provided  to  insure  the  unwaterioK  ot  the  pavranrnt.  Theoretically,  wiUi 
tly  surfaced  concrete,  only  a  very  slight  aide  fall  is  lequtred  to  aeemnpUBh  this, 
csl  experience  in  su^l  conatruetion,  however,  has  demonstrated  the  great  dlfll- 
s  preventtng  small  imperfections  and  dopreaaions  in  the  aoif aoe,  therefore  sufficient 
fall  mint  be  provided  to  Insure  drsinage.  The  difficult  of  accomplishing  this 
■eased  because  of  the  futpensloQ  of  large  amounts  of  dust  in  the  street  water. 
tioB  Is  directed  to  the  fact  that  on  dty  streets  with  ride  curbs  we  face  a  Oflennt 
an  from  that  found  In  a  narrow  country  road  witiioat  curbs.  In  the  dty  street 
own  must  not  only  be  auffldent  to  cause  the  water  to  run  trota  the  cmter  to  the 
[  the  pavement,  but  also  enough  to  insure  that  an  tmdus  proportion  of  the  pave- 
sball  not  be  covered  with  water.  This  requirement  Is  aided  if  the  pavement 
at  a  pnalrrd  crown,  that  la,  ny  ^  of  the  total  rise  at  }4  distance  from  center  to 
and  M  at  luJf  the  distance.  The  small  crown  that  may  be  properly  used  aa 
ite  pavements  !■  Justly  considered  an  important  merit  of  this  type  of  pav«nent. 
hsve  been  collected  which  seem  to  show  that  in  the  case  of  uniformly  thick 
fte  pavemmts,  tite  amount  of  central  longitudinal  failures  has  varied  directly 
lie  amount  <rf  crown.  To  a  laawr  extent  this  would  be  expected  of  the  other 
thos  furnishing  an  additional  reason  for  the  adoption  of  a  minimum  crown, 
poidix  II  wiU  be  f  oond  tiie  imetlee  regarding  crowns  in  about  80  cities,  from 
it  swears  that  the  mitilmnm  crown  nssd  on  streets  is  1  /IM  of  the  nMth  ot  the 
ind  tbf  maximum  l  /48.  Urn  exertions,  the  crown  variea  between  1  /TO 

/lOO  61  the  width.  When  the  climatic  conditions  will  allow,  a  crown  of  1  /lOO  of 
ivement  width  represenla  present  best  practice.  The  use  of  the  high  crowns 
large  part  nsulted  from  past  axperlenee  wiUi  other  ^rpes  of  panmenta  wlwra 
mwas  wMe  rai^  required.  In  future  eonstniotlaa,  as  methods  <A  handHwg 
lak  ars  Improved  and  flOatraetors  booome  atof*  si^srieneed,  angtawsca  should 
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not  bnitate  to  speelfy  m  low  ■  crown  1/160  put  of  tha  wldtk.  Indeed,  Om  im 
«liMdy  htm  done  to  Mine  extent. 

"Cbown  FOMtULAS.  The  purpose*  o[  this  report  do  not  vntemplnte  a  ^mcomim 
ot  fhm  Mil^eet  of  crown  f onnulii%  bnt  a  few  nisseetlMU  may  not  be  out  of  plnce.  Tie 
praent  rammoe  pmetlae  at  Bpedfyinc  am  krUtnry  crown  ratio  for  atraeta  myfac 
to  iridtb  by  79  or  more  pemBV  and  dih.  too  qnlta  Independent  of  tbe  atreat  cndi. 
doaa  not  appear  to  ba  founded  on  any  reaaoaaUe  baaii.  Unha  locnl  eumliiif 
forUd,  a  HiiBDer  crown  ahould  ba  derigned  for  a  heavy  than  for  a  Uffat  (rade  einl 
Tables  have  been  published  whldt  five  the  allowable  crowns  as  a  function  at  tbm  (ladK 
This  whole  matter  would  eeem  to  dcaerve  much  mora  attootioo  that  U  — — — — V 
reodne." 

Oradai.  The  Report  of  Com.  XIII.  1914  Nat.  Conf.  Concrete  Road 
BuildioB  ioctuded  tbe  following  recommendations: 

"The  Committee  have  been  unable  to  And  any  reliable  data  on  the  reUtive  alinwri- 
nees  of  coDcrete  pavemeote.  It  b  freatly  to  be  regretted -that  mch  Infonnatias  ii 
not  at  hand.  In  view  of  the  ease  with  which  teats  of  thia  nature  could  be  made  mi 
the  Importance  of  auch  knowledge  la  the  deelga  or  selection  of  pavemenla,  wa  iiiiw 
mend  to  this  convention  tiut  experfmenla  along  this  Hne  be  oBdartalian,  pechapn  an* 
work  can  bnt  be  done  under  tbe  guidance  of  aome  Univsnl^  bacaaae  of  the  aned  <l 
anUaeed  and  Impartial  tents. 

"  From  audi  obaervntiona  it  we  have  been  able  to  nake.  we  aea  no  iiaaiaia  -rnkf  a 
conttete  pavement,  properly  flolshed.  not  be  uaed  on  gradee  as  staep  an  mr 
other  hard  surfaced  pavement,  and  on  steeper  grades  than  either  wood  or  ssphak. 
On  steeper  grades  tlun  S  or  4%  shallow  corrugations  in  the  muface  wiH  ba  fotBd 
of  much  aseistance.  In  fact,  with  grades  of  fi%  and  over,  a  real  necessity."  San 

TUekiMH.  Tbe  Report  of  Com.  XIII,  1014  Nat  Conf.  Concrete  Bond 
Building,  included  the  following  condiuionB: 

"Tba  thicJawas  of  the  concrete  pavement  b  controlled  by  many  factoen,  moA  m 
condition  and  character  of  the  subgrade,  draioagt,  tnUBt^  ^natle  eondttiaa^  wUtt 
of  paveoteot,  etc   Three  distinct  typca  of  eroee  seattona  are  In  geoefal  naa. 

1.  Unlfonn  thldui—  of  eoncrata  for  all  widths  of  roadway,  and  iiaiMiiiiaiilTj  «Bk 
tiM  same  amount  at  crown  In  the  foundation  aa  la  Um  iwfaoe. 

2.  Roadways  In  whidi  the  concrete  is  thidwr  at  tbe  center  than  at  tbe  edge  but  is 
which  some  crown  Is  given  to  the  faundatim. 

S.  Concrete  roadwaya  In  which  tiia  ccmerete  ta  thicker  at  tbe  middle  than  at  tfes 
edge,  but  which  art  Imllt  up«  a  Sat  anbgndb  TUa  type  irrmi  to  bo  laat  laWag 
In  favor. 

For  a  table  giving  date  00  the  thickness  of  concrete  pavements  In  thia  eooab; 
and  some  additional  informatian  on  thieknees,  see  (Mn). 

"It  will  be  seen  from  theae  date  that  the  thicknesa  of  concrete  pavetnoita  varia 
from  6  to  6  in  at  the  crown  line  and  from  &  to  8  in  at  the  edge.  The  neeenity  fat 
the  greater  thickncse  is  periiape  more  argent  ta  tbe  northem  than  in  the  soutbem  parti 
of  the  United  Statea,  becauoe  of  tbe  greater  extremes  of  temperature.  Becnaae  of  the 
growing  tendency  to  increaae  tlta  idae  of  the  loads,  it  seema  reasonable  to  anppoM  ttaa 
the  extreme  limit  ot  thickness  required  has  not  yet  been  reached. 

"Because  of  the  fact  that  the  members  of  thb  Committee  have  had  their  attaliac 
directed  chiefly  to  the  conditiona  obtaining  in  the  northern  stetea,  it  is  not  witboat 
some  misgivings  that  they  auggaat  the  following  aa  conforming  to  the  heart  practka 

1.  Where  tbe  width  of  roadway  la  not  greater  thu  18  ft,  with  a  porous  auhaA 
subgrade  In  good  oondlUon  and  well  packed  and  with  loads  not  exceeding  6  tona,  »■ 
chiding  the  vehicle,  a  tUdmem  of  5  in  at  the  edge  of  the  slab  and  7  in  at  the  etmte 
Im  auflldent  without  reinforcement,  using  slabs  not  greater  than  16  ft  square. 

2.  On  day  soil  and  tbe  above  general  conditions,  artifldal  drainage  ahould  be  pro- 
vidod  and  reinforcamant,  M  to  M  lb  per  aq  f t,  used,  idaoed  lH  to  2  in  from  top  suite; 
and  slaba  Boada  ndt  larger  than  16  ft  squars  and  not  Icaa  thu  6  in  thldi  at  adge  of  lU 
and  8  at  the  eaBtac. 

S.  Where  tbe  roadway  is  in  ncesa  of  16  ft  with  loads  of  6  to  10  tons  but  with  tke 
other  gaoaial  condlticma  as  deacrttMd  in  (1),  the  crown  of  the  pavnnuit  ahould  haw 
a  thlrlmM  of  8  In  and  the  edge  6  In.  Under  audi  drvamatancaa  rainfcwraaent  wOi 
nwrnUr  ha  conaldemd  nnriwary  and  neonomlcaL"   See  (Mb). 
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Some  Tests  in  Connection  witli  Thickness  made  by  the  Cal.  State 
Highway  CoDUD.,  especially  as  regards  the  abilities  of  a  concrete  slab  to  qpaa 
BUOceasfuUy  under  loads  trenches  or  deprwions  in  the  subsrade.  For  a 
■tatement  ooooeitaing  these  testa  and  thmx  resolts,  see  (4ga). 

Tha  litUaim  Adrantasss  of  Flat  and  Crowned  Snbsradaa  ia  a  sabject 
of  much  disouasion,  but  is  determined  by  local  oooditions.    See  (29). 

MATERIALS 

6.   Qtiali^  of  Aggi^ates 

Broken  Stone,  Gravel  and  Slag.   Broken  stone  or  gravel  form  the  prin- 
cipal coarse  aggregates  for  concrete  for  road  purpoees,  tho  occasionally 
slag  is  used.   With  the  use  of  slag,  care  must  be  taken  that  it  is  of  suitable 
quality,  some  slags  being  so  soft  uid  friable  as  to  be  unsuitable  even  when 
the  concrete  is  acting  mainty  as  a  foundation.   Some  other  slags,  however, 
are  equal  in  every  respect  to  the  better  grades  of  broken  stone,  in  some 
cases  even  making  a  stronger  concrete  than  the  stone,  because  of  the  ap- 
parent affinity  of  the  slag  for  the  cement.    See  (28d). .  Generally  in  the  use  of 
slag,  more  water  is  required  than  in  the  case  of  broken  stone  for  making  the 
mixture  of  proper  consistdncy.    The  choice  between  the  use  of  broken  stone 
and  gravel  depends  largely  on  local  conditions.   Ordinarily,  gravel  when 
mixed  into  concrete  will  produce  a  concrete  of  slightly  greater  cross- break- 
ing and  crushing  resistance  than  broken  stone,  probably  because  the  rounded 
particles  of  the  gravel  permit  and  result  in  a  denser  concrete  in  the  ordinary 
methods  of  the  mixing  and  placing  than  is  obtained  with  the  anpilftr  frag- 
ments of  broken  stone.    A  mixture  of  35  to  50%  gravel  with  66  to  50% 
of  broken  stone  will,  under  the  ordinary  mixing  methods,  give  an  even 
stronger  croncrete  than  either  gravel  or  broken  stone  alone,  probably  for 
the  same  reason,  and  coarse  gravel  which  has  been  run  thru  a  crusher  and 
thus  broken  up  to  some  extent,  will  give  a  concrete  about  equal  in  strength 
to  the  mixture  of  gravel  and  broken  stone  referred  to  i^xive.   Teats  made 
in  the  laboratory  oS  the  Md.  Geol.  Survey  in  1905  and  1906  on  4  hi  concrete 
cubes  made  from  mixtures  in  the  same  proportions  of  sand,  cement  and 
broken  stone,  the  same  sand,  cement  and  grave),  and  the  same  sand,  cement 
and  a  mixture  of  the  gravel  and  broken  stone,  showed  the  ultimate  crushing 
strength  to  be  in  the  order  named,  and  furnished  the  foundation  for  the 
foregoing  remarks.    If  the  concrete  is  made  of  gravel  and  is  exposed  directly 
to  the  traffic,  the  tendency  of  the  rounded  gravel  stones  to  be  dislodged 
from  the  mortar  surrounding  them  has  been  noticed,  and  this  seems  to 
exist  to  a  greater  degree  than  is  the  case  with  angular  broken  atom.  On 
the  other  hand,  the  gravel  being  usually  made  by  natural  foroea  from  the 
harder  varieties'  of  rock,  generally  exhibits  a  greater  resistance  to  wear  than 
many  of  the  rocks  cnuhed  and  used  for  concrete.    See  (28c)  and  (50d). 
Slag  and  trap  rock  concrete  gave  under  comparative  tests  at  Columbia 
Univ.  an  average  compressive  strength  of  2465.6  lb  per  sq  in  for  the  slag  and 
1975.5  lb  for  the  trap  rock  concrete. 

Th«  Report,  Com.  m,  UM  Nat.  Conf.  Concrete  Road  Bnildinx  (50c)  was,  in  part, 
aBfollmm:  "Tentative  spedflcations  for  acKregates  are  ^ven  at  the  end  of  the  report. 
Smpl*  niiss  covMing  the  most  essential  rsqidnments  are  as  follows: 

1.  For  fine  aggregate,  use  oaly  sand  or  otW  fine  aggiegate  that  hss  been  aetnallr 
tasted  for  nteduuilcal  anidyds  and  tensile  strength  of  nmrtar,  sad  Is  free  from  fine 
iMTtldH. 
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C  XJm  CDww  fralnad  a«ndi  <»■  hud  itoM  uamaSa^  with  duit  rmaemA. 
S.  Vm  mad  or  othtt  fine  >grreg«t«  that  b  abMhit^  daw. 

4.  For  coarse  mtP^gMe,  um  h*rd  Bton«,  such  aa  granite,  tnp,  graTd.  or  hard 


6.  U  bank  gravel  or  cruabod  atotta  to  wad.  ahnys  aaparate  tha  aand  or  ai  i  wiilim 
and  iHnis  in  tha  proper  prtyortfaina. 
"If  local  oondltlooa  prevent  foOowtox  any  one  of  thaaa  nilca,  adopt  sonw  otfaff 

material  than  ooocrete  (or  your  pavcamt. 
"Briefly  tatdng  up  ead  cne  of  thaae  pointa: 

1.  Actual  laboratory  teata  arc  necMaary  for  fine  afgregateai  liiiiaiii  it  to  fmponiUc 
for  the  moat  expert  builder  to  always  diatlnpiiah  by  agpeacaiiflB  botaneB  good  and  poor 
aanda.  Sand  may  be  coarae,  of  good  color,  wdl  graded,  and  apparently  pwfeetly  cleaa, 
and  yet  becauae  of  a  minute  quantity  <A  vegetable  natter  may  dtot*  practdcalty  mo 
atrength  when  made  Into  mortar  or  concrete.    See  (20a). 

2.  Coarae  sand  li  newaaary  not  only  for  atnogth  and  denaity,  but  to  praiwt  the 
formation,  on  or  near  the  surface,  of  a  layer  of  fine  material,  uaiatoHiig  of  a  mUUiw 
o(  dust  and  oanant  which  haa  no  duraUlity.  Mortar  made  with  (tate  aa&d  or  aaad 
having  a  large  proportioD  ol  Ane  gnina  at  sflt,  hardana  aknrly  and  ia  aiVMtalljr  obiec- 
tionable  In  cold  weathar.  Thto  piavanta  Ita  attaining  pnver  stteagth  be(<m  tba  road 
to  thrown  opra  to  traffic.  A  sud  bavbig  a  condderable  proportion  of  fine  partida 
may  poadbly  ahow  Ugh  briquette  teats,  and  yet  the  mortar  not  have  good  imliiaiiii 
to  attritfun  or  wear. 

8.  Sand  must  be  abat^tdy  free  from  vegetaUe  or  offanic  matter,  or  it  la  Hafala  te 
harden  not  at  aD  or  too  shndy  to  be  snleaabla.  Fre^wntly,  arad  nay  bo  antlvdy 
ntlifactoiy  in  ^pearanoe,  and  yet  bo  worthlaaa  tor  concrete. 

4.  A  coarae  aggregate  of  hard  quality  to  neoeaaary  to  realat  tbe  wear  and  abradoa  d 
hoofa  and  wheels.  Failurea  of  cor  ere  te  roads  have  been  cauaed  dmply  by  the  aoftaea 
of  the  coarae  aggregate.  In  one  Instance,  for  example,  diells  were  used  for  the  aggn- 
gate,  and  the  road  want  to  plecea  aa  aoMi  as  It  was  aubjeeted  to  wear.  See  <00).  AB 
(tone,  like  altala,  date,  abdh,  and  aoft  Umeatone,  must  be  rejected;  whDe  trap,  granite, 
and  ooBglomerate,  are  aspedally  suitable  materlala.  A  hard  Umeatone,  auch  as  thai 
oeeurring  In  certain  localities  ak»g  the  Hudaon  River,  irtiicfa  to  aoU  in  New  Yoilt  aa 
trap  rock,  to  satiatactory  for  concrete  roads.  A  hard  Umeatone  cannot  be  cut  with  a 
knife  and  the  apedflc  gravity  to  high,  say,  over  2.70.  Gravd  does  not  bond  quit*  ao 
strongly  with  cement  as  does  broken  atone.  Whm  properly  acreened  and  free  fron 
dirt,  however,  and  remised  with  sand  in  the  propn  proporttons,  a  good  sur£ue  on 
ba  nade  arm  for  a  l*«nuae  pavonenL 

6.  Many  raads  that  are  now  being  built  wlli  prow  worthier  bsBSMs  of  the  net 
of  aaod  taken  directly  from  tbe  bank  without  acraening.  If  tha  gravd  tmt^tt^m  ^ 
much  as  40%  of  atones  and  very  ridt  proportions  are  used,  say  1  part  oement  to  SH 
parts  bank  gravel,  a  fair  ooacrate  can  aometimaa  be  produced,  but  it  to  always  cheaper 
In  such  cases  to  acraen  tha  gravd  and  remix  tiM  sand  and  stone  in  proportkaa. 
There  will  be,  for  example,  a  aaving  of  H  band,  or  1  bag,  ol  eMnent  par  eoble  yard 
of  concrete  by  udng  proportions  1  part  cement  to  2  parts  sand  to  S  parta  Bcreeaied 
gravel,  instead  of  using  the  unaeremed  bank  gravel  in  proportions  1  to  8>4.  Ths 
diHerence  will  more  than  pay  for  the  additional  coat  d  screening  tbe  aand  and  rejactiag 
part  of  IL  At  the  same  tbne,  the  result  will  be  more  uniform  and  tbe  surface  mot* 
durable  because  of  the  stones  which  take  the  wear.  When  an  exce»  of  aand  to  ussd 
in  the  mixture,  aa  is  the  caae  with  run-of-tbe-bank  gravel,  the  mortar  itoaa  to  tha  ta^ 
when  the  concrete  to  placed  and  the  wearing  surface  to  less  resistant  than  a  mix  that 
to  uniform  thruout." 


VariouB  proimrtioiu  of  the  aggregate,  cement  and  water  an  uaed  o.' 
contended  for.  In  the  majority  of  caaee,  aome  arbitrary  formula  is  cm- 
erally  followed,  but  this  practice  is  of  extremely  questionable  value.  If 
it  is  to  be  expected  that  within  a  relatively  short  period,  the  concrete  road- 
way  is  to  be  covered  with  a  bituminous  carpet,  or  other  protecting  Buxfaee. 
there  certainly  are  serious  objections  to  providing  a  richer  and  more  ex- 
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poosivo  mixture  and  to  using  a  larger  proportion  of  oement  than  ia  neoMsary 
to  ffive  Buffident  onuhlng  and  orofl»- breaking  resistance  in  the  concrete 
under  the  loads  to  be  oanied  1^  the  concrete  as  an  artificial  foandstion. 
On  the  other  hand,  if  no  protective  ooating  is  to  be  provided  on  the  con- 
crete, it  may  be  necessary  to  make  the  mixture  sufliciently  rich  in  oement,  as 
will  enable  it  to  resist  to  the  utmost  the  destructive  effects  of  tsvffie  oom- 
ing  directly  on  it.    Between  these  two  extremes,  various  proportions  in 
the  mixture  are  possible,  and  t^e  exigencies  of  the  particular  case  shotdd 
be  carefully  coopered  when  the  dedaion  as  to  the  proportions,  is  to  be 
made.    Further,  with  regard  to  the  amoant  of  oemrat  to  be  used  in  any 
case,  it  ie  now  generally  recognised  that  the  carxying  power  of  various 
materials  for  oooeDt,  di£Fers  considerably.   That  is,  arane  Unds  of  material 
require  more  oement  in  the  mixture  to  give  the  same  strength  than  do  otiieta, 
and  a  similar  remark  may  be  made  in  regard  to  the  cement  itself.    Some  ' 
cements  seem  to  go  further  than  others  when  used  with  the  same  aggregates. 
For  concrete  pavements  exposed  directly  to  tra£Sc  without  the  protection 
of  a  carpet  of  any  kind,  as  much  of  the  coarser  aggregate  as  poeeible  should 
be  seeuied  in  a  givoi  area  of  surface  of  the  road,  in  cnder  tliat  the  greater 
part  of  the  wear  from  the  traffic  shall  be  borne  by  this  aggregate  and  not 
by  the  mortar  or  cement.    On  the  othw  hand,  wfasie  the  wear  of  traffic 
is  to  be  taken  up  by  a  earpet  and  the  oonoreto  layer  is  to  act  mainly  as  a 
foundation  for  the  carpet,  the  proportion  of  coarse  aggregate  should  be 
that  which  will  give  the  greatest  sustaining  power  to  the  concrete  mixture, 
regardless  of  the  grinding  or  hammering  effect  of  the  traffic.  Reference 
to  Sect.  2  will  be  advisable  in  this  connection  for  information  concerning  the 
manufacture  of  hydraulic  oement  and  its  characteristics.    N.  C.  Johnson 
(42),  gives  important  information  concerning  ooncreto,  thru  the  use 
of  miorosoopio  te6t«  demonstrating  condusiTely  the  need  for  proper 
mixing  of  the  ingredients,  proper  hydration  erf  the  cement  and  proper 
propcations  tor  all  of  the  matnials  used,  and  pointing  out  that  an  coioess 
of  cement  not  only  does  not  add  proportionately  to  the  strength  of  the 
oonorete  but  actually  weakens  it  in  many  caaos.   This  is  particulariy  true 
where  ooncreto  is  used  for  roadw^r  eurfaoee.   See  also  (24c),  (50o)  and 
(69b).   The  amount  of  water  necessary  for  concrete  road  construotion  will 
of  course  depend  on  local  conditions,  weather  and  other  factors.    It  has 
been  variously  estimated,  at  from  50  to  250  gal  per  cu  yd  of  concreted  See 
(26d)  and  (601). 

Hrdrated  Ume  is  sometimes  added  in  tiie  mixing  or  used  to  replace  a 
portion  of  the  oement  that  would  otboiriBB  go  into  the  mixture,  and  the 
.amount  of  lime  so  used  is  generally  about  10%  of  the  amount  of  oement. 
The  addition  of  faydrated  lime  to  Portland  cement  mortar  or  concrete  is 
not  new,  but  the  application  of  the  idea  to  some  forms  of  concrete  work  has 
not  been  given  as  much  attention  as  necessary  to  develop  all  the  possibilities. 
The  waterproofing  feature  of  the  addition  had  been  dwelt  upon  to  some 
extent  but  the  other  apparent  advantages  to  be  had  from  the  addition, 
such  as  those  coming  from  the  increased  plasticity  of  the  wet  concrete,  have 
generally  been  ignored.  See  also  (8),  (14),  (34b),  (65)  and  (68).  Where 
eoncrete  is  to  be  delivered  by  the  spouting  method  the  low  angle  of  slope 
requires  an  excessivriy  wet  concrete  to  insure  easy  spouting,  and  yet  exces- 
sively wet  concrete  is  undesiraUe  for  many  reasons.  The  addition  of 
hydrtted  lime,  by  its  giving  the  greater  plasticity  to  the  concrete,  reduces 
the  neeesai^  for  water  in  excess,  and  would  in  many  cases  permit  of  satis- 
faeUnysponting  of  the  concrete  on  a  flatter  slope.   Another  point  in  favor 
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of  the  OH  ot  Ume  In  (MHunete  paTsments  u  ao  anwrent  effaot  of  the  hydrated 
Ume  to  reduce  the  tendeDoy  to  aepegatlon  in  the  wet  mortar  of  aand,  eaoMnt 

ud  Btone.  A  further  effect  of  the  additim  of  lime  and  one  partieabily 
appreoi&bie  in  highway  work  is  the  reduced  Bueceptibility  of  the  resulliiig 
ODOorete  in  the  matter  of  expansion  and  contraction  of  this  mass,  and  there- 
fon  a  reduction  in  the  craokins  ao  often  objectionably  evident  in  conrrete 
roadways.  In  laying  a  concrete  roadway,  it  is  important  to  have  the 
concrete  wet  enough  to  permit  its  being  readily  and  properly  oompaefeed 
to  form  a  moss  with  a  minimum  of  voids,'  and  yet  when  ao  wot  to  aToad 
MgregatioD.  The  addition  of  hydrated  Ume  mmds  to  deeteaae  the  teo- 
dsocy  of  the  oement  and  sand  to  separate  and  at  the  same  time  to  make 
^  maai  more  readily  compact.  lime  mortam  are  usu^ly  softM-  thu 
oement  mortars,  and  there  is  some  question,  which  can  only  be  answered  by 
experienoe,  whether  or  not  the  addition  of  the  lime  will  result  in  an 
unsatisfactory  degree  of  hardness  in  the  mortar  for  concrete  roadways, 
especially  as  extreme  hardness  and  resistance  to  ooncussioo  and  atwasnn 
are  of  greater  importance  for  the  concrete  in  roadways  than  in  moet  other 
places  where  it  is  used.  Thoro  mixing  of  hydrated  lime  with  the  cement  is 
important  as  otherwise  a  lack  of  homweneity  with  Ha  highly  unsatisfaetoiy 
oonBequences  will  result   See  (27a)  and  (S6). 

Dottd^  and  Strength.  The  proportions  of  the  various  ingrediente 
should,  in  oider  to  give  the  greatest  poasiUe  strength  to  the  concrete  toad- 
way,  provide  the  greatest  density  for  the  concrete.  With  the  use  of  varying 
kinds  of  aggregate,  it  will  then  be  necessary,  in  order  to  secure  the  greatest 
density,  to  determine  accurately  the  irreducible  voids  in  each  kind  of 
aggregate  and  to  proportion  the  ingredients  aooordingly.  That  is,  the  Toida 
in  the  fine  aggregate  should  be  aeeorately  determined  and  sufficient  eemsnt 
provided  to  fill  the  voids.  UmaUyitfebeat  to  alhnr  aali^t,aaar  5  to  10%, 
exosH  of  cement  for  tiie  actual  vfrfds  to  be  filled  eo  as  to  make  up  for 
any  unavoidable  loss  or  waste  in  manipulatiou.  Having  determined  the 
irreducible  voids  in  the  coarse  aggregate,  provide  such  an  amount  of  mortar 
as  will  fill  these  voids,  also  allowing  a  sU^t  excess  in  the  mass  of  mortar  for 
the  v<»dB  in  the  coarse  aggregate.  Any  use  of  hydraulic  lime  may  he 
considered  either  as  part  of  the  cement  to  be  used  or  as  the  excess  of  oemest 
referred  to. 

Moyer  (47)  atatas  that  "  Uwdmom  Amity,  other  things  being  equal,  |jves  mail* 
mom  Btreagth.  ArUtrary  spadflcatloas,  without  pravloui  knowledge  of  the  diarsetar 
of  agKregatcs  to  ba  naed,  are  wroag,  and  the  stated  prtqwrtloDa  are  meanlBglMa 
Varknia  sites  of  stone  should  be  used  for  porposM  ot  eeooony  and  tor  obtaining  tbs 
gtsstast  dsBsIty  and  stnngth."   See  (12),  US),  and  (49b). 

The  Umal  Practiea  in  Mafeinc  a  BClxtnro  is  to  assume  arbitrarily  certain 
proporUona  for  the  oement,  fine  aggregate  and  ooatee  aggregate,  and  in 
most  eases  to  use  far  more  cement  than  ia  necessary  or  deirirable. 

The  Report,  Committee  XIV,  1014  Rat.  Ceof.  Concrete  Road  BoDdlas 
iociuded  the  following:   See  also  (50o). 

VaiistkMM  In  Local  CondltkMis.  "Any  qiedflcatioe  for  proiKirtteo  and  nnoslitiarf 
of  Dutsrials  for  eonerete  pavement  nrast  be  general  and  suggestive,  iatb«  tte  nanda* 
toiy,  adapttve,  <«  rigid.  Tlie  repreMitativw  at  thb  confmnee  cobm  fron  aH  parti 
of  die  eouiitiy.  from  diatrieta  whoM  ceok>^eal  formatkaia  furnish  eooerete  matariali 
diiEwiac  widely  ia  thrir  phyaical  and  ebemical  ooa^poaitkMi,  and  also  fumlrii  soik  ot 
equally  wide  cbaracteriatice  upon  whidt  tbeae  pavuHBts  am  to  be  laid.  A  mis  that 
may  be  admirable  for  a  granite  diatriet,  tunUaUng  hard  euUeal  well  gradsd 
may  faU  utterly  if  applied  to  a  district  whose  ooly  rasenree  is  soft  HmMtooe  or  pml 
that  waabas  Into  ahape  instead  ct  fraetoilng  faito  dwrp  s^sd  eobea.  Ideal  pavtag 
m«nto  li  a  eooi^wijaii  ol  petfsct  ntaend  aigieiatas  m4  fiMont  iB 
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WM  will  give  the  gnuitert  powftte  dandty,  and  la  which,  for  aeoiUMnieal  oonridentiaBs, 
the  eammt  coatoit  k  tha  laait  poMiU*  oonaktoit  with  uldnuito  itrsnfth  ud  dunbitl^. 
ReUtiv*  eoat  of  materia]  may  joatUy  giMtar  IhlckaM  of  baM  with  Iot  onaUng  or 
twiwie  ■tnagth  pgr  unit  ai— . 

Prttpordooa  of  Ingradleati  «<  Coociato.  "For  thobMari  Two-comn  PAvnairr,. 
with  aound  hard  Ilm«atoiie  or  gravel  having  40%  votda,  aaeened  WB^Md  bank  Nad 
having  30%  volda.  and  Portland  eemeut  paMlng  the  standard  spedflcatiiMiB  of  the 
Am.  Soe.  Teat.  Uat,  the  proportloiw  ■honld  be  1  aack  of  eaaMnt,  cu  ft  of  aand 
and  S  eu  ft  of  enahad  itoDa  or  gnvel,  the  aggrepte  havliig  beta  mo  proportloaed  aa 
to  rtfanliiate  tba  voldi  aa  fhr  aa  mutlcablaw 

"For  CM«-oouBm  favbhbnt  tba  proportion!  ■hould  be  1  Mdc  of  cement,  2  cu  ft  of 
sand  and  not  more  than  8  eu  ft  of  cruahed  stone  or  grsv^ 

"  Consistency  of  Concrete.  The  amowit  of  water  should  be  ludi  as  to  make  tha 
concrete  plastic  and  stJl)  retain  its  shape,  sudi  as  Is  commonly  called  a  qualdng  mixture. 
Methoda  and  distance  of  transportation  before  depositing  will  be  factora  In  determining 
the  amount  of  water  used.  Concrete  deposited  from  budceta,  travelling  almg  a  boom, 
may  have  more  water  added  than  when  wheeled  for  a  considerable  distance  in  barrowa 
or  carta.  In  tlie  latter  case,  the  unavoidable  shaking  brings  the  lighter  materials  to 
the  surface  and  causes  a  segregation  of  the  materials,  which  results  In  an  Imprcqier 
mixture  when  deposited. 

"MoportloiisttEWaariiitCoarBe.  Tha  flne  aggregate  for  wearing  couneahaO  be  mixed 
witii  Fwtland  cement  In  tha  proportiaii  of  1  ncfc  of  eammt  to  S  en  ft  of  the  graded 
mineral  aggregate.  WhOe  this  ftmUua  a  coaalderable  excess  ot  flement,  greater 
Impermeability  Is  secured. 

"  Consistency  of  Wearing  Course.  SufBdent  water  shall  be  used  with  tha  fine  aggre* 
gate  to  form  a  mortar  that  will  work  easily  under  the  template  and  at  the  earns  time 
rstaln  Ita  shape  when  departed." 


Mitlng  the  Ingredients  for  the  Concrete  in  a  Machine  designed  for  tha 
purpoee  and  then  placing  the  prepared  mixture  on  the  eubgrade  made 
ready  to  receive  it  so  as  to  give  ^le  thickneee,  grades  and  oross-eectiona 
desired,  ia  at  present  the  more  usual  meUiod  of  oonatmoting  eonorete  road- 
ways. Attonpts  have  been  made  to  roll  the  concrete  after  eo  placing, 
and  they  have  been  more  or  lees  successful.  See  Art.  14.  Various  makes 
of  machines  for  mixing  the  concrete  and  di£Feient  oontrivanoes  for  con- 
veying it  from  the  machinery  to  the  road-bed  are  in  use,  each  claiming 
some  special  advantagee.  The  desirable  points  for  such  machines  are 
uniformity  of  mixing,  rapidity  of  work  consistent  with  uniformity,  ease 
of  cleaning,  convenience  of  operation  and  reasonable  cost  of  operation, 
and  ease  of  movement  from  place  to  place  on  the  road.  For  conveying  and 
idaoing  oontriTBaoss,  it  is  necessary  that  they  be  flexible,  and  that  tbqr 
shall  prevent,  insofar  as  praoticaUe,  any  tendency  of  the  ooncrete  mixture 
to  segregate. 

The  Report  of  Committee  XI,  l>i4  Rat.  Conf.  Concrete  Road  Btdldlng 

includes  the  following  recommendations:   See  also  (501). 

"In  the  constructioQ  of  concrete  roads,  probably  no  really  important  part  ot  the 
work  la  givm  less  coDsideratlon,  in  specii)cationa  and  in  ttie  field,  than  the  actual  mix- 
ing and  pUdng  of  the  cmerete.  The  toUowlBg  notea,  based  upon  obeervatjons  in 
IWd,  and  the  results  of  tests,  were  prepared  with  a  view  of  pointing  out  the  difference 
between  good  and  bad  practice,  and  to  serve  as  a  baala  for  reconunendatlona  coveting 
this  pbsse  of  the  work. 

«  The  Mixer.  Tlie  concrete  mix«-  should  be  (rf  the  batch  type  provided  with  an 
automstie  water  tanlc,  tractlra  drive  and  power  loadtf.  Mixers  having  a  boom  and 
bottom  dump  bucket  of  auffldent  siie  to  convey  <xie  complete  batch  tor  placing  the 
mixed  concrete,  an  prsfnred.  However,  backets  ot  other  ^rpes  aad  sisaa,  opoi 
tnwgbs  and  ravolvfog  tobM  can  he  used,  and  wUl  give  good  (mmUb.   Aa  abuse  ot  the 
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rcroMnc  tub*  dktributing  m»thod  Um  in  opantlns  batcb-nlxan  so  eoutpped  ■ 
eoDtlBUixa  mizan,  the  auppodtion  befoc  that  u  the  tube  is  provided  with  hlwrtoinf 
re  voire*,  the  nwterUe  ue  mixed  ia  the  tube.   Thle  tube  eervee  ooly  mm  *  coawya 
wmI  cannot  to  any  degree  take  the  piece  of  or  tern  u  a  mixer.    Concrete  «mim«t  tn 
.  wiuu—fuHa'  Gonvsyed  or  delivered  thra  a  trou^  or  epout,  thru  whidi  It  tmiat  flow 
by  cravi^,  for  if  it  is  mixed  to  a  cnoritteney  Mieh  that  tt  will  Sow  at  the  re^uM 
an  fie,  the  eoamte  will  be  too  wet  for  the  bwt  muHa.   The  mixer  should  tm  pro- 
vided with  a  Bui table  automatic  water  tank  which  can  be  quickly  filled  and  emp- 
tied, iO  that  when  oooe  determined,  the  required  amount  irf  watw  can  be  added 
to  each  batch  of  concrete.    A  oumbw  of  ao-called  automatic  ta&ln  on  mixers  are  net 
satWaetory  owing  to  their  limited  eapadly,  delay  ia  fllUng  and  emptying  and  n 
the  fact  that  thay  d^Mid,  lor  aneoMAd  opwattaa.  opiM  a  eonatant  water  praama. 
Watv  la  pumped  oo  moat  road  jcrin,  with  wamR  gaaoMne  ot  tteam  punps.  aad  It  ■ 
sot  poadble  to  matntjin  uniform  preaam  ia  the  feed  liaa.   An  auttmiatie  measuih^ 
tank  ot  the  required  capacity,  that  may  be  emptied  quickly,  coDneeted  by  meua  U 
a  Gomparativaly  large  pipe,  with  an  auxiliary  or  itorage  tank  of  about  60  gal  eapMitgr, 
would  be  more  aattafaetoiy  than  the  one  tank  eystem  commonly  used.  When 
BtcMaary  to  keep  from  cutting  up  the  eubgrade  and  to  facilitate  movli^,  the 
wlmii  of  the  mizar  ahouid  be  run  <»  suitable  plaaUng.    Material  of  good  quality, 
S  In  thick  by  10  In  wide,  in  comparatively  short  lengtha,  with  equare  «iKfa.  wil 
be  found  aatjafactory  for  this  purpose.   The  power  loader  or  skip  should  be  ct 
snIUMit  alie  to  hold  all  the  matariiUa  nqubed  for  the  batch.    In  dtarsinK  the 
■Up  a  part  or  all  of  the  coam  fggigat*  should  be  placed  flist,  and  tlw  cmiwit. 
fine  aggrogate,  and  remaining  coarae  iggregate.  if  any,  on  top  of  this.     All  tbr 
eetBMit  ihould  be  ia  the        betoi*  the  laM  o<  the  aggragata  la  added.   If  charged 
In  this  manner  there  wiU  be  lem  tendency  for  the  materials  to  stidc  in  the  skip  when 
emptying  aad  lea  lose  of  cement  on  windy  days.    A  ayttematie  method  of  i«— w-^ 
the  skip  will  abo  serve  as  a  check  on  the  right  amount  of  material  being  placed  ead 
time.   The  flIUng  of  the  skip  is  accoiiq>liahed  in  practice  in  two  waya;  1^  the  use 
of  whaalbarrowB  and  by  shoveling  direct  from  the  supply  pOaa  into  the  sldp.  Thb 
tattw  praetloe,  bowew,  should  b«  diaeounged,  for  aeearaey  la  Impomibla,  aad  it 
encourages  canleaniew.   Beaidea,  the  entire  loading  gang  losee  time  waiting,  wfaHe 
the  skip  is  rsised  and  lowered. 

"  Hiidnc  Concrete.  No  Important  operatloD  b  glvoi  lees  attendoa  than  the  miziBg 
ol  tha  ooQcrefeo.    V^equantly  Id  praettca,  the  time  the  materials  remain  in  the  dram 

i>  govwued  only  by  the  ipiwJ 
■  ■  —  I         .1  —     ■       ■      of  the  gang  ehsrgiBx  tlw 

^p.  At  times  the  batdi 
mixer  Is  operated  practically 
as  a  continuous  mixer,  by 
fastening  the  discharge  seoiqt 
or  qrautso  that  tliere  is  a  coo- 
atant  flow  <t  concrete  from 
tha  mixer.  The  quaB^  of 
concrete  la  largely  dependent 
apcMi  thoro  mixing.  To  in- 
auie  thoro  mixing,  tlie  ravo- 
tutloos  per  minute  of  the 
mixer  aad  the  time  the  com- 
plete batch,  induding  water, 
remains  In  the  mixer,  should 
be  spedfled.  To  qMdfy 
either  the  revolutions  p^ 
minute  or  the  time,  ts  not 
■uAdent  as  b  plainly  showa 
by  the  following  tabolatioBs 
of  field  obeervatioBs: 
'Upon  Inquiry  of  the  manufacturen  It  was  found  that  the  revolutions  per  mlBOte 
of  Che  drum  of  batch  mixers  varies  for  different  makes  and  for  dilTerent  eizee  of  the  same 
make,  as  ^wn  by  the  following  table  ocaapiled  from  data  furnished  by  the  uuin- 
faetureia: 


Job 


1 
S 

s 

4 

B 
6 
7 
8 
9 
10 
11 
18 
18 
14 
16 


Mixer 


anith  

Koehring  

Fboto!!!^!!!!; 

BdipsB  

Austin  Cube. . . 

Smith  

Chfeago  

Foote  

Koelui^  

Austin  Cube.  ,  . 

Koehring  

Austin  Cube. . . 

Ransome  

I&iehring  


Rev  per 

Mixing 

Min 

llnie 

10 

IHmln 

18 

40  to  46  see 

18 

»sea 

14 

46  ne 

18 

Xmln 

16 

SOtoSKaee 

11 

8  min 

84 

SOaae 

18 

86aee 

18 

20  see 

16 

20  to  SOaae 

82 

16  ne 

16 

10  see 

7 

1  min 

18 

20  sec 

D-giti;e<J  by 


Googlt 


Art.  8  Mixing  Cement<Coiua«te  ll6d 

CAPAcm  AKD  Sfbb,  Rbvoldtiohb  pb  UiHcnt  or  PAVmo  Mluiim 


N'ame  of  Mtxer 


CapAdty 

Cu  Ft 
Unmixed 
Material 


Capadty 
Bsiflot 

Cement  in 
1:2:!) 
MU 


Rev  per 

MiR 

of  Drum 


Name  of  Mwnifaeturing  Co. 


Alutin  Cuba.. . . 
Chleaco  Mlnr.. 

Smith  Miz«r.... 
Foots  BXixer. , . , 
Koehrinf  

Oshkoili  

Ullvmube  

Ruuome.  


Standard... 
ChmlsBalt. 


14 


10 
14 
28 
80 
14 
24 
88 

7 
18 
28 

7 
12 
20 
24 
80 
18 

8 
14 
20 

8 
10 
18 
21 
84 
28 

7 
IS 
21 
80 
10 
16 


18 

18 
16 
12 
11 
10 
14 
12 
11 
18 
16 
14 
20 
17 
16 
16 
15 
18  to  20 
20 
18 
18 
21 
21 
20 
20 
17 
17 
16 
14 
14 
18 
20 
18 


Municipal   FiinlnniiTlng  ft  Coa- 
trutlnK  Co. 

ChIei|o  Cononto  UuhiiMiy  Cou 


T.  L.  anith  Co. 

Foote  Concrete  Miehlnery  Co. 

KoohrinE  Hacblne  Co. 


OahlUMh: 
MilwnkM  Concrato : 


Co. 


Co. 


Ranionw  Conento  UMUnKy  Co. 

Standard  Scale  ft  Supply  Co. 
Chain  Bdt  Co. 


"BeouM  ol  the  thape  ud  arrangsmrat  of  the  Interior  of  the  drum,  the  rata  at 
wUcfa  a  given  mixer  is  operated  haa  a  direct  bearing  upon  the  quality  of  the  concrete, 
tiMn(oi«  the  dram  ahoiild  be  oporatad  at  mroifanatfl^  the  qwed  at  wbldi  tha  maiiu< 
factuier  elaima  the  beet  reeulta  would  bo  obtained.   It  !■  recomnwndod  thatall  epeti- 

flcationi  contain  a  clauae  to  tbe  effect  that  all  the  materiala  In  any  one  batch,  lodudlng 
the  water,  ahould  remain  In  the  drum  of  the  mixer  at  least  45  sec  before  any  of  the 
concrete  to  discharged.  In  all  caan  tbe  drum  ehould  bo  complete  empUad  btfore 
the  neit  of  materiala  la  dumpad  Into  tha  mixer.  TUa  ia  a  source  cS  conatant 
controversy  between  tbe  engines  or  faiepector  and  the  contractor,  eapedaOy  where 
the  mixer  used  to  equipped  with  an  open  trough,  or  with  a  boom  and  bucket  when  tbe 
bucket  is  not  large  enough  to  hold  the  whole  mixed  batch.  The  operator  should 
start  tbe  water  Into  tbe  drum  aa  soon  sa  tbe  skip  is  in  position  to  dump,  that  Is,  it 
is  not  neoMuy  to  mix  matariak  dry  before  adding  water.    See  also  (60 1). 

"  Coaatotea^.  The  practice  on  road  work  Is  to  mix  concrete  entirely  too  wet. 
This  eausM  a  separation  of  the  coarse  materials  from  the  mortar,  resulting  in  stony 
pockets  thruout  the  concrete.  Where  the  concrete  to  mixed  too  wet,  it  Is  practically 
impoirible  to  obtain  and  hold  tbe  required  crown,  and  stony  patches  frequently  appear 
OB  the  surface  aftw  it  has  beoi  flntohed,  owing  to  the  flow  of  water  and  mortar  to 
tbe  sides.  In  atrlldng  off  and  floating  concrete  mixed  with'an  excess  of  water.  It  is 
also  praetieally  fmpaastUa  to  obtain  a  surface  of  the  dadred  character,  as  the  excess 
of  water  coUecta  in  and  hides  depreaalona  ud  other  Inequalltlaa  In  tha  aurfaoa,  which 
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emnnot  b*  corrMtad  u  they  mn  not  spparant  until  sftor  the  water  ba»  •vsporMi 
Id  Addition  to  tha  difflculty  encountared  in  (ettluf  wet  concrete  Into  tha  |M  miiH 
in  a  manner  which  will  give  the  bait  naulti,  labor* tory  taeta  and  raraltn  oliasasi 
1b  the  field  abow  that,  other  thinsa  betng  aqual,  a  wet  mixture  ia  of  inferior  mU*it!± 
and  qnaltly  to  eoBcnta  of  a  raadlmn  wet  conafetaney.  Tha  maiksd  effaet  ip  the  mlMagik 
of  eoBcreta  that  «  variattoi  in  tb»  mnatotency  producaa,  b  ahown  fa  Uw  foUooc 

taUa  naulta  of  teata  mnd*  m  the 
SbeOald  Sdutiflc  School  el  Yala  IMk 
byRoMnaon.   Sea  (H). 

"  In  tUa  teat  water  wMaddad  bam» 
to  4K%*  aeeardliif  t«  tha  foOoiwtaf 
Diatiiod:  Aa  a  mint  mum,  ohk^ 
watar  waa  taken  to  molataii  the  atou 
and  Band,  and  thai  there  wmm  added 
20%,  <d  the  anuwat  of  the  oetnant  by 
wdght,  water.  Each  ■iiliai  iimaii  nia- 
tura  waa  tocroaaad  by  t}i%  watv.  h 
waa  notwl  that  the  42H%  ndtfwe 
waa  about  aa  wet  aa  b  oaad  in  tba  a«w 
aga  wet  mixture,  tho  driar  than  mome 
aluahy  nlxea. 

"  Aa  yet,  th«a  b  not  suiBebnt  data  «■ 
whkh  to  baaa  a  detett*  eoBdnrfoB  lala- 
tlve  to  the  Influenee  of  the  cooslatancy  of  occcrate  upon  the  ezpansiaa  and  cootiacthjaL; 
however,  information  at  hand  aeuna  to  ahow  that  thb  actioo  b  influenced  very  largely 
by  the  ronslatency.  Owing  to  the  methoda  employed  In  atriking  oS  and  flniahtag 
the  mirfacea  of  concrete  pavementa,  there  b  little  likelihood  ol  mixing  the  conovle 
too  dry.  Concrete  mixed  with  aa  excea*  of  water  b  railnr  to  mix,  to  handle,  to  ptaet 
and  to  finish,  than  concrete  of  the  proper  oonMatoiey,  which  exi^alna  the  tandetMba 
toward  wet  mixturaa.  The  amount  of  water  in  the  concrete  abould  be  auch  aa  ta 
cause  ft  to  settle  to  a  flattened  mass  when  dropped  from  the  bucket,  but  not  auffldeat 
to  cauae  it  to  flow  readily  on  the  subgrade.  The  eonsbtency  ehould  ba  auch  aa  not 
to  require  tamping,  but  not  so  wet  as  to  cause  a  separation  of  the  mortar  from  the 
eoarae  aggregate  In  handling  and  pladng.  If  there  b  an  exceaa  of  water  on  tbe  aorface, 
or  the  nusa  haa  a  tandancy  to  flow  or  aettb  out  of  poeltion  after  being  floated,  the 
concrete  has  been  mixed  too  wet" 

Tha  Report  of  Com.  Vm.  UlC  Hat  Conf.  Cmicrata  Kond  Building  (60 1),  aaya  .  .  . 
"your  Committee  betievea  that  with  the  average  amount  of  mobture  found  in  coo- 
Crete  materials,  the  water  to  be  used  in  a  proper  mix  for  ocmcreta  used  in  road  -■■'■■i-g 
should  not  exceed  fi  lb  par  cu  it  <rf  material,  thb  meaning  tha  cement,  aand  and  stnae 
used,  measured  looaa,  Thb  b  approximately  1  gal  of  water  for  each  cubic  foot  td 
concrete  in  place.  Dry  materlak  in  hot  weather  require  more  water,  and  rain  aoakwd 
sand  and  stone  require  leas  water.  Tbe  moat  needed  reform  In  tbe  mixing  and  pbdag 
of  concrete  for  roads  b  leaa  water  than  b  generally  used." 

Proportion  of  Water.  Fletcher  correctly  atatea  that  a  variation  In  the  proportiaa 
of  water  used  in  the  mixea  b  largdy  responsible  tor  inequalitiea  in  both  the  eliaraclar 
of  the  concrete  and  its  evomeas  Msurfaoa,  and  that  no  matter  wliat  mechanical  eatt- 
trivanoea  exist  for  controlling  the  supply  of  water  In  tbe  aaveral  batches,  tbe  operatxa 
of  the  machines  will  vary  and  tha  rasulti  will  faa  ansatisfaetory.  PondlBc  for  cuiiag 
the  concrete  b  therefore  advocated  aa  effective  for  curing  and  alao  for  eompeoaating 
the  inequalitiea  of  the  water  in  the  different  mlxturee.    See  Art.  14. 

Duration  (rf  Mixing.  Uhler  sUtes  (63)  that  "Every  batch  of  concrete  b  mixed 
for  l!4  min;  tha  reasMi  for  thb  being  that  a  number  of  aqtarimeata,  made  dw^ 
the  pregrcas  of  the  work,  indicatad  that  the  giaal^t  atrength,  eonmtManata  with 
economy  in  coat  of  mixing  b  obtained  from  a  mix  of  thb  timing.  Tba  niiiaTliMnH 
which  resulted  In  thb  condudon  were  as  follows: 

H  niin  mix,  9  rev,  8  day  test,  1400  lb  per  sq  in, 

1  min  mix,  17  rev,  8  day  test.  1587  lb  per  sq  in, 
min  mix,  26  rev,  8  day  tat,  1924  lb  per  sq  tn, 

2  min  mix,  35  rev,  8  day  test,  1661  lb  per  sq  in, 
8    min  mix,  51  rev,  8  day  test,  1673  lb  per  aq  in. 


Peraent  Water 

7Dayst 

SO  Days* 

60D«M 

20S2 

2777 

8194 

2178 

3132 

8806 

2277 

3278 

3888 

2600 

3616 

8697 

1722 

2874 

3166 

1413 

2416 

2666 

n:«  

1222 

1977 

2888 

87  W  

1097 

1819 

2173 

««.  

662 

1600 

1888 

*Avnrafa  of  two  teata.   lOna  test  only. 


D>qiti;eo  by  L.ooQle 
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Thfa  ihoM  that  If  thaM  iwolta  an  plott«d,  tfaa  ram  would  bresk  between  the  IK 
snd  the  Z-mtn  periods.  If  tba  Momugr  of  tite  raaulta  on  the  IH  min  mix  be  cjucBticmed, 
■nd  this  figure  BBBumed  to  lie  between  1587  and  1661,  ttie  results  plotted  so  m  to  (arm 
K  curve  will  show  that  the  rate  of  inereaae  In  atrength  deeraasea  with  increaae  in  the 
time  of  mix,  and  the  Increase  obtained  from  the  2  and  8  min  periods  ii  scarcely-  worth 
the  addltiOBal  time  and  cost  InTolved." 

ft.  Tests  of  Cement-Concrete  for  Pavements 

Bsevntlal  Propwties.  The  moat  important  requirement  in  ooncrete 
for  roadmqn  ia  unif cmnity,  and  this  ia  also  one  of  the  most  difficult  to  obtun. 
In  the  operationa  of  mixing  and  plaeins  concrete,  there  is  always  present 
a  tendency  toward  aegregatioD  of  the  mortar  and  different  sises  of  aggregate 
which  results  in  pooketa,  or  areas  of  different  composition  thruout  the 
concrete  layer  and  more  especially  in  its  surface.  It  is  evident  that  tho 
resistauoe  to  the  effects  of  traffic  will  be  unlike  in  different  areas,  and  a 
serious  danger  exiate  of  lack  of  uniformity  in  vear.  The  results  of  non- 
uniformity  are  bolea  in  the  surfaee  and  irregular  cracks  thru  the  mass. 
This  means  that  the  surfacing  of  the  worn  oonerete  with  other  materials 
will  have  to  be  b^mi  at  an  eariier  date  than  would  otherwise  be  the  earn 
if  unifonni^  of  wear  were  had,  to  say  nothing  of  the  increased  cost  of 
repairs  to  the  original  surface  in  tho  meantime.  See  (59).  High  reastauoa 
to  the  forces  tending  to  produce  ezpaosioD  fuid  ooatracUon  in  the  concrete 
is  another  desirable  quaUty  in  the  concrete  roadway.  This  is  eopecially  im- 
portant where  the  concrete  is  not  covered  by  a  protective  coating  and  the 
forces  referred  to  have  the  greatest  opportunity  for  action,  while  the  effects 
of  such  action  are  also  moat  appreciable.  It  is  believed  that  the  greater 
the  density  of  the  concrete,  the  higher  the  resistance  to  expansion  and  con- 
trsetion.  An  effcat  haa  bean  made  to  test  concrete  for  the  qutUities  involved 
in  its  use  for  roadways  at  the  Uoiversity  of  Minnesota,  but  the  machine 
used  in  the  test  has  not  been  itandardized,  nor  has  the  work  with  it 
progressed  far  enough  to  show  its  quiUifications  sufficiently  to  reocHnmend 
its  adoption  for  standard  testing  purposes.    See  (43)  . 

Field  Samples  of  Cement-Concrete.  Method  recommended  by  First 
Conference,  1017,  State  Highway  Testing  Engineers  and  Chemists. 

**  Whan  Taken.  Saraplaa  ah^  be  taken  regulMy.  for  the  ganoal  eontrol  of  strangtb 
nnd  unitorml^  co  1  day  of  each  weak  of  work;  anid  at  insular  Intarvals,  whenever  a 
complete  change  is  noted  in  the  ehamcter  or  grading  of  one  or  aore  materiala  or  bi 
any  element  affecting  the  entire  mix. 

"  Number  of  Samplea. 

1.  In  taking  regular  Mmpks  three  tpedmera  should  be  molded  to  be  broken  one 
nt  each  of  the  perioda,  14  days,  28  days,  and  

2.  Id  taking  Irregular  Bamplea,  nine  specimenB  should  be  molded,  three  to  be  broken 
at  each  of  the  periods,  14  days,  28  days,  and  

"  How  Taken.  The  batch  sampled  for  general  purpoaea  should  be  similar  in  con- 
abtancy  and  general  grading  of  tbe  aggregate  to  the  regular  run  of  batches  being 
turned  out.  The  aaraple  from  which  specimens  are  molded  should  be  composed  of 
aewal  portkms  taken  during  the  dla^arga  o(  one  batch  In  order  to  r^rgaant  an 
averais  of  the  batch:  or  tho  batdi  may  be  dripped  upon  tba  aubgnule  and  eonerete 
from  sewal  pofnta,  taking  can  to  exdude  dirt,  placed  In  a  dean  wheelbarrow  or 
other  eraitalner,  avtrfding  additicmal  mixing." 

Teits  of  Fidd  Samples  of  Cement-Concrete.  Method  reconamended  by 
Urst  Confo-enoe,  1917,  State  Highway  Testing  Engineers  and  Chemists. 

**Form  of  Specimen.  The  test  qiedmen  may  be  a  cube,  a  priam  or  a  cylinder, 
but  it  la  felt  that  a  cylinder  6  In  b  diameter  by  12  In  high  wlU  give  tba  moat  satia- 
faetoiy  raanUa.  Molds  d  aD  tnMa  oan  ba  ansceHtully  nasd,  from  the  most  permaoan^ 
to  ibm  iridA  can  be  nod  only  In  tonalDg  a  aliq^  qwdnen. 
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Cement-Omcrete.  PayementB 


Bert, 


"  Koldlnc  Specimani.  The  moMInf  shfluU  b*  done  mm  bmt  tha  mixer  mm  prmtA- 
oaUfl^  and  tba  coDcret«  Bhould  be  eonvoyod  to  the  moldi  with  as  little  jinlBK  or  mUiv 
H  poMtblt.  TIm  moldi  ■hovM  bs  ptaetd  on  •  flat,  noo-ahaortMBt  mtxHem,  U4  Oi 
ooocnta  ■IwDlii  b*  plaowl  ia  kjm  o(  ....  Indu^  lAA  iB^t  podJBai  ^  nmgnu  d 
»  M-ln  «tMl  rod. 

"  Storing.  Spedmans  abould  be  permitted  to  ramaln  ta  poeltion  whw«  noliM 
for  a  period  of  24  hr.  At  the  end  of  that  period  they  may  be  etored  on  the  conpleatd 
coBcrate  pavement,  buried  In  the  aame  eovertnc  material,  and  moiateoad  at  the  mmt 
litervml^  untn  raady  tor  ahlpaent  to  tlw  labantory;  or.  If  not  conatrterad  pnctaoUb 
to  aton  on  tha  eonideted  eoncrate,  tluv  nay  be  eorared  at  the  point  ot  flioldfeic  vBi 
the  aarae  covering  material  aa  used  for  the  concrete  pavement,  and  mo4at«n«d  at  tte 
aame  intervala,  until  ahlpped  to  the  laboratory. 

"  Shipment    Spedmena  muat  be  aultably  protected  from  Injury  durinc  ahipi^nL 

"  Teatlng.  Spedmena  ahould  be  capped  with  mortar  ahortly  after  molding,  or  with 
plaater  ol  Paris  juat  before  teetinf,  bo  aa  to  provide  plane  bearing  auriacea.  The  plaae 
aiuface  la  formed  by  pladng  the  spedm«i  on  a  flat,  non-abaorboit  surface  and  prssmc 
a  flat  plate  oo  the  aoft  mortar  or  plaater  cap.  In  teating,  the  apedmHia  are  moazitrd 
In  the  t«ating  machine  with  apherlcal  bwing  blodt  placed  on  top  of  the  mpmetm^ 
the  capped  spedmen  being  placed  in  direct  contact  wltik  the  eteel  bearing  aurfaeea. 

Compceaslon  Teata.  Uhler  aUtea  (63)  that  "Anothw  feature  that  haa  be« 
brought  out  in  ooaMCtlon  with  this  wcu^c  is  the  great  variation  In  atrenKth  of  ftte 
colMa  of  the  regular  mix,  made  up  didly  during  the  prognaa  of  the  woric,  and  aat  aai* 
for  testing  at  periods  d  7,  14  ud  28  days  and  6  months.  The  T-day  oomprvam 
test  runs  from  106S  to  3636.  The  14-day  teat,  from  1672  to  4212.  Tbe  28-clay  tMt, 
from  2362  to  6361.  Aa  yet,  no  6-moath  breaka  have  bett  made.  Thene  wide  wia- 
ttons  In  strength  values  may  be  due  to  a  combination  of  aeveral  canaes,  isduifi^ 
variatJoOB  in  the  quality  of  the  cement  and  mineral  aggregatea;  difference  in  stiasgi 
temperature,  some  erf  the  spedmena  having  been  made  up  during  warm  weathei  and 
some  during  very  cool  weather;  possible  slight  differences  in  the  mix,  and  differeaM 
In  the  molding  and  compacting  of  the  spedmena;  and  fiaally,  the  unavoidable  experi- 
mental variations  In  making  and  breaking  the  specimens.  Since  every  one  of  tfaae 
taeton,  except  tbe  last  named,  enter  into  the  actual  construction  work,  the  importance 
<d  ayatematie  tasting  of  the  cement  uaed,  examination  of  the  Mnd  and  atone,  par- 
ticularly with  rafmnce  to  grading,  and  strict  adhamce  to  unlfoim,  anmmd  ww-feofc 
ti  nixiBC,  placing,  comparting  and  curing  the  concrete  In  ttw  pavment,  ara  lordblr 
demonstrated  by  the  range  in  theae  daily  strength  values." 

Rattler  Teata  by  Roman  (58).  "Tbe  experiment  consisted  of  preparing  blocfa 
of  concrete,  mortar  and  cement  of  a  standard  paving  brick  rise,  S}^  by  4  by  83^  in, 
and  aubmitdng  thwn,  wheu  90  days  old,  to  tbe  rattler  teat  tor  paving  brick.  Tht 
same  cement  waa  used  in  the  preparation  of  all  of  the  bloeha,  and  the  aame  aand  was 
used  In  the  mortar  and  concrete  blocks.  The  qnuUty  ot  water  used  was  such  aa  b> 
give  a  cement  paste  of  normal  consistency  for  the  cement  blocks,  and  su^  as  to  give 
mortar  and  concrete  which  could  be  floated  without  tamping,  but  which  were  not  so 
wet  that  they  would  flow  readily.  The  mortar  blocks  were  nmde  of  1  part  i  iiii—l 
and  2  parts  sand,  and  the  concrete  blocks  of  1  part  cement,  2  parts  sand  and  paito 
gravel  or  crushed  atone.  All  measurements  were  hy  weight.  The  blocks  ware  kept 
under  wet  sacks  for  1  week  and  after  this  period  they  were  sprinkled  with  water  once 
a  week.  The  blocks  were  all  tested  in  the  rattler  at  the  age  of  appro:dmately  90  days, 
after  they  had  been  air  dried  for  1  week.  The  rattler  used  was  a  standard  pavmg 
brick  rattler  as  recommended  by  the  Nat.  Paving  Brick  Mnfrs.  Ann.,  rotated  at 
the  rate  of  30  rev  per  min.  Ten  blodcs  were  taken  for  each  test  and  a  standard  chaifc 
ot  300  lb  ot  cast  Iron  shot  used.  In  order  to  follow  doaely  the  effect  of  this  abnacn 
tast^  all  the  blodn  were  submitted  to  rqieated  lattlv  teat  c4  900  rev  aadi.  Ten  pavmg 
bridm,  representing  6  brands  of  blocks  used  on  State  Aid  roads  In  Illinow.  wwe  sub- 
mitted to  a  similar  test.  Each  block  was  marked  in  such  a  way  that  it  could  not  be 
identified  during  the  entire  experiment. 

"While  no  deBnite  conclusiiHis  can  be  drawn  from  these  teata  as  to  tbe  rdativc 
wearing  qualities  of  brick  and  concrete,  yet  tlie  mults  obtalnad  appear  to  bring 
out  the  following  facts,  which  have  a  bearing  on  concrete  road  eoastntetion: 

1.  Tbe  advisability  of  uaing  rather  small  aoregates  in  oae-eoone  conoeta  read 
eoBBtruetlmi.   This  will  tend  to  Inauie  more  unlfoim  wear  and  a  amootiiar  amlMa 
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Table  n. — Showfaic  Total  Loms  In  Perc«Dt  hj  Weight  of  Blocks 


TtimJiiltiiiii  of  Rattler 

900 

1800 

2700 

8600 

Uortar  Blodc  No  1 

22 

0 

89.7 

68.0 

64.7 

Murtaj  Block  No  2 

22 

6 

89  !6 

62!8 

6S!9 

Uortar  Block  No.  S  ■ . 

23 

0 

41 .2 

64^2 

66  6 

MortAT  Block  No  4 

28 

1 

40 .8 

64.1 

66^2 

Uurtar  Block  No.  8 

24 

2 

42 .6 

55 

6s!8 

Uortu  Block  No  6 

21 

2 

87 .8 

50*8 

61 .1 

Uort^r  Block  No.  7 

20 

2 

87  is 

49  is 

61  It 

22 

8 

41  !b 

66!o 

65*9 

mf  ArtAP  Tlln^b  Ma  9 

26 

6 

46.6 

69^4 

72^8 

UortBT  Block  No  10 

27 

0 

47^8 

62^7 

AvorAsro  pon!Aiit  loos  of  mortv  tdocks 

23 

2 

41 .4 

64^7 

6o!s 

84 

4 

54 .2 

79 'g 

Concrato  Block  No  2 

84 

8 

66  2 

78  6 

89 

6 

61  !9 

76 

88 

1 

60.8 

78.6 

Concrete  Block  No  S 

41 

8 

68.4 

69,2 

84 

6 

60^4 

62.0 

■ . .  • 

42 

9 

68.8 

broken 

Concreta  Block  No  8 

82 

0 

49  7 

66  2 

■  ■ "  ■ 

Concrete  Block  Mo.  9              , . 

86 

2 

M.2 

70.0 

Conereto  Block  No  10 

82 

2 

60.7 

66  1 

"  * ' 

Avwc^  psnwbt  locB  of  concvsto  Uooks  

86 

6 

66.4 

71.1 

Avflr^^o  percont  Iom  of  cnuhed  ptww  floncreto 

blfjcks  1  to  &  incluslvo 

87 

6 

69.1 

76.6 

.... 

Averft^  percent  Iom  of  p^vci  ooncrato  blocks 
6  to  10  induflive 

86 

7 

63.7 

66.6 

Psvlnc  Brick  D  No.  1 

12 

4 

17.8 

28.1 

28.6 

Pftvinc  Brick  D  No.  2 

11 

8 

16  4 

20  6 

24  0 

Paving  Brick  P  No.  8  

16 

4 

24 '2 

29.4 

84^2 

Paving  Brick  P  No.  4  

16 

2 

21.8 

27.6 

80.7 

12 

1 

17.6 

22.6 

26.6 

12 

1 

22.2 

29.7 

86.1 

11 

8 

broken 

Paving  Bricks  No.  8  

16 

6 

21.4 

26.7 

80  is 

16 

6 

24.1 

81.2 

88.6 

Paving  Brick  B  No.  10  

12 

8 

20.2 

24.7 

28.8 

13 

7 

20.6 

26.2 

80.8 

NOTB.  D  No.  1,  and  D  No.  2,  Daovflle  Bloeka;  P  No.  8  and  P  No.  4.  Foaton 
Favn;  A  No.  B,  and  A  No.  6,  Albion  Shale  Btooks;  8  No.  7,  and  8  No.  8,  Spring- 
fMd  Bloeka:  B  No.  9,  and  B  No.  10,  Ban-  Blocka. 


2.  The  apparent  advantage  aa  f ar  aa  wearing  qualltlea  are  ooocaroed  ot  the  S-eourae 
method  hi  conerete  road  construction.  A  rich  mortar  or  fine  aggregate  cracrete 
could  thu*  be  used  for  the  surface  courae,  insuring  much  better  wearing  qualitiea.  At 
the  lame  time,  a  lean  concrete,  or  aggregatca  of  ratiier  poor  quality,  oould  be  used 
for  the  lower  eoom  and  the  reaulthig  coat  of  the  road  would  pnAably  be  lav  than  the 
oort  (rf  tiie  me-course  concrete  pavemmt,  aa  buOt  at  the  i^eaent  time. 

8.  The  disadvantage  ot  using  a  very  wet  concrete  or  of  exceealve  floating  of  the 
eoDcrete,  both  ot  which  have  the  effect  ot  bringing  to  the  surfaoe  ot  the  road  a  layer 
(rf  neat  cement.  The  above  tests  show  tliat  neat  oraient  will  not  stand  impact  and 
will  rapidly  be  worn  off  under  traffic  It  seems  probaUe  that  aome  of  the  deprosrinna 
which  form  on  concrete  pavements  are  doe  to  the  wearing  of  neat  cement  aa  wdl  aa 
to  the  tormation  of  atone  pockets." 

Itattln  Teata  hj  Abnuu  (11).  "The  tnadiine  used  b  a  hrick  rattler  of  the  TtJbeU 
JoDH  type.  The  concretB  tested  ia  molded  Into  bloda  with  square,  8^  facea  and 
depthi  of  G  In.  The  10  blocka  consdtuUng  a  test  set  are  arranged  around  the  perimeter 
ol  the  drum  and  held  in  place  by  wooden  wedges,  the  faces  toward  the  Inside  forming  a 
IMded  polygon.  The  abrasive  charge  conatata  of  about  200  lb  of  caat  iron  q>iierea, 
tm  SM  In  in  dlaraetw,  and  the  remainder,  about  188, 1  ^  in  in  dlamctw.   Theae  ara 
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pUesd  hutda  the  nttler  wid  th«  end  oi  drum  coverad  with  m  b««vy  win  i 
tfrt  eonoiflto  of  the  exposure  erf  th«  blocki  to  the  action  of  the  aphem  in  the  rvvolTiac 
drum  for  8600  rev  »t  a  mt«  of  about  80  rev  per  min.  The  Iom  in  weight  of  the  blodn 
baa  varied  from  8  to  26%.  Hie  advantages  wUdi  tUa  netbod  of  twtfatc  h»  bdl«v«d 
to  have  are  aa  followa: 

1.  The  eoRcreta  la  aubjected  to  a  traatmant  wU^  mmudmata  that  of  ma  ikaL 

2.  The  teat  piece  ia  of  usual  form  and  of  sufHcieat  lica  that  repfe—ntativ  eoacreti 
can  be  obtained. 

8.  The  tert  pieeaa  are  eoav«Bl«at  to  anake,  aton  and  handle,  and  raqnlra  a  g»laB<wtr 
HH^  amount  of  eoncrete. 

4.  The  coat  of  the  t«at  ia  not  aioamivB. 

5.  The  machine  uaed  la  found  In  numaroua  teeUng  laboratorlea. 

S.  The  weaiiBg  action  takea  place  on  the  top  or  flniahed  suifaoe  of  the  i  laii  ii<e 
Thia  makes  it  poaaible  to  study  the  effect  of  varioua  surface  treatments  or  fl»i»iif. 

7.  Sevnal  testa  may  be  made  at  the  aame  time,  thus  enabling  more  repreeentatiw 
fSMlta  to  be  obtained. 

8.  Testa  may  be  made  on  sections  of  concrete  cut  from  raadi  which  have  been  k 
isrrice. 

9.  Other  paving  matsrials  such  aa  brick,  granite  btodcs  etc  may  be  tested  in  the  mam 
way  as  concrete." 

Friction  Testa  of  Cament-Concrete  Favamntta  oo  Varioaa  Ttpm  o(  Sttb^adaa 
(S3).  "The  baaw  of  conoete  roads  built  in  the  past  have  ben  o<  varying  GhameCar. 
Loam,  day*  old  "lafltHa*",  gravd.  aand  and  many  other  Unda  of  matarial  support 
the  concrete,  and  aorae  oOtr  man  frictlonal  reslstanoe  than  oUmi  Id  layinc  oot 
the  present  aariea  of  teats,  therefore,  oognlzanee  was  taken  of  tUa  fact  and  aevml 
different  beam  were  used.  Shallow  ditches  6  in  deep,  3  ft  wide  and  7  ft  loag  wm 
first  dug  In  the  aoft  clay  wcM  of  the  Arlington  Eqterimental  Farm  Mm^w^^  to  the 
U.  8.  D^t.  of  Agr.  Filling  matorial  forming  the  aubbaaa  waa  then,  dapoaited  mdv 
the  snpervisian  ot  a  trained  road  engineer,  tamped  aidi^  and  amoothed,  or  mhsr 
wise  treated  in  resdiness  for  the  plsong  of  the  concrete.  A  t  :  m  :  3  mixtnre  wm 
used,  machine  mixed  to  a  medium  wet  ronsbtency,  and  the  alaba  cast  were  2  ft  wide 
by  6  ft  long  and  6  in  thidc  The  various  subbases  prepared  were  as  followa:  (1)  Chy, 
smooth  top  aurteoe;  (2)  day  with  cobblsstanes  partly  rolled  tn  surface;  <3)  hrnhia 
■ton*.  H-i^  to  duat,  flat  top-  surfaoe;  (4)  concrete  base,  top  surfaoe,  troweled  amootk 
(6)  loam,  smooth  top  anrface;  (6)  sand,  top  surface  smoothed  and  <riled  with  heavy 
flux  oil;  (7)  clay,  surface  scored  to  make  it  uneven;  (8)  gravel,  M-in  to  M-in,  list 
surface:  C9)  broken  atone,  S-in;  (10)  concrete  base,  troweled  surface,  oiled  with 
heavy  &U(h1;  (1L)  sand,  surface  amooth;  (12)  clay,  oiled  with  heavy  flux  on. 

"The  first  set  of  testa  waa  made  when  the  vedmens  war*  1  BMOth  old.  A  {rams 
made  of  a  piece  <rf  H-in  round  atad  bent  to  aurronnd  the  apedmea  was  fastened  to 
the  pulling  chain,  which  in  turn  waa  linked  to  a  q>ring  dynamometer.  Force  woe 
applied  by  meana  of  a  light  sted  rail  used  aa  a  bmg  lever.  Two  men  at  tlw  and  d 
the  lever  were  able  to  apply  a  constantly  IncreaainK  force  with  great  ifTta  illnyaa  T1» 
movmnenta  of  the  slab  were  read  by  means  of  a  Berry  strain  gauga^  and  la  tUs  way 
the  movantMita  correaponding  to  known  loada  were  obtained. 

Table  m. — ^Ftictfoiial  Rerfitaiiee  of  Concrete  on  Vaiiotu  Snbbuea 
Nom   Baaea  were  aomewhat  damp  but  very  firm.   Weight  of  apedmra,  B70  & 


ffindof 
Base 


Hov»- 
ment 

Force 

Coef- 
ficient 

Move- 
mrait 

Force 

Coef- 
ficient 

Hove- 
meot 

Force 

Cod. 
Bdnt 

0.001 

480 

0.56 

0.01 

1130 

1.30 

0.06 

ISOO 

2.07 

0.001 

600 

0.57 

0.01 

1120 

1 .29 

0.06 

IBOO 

2.07 

0.001 

8Q0 

0.34 

0.01 

1080 

1.18 

0.06 

1800 

2.07 

0.001 

600 

0.69 

0.01 

1080 

1.24 

0.06 

1200 

l.» 

0.001 

460 

0.52 

0.01 

960 

1.10 

0.06 

1100 

l.SG 

0.001 

880 

0.44 

0.01 

800 

0.92 

O.OE 

950 

1.09 

0.001 

1060 

1.84 

0.01 

1660 

1.78 

COS 

1900 

2.18 

Levd  day  

Unevmaay  

Loam  

Level  Hnd  

ii-ln  cravd  

H-ln  broken  stone 
84n  broken  stone 
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"These  results  very  dearly  show  thftt  tfae  friction  wiee  conilderably  in  the  mib- 
base,  depending  upon  its  cbaracter.  The  indications  are  that  the  friction  can  be 
Xreatly  decreaaed  II  proper  care  is  ^rta  to  the  preparation  of  the  eubbaae.  Every 
ililiin  nr  ilfipriinslon  thitlslnHwiiiihhainBtirfBnnhnfnriirnnrTatrfailcipnattart.  fiirnish«an 
additional  grip  for  the  concrete,  thereby  tetwUnc  to  elaaticaUy  <Worm  a  laiger  amouBt 
of  base  material,  and  thus  offering  greater  redstance  to  the  sliding  of  the  concrete. 

"  The  formation  of  transverse  cracks  in  concrete  bases  can  readily  be  ascribed  to 
direct  tension  due  to  frictional  resiatanoe  at  a  time  when  the  concrete  is  contracting^ 
wbeCiMr  this  is  caused  by  daersase  in  tenqMnture  or  by  drying  out  of  the  moiators^ 
The  t«st  reaulta  show  that  tbe  coeffidat  trf  frictiaii  can  readily  vary  from  ahnaet 
0  to  something  over  2  or  more,  depending  upon  the  movemmt  of  the  concrete  and 
the  charactn  of  tbe  eubbaae.  The  distance  between  transverse  cradcs  is  dependent 
upon  the  coefficient  <rf  friction,  and  the  total  foroe  of  friction  must  ext^id  over  this 
distance.    Calling  the  coefficient  of  friction  /,  the  distance  between  cracks  d,  the  weight 

the  pavement  per  square  foot  w,  we  may  write  the  equation:  /tpd  —  tensile  strength 
ot  concrete  per  foot  of  width.  Assuming  the  tensile  strength  of  concrete  to  equal  200 
lb  par  sq  In,  the  pavement  to  be  6  in  In  thlcknesa,  the  weight  of  1  cu  ft  of  eoDcrete 
to  be  ISO  lb,  and  the  ooeffldnt  of  friction  to  equal  0.6,  tiiis  equation  redooes  to: 
(L6X76Xi}-T2BqinX  SOO,  or  !>  -  870  ft.  If  the  coefficient  of  Metion  wiuala 
2.  the  distanoe  between  tbe  cradcs  equals  90  ft." 


liiM  and  Coane  Aggttgt^w.  Report  of  Com.  Ill,  1914  Nat.  Conf. 
Cooorete  Road  Building. 

**  Fine  Aggregates.  QuALmr.  Fine  aggregate  dtall  consist  of  sand  or  aoeanltigB 
from  hard,  durable  gravel,  granite,  trap,  or  other  hard  rode.  It  shall  be  dean,  coarse, 
hard,  free  from  dust,  loam,  vegetable,  or  other  deleterious  matter.  Fine  aggregate 
wwtaiaing  froat  or  lumpa  of  frosan  matariala  shall  not  be  used. 

"Samfub  roK  Tvr.  Average  asmplee  of  flae  aggregate  welgUtig  not  less  than 
10  lb  shall  ba  taken  from  the  l»nk  or  pile  and  teatad,  betoie  the  aeesptanee  ot  tlie 
material,  for  finenees  and  for  tendle  stroigth  in  mortar.  Individual  average  samples 
shall  be  taken  from  each  bank  to  be  used,  and  new  samplee  taken  In  case  of  a  chaiige 
in  the  character  of  any  one  benk.  Receptadea  for  shipment  to  laboratory  sliall  ba 
audi  as  to  retain  the  natural  moisture  in  the  sand. 

"FiNBNBBS.  Tbe  sise  of  the  fine  aggregate  shall  be  sudi  that  the  grains  pass  whm 
dry  a  screen  having  M-in  openings.  In  the  field  a  }^in  meeh  or,  in  some  cases,  a  H-^ 
mesh  screen  may  be  used  for  this  separation.  Not  more  than  10%  of  the  grains  below 
the  ^-In  sixe  shall  pass  a  sieve  having  60  meshes  to  the  Un  in,  and  not  more  more  than 
2%  shall  pa«  a  acreoi  having  100  meshee  to  Uie  lin  in.    See  (39)  and  (60d}. 

"Tbkbilb  StunOTH  or  Uortab.  Mortars  composed  of  1  part  Portland  cement 
and  8  parta  fine  aggregate,  by  weight,  when  made  in  briquettes  shall  show  a  tendle 
atrsngth  at  lent  equal  to  UwsAreDgth  of  1 :  S  mortar  id  thaaams  eonalsteBey,  made  at 
tbe  same  time,  and  with  the  same  cement  and  itaiidard  Ottawa  sand.  The  wnd  shall 
not  be  dried  before  bdng  made'into  briquettee,  dnce  this  sometimes  improved  its  quality, 
but  correction  shall  be  made  for  moisture  when  weighing  the  materials.  Tensile  tests 
nay  be  made  at  agea  of  72  br,  7  days,  and  28  days.  At  early  periods  the  strength 
need  not  attain  tbe  full  ratio  of  100%  to  standard  sand  mortar,  provided  this  Is  at- 
tained at  a  biter  period.  4n  no  ease,  however,  shall  sand  be  accepted  for  pavement 
WHkwhoae  strength  in  1  :  S  mortar  atthe  age  of  72  hr  isnot  at  Ies8t80%  of  theatrength 
of  the  standard  sand  mortar. 

"ScaaaNiNa.  If  the  sand  does  not  fulfill  the  above  requirements  for  flnoiess,  it 
diaU  bewailed  or  else  screened  when  dry  over  a  KMnesh  sieve  placed  at  such  aa  aagla 
as  to  remove  the  particles  finer  than  a  60-meeh  sieve. 

"Wabhinq.  Flnepartidesmay  be  removed  by  waahlngwith  a  large  volnmeof  water  ia 
a  box  provided  in  the  bottom  with  perforated  plpsaaad  arranged  tor  Uieslltand  water  to 
flow  tin  thru  a  trough  from  the  top  of  the  box  and  the  sand  to  be  drawn  out  from  below. 

"  Coarse  Aggregate.  Quality.  The  coarse  aggregate  shall  consist  of  dean,  hard, 
durable  granite,  trap,  conglomerate,  gravel,  or  other  hard  rock,  free  from  dust,  loam, 
vegetable  or  other  deUttfioua  matter.  In  no  case  shall  coarse  aggregate  be  used 
wUcfa  contains  froat  or  lumps  of  frooea  material.   Coarse  aggregate  containing  soft 
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pwtlelas  ihkn  be  r«j«ctML  Coans  agcrafata  shall  not  conteln  k  Urg«  propactka 
ol  Ost  or  aloiig»t«d  psrtldes. 

"  FunNin.  For  on»-courae  psvemwits,  the  tia»  at  the  cowm  sarec^te  rtiAll  1»  awfc 
M  to  pMi  an  iadlnad  or  roCary  sctmii  having  circular  op«ning8  and  ba  wt/ta^mt 

on  m  dnUar  Kreen  havlDS  M-in  openinis.  For  two-coun*  pavHnrata,  tha  aim  of  tha 
oaani  annate  for  the  bottom  eouna  ahall  be  such  «a  to  paaa  an  incUned  or  rotary 
wmm  IiEvfaic  Un  opnliv  M>d  b*  ntalnad  oa  ■  riuUar  acnen  havbif  opeiO^. 
For  the  weariof  eouiw  In  a  tw»«ouna  pavvaMOt*  tha  eoaiae  anre^te  ahaD  ba  ola^ 
that  will  paa  an  Indlned  or  rotary  acriwi  haTlng  fi-ln  drcular  cumnlnf  — ba 
retained  on  a  aUailar  leren  havinf  H-ia  openlaga.  TUa  aHiimia  a  pertaut  toai 
between  tha  flnt  and  eecood  eouiaaa. 

"  iratmal  Klzad  or  Cmahed  Acvafitea  ahaU  not  ba  need  ae  they  cone  taaa  «m 
bank  m  crudtar.  but  ahall  be  acnaaad  and  renfawd  la  tha  pn^Mr  proporlloaw.**  8m 
(20b)  and  (24d). 

Am.  Concrete  Intt.  tnd  Am.  Soc.  Mna.  Imp.  QpecifleadMU  for  Fliw  ani 
Coane  Aciregatei  are  given  in  Art.  17. 

Sand  for  Fine  Acgragate  for  Cement-Concrete  Base.  Adopted  br 
First  Conference,  1917,  State  Highway  TeeUng  Engineers  and  Chemista. 

"The  aand  ahaO  eoutat  of  dean,  hard,  dunblot  uncoatad  partlda,  pnteafalr  rfl- 
fleoui,  free  from  Innpa  ol  day  and  all  organic  matter. 

"  Gradiaf.  It  ahall  be  well  graded  from  coane  to  fine  and,  whan  teatad  by  — lanr 
of  laboratory  screMiB  and  alevea,  ahaU  meet  the  following  requbemanta: 

PaMiog  ^-in  Kreen   100%, 

PaMing  20-meeh  and  retained  on  SO-meah  aleve  %  to     ...  %, 

*PaariBg  6(Maieab  alava.  not  more  than  . 

Not  more  than  %  by  wtight  ahall  ba  removed  by  the  riutiiatioD  teat. 

"Mortar Strenga Teat  WheatbeaandiamixadwlthPwtlandeamaBtlntiMpropartiiB 
of  Ipart  of  eanrat  to  8  parte  of  Band,  by  waigbt.  aeewdliiE  to  atandard  mathode  of  makfav 
1  :  8  mortar  briquflta,  the  reaulting  mortar  at  the  age  of  7and  28dayaBhallhavBateBda 
•trength  of  atleaat. . .  .**  percent  of  that  developed  In  the  same  time  by  taortar  of 
the  aame  proportions  and  eonatatency,  made  of  the  aama  cement  and  Ottawa  aaad. 

"PraHminaiy  ace^rtance  mmplea  ahall  ba  anbiactad  to  both  7  and  taaCk 
and  acceptance  bated  thereupoD.  Samplaa  teated  during  the  program  of  the  week 
will  be  accepted  cm  the  basis  of  the  7-di^  teat." 

Sand  for  Fine  Aggregate  for  Cement-Concrete  Wearing  Conne.  Suna 
aa  above  except  for  qbadinq,  the  reqiurementa  for  which  are  as  folloira: 

"  Oiadlng;  It  ahall  be  wdl  graded  from  eoaiae  to  fine  aad,  when  teated  fay  maoo 
of  laboratory  acreana  and  alevea,  abaU  meet  the  fdlowing  requiremeota: 

pMdng  K-ln  screen   100%, 

Paaaing  20-mesb  and  retained  on 80-meah aiave.  %  to  ...%, 

iTotal  pamdng  50-meah  deve.  not  more  than    . . 

tPaadng  iOOMneab  eteve  not  mora  than    . ..%, 

Not  more  than  ...  %  by  weight  ahall  be  removed  by  the  ahitriatlon  toBt.** 
NOTS:    It  is  also  recommended  that  the  strength  ratio,  in  the  mortar  atzength  tMt, 
be  100%  instead  of  a  minimum  of  70%  as  In  the  previous  spedflcatioii. 

CombinationB  of  Dustless  Screeninga  and  Sand  for  Fine  Auxacate 
for  Cement-Coocrete  Wearing  Course.   Note:  ^me  as  for  b&xd  for 
WEA.HINO  couRSB  except  aa  follows: 
"The  fine  aggregate  may  be  composed  of  a  combination  of  dustlem  acraeainga  aad 

Band,  butahall  contain  not  more  than  1  percent,  by  volume,  of  dusthm  si  ikhIihi 

The  duatUas  screeninga  shall  consist  of  material  obtmned  by  cniahing  hard,  durable 

•  "It  is  raeommended  that  the  amount  paaslng  the  S&mesh  dava  ba  tlrwitm^  ^ 
80%,  or  leas,  if  practicable. 

**"It  is  recommended  that  the  minimum  ab«ngth  ratio  (or  this  purpose  be  70% 
or  greater,  if  pomible  under  existing  conditions;  and  that  where  sanos  giving  a  70% 
atTMigth  ratio  are  not  available,  the  proportion  of  cnnent  be  increased  ao  aa  to  ^va 
that  percentage." 

fit  Is  recommended  that  26%  be  spedSed  as  the  amount  permitted  to  pa« 
a  60-mesh  sieve  and  in  localities  where  pracUcaUe,  that  a  amaller  dgura  be  used, 
r'lt  is  recommended  that  5%  be  specified  tor  material  paarfng  a  IwMnarii  i 
T  The  figure  60  la  reeominaadad. 
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rock  or  gnvel,  all  ot  wUdi  when  dry  ilull  ptm  *  nmMag  aenm  havtnf  circular  opan- 
iBga  in  diuncter.  Tb^  ahall  be  frw  from  hunpa  or  cruets  of  harden od  matorU. 
The  nuid  ahsU  eonriat  o(  dean,  hard,  durable,  uneoated  partlclea,  preferably  iUiewnis, 
well  eraded  (rom  coaiae  to  flue,  and  free  from  lumpe  of  day  and  all  organic  matter. 

**  Pfayileal  PnpeftlM  of  Doatteaa  Screenlnca.  If  the  duatleai  acreeninp  an  pro- 
dueed  from  rock,  tbe  nwk  ihaU  meet  the  foUowlnK  requirement: 

Pneent  of  wev.  not  man  than  ...%, 

or  Frrach  coeffldent  not  1»  tiuu   

"  Otadlog  of  Dnatless  Screenlnca.  The  duatlea  Bcreenings  shall  be  well  tnAtS 
from  coarae  to  fine,  and,  when  teated  by  means  of  laboratory  acreena  and  itevea,  ahall 
meet  the  followioK  requirements: 

.     FaaslnK  H-iB  screen  not  lees  than  ...%, 

Paadng  20-meah  and  retained  on  Sfkmesh  deve  %  to  ...%, 

PaadnE  100-mesh  deve  not  more  than  5%." 

Stoae  9t  OnT«l  Screenings  for  Fine  AsgrtgAte  for  Cement-Conente 
'Bue.  Adapted  by  the  Firat  Conferraoe,  1017,  State  Highway  Teatins 
Ehwneera  and  Chemists. 

"The  screenings  shall  consist  of  material  obtained  by  crushing  bard,  durable  rode 
or  gravel,  all  of  which  shall  pass  a  revolving  screen  having  circular  openings  >j  in 
tn  diameter.  They  shall  be  free  (rom  lumpe  of  day  aad  at  the  time  of  use  from  lumps 
or  crusts  of  hardened  materiaL 

"  Pbydcal  Propertiea.  If  tbe  acreCTings  are  produced  from  rode,  tbe  rock  shall 
meet  tbe  following  requirement: 

Percent  of  wear  not  more  than  ,,..%, 

or  French  coeffldent  not  lesi  than   

-  Grading.  The  screenings  sbaH  be  well  graded  from  eouae  to  fine  and,  when 
twted  by  means  of  laboratory  acFeama  and  aleviBs,  ahall  meet  tbe  fdlowlng  requtranents: 

Paasing  K-in  screen  not  leas  than    . ..%. 

Paadng  SO-OMah  and  retained  on  fiO-medi  sieve.  %  to  ...%, 

Vmmbtg  lOO-msah  deve  not  more  than 

"  Mortar  Strength  Testa.  When  that  portion  of  the  screenings,  wbidi  passes  a  H- 
In  laboratory  acreen.  Is  mixed  with  Porthmd  cement  in  tbe  proportloos  of  1  part  of 
osment  to  S  parts  of  aeieenings,  by  weigfatt  according  to  standard  methods  of  maldng 
1  i  8  mortar  briquets,  the  resulting  mortar  at  the  age  of  7  and  28  days  shall  have 
tsadle  strength  of  at  least  . .  .*  percent  of  tlie  strengUi  developed  in  the  same  time 
by  mortar  of  the  same  proportions  made  of  the  same  cement  and  Ottawa  sand. 

"Prdimlnary  acceptance  samples  shall  be  subjected  to  both  7  and  28-dBy  tests  and 
aceeptaaee  based  thereupon.  Samples  tested  during  tbe  progress  the  work  will 
ba  aravted  on  the  bads  of  the  7-day  tat." 

Broken  Stone  or  Oravel  for  Coane  Asgregato  for  Cement-Concrete  Baae. 
Adopted  by  First  Conferenoe,  1917,  State  Highway  Testing  Enginoere 
and  Chemista. 

"The  brdcen  stone  or  gravd  aggregate  shall  condst  of  dean,  bard,  tough,  durable 
rock*  It  shall  contain  no  vegetable  or  other  deletcrioua  matter,  and  sliall  be  free 
from  soft,  tliin.  dcmgated  or  laminated  pieces. 

"  Orading,  The  brtricen  stone  or  gravd  shall  be  grsded  from  coarse  to  fine  and 
when  tested  by  means  of  laboratory  screens  shall  mast  tbe  following  requirements: 

Passing  ...  tn  screen   100%, 

Paasfaig  ...  In  screen  not  more  than    . . . 

Broken  Stone  f6r  Coarae  Agcrecate  for  Cement-Concrete  Wearing 
Coarse.    Same  aa  for  brosen  btonx  for  babe,  except  as  follows: 
"  Physical  Properties.   The  stone  shall  meet  tiie  following  requirements: 

PercMit  ot  wear.. ,  not  more  than    . . .  %, 

or  Fnndi  coefgdsnt.   not  leas  than   

**  OmdtBc  The  broken  ston^  when  tested  by  means  of  laboratiwy  aeraan^  shall 
mast  the  following  reqidremoita: 

Passing  ...  in  screen   100%, 

Passing  ...  in  screen  and  retained  on  ...  in  screen  %  to  ...%, 

Paadng  ...  in  screen  not  more  than    . . .  %." 

*lt  Is  reconunendad  that  the  minim um  straofth  ratio  be  90%  for  this  purpoos^ 

D'qiti;Mt)vG00g[e 


1178 


Cement-Concrete  Pavements 


Sttct.  31 


CONSTRUCTION 
ii.  Equ^«it  and  Construction  Orguixatioiu 

Th«  Equipment  necessary  for  concrete  road  confitruction  will  depend 
largely  on  local  conditions.  For  an  admirably  compreheiuive  list  of  the  fidd 
and  office  appliaocee  used  in  consbuoting  hy  force  aeoouat  twelve  miles  of 
concrete  roadway  in  one  working  aeaaon  see  (26b). 

Bnmples  of  Concreting  Gang  Organization  (SOr)  for  road  work  are  ^vea 
in  the  following  examples. 
"  PennsTlraiiia.   Easton-Bethldwm  Model  Road.   Tbe  beat  nmlta  w«ra  obtained 


with  a  gang  orguifntioii  as  fottowi: 

Gang  CcatparDay 

lforenunat$3   19.00 

1  mUar  operator  at  |3   S.OO 

1  flreman  rtK.M   2.60 

2  templet  men  at  S2   4.00 

8  men  apreading  at  ^   6.00 

i  men  floating  at  t2   4.00 

1  man  floiahiDg  at  92   2.00 

2  men  on  forms  at  92   4.00 

1  man  dunging  duile  St  92   S.OO 

2  men  handling  cement  at  91.7S.   9.80 

7  men  on  wbeelburowi  at  91.7S*  ■   12. K 

7  men  abovellag  at  91.76   12 . 26 

1  utility  man  at  91.76     1.76 

1  waterboy  at  91.60   l.BO 

82  men  In  total  gang,  $01.75 


lAying  a  alab  7  In  thidc  aad  holding  tbe  material  in  the  drum  for  a  90«ee  mix.  Urii 
gai^  averaged  625  sq  yd  per  day  at  a  eoat  of  appKudmately  11.7  eente  pv  aquare  yarC 
A  No.  16  Koehrini  paving  mixer,  with  boom  and  bucket  delivery,  waa  need. 

"  miaoia.  The  data  Efven  are  based  on  experience  on  26  to  SO  jobs  ol  state  aid 
road  work  repreeeating  approximately  600  000  sq  yd  of  pavement.  Amwtng  aaom* 
tku  complete  and  all  material  delivered  on  tbe  work  and  that  the  siAgnds  fain  ^wsgs 
eonditioB.  the  following  crew  la  eonaidered  to  be  moat  eflldeBt  note  aTsmge  ceariMns 
on  work  rimilar  to  atate  aid  road  work  in  Illinois. 


General  Nmber 

Superintendent   1 

Foremen   1 

Front  Eed  of  Mixer 

Wheeling  sand   t 

Wheeling  etone   4 

Extta  lAovrien   S 

Bondling  cement  neks   1 

Handling  cement   S 

Tiimmiog  subgrade   lort 

Rear  End  of  Mixer 

Shovelera   S<ir4 

Finisher   1 

Curing  conerete   S 

On  Mixer 

Ensineer  ,   1 

Fireman   1 

Ponna.  Setters   S 

Water,  Pumpman   1 

UlseeOsneoiis 

Watdiman   I 

Watarboy   | 

Total   S7or» 
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IThe  gsnf  b  for  a  2-bag  batch  rnkcr,  aad  irith  tUi  machine  Its  avwags  daily  ou^xit 
of  18  ft  wide  and  7  in  tliidc  pavement  ia  about  800  >q  yd,  worldne  d^  9  hr,  mbdnc 
time  per  batdi,  36  aec.  The  average  eoat  irf  odxinc  and  placing  concrete  and  id  setting 
f  ornu  and  jtdnta  ia  10  to  12  oeata  per  sq  yd. 

**  ^nicauln,  lllhraakee  Coon^  Roads.  An  effldent  gang  organization  tot  eondi- 
tiona  prevaHlng  In  Milwauhe  County  has  Iwen  found  to  be  about  as  foDows: 


Cost  par 

Gang  Thar 

1  foreman  at  fS   t  £-00 

1  ttmekeepco- at  $6   S.OO 

1  eugbieer  at  |6   6.00 

1  fireman  at  $2.60   S.60 

1  potnpman  at  (2.60   8,60 

1  form  setter  at|2.60   8.60 

llhiUierstIS   8.00 

5  strU»-off  men  at  %Z.60  ,  5.00 

2  puddlers  at  $2.60   6.00 

2  oanteat  handlen  at  12.60   S.OO 

1  boy  bundling  sacka  at  11.60   1.60 

1  waterbw  at  $1   1.00 

6  eaod  laborers  at  12   12.00 

12  atone  laborers  at  $2   24 . 00 

1  man  removing  forms  at  $2   2.00 

2  men  covering  concrete  at  |2   4.00 

1  man  q>rinlding  at  |2   2.00 

1  man  trimming  subgrade  at  |2   2.00 


88  man  total  '.  |S9.00 


"The  particular  road  on  which  tide  gang  worked  contained  17  280  sq  yd,  was  18  ft 
wide  and  avenged  7  In  in  tldckneea.  The  mis  was  1:2:  8  ba^  ik  cement  being 
\wed  to  a  batch,  and  11  cu  ft  of  aggregate.  Protected  jtdnte  were  placed  every  60  ft. 
I>urlng  this  period,  the  maiimum  output  for  one  day  was  1000  sq  yd  and  the  minimum 
264  sq  yd.  The  averse  output  wae  6S6  sq  yd  per  day  or  S32^  Un  ft  per  day.  The 
actual  labor  cost  for  mixing  and  pladng  was  10.1396  per  sq  yd,  which  tnduded  Isbor 
incurred  in  supplying  water  covering  and  sprinkling  concrete  and  also  a  watchman 
during  the  emistruetlon  period.  The  coat  to  the  contractor  for  loat  time,  moving 
plant  to  and  trMn  tbe  job.  the  hying  of  plpe^  ate,  amounted  to  10.0801,  ^ving  a  total 
cort  p«  sq  yd  for  labor  of  80.1607." 

12.  Hi»d  Cement-Concrete  Pavements 

One- Coarse  Work  ia  simply  tbe  construction  of  tbe  entire  ooncrete 
layer  fnan  the  subgrade  up  to  the  finished  suifaoe  continuoualy  and  in 
consecutive  areas  of  pavement.  The  placed  ooncrete,  such  as  the  Haaaam 
pavement,  before  referred  to,  constructed  as  one-course  work  because  the 
grouting  is  done  entirely  from  the  top  of  the  aggregate  when  rolled,  even 
tho  the  aggregate  itself  may  be  laid  in  two  or  more  layers.  With  mixed 
concrete,  the  deposition  of  the  entire  concrete  layer  in  one  thickness  would 
be  one-course  work.  One-course  work  seems  to  be  growing  somewhat  in 
favor,  altho  tbe  diflSculUes  of  properly  tamping  and  comiMioting  a  layer 
of  the  usual  thiokness  of  one-ooursa  work  are  apparently  greater,  than  in 
tbe  ease  of  the  two-oouree  work  where  the  layers  are  of  leas  thickness. 

Two- Course  Wcvk  consiBtfl  in  placing  the  ooncrete  pavement  in  two 
layers,  generally  known  as  tbe  bottom  course  and  the  top  course  respectively. 
Frequently  the  bottom  layer  is  of  coarser  aggregate  than  the  top  layer  and 
it  often  is  of  a  leaner  mixture  of  cement  for  the  sake  of  economy.  In  these 
respects,  it  is  similar  to  tbe  ordinary  side  walk  or  foot-way  construction 
when  ooncrete  is  used.   The  difficulties  with  two-oourse  wcffk  seem  to  be 
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nuinly  tboM  At  BeouriDC  a  proper  bond  between  the  lomr  snd  the  uppcf 
oonnes.  Generally  in  two-oourse  work,  espedalb^  where  dififwent  mateiUi 
and  proportioQB  are  used  in  the  two  couraee,  the  bottom  course  ia  laid  fat 
some  distance  ahead  of  the  upper  course,  Mid  then  the  upper  course  ia  run. 
A  certain  amount  of  setting  in  the  lower  course  unavoidably  takes  pl&ce  befon 
the  placing  of  the  upper  course  begins,  and  a  seam  frequently  appears  to 
exist  between  the  two  courses  which  results  in  weakening  the  strength  of 
the  upper  thickness,  just  as  a  2-in  plank  laid  on  another  will  not  support 
as  mudi  of  a  load  with  the  same  deflection  as  one  plank  4  in  in  thickness. 
Further  with  a  great  deal  of  two-oourse  work,  it  has  been  noticed  that  tfasn 
is  a  tendency  at  the  expansion  joints  for  the  upper  course  of  one  of  the 
areas  to  separate  from  its  lower  course  and  override  the  upper  course  of 
the  adjoining  area,  especially  where  expan^ve  movement  of  the  concrete 
is  considerable.  This  is  of  common  notice  in  many  side  walk  pavements  of 
concrete.  It  is  possible  with  two-course  work  to  secure  a  denser  wearing 
surface  of  the  pavement  with  no  greater  expenditure  for  cement  than  esa 
be  had  with  one-course  work,  and,  especially  where  the  concrete  pavement 
iff  to  be  directly  subjected  to  traffic,  a  high  degree  of  density  in  the  wearing 
surface  is  desirable.  On  the  other  hand,  with  equal  proportiona  erf  cemmt, 
the  one-oourse  work  is  probably  stronger  under  heavy  loads,  and  over  sofl 
or  other  fbundatitms  of  weak  supporting  power  than  the  twtHOOuiae  vnA, 
and  this  is  an  important  consideration  where  the  total  thinfcnw  of  the 
concrete  layer  is  near  the  minimum  allowable. 

The  Report  of  Com.  XI.  1914  Hat  Cenf.  Concrete  Koad  BoHdias  ineluded 
the  following  recommendations: 

D^ositiiig  Cooerete.  "Jnst  befote  pladng  soncrete,  tbs  snbgrsde  Aoold  be  wdl 
Bpriokled  so  that  It  will  not  absorb  mdsture  from  the  concrete,  and  sbould  be  ehsefesd 
the  MiglDeer  or  Inapector  to  make  sure  that  the  required  thlcknen  of  conms 
can  be  placed.  Probably  the  moat  tttistactory  method  of  depotdting  the  mixed  conoata 
Ib  pcaitioii  oa  the  subgrade  la  by  means  of  a  bottom  dump  budcet  niaohig  on  a  swisc* 
tag  boom  from  the  mixer.  The  boom  can  be  nmag  over  a&y  poaitloo  on  the  sokfradib 
and  the  budrat  can  be  run  out  and  dumped  at  any  point  along  the  boom.  Sud  sqoip- 
ment  does  not  depend  for  economic  operation  upon  conilsttfiqr,  and  the  ruii  n/M 
can  be  easily  handled  and  deposited  at  any  place  on  the  aubgtade,  nnrrwltattin 
but  little  handling  with  shovelB.  When  cmcrete  ii  placed  by  maana  of  the  opn  troo^ 
ears  most  be  ezerdaed  to  see  that  tt  ia  not  mixed  too  wet  sa  this  method  of  dtstrDntka 
d^MDda  for  economic  opeiatlon  vary  mudt  upoe  tbs  cossisteaey  e(  the  eoaerata. 
An  open  trough  ia  neaswarfly  much  aborter  than  a  boom  and  ia  mora  Umited  fat  actica, 
whkh  requirea  that  the  mixer  be  movsd  ahead  swce  often,  alto  that  more  at  the  eoaoM 
after  being  depoeltsd  on  tbs  subgrado  be  handled  with  ahovds.  Wbw  a  bstcb  mlsw. 
not  havinz  a  boom  and  budiet  or  open  trough,  ii  ussd,  the  concrete  should  be  liiiiillad 
in  wheelbarrows  or  hand  carta  wheeled  on  niltable  ruowaya.  Placing  coDcteta  by 
means  of  hone  carta  abould  not  be  permitted  aa  they  cut  up  the  aubgrada  badly,  and 
to  get  the  COD  Crete  Into  final  poritton  rsqulrea  a  maximum  amount  of  abovriinc.  What- 
ever the  method  of  eooveybig  sad  pladng,  the  concrete  should  bs  deposited  npoa  the 
subgrads  to  the  required  depth  and  tor  the  entire  width  of  pavement  ia  aa  amAf 
one  operation  aa  practicable  ao  aa  to  reduce  ''■"^""t  to  a  minimum.  If  H  la  aocsMary 
to  handle  a  large  amotmt  of  material  with  tha  atrike-board  it  will  tide  the  eooosn 
and  thus  produoe  a  wavy,  uneven  surface. 

**  Uae  of  Strike-Board.  The  exceaa  of  coarae  material  that  arwimnlstss  la  (rant 
of  the  strike-board  sbould  be  uniformly  distributed  over  the  aurfaee  of  tha  pavsmsBt 
aad  not  left  In  narrow  atrfpa  aeroas  tiw  BocUon,  or  plaoed  along  tranavane  'T"^'* 
Joints.  An  ordinary  gardM  rake  wilt  be  found  useful  in  diatributing  the  material  that 
ac«umulat«a  in  front  of  the  strike-board.  When  the  strike-board  b  within  Z  ft  of  aa 
expanslmi  JoioC,  the  eaeeas  material  that  has  aocumulatad  in  front  of  It  abould  bs 
ramm4  witb  s  ^val  aad  d^Maited  on  the  siibgiade  la  the  next  aaette.  flitirhf 
cars  ahonU  bs  takaa  to  place  good  dsnae  oonwsts  aloag  aspai^M  Jdnl^  and  aM 
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eqtiaUtlM  at  the  joints,  Induding  mny  noalt  bolM  left  alUx  th*  remorml  of  tb«  iM^jWut 
devi^,  thould  b«  fiUftd  with  a  mortar  compoMd  of  one  put  oemont  and  not  more 
than  two  puts  fine  aQpecste.  The  moa  huidlm{  the  atTike-board  should  follow  doaely 
behind  those  pUdng  the  concrete,  for  keeping  up  with  the  Btrike-boord  will  materiUly 
naaist  those  piadnt  cooerete  in  depositing  the  required  amount  of  material.  The 
pladng  of  concrete  should  be  a  continuous  operation,  and  stops  should  be  made  only 
at  expansion  joinla.  In  case  the  mixer  brMila  down  concrete  should  be  mixed  by 
luuid  to  eomi^ata  the  Mdion,  or  an  axpmbm  joiot  sboald  be  jdMed  at  the  point  of 
■topping  worit.  Any  eoncnCa  in  numt  at  th«t  OMdad  to  eomirtate  the  nctfain,  wIho 
work  to  dbcontlnued,  abould  be  spread  oat  In  a  thin  layer,  not  oxeeedinc  2  In  In  thMi- 
Kieas,  over  the  subgrade  in  the  nest  section  and  not  pHed  up  along  the  expanrion  joint. 
In  striking  off  a  pavement  16  ft  or  lass  In  width,  where  the  concrete  has  been  properly 
pl*«ed,  two  men  should  be  able  to  handle  the  Btrlke-board,  but  for  wider  paTananti 
the  servtcee  of  a  third  man  will  be  required  to  sMlst  In  pulling  the  board  formrd  Iqr 
m— ni  of  a  drag  Sne  teteoed  at  lu  center.  The  strike-board  ahould  always  be  v^nd 
forward  about  perpendicular  to  the  axis  of  the  roadway,  and  as  [t  is  moved  ahead 
should  be  sawed  back  and  forth  across  the  road.  To  produce  tbe  desired  effect  will 
require  that  the  strike-board  be  pBseod  over  tbe  surface  of  tbe  eoncrete  two  or  more 
tUbes.  Tbe  it  will  be  necasMtiy  for  the  workmen  to  get  into  the  concrete  some  alter 
it  Is  deposited  on  the  sub-base,  it  is  desirable  that  all  unnecessary  walking  In  and 
wading  thru  the  conaete  be  avoided,  and  under  no  drcumstances  should  any  work- 
men step  upon  the  concrete  after  it  to  flnt  struck  off."   See  (60j). 

"  DeseripttoB  vi  StraterBoard.  The  strOw-baanl  slMuld  be  cut  to  conform  to  tbe 
crown  of  the  flnbhed  surface  of  tbe  panmsnt  and  should  be  of  sufficient  strength  and 
etiffiiesB  to  show  no  deflection  at  the  omtsr  iriisn  supported  at  the  ends,  nor  a  material 
bowing  out  <rf  alignment  when  in  use.  It  should  be  about  2  ft  longer  than  the  width 
of  Uw  road,  protMted  on  the  bottua  edge  with  a  metal  facing  and  provided  at  oadi 
end  with  suitable  handles.  For  roads  up  to  12  ft  in  width  two  2  by  6-in  planks,  dreved 
on  one  side  and  both  edges,  spiked  together,  make  a  good  strike-board,  and  for  roads 
12  to  20  ft  in  width  two  8  by  »4n  or  a  2  bylO-in  and  a  3  by  t(Mn,  spiked  together,  wlU 
be  found  satisfactory.  Two  planks,  wall  spiked  together,  make  a  better  strike-board 
■nd  one  less  Ukdy  to  waip  out  slwpa  thu  a  slni^  pjaeai  The  atriks-board  riiould 
not  be  so  hsavy  tiiat  It  cannot  be  easily  bandied  by  two  men,  and  to  rsdnee  wdght  and 
Increase  Btfifness,  It  to  advisable  for  work  over  20  ft  In  width  to  nse  a  atrlto-board 
composed  of  boards  2  or  S  in  thick,  stUfened  by  tiuaring,  rathv  than  obtain  the  re- 
quired stiffness  by  the  uss  of  heavier  timbws." 

Tbe  Use  of  a  Belt  in  Socfadng  Concrete  Pavements.  (19a)  "Two  belt*  were  secured; 
one  S-ply  canvas  bcdt  and  one  5-ply  10-In  belt,  both  having  a  compcsltlixi  rubber 
covering.  Tbe  concrete  was  mixed  at  such  consistency  that  when  depodted  in  a  pile 
It  would  tend  to  flatten  but  would  not  run  at  the  edges.  The  concrete  was  struck  olf 
in  the  usual  manner  and  after  the  surplus  water  disappeared  from  the  surface  of  the 
concrete,  the  S-in  belt  was  dragged  bade  and  forth  over  the  pavement  with  practically 
the  same  motion  as  used  for  tbe  strike-board.  Just  prior  to  the  concrete  taking  its 
Initial  set  the  pavement  to  gone  over  a  second  time  with  the  belt.  This  eecond  floating 
grinds  down  all  ths  ridgss  left  after  the  llrst  floating.  The  second  floathtg  leaves  a 
gritty,  grannlar  mortar  surface  entirely  free  from  ridgee,  flat  spots  or  pockets.  It  was 
found  that  better  results  could  be  secured  by  the  use  of  a  lO-in  belt  for  the  eecond 
floating  because  of  ita  greater  wdght,  but  If  thia  heavier  belt  was  used  for  tbe  first  float- 
ing, it  had  a  tendency  to  flattsn  the  crown  In  the  soft  eoncrete  and  to  dig  into  tbe 
Burfaoe.  In  Kane  County  the  contractor  to  placing  from  600  to  800  »q  yd  of  18-lt 
concrete  pavement  per  day  and  has  no  finisher  on  tbe  pay  roll.  The  strike-board  men 
handle  the  belt  and  do  the  edging.  Where  armored  j<rinte  are  uaed  it  to  neeevary  to  do 
a  small  amount  of  band  floating  around  the  joint,  but  thto  to  done  by  the  men  who  place 
the  joints.  Thto  constractlcm  feature  appeals  to  the  conbactor  as  It  sava  him  money 
and  the  worry  of  keeping  a  good  finisher  on  the  job;  and  It  sppeato  to  the  mgineer 
because  of  the  superior  surface  and  tbe  fact  tliat  ita  operation  to  nearly  foolproctf." 

Rolling  the  Concrete  after  its  placing  has  been  referred  to.  Theoretically 
such  rolling  is  desirable  for  securing  the  proper  compaction  of  the  mass, 
for  securing  greater  faonoogenei^  in  and  evenness  of  surface,  and  for  secur- 
ing in  the  surfnoe  aueb  dtq;>OBition  of  the  larger  jwrdoles  of  aggregate. 
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Buch  aa  brokeo  stone,  aa  will  result  in  their  closely  iaterlooldnc  by  tkeir 
angles  and  their  preBentation  to  wear  of  a  flat  face  rather  than  ot  an  tigt 
or  point.  Practical  difficulties  often  exist  in  the  way  of  rolling  the  vH 
mixture  without  interfering  disadvantageously  with  the  Bettioc  jtmctm- 
Rolling  haa,  however,  been  done  on  mixed  concrete  with  much  sueccn.  For  a 
description  of  means  and  methods  see  (16),  and  vibhatid  concbbtb.  Art.  17. 

Caring  the  concrete  properly  is  a  m<wt  important  detail  of  oonBtraetiM. 
Some  means  must  be  had  for  retaining  suffioiant  moisture  in  the  warn 
and  adjacent  to  it  sufficient  to  prevent,  as  far  as  practicable,  while  the  settiK 
is  taking  place,  the  formation  of  cracks  or  a  loss  of  strength  in  the  concrete. 
One  fairly  satisfactory  method  has  been  to  allow  the  finished  otmcxate  to 
harden  superficially,  enough  to  prevent  its  being  damaged  by  the  proem. 
and  then  to  cover  it  with  several  inches  of  sand  or  earth,  which  latter  m 
thereafter  kept  constantly  wet  by  being  sprinkled.  Another  means  baa  been 
to  build  low  earth  dams  along  and  across  the  concrete  roadway  impoundiiv  a 
few  inches  of  water  within  the  dams  and  over  the  concrete.  Wet  cmawm  m 
straw  coverings  have  also  been  used.    See  (32)  and  (60i) . 


In  unearpeted  concrete  pavements,  it  may  be  neoenary  to  |B«nde 

opportunities  in  the  form  of  prepared  joiots  whereby  the  movement  of  tte 
concrete  slab  thru  expansion  and  contraction  under  varying  dimmtie  eoa- 
dittons  can  be  taken  up  with  the  minimum  of  Injury  to  the  slab  ita^.  Socb 
joints  are  ordinarily  termed  expansion  joints,  but  as  a  matter  of  fact,  the 
bettw  name  for  them  would  be  contraction  joints.  It  has  been  nifficientbr 
demonstrated  that  the  movement  in  the  conorete  slab  due  to  varying  tkgreei 
of  moistness  of  the  slab  is  far  greater  and  an>reciable  than  that  due  to 
varsdng  degTBes  of  tempwature  of  tha  Changes  Id  tmaparatore  pn>> 
duoe  some  movement  In  the  slab  but  the  movement  so  produced  is  so 
slight  that  it  is  almost  negligible,  except  in  cases  of  the  longest  slaba.  On 
the  other  hand,  the  movement  in  the  slab  occurring  between  the  oondiliDB 
when  it  is  most  nearly  saturated  with  water  and  the  condition  when  it  is 
freest  from  water  is  relatively  large,  and  it  is  this  movement  iox  whidi  pn>- 
vision  must  be  mode  in  order  to  protect  the  dab  itself.  Concrete  being  laid 
in  a  saturated  condition  must  at  that  poiod  ooeupy  its  greatest  area  ol  the 
road.   As  it  sets  and  dries  out,  it  contracts  and  cracks  tend  to  form. 

Tha  Minor  Snperfldal  Cracks  thus  formed  are  frequently  termed  liair 
cracks,  and  generally  affect  only  the  surface.  They  are  of  almoet  oagb* 
giUe  importance,  outside  of  consideraUons  of  appearance,  in  connection  wHh 
the  use  of  concrete  for  pavonents.  Thdr  reduction  to  the  miniman  is 
dependent  upon  the  composition,  workmanship,  and  the  ultimate  denaty  and 
strength  of  the  concrete  itaelf.  In  the  case  of  large  slabs,  the  shrinkiBg 
movement  due  to  drying  may  reach  such  proportions  as  to  produce  aepar^ 
tion  in  the  slab  itself  between  portions  of  the  slab  unable,  for  one  raasoa 
or  another,  to  conform  further  to  the  »hrinhing  movement.   See  (28b). 

The  Difltenltiea  of  the  CoastraetiOB  of  Joints  come  mainly  tnm  the 
increase  in  cost  in  |«oviding  thMU.  and  tiw  obstaclss  at  ptssent  sodsttag 
in  the  way  of  securing  a  proper  jrant  filler  under  any  partieular  eonditiaa. 
Some  form  of  bituminous  filler  Is  the  usual  material  lued  and  various  ad- 
vantages  ore  claimed  for  the  different  ones  on  the  mvket.  ChaiaeUt^ 
isterics  desirable  in  the  bituminous  filler  are  sufficient  adhesion  to  prevsat 
its  aq>aration  from  the  concrete  adjoiiung,  sufficient  nnh«iston  to  pnveat 
separation  in  the  bituminous  filler  itself,  suffioient  rssistaiMe  to  hsat  to  prnvt 
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ita  flowiag  out  of  the  joint  in  the  hottest  weather,  mifiBcient  reoUiency  to  pre- 
vent its  beiog  broken  out  of  the  joint  by  the  shocks  of  trafRc  in  the  coldest 
weather,  and  such  durability  of  these  qualities  as  will  give  a  reasonable 
and  satisfactory  life  under  use. 

The  Provision  of  Expansion  Joints  in  an  uncarpeted  concrete  pavement, 
or  in  a  concrete  pavement  under  which  a  carpet  of  less  than  ^  in  thickness 
is  expect^ed  to  be  maintained  is  usually  made.  In  the  uncarpeted  roadway, 
they  may  be  made  from  25  to  100  ft  apart,  the  distance  between  them  being 
depMident  upon  local  ccmdittcHis,  ai^  should  extend  across  the  roadway 
the  full  depth  of  the  slab.  In  the  thinly  carpeted  road,  they  may  safely 
be  at  greater  intervals  or  omitted  altogether.  They  may  be  either  at  ri^ht 
axigles  to  the  axis  of  the  road,  or  at  a  different  angle.  The  angle  of  45° 
with  the  axis  of  the  rood  has  been  recommended,  eeiiecially  from  the  greater 
ease  of  passage  over  the  joints,  tho  the  length  and  cost  of  the  latter  is  evidently 
increased  by  the  adoption  of  this  angle.  On  curves  it  is  customary  to 
nukke  them  radial.  The  width  of  the  joints  in  any  case  must  depend  upon 
local  condititms  as  well  as  upon  the  frequency  determined  upon.  The 
Hiumem  pavement  does  not  seem  to  require  for  its  protection  contraction 
Joints  to  the  extent  required  by  other  concrete  alsbs.   See  (M). 

The  Report  of  Com.  n,  1914  Nat.  Conf.  Concrete  Road  BoOding  (fiOc) 
contained  the  following  conclusions: 

"  The  Bxpansloa  Joint  Shonld  FuUDl  the  FoUowlai  Condltiont: 

1.  It  ahould  be  located  at  the  proper  ^>adng,  experience  pdnts  to  a  diatuce  of  25 
to  SO  ft  when  the  pavement  ia  not  ndoforeed. 

2,  It  shouM  be  deatgned  of  saffidant  uid  depth  to  withstand  the  traffic. 
S.  Metal  should  be  hard  nough  to  withstand  abrarioo  but  should  not  be  brittle. 
4.  The  szpsBsion  Joint  protector  ■houM  be  simply  faistalled. 

B.  It  diould  provide  a  sbtag  bond  with  the  road  dab. 

&  The  Oiler  between  the  protectors  shoaki  be  plsstlc  to  permit  axpanslao  and  oon- 
trmctiaa.  and  keep  out  grit  and  wstsr.  Both  plastic  asphalt  and  tar  felt  paper  an  used 
with  satHactioB. 

7.  The  protector  should  be  ss  ineqiendve  as  amskteDt  with  good  SHvioa.  The 
subgeet  of  expansloB  jdnta  fw  eoaerate  pavements  rewrives  Itadf  Into  three  divisional 
namely,  Locatton,  Type  sad  Maintenance. 

"Mafaitenanceirf  Joints.  Expansion  JolDts  should  be  kept  flUed  to  the  level  o(  the  pave- 
mrat  Burfaeeso  that  there  will  not  result  an  Impact  when  wheels  CRWthe  jotnt.  If  the  joint 
b  not  ktipt  flUed.  grit  will  accumulate  and  In  time  the  joint  will  be  filled  with  non-elastic 
msterisL   Bvenajointwhichhasbeenkeptfilled  will  in  time  bectnne  jammed  with  crit." 

In  this  eoaneetlon,  the  report  of  Com.  J  (60a)  on  the  "Contraction  and  Expsnsionof 
ConcreteRoads"ts  very  fuU  and  extreme  valuable  for  atudy.   See  (80)  and  (69k). 

Pena^rania  Practice  (63).  "Joints,  in  wide,  an  provided  at  intervals  of  from  36 
to  40  It.  Theee  an  fllled  irith  a  prqwnd  bituminous  material,  >i  in  thidi  and  9  In 
wMs^  plaeed  In  aceordaaoe  with  the  standard  practice.  The  concrete  on  either  side 
of  the  jtdnt  ia  flabhed  irith  a  ^lUt  float,  which  gives  a  surface  of  even  height  on 
both  ridsi  of  the  joint  and  orercomsa  to  a  gnat  extant  the  so  imvaleat  rough  ridbig 
jolnta.  TIm  odgea  of  the  jtdnt*  an  than  rounded  witit  a  */ia-fn  edier  to  prevent  the 
qieUng  or  breaking  of  tlw  edges.  The  Utumlnous  jmnt  material  is  trimmed  off 
aboot  1  in  above  the  finished  surface,  which  permita  tiaffle  to  l>est  down  the  projecting 
filler,  thus  forming  a  protecUon  to  the  edfsa.  The  sides  of  the  slab  an  then  rounded 
with  a  H-h>  edging  tool,  which  not  only  adds  to  the  ^>paarance  (rf  the  work,  but  serves 
■Jeo  to  protect  the  sides  sad  pnvents  chipping  by  tranc  turning  on  and  off  the  road." 

Om^sion  of  Joints.  The  tendency  in  practice  seems  to  be  toward  the 
omission  of  prepared  joints  and  the  reliance  upon  other  means,  such  as 
reducing  the  movements  and  strains  in  the  slab  by  securing  greater  uni- 
formity and  density,  for  meeting  the  demands  of  conditions  causing  con- 
traction and  expansion.  The  California  practice  has  been  to  omit  the 
provisioo  of  expansion  jointa,  see  (31).   See  also  (21),  (60b)  and  (SOo). 
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14.   Reinforced  Cement-Concrete  Pavemettts 


The  effort  has  been  made  to  increase  the  Btreogth  of  concrete  slabs  tm 
road  pavements,  and  also  their  power  of  resiBtance  to  expansion  and  ecm- 
tractioa  straina  by  the  insertioa  of  metal  reinforcemeot  in  the  body  of 
the  concrete.  The  usual  method  of  so  doing  is  to  have  the  reinforoemeot  n 
the  shape  of  wire  netting,  or  some  of  the  Bpecial  forms  like  the  expanded 
metal  meshing,  and  to  place  this  reinforcement  between  the  bottom  lad 
top  courses  of  the  pavement.  Where  used  with  one-course  work,  such  as  tbt 
Hassam  pavement,  a  layer  of  stone  is  usually  spread  and  rolled,  then  the 
netting  placed  on  this  surface  and  the  final  layer  of  stone  spread  over  the 
netting  and. rolled.  Some  additional  strength  ie  undoubtedly  given  the 
ooncrete  slab  by  the  presence  of  the  reinforcement.  Its  reslatanoe  to 
deflecUon  under  a  load  is  relatively  only  slightly  increased  because  of  tht 
tendency  of  the  rdnforcement  to  divide  the  dab  with  a  seam  into  tn> 
layers,  between  which  resistance  to  shear  may  be  low,  while  the  increase 
in  bending  moment  can  only  be  figured  1^  the  additional  strenstli  vvea 
from  the  reinforcement  to  the  beam  having  the  depth  only  from  fbe  upper 
surface  to  the  reinforcement,  insteiu]  of  the  whole  depth  of  the  concrete 
slab.  The  reinforcement  undoubtedly  adds  considerable  to  the  tensie 
strength  of  the  slab  and  should  permit  the  location  of  the  contraction  joints 
considerably  further  apart  than  in  the  cases  of  unreinforced  slabs.    See  (63). 

The  Report  of  Com.  V,  1914  Hat.  Conf.  Concrete  Road  Bttildins  (SOf) 
included  the  following  conclusions: 

"SCncs  concrets  hu  little  tensile  atrength,  it  Is  ladsatlc  and  cndcs  mmy  dmlop 
from  the  foUowing  cauaca:  <l>  Cliangcs  in  temperature;  (2)  inrintinii  tn  thn  peru  iiH|p 
of  mcristura  la  the  oobctcU;  (8)  defective  foundation;  (4)  impropar  iTstnun;  ffi 
Insufflcfent  tbidnwoa  in  slab  to  carry  the  traffic;  (6)  faulty  cooBtructioD. 

"It  is  neiJBwry,  therefore,  in  a  pavement  properly  deaigned  and  eonatnicted,  ta 
minimise  the  cracks  reaultine  from  the  above  cauaea  by  imbedding  a  ronforcenBt 
in  tite  concrete  which  will  so  distribute  the  tensile  atfaasaa  as  to  prevant  lonnatiaB  of 
targnr  cracks. 

I.  Kebifweenwnt  for  Tenptmtaie  Changes.  Tbe'sffectol  an  Increase  of  tempantm 

b  to  Inereaae  the  length  or  expand  the- conca-ete  pavement  and  a  deereaae  In  temper- 
ature  ia  to  decreaae  or  ahortoi  the  pavement.  In  the  latter  case,  anoming  that  then 
li  no  reinforcement,  cracka  will  form  at  more  or  \em  r«giilar  intervale.  These  crada 
will  occur  at  right  ongleB  to  the  direeti<Mi  of  the  iine  ol  the  roadwar  at  latwvals  af 
25  or  60  fL  Since  concrete  end  sted  have  practically  the  ssme  eoaffickstt  of  -»pMH"^. 
namely,  0.0000066,  the  two  materiab  will  expand  or  contract  equally  under  tempermtun 
chuigea,  but  the  presence  of  tlie  ateel  preventa  the  entire  effect  from  being  lo«Iiaed 
at  one  point  and  dtetributea  the  atreos  over  a  conaiderable  tpaea,  thereby  preveotiDc  aay 
large  cracka.  The  common  practice  ia  to  provide  jointa  in  concrete  pavements  that  m« 
not  reinforced  at  intovale  ot  irom  26  to  60  ft.  Thru  the  use  of  rrinforcemeat  the  mpmi^i^ 
of  these  joints  may  be  very  materially  increaaed  and  it  ia  poadble  to  ao  reinforce  a 
concrete  pavement  aa  to  render  joints  either  wholly  naDeoeeaary  or  at  extremely  kag 
Intwvals.  By  properly  reinforcing  the  roadway,  the  thlcknen  may  within  liodta  be  de- 
creased  thereby  increasing  the  serviceability  of  the  roadway  and  decreaeing  the  cost. 

I.  Variation  in  the  Percentage  of  Moisture  in  ttie  Concrete.  Experlmenta  aecm  to 
indicate  that  concrete  expands  when  thoroly  wetted  and  ahrinks  when  thoroly  Mmi 
oat,  and  that  the  change  of  lengtii  dne  to  ttils  cause  Is  about  0.005  per  unit  of  lasigtlL 
.Experiments  seem  also  to  wbtm  that  sqianrfon  and  eontractlan,  due  to  the  vuUilt 
content  of  moisture  which  reaulta  from  extreme  wet  or  dry  wsatlier,  produeaa  cra«te 
in  the  concrete,  unlem  the  pavement  ia  stiffldently  rdnforoed  to  diatribute  theae  ntiiaaa 
in  the  manner  described  under  reinforcement  for  twnperature  cbangee.  Further 
proof  ia  desirable,  however,  before  this  fact  is  accepted,  and  further  expcrimenta  ere 
needed  to  show  the  effect  density  and  mass  on  the  percent  of  mdstuie  in  concrete. 
It  aeeme  likely  that  a  very  dense  mas*  of  concrete  of  sane  thidoiess  irill  only  be  supsr- 
fldaBy  sfftated  and  the  nuw  will  not  be  materially  affected. 
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S.  D«fwtiv»  Fcmodaflon.  ConcreU  pavamanla  laid  on  m  nibcnida  which  eontalu 
fllta  or  other  soft  placea  which  are  lUbte  to  ■ettis.  thus  leavliif  the  cooereto  pavement 
without  proper  support,  will  reault  in  cracks  unlen  the  pavwaent  ba  auffieiently  re- 
inforced to  distribute  the  load  over  a  larger  area,  thereby  bfkl|liis  ovar  tiuae  aoft 
plaoee  where  there  has  been  eettlement  in  the  eubgrade. 

4.  t«f^«|ii<-iMi»  ThickneM  of  Slab  to  C«rry  the  TraiBc  Where  the  traffle  on  the 
rood  la  wy  heavy  it  frequently  h^pens  that  the  ooncrete  unreintoreed  la  tnmlBdent 
in  thickneoB  to  support  this  load,  eqiecially  If  the  mbgrade  ia  not  of  suitable  diaracter, 
and  both  longitudinal  and  truuverae  cradfs  are  the  reaulL  Settlement  in  the  founda- 
tion under  heavy  traffic  will  produce  obieetionable  lanEitudlnal  eradn.  The  in- 
troduction of  rdnforoement  In  the  pavemrat  distiibutea  the  load  and  theTtd>y  pre- 
vent* the  formation  of  these  cracks. 

1.  Faultr  CoDBtruetton.  Thne  aam*  eradn  and  Iraperfectttna  uppmt  when  faulfy 
floiutruetion  oecun;  lAich  !■  genandly  tba  reault  trf  inqiroper  dealin  or  ■upanrfaion, 
or  both. 

"The  percentage  of  reinforcement  i^ulred  in  a  eoDcrete  roadway  will  depend  on 
the  nature  of  the  traffic,  the  conditions  in  the  aubgrada  and  the  range  of  temperature 
and  the  wiatfon  in  percentage  of  molature.  Your  Committse,  therefore,  ia  unable 
to  preacrflbe  the  eiact  amount  ot  relnloreement  required, ainet  It  wID  vary  with  each 
roaid.    Ingenoal,  however,  the  rdnforeementaboold  In  alwut  0.1%  per  foot  of  width." 

The  Report  of  Com.  IX,  1916  Hat.  Conf.  CoQcnte  Road  Building  (500 
opened  with  the  foUowiag  statementa: 

"Your  Committee,  in  considering  the  r^foreement  of  eoncrete  roads.  And  little 
data  availnble  and  no  wdt  defined  practice.  Many  highway  engineers  uae  the  recom- 
raendatitnu  of  the  1914  Nat.  Conf.  Concrete  Road  Building  and  the  standard  qtedfl- 
ntfama  of  the  Am.  Concrete  Inst.  It  is  only  recently  that  t^nforeement  haa  been  uaad 
to  any  great  extant,  and  the  interval  ia  too  wtmt  for  the  accumulation  of  the  data 
necessary  to  standardise  practice." 

It  Ineladcd  among  many  others  ol  Interest  In  this  oonnectkn,  the  following  pan^ 
grapha:  "  While  not  directly  within  its  province,  your  committee  belle vea  that  the 
number  and  the  character  of  the  joints  have  a  vital  bearing  on  the  life  of  a  concrete 
road.  It  further  believes  tliat  joiuta  may  be  greatly  decreased  or  practically  eliminated 
by  pnftt  rdnlw-oement.  Ail  j<^tn  are  objectioii^ile  and  many  an  a  moiaoe  to  the 
Hfe  of  tlie  eoneretc  road." 

The  Committee  recommended  that  "all  concrete  roads  shall  be  reinforced",  but 
the  Conference  Itaelf  in  its  "Recommended  Practice"  simply  etated  on  this  point  that 
"The  use  of  rdnforeement  In  concrete  pavements  b  increasing." 

Rods  Hold  Settling  Concrete  Pavement  Together  (19b).  "Twelfth  St,  Cook 
County,  III.,  cast  of  HUWde,  presents  a  striking  example  of  the  aettlemttit  a  rigid 
pavement  laid  on  a  yidding  aut>grade.  At  this  point  the  road  extends  thru  a  slough 
for  600  ft,  and  tho  the  maximum  settlement  at  the  time  the  last  levds  were  taken 
was  1.74  ft,  it  is  still  in  good  condition.  While  a  considerable  number  of  small  tiana> 
vetae  cracloi  have  developed,  no  longitudinal  or  diagonal  cracks  have  appeared.  The 
loa^tndinal  reinforoament  haa  kept  tba  craeka  from  beonning  large,  and  if  thaaa  are 
given  ordinary  maintenance,  the  uttUty  at  the  road  will  not  be  serioosly  impaired. 

Table  IV. — SetOniteat  of  Center  at  Road  in  Inches 


Station 


Ai«.  18,  1915 
After 
4S  Days 


Mar.  9, 1916 
After 
8  Months 


Nov.  17, 191S 
After 
16  Months 


166  

166  

167  

168  

169  

160  

161  

161 +M 


o.oz 

0.00 
0.24 
0.32 
0.87 
0.60 
0.49 
0.08 


0.00 
0.00 
0.58 
0.78 
0.79 
1.29 
1.14 
0.49 


0.01 
0.01 
0.90 
1.09 
1.11 
1.74 
1.66 
0.81 


D>qiti;e<J  by 


Googit 
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Sp«cUlcttIoii  for  Steel  Reinfordng  Rode.  Adopted  by  First  Conftnvnce. 
1917,  State  Highway  Testily  EnBuieers  and  Chemista. 

"Itodi  diall  be  0nmt  tarn  stfeeted)*  Mid  Onaert  mathod  of  naiiufaetiiie  if 
d»d)"*andahaUowrfi«tntothaloUowtngdMndaJaadpliyrfcaltW|^  TwMad 
ban  ahaU  be  twiated  with  one  oomplat*  twist  In  a  Ungth  not  ow  IS  tfanaa  the  tfti*- 
BMofthalNir. 

"Chaoilcal  Ropartiaa.***   Rods  shall  moat  tha  (oUowinc  dwinieal  requirentaata: 

PhMihnm  /  Beaaemar  not  mon  than  s  % 

™'"'*°™lO|»-liearth  not  mon  than  s  % 

"Pbjaioal  Propartlaa.   Rodi  shall  meet  tha  folio wfag  raquiremanta  for  pfcyrieri 

properties: 

Tension  Teata: 

Tensile  strenffth   not  ten  than  x  lb  per  aq  Is 

YMd  point.  not  lam  than  z  lb  per  aq  in 

Elongation  in  8  In  not  kaa  than  x  % 

CM  bend  teat  without  cracking; 

Thidcoeae  or  dtanwttt  H  in  x". 

ThickD«  or  diameter  ^  In  or  over.  s". 

"  HodlflCRtiaas  la  Elongation.  For  plain  and  ddorraed  bare  ovar  K  ^  h 
thlAiHs  or  diuMter,  a  dednctian  of  1  from  the  percentagos  of  eloagatloii  atinrlBart 
in  tho  foragolng  table  shall  be  made  for  each  inereaae  of  >  /« fn  in  the  thirlmwa  or  ifiam- 
eter  above  M  in.    For  plain  and  deformed  tian  under  '  /n  in  tn  tblcknen  or  i 


a  dedactic»  of  1  from  tlia  percentage  ol  ekngatian  qtadOad  In  tlw  fowgoing  tahb 
ahall  be  made  for  each  deoraaaB  of  i/i*  in  In  thlflknees  or  ■"-"*—  baiov  '  Aa 

"  WaiiJit.  The  wdgiit  of  any  lot  cf  ban  diall  not  my  men  Uiu  6%  boa  Oa 
tbeonUcal  wedght  cf  that  lot. 

"Stange.  Steel  rods  shall  be  so  stored  as  to  prevent  the  forma  tkm  at  ruati 
when  used  <m  the  woric  they  shall  be  free  from  dust,  dirt,  loose  rust,  paint,  oil  or  | 


16.  Spedficctfama  for  Mixed  Cement-Concrete  Farenteols 

Fandamental  Prindfdes  Adopted  by  the  ldl6  Ktt.  Conf.  Concrete  Roal 
Bnttding  (50a),  as  representing  good  practice  in  the  conatnictaon  of  noimnihi 
pavements: 

"Briaf  Sttnunarr  of  Ptmdameotkl  Princiidea.  The  nllent  teatum  of  tke  pBMlfct 
reeommended  by  the  Conference  are: 

1.  Drainage  of  the  road-bed  Is  vital. 

2.  Snbgrade  rouat  be  of  uniform  dendty  and  should  be  compacted. 
S.  Aggregates  must  be  clean,  hard  and  tough. 

4.  Fine  aggregate,  sand,  shoidd  be  eoane  uid  well  graded. 

5.  A  iMi  mixture  muat  be  used. 

6.  Hateriali  must  be  aeeurat^  proporttooed. 

7.  KUxlng  must  be  moat  Hmro. 

8.  Sloppy  conereta  must  not  be  used. 

9.  In  general,  the  use  of  reinforcement  is  Justlflabla. 

10.  Inapectitm  must  tie  intelllgwit  and  thoro. 

11.  Conereta  muat  be  protected  frwn  nvid  dryfaig. 

12.  Pavemeata  muat  not  be  opened  to  traflk  too  aoon. 
"  The  details  of  recommended  practice  are  aa  fcrftows: 

"Materials.  PoaTlJL^n>  Cbhbnt  shall  meet  the  requimnenta  of  the  Standard 
SpeeUteadoiM  for  Portland  C«nent  of  the  Am.  Soc.  Teat.  Mat.  and  testa  should  be  mada 
In  aceudanee  with  the  metboda  <rf  taattag  outHned  by  the  Am.  Soe.  C.  S.    Sea  (fBe)- 


*Flahi,  deformed,  hot  or  cold  twisted,  aa  may  be  desired. 

••Rolled  from  new  billeU  made  by  Beanmer  or  open^faiaiih  pioean  or  railed  ben 
standkrd  section  Tee  rails,  as  may  be  spedfled. 
***Ta  be  applied  only  to  rods  rdled  from  billets. 

X  The  valuea  given  In  American  Society  for  Teating  Materials  Suadardib  IKft 
Serial  Designation  A16-U.  for  tha  pattieuUr  kind  of  matnM  daiM.  an  rooosi* 
nandad  for  inaartion  in  this  table. 


L.ooQle 
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"  AcsaBBOATBB.  The  aeleetion  of  proper  aggreE&t«fl  for  concrete  pavament  conatrue- 
Gou  ia  of  utmoot  importknce.  Clemn,  hard,  well  gnded  nuterisb  are  abaolntely 
eaaentiat  to  succeea.  For  this  reason  sampleB  of  the  materials  proposed  for  uae  should 
be  submitted  to  the  raiJneer  for  approval  before  orders  are  placed.  These  samples 
should  be  carefully  Inspeeted;  aad,  if  posrible,  laboratory  tests  be  made  upon  them  to 
determine  thslr  suitaUlity.  If  laboratory  tats  oo  shipments  caimot  be  made,  fidd 
testa  can  be  used  to  ftindsh  a  sowral  Indieatkai  of  quality.  The  dUerent  afarregates 
should  be  kept  dean,  and  separate  until  used.  Anregates  to  be  used  Id  the  wearing 
course  of  two-cotirse  pavements  should  never  be  placed  on  the  subgrade  but  on  planka, 
imliMS  some  othw  means  la  provided  to  keep  them  free  from  dirt.  If  aggregatea  ar« 
placed  directly  on  the  subgrade,  care  should  be  used  by  the  abovdera  to  avoid  getting 
day  or  earth,  shoveled  from  the  subgrade.  Into  the  mix.  Aggregates  should  not  only  be 
clean  Then  they  are  delivered  on  the  Job,  but  clean  when  placed  In  the  mixer. 

"Watbb  Supply  is  a  most  important  factor  and  Is  frequently  overlooked  by  tbe 
f^gtuM-  and  contractor.  A  large  supply  of  water  is  necessary  tor  (1)  sprinkling  the 
■ubgrade;  (2)  mixing  tbe  concrete;  wad  (S)  kec^iing  the  concrete  moist  during  early 
■tagea  ol  hardening.  For  tbe  last  purpose  26  to  80  gal  per  sq  yd  of  pavement  wUl  be 
required  during  the  summer  Bumtliik  Unhw  sprinklitig  is  thoro  the  wearing  quaUttss 
at  the  pavement  will  not  be  all  they  should  be. 

"Tbe  use  of  trnmoBcmmtn  in  eoocnta  pavrawnts  Is  increasing.  A  eoalfag  ot 
Ugbt  rust  will  not  be  detrimental  to  satisfactory  results  but  care  should  be  exerdsed  that 
no  excessive  rust,  paint  or  othw  coatings  are  present  to  interfere  with  proper  bcmd. 
Care  sbouM  also  be  axerdeod  to  see  that  the  rdnforcHoent  is  so  stored  prtor  to  use, 
that  it  is  not  coated  with  mud  or  day  when  placed  in  tbe  pavement.  Reinforoement  left 
OB  a  job  when  the  eontiact  Is  not  complete  at  the  aid  o<  the  season  should  be  eelleetad 
and  stored  so  that  it  will  be  protected  from  the  dements.  Oecadonally  tensile  snd 
bending  tests  should  be  made  to  see  that  the  requ]ranentB^>f  the  spedflcaUons  an  fulfilled. 

"Joint  Filuoi  should  preferably  be  of  a  single  thickness.  Transverse  joint  flOer 
■boold  be  cut  to  the  crown  of  the  pavement  by  tbe  manufacturer,  wlten  metal  plates 
•re  used.  A  type  of  joint  filler  wUdi  will  Iron  out  readily  under  traffic  is  preferable 
for  use  in  unprotected  jdnts.  A  joint  filler  which  will  not  bmd  easDy  when  concrete  is 
deposited  s^inst  it  Is  to  be  preferred- 

"  Mettal  Jourr-PnoTBCTiON  Plates  should  be  property  bundled  and  wired  by  the 
manufacturer  so  that  they  will  arrive  on  the  work  in  good  condition,  free  from  warp. 
ProtecticHi  plates  up  to  20  ft  shall  be  shipped  In  single  lengths.  The  exact  length 
required  should  be  provided  so  that  tbe  contractor  will  not  find  it  necessary  to  cut 
plates.  In  catting  plates  for  length,  spacing  between  eccentrics  on  the  ftistsHatfon 
bar  should  be  considered  to  avoid  interference  with  anchorage  lugs  on  pUtea.  Par- 
ticular care  should  be  used  by  the  manufacturer  In  crowning  the  Installing  bar,  to  avoid 
tbe  necEsdty  of  duplication  of  work  by  the  contractor. 

"The  Drainage  of  tiie  road-bed  is  of  vital  importance.  It  the  subgrade  b  not  wdl 
dnined,  thote  b  dangn  of  unequal  settlement  or  frost  aetl<m,  which  will  cause  crads. 
Tbe  method  ot  drainage  to  be  used  will  depend  upon  local  conditions.  For  roads, 
proper  dralnMe  may  be  secured  thru  lateral  ditches.  For  streets,  as  wdl  as  roads, 
tile  drains  may  be  used.  These  diould  be  laid  on  each  side  of  the  roadway,  or  may  be 
laid  on  one  side  only,  with  cross-drains  Inciting  thereto  at  a  suitable  depth,  depending 
on  the  width  of  the  pavement.  Drainais  trenches,  if  placed  under  the  subgrade, 
abould  be  completed  before  final  rdlhig. 

"Grading.  When  roadways  are  constructed  over  fiUs,  extreme  care  should  be  ob- 
served to  insure  the  use  of  proper  materials  in  layers  ot  such  thickness  that  the  materiab 
may  be  thoroly  compacted  so  that  when  the  fill  u  completed  there  will  be  a  minimum 
of  setUement.  In  general,  fills  shall  be  made  in  thin  layers,  the  thickness  depending 
on  the  character  of  material  to  be  used  in  making  the  ffll.  The  fill  should  be  allowed 
to  stand  for  as  long  a  time  as  poadble,  to  give  ft  an  cfqpoitunity  to  settle  thoroly  before 
tbe  pavement  b  placed  Utereon.  Deep  SOa  diould  bs  allowed  to  settle  thru  one  winter 
vdwteversuch  procedure bposdble.  PuddlingwfllbefoundadvanUM^us  in  compacting 
de^  fills.  Wetting  and  rolling  shall  be  performed  when  making  a  ^1  in  order  to  secure 
thoro  compactness.  Fills  should  never  be  made  with  froaen  "r*ir*l''  nor  with  lumps 
pester  than  6  in  in  thdr  greatest  dimendon. 

"Snbgrade.  The  timdMnentsl  requirement  ol  the  subgrade  b  tint  It  should  be  of 
uniform  dansl^  so  that  It  win  not  settle  nnsvenlr,  thua  eandttg  eraeks  in  tJw  surface 
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at  Uw  pftVMBoit.   Mo  put  of  tk*  work  ii  Baora  dM>rvlti(  of  iatelH|«nt  can  and  jmim- 

tcldng  labor  thu  the  prap&ntion  of  the  ■ubgradt.   The  iliifat  addicioo&l  coat  i  — ij 

to  luura  food  raaulti  W  abundantly  juatUlabla.  Wban  the  pavemmt  la  awatrucMi 
on  virsin  •oil,  can  abould  be  takan  to  raBova  all  Bott  ^>oti  bo  an  to  inaur*  «  onifora 
teiBity;  and  it  eoaatroctad  on  an  cdd  road-bad,  ann  graatw  oare  muat  hm  takm  ta 
Kcore  uniform  d«uity,  u  Cba  mibgradB  b  Uk^  to  be  BMifa  oompaet  fa  the  tmlm 
thfi  ftt  tfae  ddea.  An  .old  road-bad  ahould  ba  scarified,  mh^ed  and  roUed.  Tbt 
aubgrade  adjacent  to  tba  curb  ahould  ba  hand  tampad. 

"roflma.  Uatal  rida  loma  of  anfflcknt  itfeoBth  to  nithatand  the  nirnaaaiy  baid 
oaaie  ara  prefened.  When  woodan  tonna  ara  uaad  thar  abould  be  of  2^  atock,  at 
laaat.  utd  capped  with  a  2-In  an^  iron,  and  ao  eoaatructod  that  adjacent  aeetkai 
can  ba  lapped.  Forma  ahould  have  a  width  not  leaa  than  the  thidmeaa  of  the  pave- 
ment at  the  aidea.  Particular  care  abould  be  erardaad  to  aea  that  the  top  adco  of  lormt 
le  dean  eo  aa  to  avoid  iiniiiiiaiiiiaa  In  the  flaishod  pavaiMBt.  If  forma  an  waiped  ot 
■takca  not  pnqMriy  plaead,  a  poor  aUgnmant  of  the  edge  of  the  ooaente  aUt  «ai  nantt. 
See  (70). 

"Pavement  Sactloo.  The TmcKNOB of  a  eoBcnta pavMant  la  oontnAod  by  maay 
faetora,  eadi  at  whldi  ahould  be  givM  eonalderatiaa.  In  viaw  of  the  Infrnariin:  am 
of  the  heavy  motor  trudc  and  bua.  It  aeeme  unwiae  to  build  pavements  with  a  tUekncB 
of  leaa  than  6  in  at  any  point.  In  general,  pavemants  ahould  be  thlckw  at  the  center 
than  at  the  aid«.  Allejn  with  an  inverted  crown,  and  narrow  ooendive  roada.  ^muU 
have  a  uniform  liilitiiM  Wherew  the  thlehn—  can  be  Ineraaaai  without sBeaarivt 
coat,  to  secure  a  flat  aubgrade,  or  one  nearly  flat,  auch  inoeaae  fa  adviMble. 

"The  deurable  WIDTH  for  a  eingle-track  road  ia  10  ft.  The  deairafale  width  of  doable 
track  roada  ia  IS  ft.  The  total  width  of  the  roadway  ahould  be  not  lesa  than  20  It  fir 
aingle-track  roads  and  not  laaa  than  26  ft  for  double-track  roads. 

"TIm  CKOWN  oI  pBvemanta  ahould  ba  not  laaa  than  1  /lOO  nor  mora  than  1  /50  d 
the  total  width.    Except  in  unusual  caaea,  1  /lOO  will  be  considered  aatiaf  actory 
allqr  pavementa.    For  city  atreeti  an  average  crown  ot  1/76  will  generKlly  be  found 
auffldent,  and  should  not  be  reduced,  except  on  grades. 

"jMnts.  TtUNSVHBSB  JOINTS  should  be  placed  acroes  the  pavement  perpendicular 
to  tba  oentOT  line  about  SO  ft  ^larL  There  »eems  to  be  a  tendency  to  widen  the  di»- 
tanea  bctwmn  joint*.  Jointa  should  extend  entirely  thru  the  pavement,  as  well  as 
thra  the  curb  If  integral  curbs  are  used.  Joints  shouhi  be  constructed  perpwdieuisr 
to  the  surface  of  the  pavement  to  avoid  tha  poadUHtar  of  one  slab  rising  abovo  the 
other. 

" LONOITOPIM AL  Joint  Filleb  should  be  staked  or  otherwise  securely  held  against 
the  curb.    Joint  material  should  also  be  placed  around  nunholea,  catch  barina,  etc 

"Pbotbctsd  Joints.  The  tendency  of  preomt  practice  is  toward  the  omiaBioa  of 
metal  proteedon  plates  tor  joinls.  It  b  poaalbla  ttiat  the  value  of  metal  protcetioa 
platea  is  dependent  soroevriiat  on  the  character  of  aggre^te  used,  and  it  Is  eonddared 
that  they  are  more  enentlal  In  street  pavements  than  in  country  highways. 

"PuTBfl  for  protected  joints  should  be  wired  together  with  the  joint  filler  in  place 
and  securely  held  In  the  Installing  bars.  When  short  sections  of  joint  filler  are  used 
they  should  likewise  be  wired  together.  Supports  for  the  joint  should  be  used  wbcn 
the  pavement  is  of  such  width  that  the  installing  bar  defiects.  On  wide  streets  evety 
joint  should  be  checked  sa  to  crown  with  sighting  T's.  When  necessary  to  have  joint 
plates  in  two  sections,  tlie  contractor  should  arrange  with  the  manufacturer  to  have 
holes  drilled  In  the  abutting  ends  trf  the  platen  so  that  the  plates  may  be  securely  wind 
or  strapped  together.  As  the  jtrint  plates  usually  do  not  fit  tight  to  the  '"■'^-'""g  bar, 
a  >4  -in  shim  is  placed  imder  each  end  of  the  installing  bar,  to  insure  that  the  platea  an 
not  covered  by  the  concrete. 

"Mixing  and  Flacmg  Concrete.  The  method  ot  HBiisuBUiG  matetiala  for  the  con- 
crete, including  water,  should  be  one  which  will  insure  accurate  proportions  of  caA 
of  the  Ingredients  at  all  times.  It  Is  recommmded  that  s  sack  of  Portland  o^nent, 
containing  94  lb  net,  be  conddered  as  equivalent  to  1  eu  ft. 

"The  PROPORTIONS  should  not  exceed  6  parts  of  fine  and  cosrse  aggregate,  meaauicd 
aeparat^,  to  1  part  of  Portland  cement,  and  the  fine  aggregate  should  not  exceed 
iO%  of  the  mixture  of  flna  and  coane  aggregatca. 

"AoanOATHB.  Bank  run  material  shdl  not  be  used.  Pn^Mrtlonlng  based  ta 
rieva  ansly^  or  by  relative  density  tsata  Is  not  practical  for  omcrete  pavementa  cxe^ 
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where  laboratory  directton  Is  avaiUble.  But  where  proper  facfHtke  sre  aviDBbls,  the 
above  propoitiatis  sbould  be  varied  as  the  testa  warrant. 

"Mduno.  The  ingredteita  diould  be  mixed  in  a  batch  mixer  <^  approved  ityle, 
and  the  size  of  the  batdi  should  not  exceed  the  rated  capacity  of  the  tnixok  The  mixing 
should  be  continued  for  at  least  1  minute  after  all  materials  are  in  the  mixer  and  before 
any  of  the  concrete  is  discharged.  The  speed  of  the  mixer  should  not  exceed  16  rev 
por  ndn;  the  number  of  ravohitions  per  batch  should  not  be  less  than  10;  however,  the 
time,  nnd  not  tha  number  of  rsvolotbns,  should  be  the  hetor  for  detemdnlnc  proper 
nixins,  ta  order  to  distribute  the  water  thru  the  batch. 

"CoNBisTENcy.  The  practice  Is  to  mix  coDcrete  entirely  too  wet.  The  consSstoicy 
should  be  such  as  not  to  require  tamping,  but  not  so  wet  as  to  cause  the  separation 
of  the  mortar  from  the  aggregate  in  handling  and  placing.  The  strength  and  wearing 
qualities  of  the  concrete  are  vitally  lessened  by  an  excess  of  water  in  mixing. 

"  Placing.  If  the  subgrade  hss  been  disturbed  by  teaming  or  from  other  cimice, 
it  should  be  brought  bo  its  former  surface,  and  thoroly  saturated  with  water.  The 
concrete  should  be  depoaited  rapidly  to  the  reqtdred  depth  and  width.  The  section 
should  be  completed  to  a  transverse  joint,  without  the  use  of  intermediate  forms  or 
bulkheads,  or  a  trsnsveiM  j<^t  may  be  placed  at  the  point  of  stopping  of  the  work. 
In  ease  the  mixer  breaks  down  the  concrete  should  be  mixed  by  hand  to  complete  the 
secUut.  Where  rrinf  oreement  is  used  it  ahonld  be  embedded  In  the  concrete  before 
the  concrete  has  begun  to  harden;  and  the  concrete  above  the  telnfnvHaent  ihould  be 
placed  wItUn  20  njn  after  the  placing  of  the  concrete  below.  In  two^couree  paveroents 
the  top  should  be  placed  within  20  min  alter  the  placing  of  the  bottom. 

"FlNlsmNO.  The  surface  of  the  concrete  should  be  struck  off  by  means  of  a  tem- 
plate moved  with  a  combined  longitudinal  and  transverse  motion.  The  excen  material 
that  Mcumnlatea  in  front  of  the  tempUte  should  be  unlfonnljr  distributed  over  the 
surface  of  the  pavement  enept  near  tin  tnnsverae  Joint,  when  the  exesH  material 
should  be  removed.  The  conoete  odioinlng  the  transverse  joint  shall  be  dense,  and 
any  deprenlons  in  the  surface  shall  be  filled  with  concrete  of  the  same  compositioD 
as  the  body  ^  the  work.  After  being  brought  to  the  established  grade  with  a  template, 
the  concreU  should  be  finished  to  true  surface  with  a  wood  fioat,  used  from  a  eultable 
bridge^  A  metal  float,  trowel,  ^ould  not  be  used.  Brooming  of  the  surface  is  not 
necessary,  and  grooves  are  objectionable  even  on  grades. 

"  Retempering  of  mortar  or  concrete  which  has  partly  hardened,  that  is,  mixing  with 
additional  materials  or  water,  is  strongly  condemned  and  should  not  be  permitted. 

"Protection  and  Curing.  Even  the  beet  concrete  may  be  seriously  damaged  by  too 
rapid  drying  oat,  early  exposure  to  low  temperature,  or  by  being  op«ied  to  traffic  at 
too  early  a  period.  Hot  sun  and  drying  winds  are  most  likely  to  dry  out  the  concrete  too 
mpldly,  tfaia  causing  shrinkage  cracks  oricauoing  a  surface  wUdi  wOl  not  wear  wtU 
under  troAe.  The  use  of  a  canvas  covering  wUI  be  found  effective  in  overcoming  this 
condition.  Sprinkling  should  also  be  employed  as  soon  as  the  concrete  Is  bard  enough 
to  prevent  the  surface  from  being  pitted.  An  earth  covering  or  protection  by  ponding 
should  be  employed  after  the  fliat  day.  Under  moat  favorable  ccmditionB  such  pro- 
LeetloB  sliould  be  glvn  to  llie  pavement  for  at  least  2  wedca.  Water  should  be  added 
during  tUs  period  to  keep  the  concrete  wet.  In  cool  weather  It  la  often  advisable  to 
omit  the  earth  covering,  thus  allowing  the  concrete  to  harden  more  rapidly.  Sprinkling 
should  not  be  omitted  during  the  day  in  case  the  surface  shows  a  tendency  to  dry  out. 
When  thbre  is  danger  of  frost,  sprinkling  should  be  omitted  and  a  covering  ol  canvas 
or  of  straw  and  canvas  used.  Placing  concrete  pavements  In  temperatures  at  or  near 
[ree^g  is  not  advisable;  but  U  In  special  cases  such  work  is  unavoidable,  the  water 
and  aggregate  should  be  heated  and  fresh  work  protected,  and  precautions  taken  to 
protect  the  concrete  from  freedng  for  at  least  10  days.  Chemicals  should  not  be  used 
to  lower  the  freezing  temperature  of  the  mixture.  See  (Z3a).  Conovto  diould  not 
be  deposited  on  a  frosen  subgrade. 

"Opening  to  Traffic  Under  most  favorable  conditions  a  concrete  pavement  should 
not  be  opened  to  traffic  in  leas  than  2  weeks  after  the  last  concrete  iias  been  placed,  and 
wbsn  ooodltloDB  pvmlt  this  Interval  ahould  be  increased  to  4  weeks. 

"  Where  the  materlala  most  readily  av^lable  are  such  as  to  ^ve  good  cwstruction 
in  one-coutae  pavement,  this  Conference  recommends  that  the  one-course  be  used. 

"The  Integnl  Curb  for  concrete  street  pavements  Is  fecommended  In  preference 
Ut  straight  curb  or  eomhlned  curb  and  gutter.    Such  construction  eliminatea  the 
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longltadinAl  Joint  along  the  curb,  and  puuntalna  a  pennaBetit  grade  and  aHgnnMit, 
PiecautioD  ^ould  be  taken  to  insure  that  the  curb  is  thoroly  bonded  to  the  pa  iiwiim 
proper.    The  integral  curb  can  be  used  on  wide  aa  well  aa  on  narrow  streeta. 

"Speciflcaticuu.  Since  do  Bpedflcationa  were  considered  by  the  Confemoa,  tte 
Standard  Spedflcations  for  Pavementa  and  Roadwaya  of  the  Am.  CoDcrete  Inat-  aie 
racommanded. " 

For  a  Tabnlu  CompAriton  of  Spedfiutioiu  of  Coaiac  AgcmatM,  see  (59). 
For  additional  Rpeoifioatioiia  ooverins  materiola  for  oemut-ootiGnte  for 
pavements,  see  Art.  10. 

The  Am.  Concrete  Inst  1917  Spedflcatlons  for  One-Cootae  **^™mt- 
Concrete  PaTemeot  foi  Road*  are  as  follows: 

"Materials.  Cbkhnt.  The  eement  shall  meet  the  requirementa  of  the  SCandaid 
Specifleationa  and  Teet*  (or  Portland  Cement,  adopted  by  the  Am.  Soc.  Teat.  MaL. 
Sept.  1, 1916,  with  all  aubaequeot  amatdmenta  and  additions  thereto  adopted  by  mM 
Soeiaty  and  by  this  Instituta.   See  (69c). 

"AootBOAns.  Before  dellvwy  on  the  job,  the  contractor  shall  submit  to  the 
engineer  a  60  lb  sample  <d  each  o(  the  fine  and  ooarae  acgregst«  pn^used  for  uaa. 
Tbe  samples  shall  be  tested  and  if  found  to  pan  the  reqcdremeets  of  the  niedflcatjena 
similar  material  shall  be  considered  as  aceeptabte  for  the  work.  Aggregate  eootaia- 
Ing  froat  or  lumps  of  froaen  material  shall  not  be  used. 

"  Fine  aggregate  ahall  condat  of  natural  sand  or  screeningB  from  hard,  tough  duraU* 
cnabed  rock  or  grave),  eonrfatfaig  of  quartaita  grains  or  other  equally  hard  matcrU. 
graded  from  fine  to  nana  with  the  coana  parMclsa  pradowrinatfng.  Fine  aggragal^ 
irim  dry,  shall  pass  a  soesn  having  4  meabes  par  lin  In:  not  more  than  t6%  shall  pmm 
a  sieve  having  50  meahes  per  lin  in,  and  not  more  than  6%  shall  pass  a  riev«  havtag 
100  meshes  per  Un  in.  Fine  aggregate  shall  not  contain  vegeUble  or  other  deletnioaa 
matter,  nor  num  than  S%  Iv  waight  of  day  or  loam.  Routine  (Md  teala  shall  be  aaada 
on  Une  aggragats  aa  dbUvarad.  If  there  Is  more  tbui  1%  of  oiay  or  loam  bgr  vrinsK  ia 
1  hour's  aetttanuBt  after  shaking  in  an  azceas  of  water,  the  materia]  rqwaaeBlad  by  the 
aampls shall  beVe]eeted.  Fine  aggregate  shall  be  of  such  quality  that  mortar  eomiieaiiJ  ot 
1  part  Portland  cement,  and  S  parts  fine  aggregate,  by  weight,  when  made  Into  briqaettsa, 
ahall  show  a  tensile  strength,  at  7  and  28  daya,  equal  to  or  greater  than  the  stramtb  of 
briquettes  composed  ot  1  part  of  the  aama  onunt  and  3  parts  standard  Ottawa  sand 
welgbt.  The  percentage  of  waCwusad  In  maldug  the  Mqiiattaa  of  eemcot  and  fins 
aggregate  ahali  be  sudi  as  to  produce  a  mortar  of  the  same  coatfsteney  as  that  of  the 
Ottawa  Band  briquettes  of  standard  consbtency.  In  other  reqtects  aU  briqueCtes  shafl 
be  made  in  accordance  with  the  methods  outlined  in  tbe  Standard  Specifics tiooa  and 
Tests  for  Portland  Cement,  adopted  by  tbe  j\m.  Soc.  Test.  Hat.,  Sept.  1, 1916. 

"  Coarse  aggregate  shall  consbt  of  clean,  hard,  tough,  durable  ctualied  rock  or  pei^ 
blea  graded  In  bIm,  free  from  vegetable  or  otbor  ddatwloua  matter,  and  ahaD  vmttim 
so  melt,  flat  or  alongatcd  partldea.  The  alaa  ot  the  eosns  aggregate  dull  ba  aoch  aa 
to  pam  a  t4n  round  opening  and  ahall  range  from  2  In  down,  not  mora  than  t% 
pasaing  a  soreen  having  4  meahea  per  Un  In  and  no  intsnnadiata  siaaa  shall  be  nmawmL 

"  HixsD  AGoaBaAT&  Crusher  run  stone,  bank  run  gravel  or  artifldally  praparad 
mlztuioa  at  flu*  and  coaiae  aggregate  ahall  not  be  uaad. 

"  Watbr  shall  ba  dean,  free  from  oil,  acid,  alkaU  or  vagetabla  matter. 

"AB  BKHroBCBOHT  abaD  ba  tree  from  aumdva  mat,  acal^  paint  or  floatfa«a  <f 
any  diaractar  irideh  wHI  tend  to  destroy  the  bond. 

"Joint  Fiua  shall  eoMlat  of  prepared  stripe  ei  fiber  matrix  and  bitumen,  or 
rirailar  material  of  approved  quality,  >i  in  in  thidmem.  Where  the  Jolnta  are  protected 
with  metal  ptatas  the  Joint  filler  shall  be  made  to  flenform  to  the  eroMsaeticm  of  tbe 
pavement,  and  where  unprotected  jcrfata  are  uasd,  the  width  of  tbe  joint  filkr  dtaU  ba 
at  least  M  In  greater  than  tbe  thldmsM  trf  the  pavanMt  at  any  pofaU  Prior  to 
mittfag  Ud  the  contractor  ahaU  obtain  approval  of  tbe  atghieer  for  Oa  Joiat  flBv 
which  ba  propoees  to  uaa. 

"Joint  PaoracnoN  Platbs.  Soft  steal  phttaa  for  the  protection  of  tbe  adgaa  of 
the  concrete  at  transverse  jointa  shall  be  not  leas  than  2^  in  In  depth  and  not  Ima 
than  H  bi  nor  more  than  H  bi  average  tbickuM.  The  {data  ahall  be  of  soA  lona 
aa  to  provida  for  ilgid  anAoraga  to  the  concrato.  The  type  and  msthod  of  Malla- 
tlOB  of  ioint  protaaUen  platw  abaU  be  approved  Iqr  tbe  anginasr. 
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"Shouldbbs.  HateriaU  tor  the  floostnutton  of  riiouldan  ahall  ba  dHcribad  w 
dwtrad  by  the  ensinMr. 

"Onding  ahall  include  all  auta,  flUt,  dltcfaoa,  borrow  pita,  approacbaa  aad  all  earth 
or  rode  ncrvbit  for  wbatavw  puciMM  vAwe  auoh  work  la  an  aMBtlal  part  cf  or  naow- 
•wy  to  the  praweutton  of  the  contract 

"EHaiNm^  Stakes  will  be  act  by  the  eaglDaar  for  the  center  Una,  dde  dopea, 
<iwt«tiMi  grade  and  other  aeceaeary  points  properly  maricad  for  the  eut  or  fllL   When  the 

catal^abed  grade  ie  approadtad  the  final  grade  stakea  will  ba  set  (or  which  

daya'  notica  muat  be  given  to  the  mdiuer. 

"Fmtm  Havl.  Eicmb  material  AaU  ha  dinioiad  ot  aa  dineted  bjr  the  ■uliiiia.  the 
boa  hanl  not  to  axeaad  feat. 

"OvBfc-HAUi.   Materials  hauled  a  freater  Artanea  than  the  free  banl  from  the 

place  of  exeantjon  ahall  be  paid  for  at  the  rate  of  cnta  per  euUc  yard 

for  each  additional  feet. 

"Con  AND  Fills.  Id  cuts  the  flnal  grada  shall  be  ob talced  by  rolUDg  with  aroQer 
walchinc  not  Ian  than  6  nor  more  than  10  tana.  Wl«  a  flfl  al  2  ft  or  lass  ii  rapilnd 
to  brine  tlw  soibce  ta  grada.  all  vegatabia  natter  aliall  ba  ramovad  befbi*  making  the 
fill.  Embankments  shall  be  (wmed  of  earth  or  other  approved  matnials  and  ahall  ba 
oonstruetad  in  eueweive  layera,  the  flnt  of  whidi  shall  extend  entiraly  acroas  frcm  the 
toe  <rf  the  slope  on  one  side  to  the  toe  (rf  the  slope  on  the  other  aide  and  aucccerive  laywa 
sbaU  aatsnd  entirely  aeroae  embankments  from  Bkqte  to  slope.  Eadi  layer,  which 
shall  not  exceed  1  ft  in  depth,  shaU  be  thortriy  rolled  with  a  roller  weighing  not  lea 
than  6  nor  more  than  10  tona.  The  roller  shall  paaa  over  the  oitire  area  of  each  layer  of 
the  fUI  at  least  twice.  The  aideB  erf  the  embankment  shall  be  kept  lower  than  the  crater 
during  all  stages  ot  the  work  and  the  surface  maintained  in  condltiott  tor  adequate 
drainage.  The  use  of  muck,  qnldcBand,  soft  day  or  apoogy  matoial  which  will  not 
eonsdidata  under  the  roller,  ia  prohibited.  When  the  material  excavated  from  the 
cuts  is  not  aufltcfant  to  make  the  lUIs  shown  on  the  plana,  the  oontmetor  shall  furnish 
Um  naesssary  axtia  matnlal  to  Mng  the  fiUa  to  tha  prapar  width  and  grades  When 
the  earth  work  Is  completed,  the  crosa  section  of  the  toad-bad  shall  conform  to  the 
eroai  sectional  drawings  and  profile  attached  haieto. 

"All  SLOPBB  muat  be  properly  drnwnd  to  Unee  given  by  the  raglneer. 

"Drainage.  The  contractor  ahall  construct  such  drainage  dltcbss  as  will  insure 
pMleet  amfaca  and  atAaurCaoe  dninaga  dnifng  oonatruotian,  and  aueh  imk  lAtaO  ba 
eocnpletad  to  the  aaUstaeUoB  of  tba  cngbtaar,  prior  to  the  prepaiatko  of  tlw  nad-bad, 
as  herein  spedfied. 

"TiLB  Dkains  shall  be  placed  as  shown  in  the  drawings  attached  hereto.  Tile 

to  be  kid  in  a  trench  at  least  indtea  wide  and  

feet  deqi  below  the  eatabUshad  giada  of  the  flnlahad  road.  Sodi  trendi  dwll  be 
backfilled  with  crushed  stone  or  pit  run  graTsl,  with  fine  mataiial  resaored.  iriddi, 
sftar  light  tamping,  shall  ba  IndMi  In  depth. 

"Ormn  DtTCHns  muat  be  eonatruetad  along  the  concnta  panmMt  aa  shown  on  tba 
attadiad  drawing;  the  dhnenaionB.  aide  slopes  and  grada  of  odd  ditdtes  being  aa  ahown 
tm  the  croas  acction  drawings  ami  profile  attached  hereto.  At  the  time  at  the  accep- 
tance <^  the  road,  or  when  concreting  is  dtocontinued  (or  the  winter,  the  ditdtea  muat 
be  in  perfect  condition  with  dean  slopes  and  bottom.  "'*«'»'-g  no  obatmctlo&a  to 
the  flow  of  water. 

"The  Sabgrade  shall  be  brou^  to  a  firm  dsaritj  by  roUing  the  mttn  asan  with 
s  sdf'propeDed  roller.  All  porticaw  of  the  surface  of  the  aubgrade,  which  are  inaecee- 
albla  to  the  roller,  shall  be  thoroly  tain  pod  with  a  hand  tamp  wdghlng  not  leas  than 
60  lb,  the  (ace  of  which  shall  not  exceed  100  sq  In  in  area.  All  aoft,  spongy  or  yieM- 
ing  aiiota  and  all  vegetable  or  other  perishable  matter  ahall  be  entirely  removed  and 
tba  tpace  refilled  with  suitable  matwials.  When  tha  concrete  pavement  Is  to  be 
eoaatruetad  over  an  old  road-bed  composed  of  gravel  or  macadam,  the  old  road-bed 
abaU  be  entirely  looaanad  and  tba  material  spread  (or  the  full  width  o(  the  road-bed 
aiul  rolled.  AU  Intenttoea  riMkll  ba  filled  with  Ihta  Boatarlia  and  rolled  to  make  a 
ctetsa,  tight  surface  of  the  road-bed. 

"AccHPTANCB.  No  eonecato  shall  ba  d«aattad  tmtll  tha  mbgrada  ia  Aacikad  and 
aeoqitad  by  the  "g*"— 

"Pocma.  UAnDUAiA.  Hatnl  or  woodv  tonna  shall  Im  fraa  Iran  warp,  of  snfllcient 
■trength  to  rtaiat  ipringing  out  of  shape,  and  shall  ba  equal  In  width  to  the  Hilrknaw 
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of  the  pavement  at  the  «dc««.  Wooden  form*  ihall  be  of  not  loa  than  2-<b  stock.  Ml 
■hall  ba  cspp«d  with  2-in  magie  Irona. 

"SBITIMO.  Ths  forma  ihaU  ba  wril  ttaked  or  ettenrin  held  to  the  ml  iliTTilii 
UiM  ud  iradai,  mai  tha  qiper  edtn  ahall  oaofMm  to  ths  wtdUh^Md  KfadB  ol  m 

rosd. 

"Trkathbmt.  All  nottar  mad  dlit  shall  b*  nmovvd  from  fonns  befon  they  m 
uaed. 

"PaTMnMit  Section.  Width,  Tmcaoon  Of  CoHOtrnw  and  Cbown.  Hm:  am- 
cnte  pavemant  sluUl  b*    feet  wide,     


The  ftnkhed  rarface  shall  conform  to  tb*  arc  of «  circle,  aa  ahown  oo  the  plana  atliihd 
haratn. 

"Harm:  Tha  tUcknoa  of  the  eonerata  at  tba  edgea  ahall  be  not  1cm  than  6  fn.  Ttt 
grown  ^»tl  be  not  leaa  than  1/100  nor  more  than  1/60  of  the  width. 

"  Joiatt.  WiBTH  AND  Location.  Transveraa  iolnta  ahall  be  H  in  In  width  and  iU 
ba  placed  acroai  tba  pavement  perpendicular  to  the  emUr  Una,  not  mom  than  V  t 
■part.  AH  joteta  ahall  esrtend  thru  the  entire  thldoien  of  the  pavnaat  and  abd  la 
perpendieular  to  ita  anrfaaa.  All  eatcb-baaina,  manbolt  tope,  poles  or  other  tmi 
obieeta  which  projeet  thru  the  pavamant  ahall  ba  aapantad  from  the  conewto  Iqr  j*t 
flUar. 

"  Jmnt  Filub.  AU  jolnta  riiall  ba  lonnacl  hy  laaartfaiK  daring  eonatnictloii  and  ka*- 
Inc  fa  pUce  the  required  thidoma  of  joint  ffllar  wfaidt  Aall  extend  thni  tba  antka 
thicfcneM  of  the  pavement. 

"  PaoTacTBD  JoiNiB.*  The  floamte  at  alt  tnoavana  Jelnta  ahall  ba  protsctad  «i* 
joint  protection  plates  which  ahall  be  rigidly  anehwed  to  the  ooncret*.  The  oppe 
edges  of  the  plates  shall  be  even  with  each  other  and  the  adjmning  aurfaee  of  the  eoe- 
crete.  All  ateeA  plat«a  varying  more  than  H  in  frtmi  the  finished  aurteoe  ot  the  <m- 
ctete,  aa  ahown  on  the  t^ans  attadted  hereto,  ahall  be  ground  to  meet  the  ^iiiiiJ 
reqidrenwnta,  or  alabs  in  which  such  platee  occur  ahall  be  lemoved  and  TmlauaJ  wiik 
new  material  by  the  coBtractor  at  Ua  expenaa. 

"  Unprotbctbd  Joints.*  All  tnnaverse  jotnts  shall  ntend  tbra  tbe  entire  tboA- 
nem  of  the  pavement  and  the  filler  shall  project  not  len  than  in  above  the  ffaiiihed 
surface.  Before  tbe  road  ie  opened  to  traffic,  joint  filler  ahall  be  cut  off  to  a  bng^ 
at  a  In  above  the  nilaea  of  the  road. 

"Ifamring  Matarlali  and  Mixing  Concrete.  MsASuiUNa  UATntuxs.  Tta 
method  of  measuring  the  mateiials  for  the  concrete,  including  water,  ahall  baonewhid 
will  Insure  aeparate  and  uniform  proportiona  of  each  of  the  materlala  at  all  tlnaw.  A 
•a^  ot  Portland  cement,  94  lb  net,  shall  be  considered  1  cu  f C 

"  Mixing.  The  materials  shall  be  mixed  in  a  batch  mixer  approved  bjr  the  enpnev. 
and  irreapective  of  the  size  of  the  batch  and  rate  of  q>eed  tned,  mixing  shall  cootnier 
alter  all  materials  are  in  tbe  drum  for  at  least  1  min  before  any  part  of  the  batch  ii 
Aadtarged  from  the  drum.  The  drum  shall  be  completely  emptM  before  leeeivat 
materia]  for  tbe  aucoenUng  batch.  The  volume  of  the  mixed  material  need  par  babh 
duU>  not  exceed  the  manufacturer's  rated  capadty  of  the  drum  In  cubic  feet  of  miwd 
material. 

"  Rbtbupbrino.  Re  tempering  of  mortar  or  concrete  iriiieh  has  partly  taardenedi  that 
la,  revtdng  with  or  wiUiout  additional  materiah  or  water,  shall  not  be  pmnitBed. 

"^KironnONa.  The  eoncreta  shall  be  mixed  in  the  pToportlana  of  1  sack  of  Pai- 
bmd  cement  to  not  more  than  2  cu  ft  of  fine  aggregate  and  not  more  than  3  oi  ft  (tf 
coarse  aggregate,  and  in  no  case  shall  the  volume  of  the  fine  aggregate  be  leas  than  one- 
half  the  volume  of  the  coarse  aggregate.  A  cubic  yard  of  concrete  In  place  shall  ese- 
tain  not  leai  than  1.7  barrels  of  cement.  The  engineer  shall  compare  the  calculated 
amount  of  cement  required  according  to  theee  apedScations  and  plana  atta«ted  bentu 
with  the  amounta  actually  used  In  each  section  of  concrete  betven  sneeeahre  tn»- 
veme  j<rintB,  aa  determined  by  actual  count  of  the  nopiber  of  aadn  ef  cement  oatd  la 
each  aecthn.  If  the  amount  of  cement  used  In  any  three  adjacoit  saetloaa,  bafiw 
tranaveree  j<^ta,  ia  leaa  by  more  than  2%,  or  It  the  amount  of  cenuDt  need  in  any  cae 
aeetlon  is  leas  by  more  than  6%  of  the  amount  bereinbelove  required,  the  eontracter 


"•Horn:  When  the  apedfieatioB  Protected  Jointe  is  to  be  used.  Unprotaeted  JcinU 
should  be  omitted,  and  vice  vena. 


InchM  in  depth  at  center,  and 


Inchee  in  depth  at  the  ridia 
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shall  remov*  all  such  sectlosa  tnd  nplaes  tiw  Mme  witii  new  nnteriali,  Meordliig  to 
these  Bpedflcationa,  at  his  expense. 

"Consistency.  The  materials  shall  be  mixed  with  suffldeot  water  to  produce  a 
concrete  which  will  hold  its  shape  when  struck  off'with  a  template.  The  conai(it«ncy 
■hall  not  be  auch  as  to  cause  a  aeparatioB  <rf  the  mortar  from  the  coarse  aggregate 
Sn  hanifW't- 

"Reinforciiig.  Concrete  pavwienbi  20  It  or  more  In  wldtb  shall  be  reinforced. 
The  reinforcement  shall  have  a  welgbt  of  not  less  than  28  lb  per  100  sq  ft  The  ratio 
of  effective  areas  of  reinforcing  members  at  right  angiea  to  each  other  may  vary  from 
1:1  to  4;1.  The  spacing  between  parallel  lines  of  reinfordng  members  shall  not  be 
snore  than  8  In.  A  reduction  of  8  lb  from  the  wdght  qtedfled  shall  be  allowed  for 
those  types  of  reinforcement  not  requiring  extra  metal  at  inteiaectlona. 

"  Non:  Tbe  eonunittee  is  of  the  opinion  that  the  weight  of  rdnforeement  for  streets 
over  26  tt  wide  should  be  greater  than  28  lb  per  100  sq  ft. 

"  Reinforcing  metal  shall  be  placed  not  less  than  2  in  from  the  finished  surface  of  the 
pavement  and  otherwise  ^lall  be  placed  as  shown  on  the  drawings  attadied  hereto. 
The  rrinfordng  metal  shall  extend  to  within  2  in  of  all  joints,  but  shall,  not  cross  them. 
Adjacent  widths  of  fabric  shall  be  lapped  not  less  than  4  in  when  the  lap  is  made  per- 
pendicular to  tlie  center  Hne  of  the  pavement  and  not  less  than  1  ft  wImd  the  lap  la 
made  paraOd  to  tbe  oenter  line  of  the  pavement,  and  in  most  cases  the  use  of  reinforce- 
ment  in  pavenieDts  16  ft  wide  is  good  practice. 

"facing  Concrete.  Immediately  prior  to  placing  tbe  concrete,  the  subgrade  shall 
be  brought  to  an  even  surface.  The  surface  of  the  subgrade  shall  be  thoroly  wet 
but  shall  show  no  pools  of  water  when  tbe  concrete  is  placed.  After  "■'*'"g,  the  coih 
crete  sball  be  depodted  rapidly  upon  the  subgrade,  to  tbe  required  deptli  and  for  Ota 
entire  width  of  the  pavement  in  successive  batches  and  in  a  continuous  operation 
without  the  use  of  Intermediate  forms  or  bulkheads  between  expansion  jofaita.  If 
concrete  is  placed  In  two  courses,  as  when  reinforcement  is  used,  any  dirt,  sand  or  dust 
which  collects  on  the  base  course,  shall  be  removed  before  the  top  course  is  placed. 
The  concrete  above  the  reinforcement  shall  be  placed  immediately  after  mixing  and 
In  no  case  shall  more  than  45  min  elapee  between  the  time  that  the  concrete  below  the 
reinforcement  baa  been  mixed  and  the  concrete  above  the  reinforcement  is  placed. 
In  case  of  a  breakdown,  conraete  shall  be  mixed  by  hand  to  complete  the  section  or 
an  intennedlate  transvetse  j<dnt  placed  aa  hereinbefore  specified  attlie  pdnt  of  Stop- 
ping work.  Any  concrete  in  ezeesa  ot  that  needed  to  complete  a  section  at  the  stopping 
of  work  shall  not  be  used. 

"FnuHHiNa.  The  ooncrBte  shall  be  brought  to  a  proper  contour  by  any  means 
wUeh  will  insure  a  compact  dnae  surface.  Any  holes  left  by  removing  any  material 
or  device  used  tn  constructing  joints  shall  be  filled  immediately  ndth  concrete  from  the 
latest  bateh  deposited  on  the  subgrade.  Concrete  adjoining  metal  protection  plates  at 
transverse  Jcnnte  shall  be  dense  In  character  and  shall  be  given  a  smooth  finish  with  a 
atad  trowel  for  a  distance  of  6  in  on  each  side  of  tbe  jointa.  The  concrete  adjacent  to 
unprotected  joints  shall  be  finished  with  a  wood  float,  which  is  divided  thru  the  eenter 
and  which  will  permit  finishing  on  both  sides  of  the  filler  at  the  same  time.  Concrete 
shall  be  finished  In  a  manner  thoroly  to  compact  it  and  produce  a  surface  free  from 
deprcesions  or  inequalltiee  of  any  kind.  The  finished  surface  of  the  pavement  shall  not 
vary  more  than  ^  in  from  the  specified  contour. 

"Note:  It  is  recommended  that  tbe  contracttv  be  required  at  the  end  of  each  day's 
work  te  stamp  in  the  surface  of  the  eoncnte,  with  letters  1  to  2  in  high  and  H  in 
deep,  the  date  and  his  name. 

"Protection.  Curing  and  Pbotbctioh.  Except  as  hereinafter  specified,  the 
surface  ol  the  pavement  shall  be  sprayed  with  water  as  soon  as  the  concrete  is  suffi- 
ciently hardened  to  prevent  pitting,  and  shall  be  kept  wet  until  an  earth  or  other 
anffoved  covering  Is  placed.  As  soon  as  it  can  be  done  without  damaging  the  concrete, 
the  nrfaoe  of  the  pavameat  shall  be  covered  irith  not  loa  than  2  in  of  earth  or  other 
material  approved  1^  the  engineer,  whidt  cover  shall  be  kept  wet  for  at  least  10  daya. 
"When  deemed  necessary  or  advisable  by  the  engineer,  freehly  laid  concrete  shall  be 
protected  by  canvas  until  such  covering  can  be  placed.  Under  the  most  favorable 
eondltioiia  for  hardening  in  hot  weather  the  pavement  shall  be  closed  to  traffic  (or  at 
least  14  daya,  and  in  cool  weather  tor  an  aihUtional  time,  to  be  determined  by  the 
engineer.   Wban  iJia  average  tomparatura  la  bektw  10"  C  (60*  F),  sprinkling  and  cov- 
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«riiiC  of  Um  paTenNnt  majr  Iw  atQitt«d  mt  tha  diaeration  ot  the  engriiMer.  The  eontne- 
tor  ■ball  W«ct  and  malBtalB  nltabl*  bwrlen  to  protect  the  ooDcrete  from  traffic  wad 
any  put  of  the  pamiMnt  dunmccd  tnm  tnfflc  or  other  cmuw,  Docuninc  prior  to  ia 
offldal  aoeeptuoe,  ihall  be  repaired  or  nplued  by  tha  contrector  at  hfa  o-i— ^ 
in  a  manner  aatMaetory  to  the  en^eer.  Before  the  pavemmt  is  thrown  open  ti 
traOe  the  covering  ahall  be  mnoved  and  dlipoeed  of  u  directed  by  the  an^Deer. 

"Coua  Wbathmi  Wokk.  Concrete  ahall  not  be  mixed  nor  depoeited  when  tlw 
temperature  li  below  Irearim.  If,  at  any  time  durfnf  the  procreai  of  the  work,  O* 
tanpeiatiire  fe,  or  in  the  ogliiioB  of  the  enciiieer  will  wlthls  24  hr  inp  to  8"  C  CU"  F). 
the  water  and  anregatea  ahall  be  heated,  and  preeautioBa  taken  to  protect  tbe  wofk 
from  freedng  for  at  leaat  10  daya.  la  no  oaee  olwll  concrete  be  deported  upon  ■  froH 
nibgrade. 

"ahooidacs.  CoNBimucnON.  Whan  ■houldm  are  r«<iuired,  they  ihail  be  boDt  upm 
the  prapariy  pi^Mred  auhgnde,  aa  Aowb  on  tha  iHoflle  and  iTWBwrHoB«1  dcawtap 
•ttHlMd  hmto.   The  work  ahall  be  deaw  to  the  eatiie  ntiafaetiao  el  tha  ainlinii  " 

An.  Concrete  Init  1917  Speciflcatioiu  for  One-CouiM  Cement-CoacraM 
Paremeiil  for  Streeti.  Note:  All  eeeentialfl  of  the  specificatiotu  for  One- 
Coume  Cement-Concrete  Pavement  for  Roada  applicaUe  to  street  psm- 
mente,  except  those  having  the  same  titles  aa  aections  hereafter  giTen,  form 
a  part  of  these  apecificatioDB. 

Materials.  Joint  Ftuun.  Baaaullally  the  aaraa  aa  for  One-Coune  Ceaaeot 
Concrete  Faveneat  for  Roada  and, In  addldoo,  aa  lollowa:  "The  filler  for  lon^toOBal 
jotnta  along  the  curb,  where  a  aeparate  curb  la  uaed,  ahall,  at  the  diacretioa  of  th( 
engineer,  eonaiat  of  the  aame  material  as  apedfied  for  the  tranaverae  joiate  or  ot  Utn- 
meo  which  will  not  become  aoft  Hiough  to  flow  in  hot  weather  or  brittle  in  cold  wsatbv. 
The  thlckneea  of  longjtudiBiJ  Joints  filled  with  bitumen  ahaU  be  not  Im  than  H  net 
more  than  H  in. 

Oradini.  Curs  and  Fiua.  Ementially  the  same  as  for  One^ourae  Connt 
Concrete  Pavemmts  for  Roads  and.  In  addition,  aa  followa:  "All  approacbea  rac- 
nectlng  the  apedfied  pavement  with  other  atreete  or  alleys  interaecting  shall  ako  be 
cot  or  Ailed,  and  aeeured  from  aettlement,  to  form  a  alope  of  not  more  than  1  vwtital 
ta  10  bcwiMnta],  aa  shown  on  the  profile  and  plana  attached  hereto. 

"  Drafaiage.  CATCB-BAaiNa.  All  catch-baatn  and  manhole  tope  and  all  coven  or 
ftpjuilHgt  of  any  Und  ahall  he  adjuated  to  the  grade  by  tbe  contractor  at  the  pries 
ahown  under  this  item  in  hia  Ud. 

"Forms.  Sbttino.  The  fwms  shall  be  well  staked  or  otherwise  held  to  the  wtab- 
liahed  line  and  gradoa.  Where  tbe  curb  is  to  be  constructed  integrally  vith  tbe  para 
roent,  tbe  upper  edge  of  the  aide  fwma  shall  oonfonn  to  the  top  of  the  curb. 

"PsTemeat  Sectkm.   Width,  thicknmb  or  concrktb  and  crown.   The  oonerKe 

pavement  shall  be  feet  wide  from  face  to  face  oteurb  InAw 

in  depth  at  the  c^ter  and  inches  In  depth  at  the  aides.    Tbe  *'i''f*tiii 

aurface  ahall  conform  to  the  arc  of  a  circle  aa  ahown  on  the  plans  attached  hereto. 

"Notb:  The  thiekneas  ot  the  concrete  at  the  aides  shall  be  not  leaa  than  6  in  and 
at  the  center  not  leea  than  2  in  more  than  the  thickneee  at  the  sides.  When  pn«» 
menta  20  ft  or  leaa  in  width  are  to  be  built  on  approximately  level  grdund  and  a  flat 
aubgrade  ia  to  be  uaed,  aufBdent  fall  for  drainage  at  the  aides  of  tbe  pavement  along 
tbe  eurb  ahall  be  provided  by  givinf  the  road-bed  tbe  same  grade  as  that  prnruMd  Isr 
the  gutter.   Tha  crown  shall  be  not  leaa  than  lAOO  nor  more  than  1/60  of  tbe  width. 

Jtrinta.  Width  and  LoCAnON.  Same  as  for  Onft<?ounw  C«nent-CatmU 
Pavemmt  for  Roads  except  as  follows:  "  A  longitudinal  joint  not  leaa  than  in  wide 
ahall  be  oonatrueted  between  tbe  eurb  and  the  pavement  where  a  aeparate  curb  is  uaad. 
AH  joints  shall  extend  thru  the  antbe  thtckneas  of  tbe  pavement  and  eorit,  wbea  te- 
ti«ral  curb  la  opeeUUd  and  shall  be  perpendicular  to  tbe  surface  of  the  pavenmL 
In  pavements  with  integrsl  curb,  the  joint  shall  be  continuous  In  a  str^ht  line  thra 


"Joint  Fillbb.  All  transverse  Joints  shall  be  formed  by  Inserting  during  con- 
struction and  leaving  ia  place  tbe  rwiulred  thickness  of  prepared  strips  of  fiber  matrix 
and  Utumen  or  similar  material  <tf  approved  quality  which  shall  extend  thru  tbe  eotite 
thickness  at  the  pavement  and  tha  entire  Uiidmeas  and  hdght  of  the  tntesral  eni 
when  the  latter  ia  WfMtHM.   Longitudinal  Jdnta  along  tha  curb,  where  a  aepenla 


'  Art.  15  Specificatiooa  for  Mixed  Cement-Concrete  Pavements  1195 

curb  iB  ^i«dflMl,  ahall.  At  tbm  dlseratfon  of  the  ta^nmr,  be  formad  In  tlw  tama  mumer 
M  tnaaverae  jointi  or  conatnictMl  by  filling  with  bltuioen  aa  before  apedflsd. 

"Intesral  Ctub.  Conbtrvction.  An  integral  curb  ahall  be  conatrueted,  aa  ahown 
on  the  attached  dnwinfi,  to  the  ntabliahed  (nde  and  In  a  contlnutMia  line  oo  each 

■ide  (rf  the  street  feet  firoa  and  parallel  with  the  center  tine  tbere- 

<!f,  except  at  all  interaactfama  d  atreeta^  aUajn  and  drivewaya  where  it  ahaD  be  raCnmed 
to  tiie  atreat  Hne,  and  at  tbaae  fnteraeetioiw  It  ahall  ba  rounded  to  audi  a  tn^na  m  tha 
cn^near  may  direct.  The  concrete  for  integral  enrba  ahall  be  of  the  aame  raaterlala 
and  proportlona  aa  that  reqtdred  for  the  pavement.  After  striking  off  the  pavementt 
the  .concrete  for  that  portion  of  the  integral  curba  above  the  gutter  line  alull  be  Im- 
iiiediatel7  depodted.  The  top  and  inaide  anrface  of  Integral  eorfaa  ahall  be  givca  a 
■mooth  flniah  and  completed  with  the  pavaaaaDt  to  tlw  point  of  atopplng  tmA  day^ 

"Non:  Above  paragnqih  to  be  omitted  If  aaparata  wb  la  apeeifled." 

Am.  Concrete  Inat.  1917  Spaclflcatlotu  for  Two-Coorae  Cement-Concrote 
PaTement  for  Streets.  Note:  All  essentials  of  the  apedficationa  for  One- 
Course  Cement^oncrete  Pavement  for  Streets,  except  those  having  the 
same  titles  as  secUona  hereinafter  given,  form  a  part  of  these  spedfications. 

Aggregataa.  Tbe  aama  aa  tor  Ona^Toiine  CowntxConereta  Favarant  for 
Streeta  and.  In  additioa.  aa  foUowa: 

"No.  I  AOORBOATB  FOR  Wrarino  CodrsB:  No.  1  ^gregate  for  the  wearing  eoiuae 
ahall  consiat  of  dean,  hard,  tough,  durable  crushed  rock  or  pebbles,  free  from  v^cetable 
matter,  and  shall  oont^  no  soft,  flat  or  elongated  partidak  It  ahall  paa,  when  dry, 
a  aaraas  bavbic  y^-bx  openinga  and  not  more  than  10%  shall  pan  a  screen  having 
openfnga. 

"No.  2  AaORBQATa  roH  Wbarino  Course:  No.  2  aggregate  for  the  wearing  courae 
ahall  consist  of  dean,  hard,  tough,  duralile  crushed  rode  or  pebUea  graded  hi  atxe,  ftee 
from  vegetable  or  other  ddeterlous  matter,  and  ahall  contain  no  aoft,  Bat  or  ekiiv>ted 
partidea.  The  size  of  No.  2  ooarae  aggregate  ahall  be  audi  aa  to  pass  a  1.^  round 
iqiening  and  ahall  range  from  1-in  down,  not  more  than  6%  rfir'TC  a  aeraan  having 
4-maabea  per  Un  hi  and  no  faitarmMUi^  siaea  ahall  ba  reczMved. 

Pavenient  Section.  Width,  thickkibb  or  ooNcun  and  crown.  T!na«ntlallT 
the  aame  aa  for  One-Coune  Cement-Concioto  Pavement  for  Streets  and,  In  addition, 
as  follows: 

"  Note:  Tbe  thickneaa  of  the  concrete  base  at  tbe  ddea  shall  be  not  leas  than  6  In 
and  at  tbe  center  not  leas  than  2  in  mora  than  the  thickneaa  at  the  aides.  The  thUk- 
naaa  of  the  wearing  eouras  ahall  be  not  laaa  than  8  In. 

"Measoring  Hateiials  and  Mixing  Concrete.   CoroisnNcy.   The  materials  for 

tbe  pavement  ahall  be  mixed  with  only  sufficient  water  to  produce  a  concrete  wUdl 
wUl  hold  its  ahape  when  struck  off  with  a  template.  The  conaistCTcy  shall  not  be 
such  aa  to  cauae  a  aeparation  of  the  mortar  from  the  aggregate  in  handUng. 

"Cbhbnt  Rbquirbo.  A  cubic  yard  of  concrete  baae  in  place  ahall  contain  not  leaa 
than  1.4  barrela  of  cranent.  A  cubic  yard  of  No.  1  Mix  Wearing  Courae  in  place  shall 
con  talc  not  leaa  than  2.97  barrels  of  cement,  and  a  cubic  yard  of  No.  2  Mix  Wearing 
Course  in  place  shall  contain  not  leas  than  2.1  barrela  of  cement.  The  en^eer  aliall 
compare  the  calculated  amount  of  cement  required  according  to  tbeee  spedfications 
and  plans  attached  hereto  with  the  amounts  actually  used  in  each  aectlon  of  concrete, 
Induding  integral  curba  when  uaed,  between  aucceasive  tranaverae  jointa,  aa  deter- 
mined by  actual  count  of  the  number  ot  aacks  of  cemoit  used  In  each  aedion.  If  tbe 
amount  of  cement  used  In  any  three  adjacent  BectUma,  between  tranavme  Jolttta,  la 
leas  by  more  than  2%,  or  If  tha  amount  of  cement  naad  In  any  one  section  Is  leas  by 
more  than  5%  of  the  amount  hereinbefore  required,  tbe  contractor  shall  remove  all 
such  aections  and  replace  the  same  with  new  materials,  according  to  theae  qiedHca- 
tions,  at  his  expcmse. 

"Concrete  for  Base.  Proportions.  The  concrete  shall  be  mixed  In  the  propor- 
tions ot  1  sack  of  Portland  cement  to  not  more  than  cu  ft  of  flne  aggregate,  and 
not  more  than  4  eu  ft  of  eoarse  aggregate,  and  In  no  caae  ahall  the  volume  of  the  flne 
aggregate  be  leaa  than  one-half  the  v^ume  of  the  coarse  aggregate. 

PuciNo  CoNCRsra.  Easantlally  the  aame  as  for  One-Course  Cemenl>Coi)crate 
J'A'venMat  for  Streete  and.  In  addlttm,  aa  followa;   "The  concrete  ahall  bs  brought  to 
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Ml  cno  rarf«M,  th«  thldamv  <4  tb*  wesriiiK  eonm  bdow  tha  MUbltetwd  trade  of 
the  pavement.  If  dirt,  aand  or  dint  collects  o&  the  baa*  it  shall  be  removed  brion 
the  weariiii  eoune  to  applied.  The  rainlordng  metal  ahall  be  placed  upoo  and  sUgbtlr 
II I  111  111  Into  the  ccmerete  baae  immediately  aft«r  It  ia  placed. 

"  Coocret*  for  Waarinc  Come.  Pboportions  fob  Hutubb  no.  1*.  The  eoncreta 
for  tb«  wearinc  course  shall  be  miied  in  the  manner  har«iBbefora  apadflad  in  the  pto- 
poTtiona  of  1  aack  ot  Portland  cement  to  not  mon  than  1  eu  f t  trf  ftaia  nggregM^ 
and  not  mora  than  IH  cu  ft  of  No.  1.  AiEr«K»t«  (or  WaarfakR  Courae  and  in  no  caae 
■hall  the  volume  of  the  fine  aggr^ate  be  leaa  than  ono-half  the  vci}um«  of  the  No.  1 
Acgrccate  for  Wearini  Coune. 

"PioPtWTiONB  roR  HiXTUKB  Ko.  2.*  Tba  flcmcrete  tor  tbm  marine  «»rae  abaB  bi 
mfawdlntbemannarheratobefcirB^edfledlnthapgoporttMiaof  l»Aof  Portlaiidceiii^ 
to  not  root*  than  IHcu  ft  trf  fine  acpegat*  and  not  more  tbui  2}^  en  ft  o(  No.  2.  Acpa- 
gat«  for  Wearing  Courae  hereinbefore  apedfled,  and  in  no  caae  shal]  the  volume  of  the 
fine  aggregate  be  leaa  than  one-half  the  volume  of  No.  2  Aggn^te  for  Wearing  Coarse. 

"PucMG.  The  iraaring  courae  ahall  be  placed  immediately  after  miziiig  and  in 
no  eaae  dull  more  tiiaa  46  min  dapae  between  the  time  that  the  coocreta  lor  the  faaae 
haa  been  mixed  and  the  tfane  the  wewlng  courae  la  placed. 

iDtegnl  Cnrb.  Eaeentially  the  same  aa  for  One-Coune  Cement-Concrete  Pavieroeat 
for  Streeta  and.  In  addition,  aa  follom:  "The  concrete  for  that  portion  of  the  Int^ral 
curba  above  the  bww  ahall  be  of  tbe  aame  materlala  and  proportitHU  as  that  qiecified 
for  the  wnring  eoune." 

Am.  Concnte  lut  1917  Spadflcationi  for  One-CotirM  Cwneiit-CoiicnCe 
PaTament  for  Aller*.  Note:  All  essentials  of  the  specifications  for  Oce- 
Course  Cement-Concreto  Pavenvent  for  Streets,  except  those  having;  the 
same  titles  aa  bccUoqb  hereinafter  givea,  form  a  part  of  these  specificatioiis. 

"Forms.  Hatbriau.  Metal  or  wooden  forma  ahall  be  free  from  warp,  of  aafBdcBt 
atroigth  to  resist  stringing  out  of  shape,  and  shnll  be  equal  in  width  to  the  thirhiisss 
of  the  pavement  at  the  edgea.  Wooden  forms  shall  be  of  not  (cm  than  i4n  atodt 
Where  the  pavement  Is  laid  adjacent  to  building*,  fences  or  other  fltrueturag^  tba  side 
fomu  may  be  omitted  at  tbe  direction  of  the  en^neer,  but  s  joint  must  be  eonatmcted 
as  herdnafter  specified,  between  the  pavement  and  such  structure. 

"Pavement  Section,   Width,  THiCKNBas  of  Favbuokt  and  CBos».SEcnoN.  The 

width  of  the  pavement  ahsll  be  feet  inches,  and  not  leaa  than  6  hi 

uniform  thickness.  In  croas-eection  the  finished  surface  shall  have  a  uniform  pstdi 
toward  the  c«tter  line,  except  that  the  center  12  fat  ahall  be  rounded  to  the  arc  <4  a 
circle  which  ia  tangent  to  the  lurfaee  of  tiie  eonerete  at  pcrinta  6  In  oo  each  ridt  of  the 
centv  line,  aa  shown  in  the  plana  attadtad  hmto.  Tha  dlah  riiaD  not  aueed  t/jg 
of  the  width  of  the  pavemeitt." 

Am.  Soc.  Hun.  Imp.  1917  Spedflcatioiii  for  a  One-Conne  PaTemontf-  an 
as  follows: 

"Haterials.  Cement.  The  cement  shall  meet  the  requirements  of  the  Stsndanl 
Spedfleations  for  Portland  Cement,  adopted  by  the  Am.  Soc  Test.  Mst.,  August  16, 
1909,  with  all  subsequent  amendments  and  addltlona  thereto  adopted  by  said  Society. 

"Fine  Aggrbgatb.  Sand.  Fine  aggregate  shall  consbt  of  natural  sand  or  acr«ea- 
Inga  from  hard,  tough,  durable  crushed  rock  or  gravel,  cotubtlng  of  quartdte  grmim 
or  other  equally  bard  material  graded  from  fine  to  coarse,  with  the  eoane  putidM 
predominating.  Fine  aggregate,  when  dry,  shall  pass  a  ^ve  having  4  vaxabeB  per 
Un  in;  not  more  than  26%  shall  pass  a  xieve  having  50  mMhea  per  Hn  In,  and  not  mom 
than  5%  shall  pass  a  sieve  having  100  meshee  per  lin  in.  Fine  aggregate  shall  not 
contain  vegetable  or  other  deleterious  matter  nor  more  than  3%  of  day  or  loam. 
Fine  aggregate  shall  be  of  such  quality  that  mortar  composed  of  1  put  Portland  canMst 
and  8  parts  of  fine  aggregate,  hy  weight,  when  made  Into  Mquettes,  ahaD  show  •  toulls 


"•Note:  When  Mixture  Na  1  Isspeeifled.apedfleBtionsfor MIxtureNaS  shodU be 
omitted,  and  vice  versa. 

"fSpedflcatlons  regarding  both  joints  and  reinforcement  are  purposely  omitted  from 
these  spedflcatlons.  In  order  that  the  freest  opportunity  may  be  afforded  (er  tb^ 
addiden,  in  any  particular  case,  aeoording  to  the  opinions  of  the  engineen  in  ehanh 
0(9>endeiit  upon  local  eoodltionfc  Rv-wi* 
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■tnsftfa,  at  7  mnd  28  days,  »t  least  equal  to  the  atraogth  ol  briqoattaa  eompoaed  of 
1  part  at  tlw  nma  eaiiMnt  and  8  parta  atandard  Ottawa  nnd  mlgfat.  Tba  pei^ 
ceotaKe  of  watar  uaed  in  making  the  brfquettca  ol  cement  and  fine  agxniata  Aall  be 
Buch  aa  to  produce  a  mortar  of  the  same  caDafatency  as  that  of  the  Ottawa  sand  hrlquattaa 
of  standard  conafateocy.  In  other  rwpects,  all  tests  shall  be  made  in  accordanee  with  dte 
prevailing  Report  of  the  Conunittae  on  Uniform  Teats  of  C«ment  of  the  Am.  Soc  C.  E. 

"CoAKSB  AooKHUTB  shall  coiudst  <d  dean,  toogh,  crashed  rock  or  pebbles,  or  slac 
of  appravad  qnaUty  in  gradad  riaea,  free  from  Tegetable  m  other  ddetarlous  matter  and 
contatnini  no  aaft,  flat  or  doc  gated  partldea.  Tbericssof  the  eoanM  aggregate  shall  be 
Bueh  as  to  pass  a  lK*ln  round  opening,  and  shall  rang*  from  in  down,  not  more 
than  B%  paiwinc  a  }^-1d  round  opening,  and  with  no  Intmnedlate  daea  removed. 

"PcopMtioos.  All  proportions  of  cement,  fine  aggregate  and  ooarae  aggr^ate 
ttiah  be  dattfimined  on  tiie  baala  of  Tohunetrkt  analyslB,  with  a  viaw  to  obtalnbig  a 
imiform  deoaity  for  the  rswlting  ecoerate.  Vdda  In  tha  tea  acpegate  shall  be  de- 
tflnnbiadbyaatarattoiandnotlesatlian20%  mora  ecnwBt  shall  be  onployed  Oian  tba 
volume  oi  voids  thus  determined;  in  no  case  shall  the  proportions  of  cement  and  fine 
aggregate  be  leaner  than  1: 2.  The  voids  tn  the  ooarae  aggregate  shall  be  determined 
by  satuntimi  and  not  ksa  than  20%  num  mortar  afaall  ba  employed  than  the  volume 
of  vcMa  thiia  detemdsad. 

"  Wst«iT  shall  be  cloan,  free  from  oU,  add,  alkali,  vegetable  matter  and  o^ter  delete- 
lious  Bufaatances. 

"  Subgrado.  CoNSTBUcnoH.  The  bottom  of  the  ezeavatfon  or  the  top  of  the  (ill 
when  completed  ahall  be  Imown  aa  the  subgrade  and  shall  be  at  alt  pUces  true  to  the 
devatlon  as  shown  on  the  plans  attached  hereto.  The  subgrade  sb^  be  brought  to  a 
Arm,  unyielding  surface  by  rolling  the  entire  area  with  a  self-propelled  roller  waffling 
not  le»  than  fi  tone,  and  all  portlona  of  the  aorface  of  the  aobgrade,  which  are  fnaceea- 
rible  to  tlw  Kdhr,  shall  ba  thoroty  tamped  with  a  hand  tamp  weighing  not  lesa  than 
50  lb,  the  (aee  of  which  shall  not  exceed  100  aq  In  in  area.  AD  aoft.  spongy,  or  yielding 
^Mits  and  all  vegetable  or  other  perishable  matter  shall  be  entirely  removed  and  the 
apace  refilled  with  suitable  material.  When  considered  nece»ary  or  of  saslstBDca 
in  producing  a  compact,  wtUld  surface,  the  subgrade  befcve  being  rolled  ahaU  be  well 
^trinklad  wltt  water.  Thco  tiie  eoiunta  pavaDxnt  fa  to  be  eonatructed  over  an  old 
pavement  composed  of  gravel  or  macadam,  the  latter  ahaU  be  entirely  loosened  and 
the  material  spread  for  the  full  width  of  the  pavement  and  rolled.  All  Interstlcea 
shall  be  filled  with  fine  material  and  rolled  to  make  a  dense,  tight  surface. 

"AlXSPTANCa.  No  concrete  ahall  be  deposited  until  the  subgrade  is  checked  and 
•ccqrtad  by  the  engineer. 

"Forms.  Materials.  Where  forms  are  required,  they  shall  be  free  from  warp, 
of  suffldant  strength  to  resist  springing  out  of  shape.  Wooden  forms  shsll  be  of  not 
leas  than  24nch  stock. 

"Sbttinq.  The  forms  shall  be  well  staked  or  otherwise  hdd  to  the  established 
Una  and  gradea.  Where  the  curb  is  to  be  constructed  integrally  with  the  pavement, 
tbe  upper  edge  of  the  side  forms  shall  conform  to  the  top  of  the  curb. 

'"niUTiCBNT.  AO  mortar  and  dirt  shall  be  removed  from  the  forms  that  have 
previously  been  osed.  Precautions  shall  be  tak«i  to  prevent  leaka  thru  side  forms  that 
would  lUow  the  cemrat  or  mortar  to  be  carried  oat  ol  the  coarser  sggregate  along  tlie 
edges  of  the  roadway. 

"Heasuring  Materials  and  Mixing  Concrete.  Mbasurino  Materiaus.  The 
method  of  measuring  the  materials  for  the  concrete,  including  water,  shall  be  one  which 
will  Insure  separate  and  uniform  proporttona  <d  each  (rf  the  materials  at  ail  times. 
A  bag  of  Portland  cement,  94  lb  net,  shall  be  ccmsldered  1  eu  ft 

"  Mixing.  The  materials  shsll  be  mixed  in  a  batdi  mixer  of  approved  type  and  mixing 
shall  continue  after  all  materials  are  in  the  drum  for  at  leaat  1  min  at  a  minimum  speed 
(rf  12  rev  per  min.  The  drum  shall  be  completely  emptied  before  receiving  materiala 
for  succeadve  batches. 

"  Rbtbuferino  of  mortar  or  concrete  which  has  partially  hardened,  that  is,  remixing 
with  or  without  additional  materials  or  water,  shall  not  be  permitted. 

"Placing  Concrete.  Immedlatdy  prior  to  placing  the  concrete,  the  subgrade  ahall 
be  brought  to  an  even  mztmet.  The  suTface  of  the  subgrade  shall  be  thoroly  wetted. 
After  mixing,  tbe  ctmcrete  shall  ba  depoalted  rapidly  upon  tbe  subgrade  to  tlie  re- 
qidred  dq>tli  and  for  tbe  entire  irldtb  of  the  pavement  In  rooeswive  batdtsa  and  In  • 
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aontlanoiM  opmUoo  without  Um  om  of  fntcmwdiatv  forma  or  bolkhaada  IwfuMi  m- 
pUMkn  Jdnts.  In  cum  of  k  bnakdom,  oana«t«  sbatl  bs  mixad  by  hand  to  oonpMi 
tha  MrtfaMi  or  «a  IntarawdUte  tmuvane  joint  plscml  at  the  p<^e  of  atoppinK  wvtk 
Any  oooenta  in  okwh  of  that  noodad  to  oomplet*  a  section  at  the  stopping  of  wt»t 
riwll  not  ba  uaod  in  tha  work. 

"FuaamitG.  The  aarfaoe  ot  tha  coocrete  ahall  be  atnick  off  for  tha  en  tire  widtk 
at  tha  pavHMBt  and  (rom.  back  to  fanek  of  iatcgni  euzba  when  laad,  bx  mamam  <l 
a  tanudate  or  atrfkO'lMard.  Any  hotaa  left  by  nmorlBf  any  matwial  «r  daviet 
uaed  in  cmatnieting  the  it^t  diall  be  immediately  filled  vrith  mortar  ooaip«Hail 
1  part  oecMDt  and  2  parte  of  fine  aorecate.  Concrete  adjirininc  metal  jii  iilm  Hiw 
platea  of  tranavene  joints  shall  be  denae  in  diaraeter  and  ahall  be  given  a  amooth  fi^A 
with  a  steel  trowel  for  a  distancw  of  6  in  <»  each  side  of  the  jointa.  After  being  linmnkl 
to  the  eatablished  gnde  with  the  template  or  strike-board,  the  concrete  shall  ba  flnUhad 
from  a  suitable  brldjte,  no  part  at  which  shall  come  la  contact  with  the  eoaicnte.  If 
approved  by  tha  ea^MM'.  the  contractor  may  uae  a  mechanical  atrikinc  and  finiahiag 
madiine.  The  eoncrata  ahall  be  finished  with  a  wood  float  In  a  manDer  to  thoroly  eon- 
pact  it  and  produce  a  surface  free  from  depreaai(Hia  or  inequallti«B  ol  any  kind,  "nc 
Aoiahad  aurfaoe  <rf  the  pavement  shall  not  vary  more  than  H  in  from  the  tiue  ah^e. 

"Pntectlm.  En3^>tins  aa  heronafter  qtedfled,  the  surface  of  the  pawniM 
shall  ba  mr^rad  with  water  as  aoon  aa  tha  cuuerete  la  soflkfaotly  hardened  to  iHweat 
ptttinc  uid  shall  be  kept  wet  until  an  earth  «r  other  m^woved  eoverinr  ia  idaced. 
Aa  soon  as  it  can  be  done  without  damaging  tha  concrete,  the  surface  of  the  pavwnent 
shall  be  covered  with  not  less  than  Z  in  <rf  earth  or  other  material  approved  by  the 
engineer,  which  cover  shall  be  kept  wet  for  at  least  10  days.  When  deemed  nee^Miy 
or  advisable  by  the  engineer,  freebly  laid  concrete  shall  be  protected  by  tha  cmi'vbs 
until  such  covering  can  be  placed.  Under  the  most  favorable  conditions  for  faardcniig 
In  hot  weather,  the  pavement  ahall  be  closed  to  traffic  for  at  leaot  14  days  and  la 
cool  weather  for  an  additional  time,  to  be  determined  by  the  engineer.  At  tlM  iwmi 
of  tlie  year  when  the  average  temperature  la  below  10°  C  (50°  F),  sprinkllnc  snd  eov> 
aring  of  the  pavement  may  ba  omitt«d  at  the  directltm  of  tha  eai^neer.  The  coo* 
tractor  shall  araet  and  maintain  suitable  barriers  to  protect  tfaa  emcmte  from  trallk 
and  any  part  of  the  pavement  damaged  from  traffic  or  other  eauaaa,  occurring  prior  to 
its  oSdal  acceptance,  shall  be  required  or  replaced  by  the  oon tractor  at  Ua  *»iMtfw 
in  a  nuuuMr  satlsbctory  to  tha  atgineer.  Before  ^  pavement  is  thrown  open  to 
traffic  the  covering  ahall  be  removed  and  <Uapoaed  ot  aa  directed  by  the  engfitev. 

"TmraSATURB  BBa/>w2''C  (36°  F).  Concreteshallnot  be  mixad  or  deposited  whtn 
the  temperature  is  below  freeaing.  U  at  any  time  during  the  progress  of  the  work  the 
taiqientan  b,  or  In  tha  tbs  opfailon  of  the  eoglBsM  will.  wiUiln  24  hr  drop  to  2"  C  {SS"D, 
the  water  and  aggregataa  shall  be  heated,  and  precautions  taken  to  protect  the  work 
from  freezing  for  at  least  10  days.  In  no  case  ahall  concrete  be  deposited  upon  a  fraasn 
subgradfl." 

Am.  Soc  Man.  Imp.  1917  Sp«ciflcations  forTwo-Coune  Cement-Concrote 
Payement.  Note:  All  essentials  of  the  Bpecifications  for  One-Course 
CemeQt-0>ncrete  Pavement,  except  those  ha\'ing  the  same  titles  as  see- 
tiooB  hereinafter  given,  form  a  part  of  these  spedficationa. 

"Materiala.  No.  1  Coarse  Aggr^te  for  the  Wearing  Course  shall  enidst  of  that 
portion  of  the  coane  aggr^iate,  which,  when  dry,  will  pass  a  H-in  round  opening  end 
contain  not  more  than  lO^o  of  the  fine  material  which  will  pass  a  K-in  round  opening. 

"  No.  2  Coarse  Aggregate  for  the  Wearing  Course  shall  conatst  of  that  portioo  ai  tha 
coarae  aggregate,  which  will  pass  a  1-in  round  opening,  ranging  In  sin  from  1  in  dinn 
and  containing  not  more  than  b%  of  fine  material  that  will  pass  a  H-bi  round  opoiing, 
and  with  no  intermediate  sizes  removed. 

"Proportiona.  All  proportions  of  cement,  fine  aggregate  and  coatee  aggregate  shal 
be  determined  on  the  basis  of  volumetric  analysis  with  a  view  to  obtaining  a  unifoim 
density  for  the  resulting  concrete. 

"  Base.  The  voids  in  the  fine  aggregate  shall  be  determined  by  saturation  and  not 
less  than  10%  more  oonait  shall  be  employed  than  the  volume  of  voids  thus  detenidBed: 
in  no  case  shall  the  proportiona  of  Oie  cement  and  fine  aggragata  be  kanv  than  Ulii. 
Tha  voids  in  the  coarse  aggregate  shall  be  determined  by  saturatiai  and  sot  lasa  tlaa 
20%  more  mortar  diall  ba  umployed  than  the  volume  of  voids  tiins  dstmotBsd. 
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INQ  SuRFACB.  The  eomne  KKzresate  in  the  weuinc  Burfaoe  shall  be  No.  1 
u  qwdfled  Kbove.  The  vtrids  in  the  fine  aggncate  thall  be  determined  by 
:  and  not  Iob  than  20%  more  cement  shall  be  employed  than  the  vohuaeof  vtrfda 
mined;  in  no  case  shall  the  proportion  of  cement  to  fine  aggregate  be  laanar  than 
I  voidi  in  the  eoane  aggrtcate  shall  be  determined  by  aaturatioD  and  not  leas 

moie  mortar  diaU  be  amplcqfed  than  the  vohmie  of  voids  thus  detannined. 

CoBerete  far  Base.  EsMntteDy  the  mme  as  the  sectitxi  on  Ptadng  Coo- 
pedflcations  for  One-Coune  Cen!iettt.ConcTste  Pavement  and,  in  addition, 
"The  concrete  shall  be  brought  to  an  even  surface,  the  thicknew  of  the 
nine,  beknr  the  eatabUshed  grade  ot  the  pavement.   Workmen  shall  not  be 

I  walk  on  the  freahly  laid  eonerete,  and  if  sand  or  dust  coDeeta  on  the  base, 
removed  before  the  wearing  cooras  Is  app&ed.  The  rein  forcing  metal  shall  be 
3D  and  sHghtty  preeead  into  the  concrete  base  immediately  af  tw  It  is  placed. 
)te  for  the  Weaiing  Coarse.    Mixtubb  No.  1.    The  concrete  for  the  wearing 

II  be  mixed  In  the  manner  and  of  the  proportions  hereinbefore  deaoibed.  using 
use  aggregate  No.  1  aggregate  for  the  wearing  courae  hereinbefore  specdfled. 
IBB  No.  2.  The  concrete  for  the  wearing  courae  shall  be  mixed  Id  the  manner 
)  proportions  herdnbefore  described,  using  for  the  coaiae  aggregate  No.  2 
for  tike  wearing  course,  herdn  qMdfled. 

to.  The  wearing  course  ahall  be  placed  immediately  after  mLdng,  and  In 
kU  more  than  46  mln  elapae  between  the  time  that  the  ooncrete  for  the  baee 
lized  and  the  time  the  wearing  oouiae  la  placed." 

16.   Constrnction  Cost  Data. 

lott  depends  bo  much  on  local  conditions  that  a  bald  statement  in 
apt  to  be  entirely  mi.«lcading  unless  the  conditions  are  well  under- 
i  further  statement  of  them  iu  comprehensively  made.  The  oost  of 
e  foundation,  even  of  a  thickness  as  low  oa  4  in  ia  ecaroely  ever  leM 
>ot8  per  aq  yd,  and  the  cost  of  a  con- 
[way  could  therefore  not  be  lees  than 
B.  On  the  other  band,  a  concrete 
mii^t  ooat,  under  unfavorable  but 
onditions,  as  high  as  $2  per  aq  yd. 
port  of  Com.  XII,  1914  HaL  Conf. 
Road  Building  included  the  follow- 
also  (5(hn). 

umeroua  inqulriea  were  sent  out  by  your 

for  information,  there  baa  not  been  re- 
et  any  large  amount  of  ct»t  data  except 
dieh.  StaU  Dept.,  Wayne  Coun^,  and 
hway  Dept.  The  Committee  ban  there- 
id  Itaall  to  averaging  the  cost  of  work 
the  dffferant  States,  confining  the  com- 

the  one-course  oonstructifm.  These 
Mented  herewith  In  Table  V. 
tre  aiao  presanted  four  diagnma:  (1) 
le  distribution  of  cost  data  on  concrete 

1909-191S,  as  Kported  by  the  Sute 
lept.  of  Mich.;  (2)  is  a  similar  diagram 
am  ooet  data  reported  on  the  concrete 
lone  in  Wayne  County,  Mich.,  in  1912 
3)  la  a  rimllar  diagram  for  the  work  dons 
J  by  the  III.  Highway  Comm. ;  (4)  is  the 
all  the  data  from  which  the  first  three 
tre  made,  taking  due  account  of  the  rela- 
;  of  work  done  in  each  instance."  The 
in  the  diagrama  referred  to  in  the  Com. 
ort  la  given  in  tabular  form  bdow: 

D-qitiiMCiy^OO' 


Table  T.— Average  Coetof  Obo- 
Courae  Concrete  Pavement 

State  Coat  per  SqYd 

Arizona.  $1.90 

Aricanaaa.   O.M 

California   1.17 

Colorado   1.2S 

Conneetieut   1.S2 

Delaware   l.U 

Idaho   1.09 

lUinola   1.01 

Indiana   1.28 

Iowa   1.11 

Kansu   1.08 

Maine   1.48 

Maryland   1.81 

Maaaachusetta   1.20 

Michigan    1.27 

Minneeota   l.OS 

Minouri   1.17 

Montana   1.88 

Nebraska   1 .40 

New  Jssay   1.12 

North  Dakota   1.26 

Ohio   1.22 

OUahoma   1.06 

Oregtm   1 .88 

Pennsylvania   1 .16 

Tenneaaee   1 .20 

Washington   1.81 

Wart  Virginia   1.82 

Wlaoondn   1.06 

Average  Total  81.24 

Wol^ted  Total  Avwagi 
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Tible  VI. — Showinc  Dtviiloa  of  Total  Coits  per  Square  Tard  of 
One-CouTM  Cement-Concrete  Roadwayi 


Item 

A 

Averace  of 
7  Psvemeats 
in  Michigan, 
BuUt  190&-12 
from  Report 

by  RosBia 

B 

Averam  of 
SSecttons 
■Wayne  Co., 
Mfchuan, 
Buut 
1912-18 

c 

Construction 
by  Dllnoia 
Hichwur 

CommiMuA 
1912-18 

Weighted 
Mean  of 
Columns 
A,B  aadC 

Mfxinff  uid  placins. . . 
UtilMding  and  hauUng 
SbftpEng  uid  trimminK 
Superintcodcnoe  end 

18.1 
6.8 

29.0% 
22.7 

27.0% 
19.9 

26.2% 
81.7 

27.7% 
21.6 

ExpBsaion  jointa  

MiMeL  Supi^  

sis 

'Y.i 

2.3 
2.8 

(" 

Total  

57.0% 

M.0% 

61.5% 

«B.7% 

Gruid  total  

100.0% 

100.0% 

100.0% 

100.0% 

It  should  be  noted  that  in  the  coat  figures  given  no  statemMit  i>  made  aa  to  just 
what  the  figures  include,  that  ia,  whether  coats  per  aquare  yard  cover  stmply  the  fur- 
Dishing,  misiag  and  pladng  of  the  concrete  itself,  or  whether  they  alao  cover  the  ind- 
dental  work  of  preparing  the  subgrade.  Anally  trimming  up  the  abouldera,  the  overbeed 
charges,  etc  Further  In  applying  to  estimatea  the  informatioo  given  by  the  percentage 
table,  it  ahould  be  remembered  that  theae  percmtagea  ha^  been  obtained  from  flgoraa 
of  cost  not  varying  widely  from  an  average  figure  and  that  the  divfritm  Into  peroeiitatca 
of  total  coat  might  be  materially  altered  where  it  could  reaaonably  be  expected  that 
the  total  figure  would  for  any  reason  vary  greatly  from  the  average  on  which  theae 
are  based.  Further  Information  aa  to  coats  rq>orted  nay  be  had  by  lefaNMa 
to  (17).  (22).  (26a),  (2Sa),  (82),  (88)  and  (52a).  For  a  dlacuarfon  of  the  problema 
of  estimating  coats,  see  (50t). 

Coat  Analyus  of  Two-Co uree  Pavement  ^).  "The  following  detailed  coet 
analysis  ia  f or  a  1;  l>j :  8  concreta  dab  6  in  thick  with  a  No.  29  American  wire  reintome- 
mont  ptaoed  8  in  from  the  top  tA  the  pavement  Tianavwe  expansloD  jtdnti  wen 
located  at  SMt  tntervak,  and  a  i""gi*»w«Mi  joint  was  placed  along  the  middle  of  the 
48-ft  street  between  the  8^t  parldn^    A  felt  strip  waa  placed  between  the 

plates  and  in  the  Joints  without  platea  along  the  guttera.  Weather  condititms  were, 
OD  the  whole,  favorable.  The  average  rate  of  progress  maintained  while  working  was 
720  aq  yd  per  day  of  8  hr.  Including  delaye  by  rain  and  repairs,  tlie  average  rate  for 
the  entire  period  waa  only  500  sq  yd  per  d^.  Depoaitlon  of  661  sq  yd  was  the 
largest  day'a  work.  l4kbor  for  mixing  and  pladng  concrete  oost  per  aq  y d  —  78.76  + 
720  =  80.111.  lowing  with  steam  roller  in  well  compacted  road  coat  1  cent  pet 
sq  yd  for  each  time  over.  Two  or  three  timea  over  was  the  rale.  Rough  giwUeg 
coat  IS  cento  per  aq  yd,  eadusive  of  ploertng.  Fine  grading  ooat  8  cento  per  aq  yd. 
Rolling  with  10-ton  ndhr  east  0.8  eent  per  sq  yd. 

TaUe  Vn. — Coit  AnaljiU  6^  Parement  par  Square  Yard 
Hatariala 


Cement.  0.82  bbl  at  $1.20,  f.  o.  b.  ears   $0.88< 

Sand,  O.U«0  eu  yd  at  $1.10,  delivered   0.088 

Stone,  0.14  cu  yd  at  $1.21,  f.  o.  b.  can   0 . 169 

Wire  teinforeemant  at  10.76  per  lOOsq ft   0.070 

Joint  material  at  80.15  per  lin  ft   0.050 

Total  matariab   10.781 


L.ooQle 


Art. 


CoDBtructuni  Cost  t)ftta 


1^1 


Labor 

Grading  12  in  of  excavstion  on  svermce   $0,260 

XJtdoading  mad  faaullDg  materials  0.5  miles: 

Cem«it   0.082 

Stone   0.089 

■mre   0.006 

Joint*   0.008 

Mlxinc  and  pladns  ooncrete   0.111 

Dm oamng  and  nmoving  euth  eoverini,  2  in  thiek   0.008 

8^iiiUliw,fwi0dKy>..r7.   o.oos 

Total  labor   0.468 

Plant  and  Supplies 

Mixer  rental  at  |10  per  day     10.020 

Fuel,  oa  and  repairs   0.010 

Canvas,  boots  and  other  auppUea  and  t«oU   0 .020 

Total,  plant  and  auppllei   0.060 

Overhead  '   O.OBO 

Total  eoat  per  aqiiare  yird     91.814 

Detailed  Labor  Coat  Mizlnc  and  Placing  Coureta 

16  men  shovding  and  wheding  at  2b  cents  per  hr   982.00 

2  men  liandllng  eement  at  26  cents  per  hr   4.00 

2  men  handling  wire  and  jctlnts  at  26  cents  per  hr   4 .00 

4  men  handling  strike-boud  at  26  cents  per  hr   8.00 

6  men  shovelins  concrete  around  ehuto  at  26  eenta  per  hr   10.00 

1  foreman  at  60  cents  per  hr   4.00 

Engineer  and  flrsman  on  mixert  p«  hr   6.00 

2  finishers  at  60  eenU  porhr  ,   8. 00 

Superintendent  and  "■"'"T*-,  H  time   8 .  7d 

Total   979.76" 

TiU«  vm^dHraetn  and  Coit  Ot  Cement-Concrete  Parementi 
Udd  In  191B  in  Serenl  Cities 
From  Enginetring  and  CotUraeSim,  April  6, 1916 


City 


SqYd 

Type 

Total 
Thiek- 
Deee 
In  In 

Price 
Pw- 

'In" 
eluding 
Grading 

Guar- 

Bottom Coubsb 
OR  Onb-Coursb 

antee 

In 
Years 

Thick- 
ness 
tn  In 

Propov 
tiona 

48  982 

l-eouree 

6 

1.28 

6 

1 

2    :  6 

17  780 

1-coum 

7 

1.32 

7 

1 

1H:8 

17  796 

1-course 

8 

1.60 

a 

1 

lMi:3 

7  839 

1 -course 

6 

1.26 

6 

'6 

1 

2    : 4 

8  090 

2-coune 

7 

1,40 

6 

5 

1 

2  :4 

16  106 

l-course 

7 

1.67 

6 

7 

1 

m:8 

40  000 

S-course 

8 

1.45 

1 

2W:4 

137  879 

2-course 

7 

2.31 

'6 

'6 

1 

8    :  6 

166  000 

2-c<nirae 

7^ 

1.32 

6 

6 

1 

2Ht  6 

44  166 

1-courae 

7 

1.30 

7 

1 

2    : 4 

186  000 

1-course 

6 

1.18 

6 

1 

2^:4 

8  167 

1-course 

5 

1.14 

6 

6 

1 

2    : 4 

7  242 

2'CouraQ 

7 

1.80 

2 

1 

2W:  6 

3  167 

2-course 

6 

1.38 

2 

4 

1 

8    :  6 

8  000 

2-caurse 

6 

1.26 

S 

6 

1 

ZH:  6 

14  000 

2-cour9e 

7 

1.11 

6 

1 

3  :6 

3  820 

l-course 

6 

1.98 

6 

1 

2  :4 

80  461 

1-eourse 

6 

1.21 

6 

1 

2  :4 

14  679 

1-eoum 

6 

1. 10 

S 

1 

2  :8 

Iwnn,  Hasa.  

Mwiden,  Conn  

No.  Tonawanda,  N.Y. 

Baltimore,  Md  

Fort  Wayne,  Ind  

Ironton,  Ohio  

BdlevUle,  IlL  

Detroit,  Mich  

Superior,  Wis.  

MmDMiKdis,  Minn.  . . 

Sioux  City,  Iowa  

SpriDgfldd,  Mo  

Stoux  Palls.  S.  D. . ... . 

linooln.  Neb  

Atchison,  I^n  

Athens.  S.  C  

Santa  Ana,  Cal  

Portland,  Ore.  

Evwett,  WaA  


L.ooQle 
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17.  Special  Types  of  Cement-Concrete  PaTements 

Grooted  Cemeiit-CoQcr«t«  PsTemsnta.  Grouting  the  acKresate  in 
idaoe  is  one  of  the  two  general  method!  of  oonstiuotion  wliioh  mar  be  mid 
to  be  in  uae.   This  method  ooaslsta  of  placing  the  broken  stone,  gnrvl 

or  other  coarse  aggregate  on  the  prepared  sub^ade,  to  its  neceflBaty  total 
thickness,  and  then  filling  the  voids  of  tiiia  material  with  a  mixture  of  aand, 
Portland  cement  and  water,  called  grout.  The  concrete  built  in  this  way 
is  thus  built  in  one  course,  tho  the  aggregate  may  be  spread  and  compacted 
in  two  layers,  and  rolling  either  before  or  during  the  groutinc  or  both, 
accompaniea  the  process. 

Tb>  Ht— *"  Pavuibnt  is  a  widely  known  ezamjde  of  this  form  oi  om- 
stnictKHi.  Under  the  HsBoam  procese,  the  aubgrade  is  prepared  ae  for 
macadam,  the  aggregate  spread  and  rolled  as  in  the  case  of  Tn^wuimm,  and 
then  instead  of  filling  the  voids  in  the  aggr^ate  with  screenings  or  fine 
material  by  the  atd  of  watering  and  rolling,  the  rolled  aggregate  is  grouted 
with  the  thin  mortar  referred  to,  a  light  rolling  aeoompaaying  the  grouting. 
The  advantagee  for  tbie  type  of  pavement  an  claimed  to  Induda  tiw  fol- 
lowing: 

1.  A  greater  degree  of  compaction .  of  the  coarse  aggregate  and  a  ocm- 
siderable  amount  of  additional  strength  in  the  completed  pavement  re> 
suiting  bom  the  mechatueal  or  physical  interlocking,  bnm^t  about  bgr 
the  rolling,  of  the  partidee  of  tiie  aggregate. 

2.  Greater  uniformity  in  the  surface  presented  to  wear  resulting  from  the 
more  even  arrangement  of  approximate^  the  same  siaed  pieces  of  aggregate 
ia  the  wearing  surface,  and  the  avoidaaoe  of  pockets  gieaUy  different 
ia  eise  of  particles  in  the  wearing  surface  of  the  aggregate.  This  ia  espe- 
cifdly  apparent  where  harrowing  precedes  the  rolling  and  after  the  latter  is 
completed  and  broken  pieces  are  removed  and  replaced. 

3.  The  distribution  under  the  roller  of  the  pieces  of  the  aggregate  in  the 
wearing  lurfaoe  so  ae  to  pteeent,  as  in  manulam,  a  flat  side  against  tlie  wear 
rather  than  an  edge  or  angle. 

4.  An  advantage  in  the  pavement,  so  built  of  a  greater  nnstanoe  to 
cross-breaking  staains  and  consequently  a  greater  supporting  or  distrib- 
uting power  over  the  foundation  under  exceadvely  heavy  loads. 

6.  A  greater  resistance  to  the  forces  producing  expansion  and  contraction  in 
the  pavement  thru  the  greater  density  and  strength  created  in  the  pavemrat 
by  this  process,  and  consequently  a  less  apparent  effect  of  these  forces. 

6.  An  absence  of  the  separation  so  often  manifested  in  two-course  pave- 
ments and  eoranpUfied  by  the  tiding  of  the  upper  oouiss  of  one  ssctioD  onr 
the  surface  of  an  adjacent  section  at  an  expannon  ioint 

There  seems  to  be  good  ground  for  most,  if  not  all,  of  the  claims  above 
enumerated,  and  the  use  of  the  Hsssam  pavement  seems  to  be  growing, 
in  spite  of  the  fact  that  a  royalty  of  approximately  10  oents  per  sq  yd  is 
charged  by  the  patentees  for  the  use  of  their  patent  rights.  Frequently 
this  excess  of  first  cost  is  offset  by  calling  for  a  Haimnm  pavement  of  some- 
what less  thickness  than  would  be  specified  for  an  ordinary  concrete  pave- 
ment, mixed  and  then  deposited  in  place,  under  the  probably  correct  as- 
sumptink  tiiat  a  Hassam  pavement  6  in  ^  thickness,  is  of  equal  strength 
in  strain  supporting  or  distributing  power  to  a  04n  pavement  oi  erdinaiy 
mixed-concrete.  The  obieetiMks  or  difficulties  with  a  grouted  aggregate 
pavement  are  those  incidental  to  all  grouting  work  and  include  dtoss  of 
excess  of  water,  segregation  of  mixed  grout,  and  in  getthig  the  latter  pnqiedr 
into  its  plsos  in  ths  mass. 


Art.  17     ^Special  l>peB  of  Cemflat-Coiiente  Fftvcaienta 
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Tte  SfcMfttoM  far      Iliiwiin  PmaMot,  m  namamiti  br  tk*  Board  oK 

CoBMiltltic  En^DMn  to  tb*  N.  Y.  HIghwv  Cmub.  In  191t,  an  m  UtBemi 

"HsMun  compraned  ooncnte  psvunent  ■ball  eoodtt  at  a  layer  at  No.  4  atoiMh 
Btoote  paadat  scrwna  having  opeidnp  betman  2H  and  tn  hi  diameter,  ipraad 
ev«oly  to  tlM  nquind  imp^  to  eoalorm  to  tbt  aat^iHibad  UiMa,  gimdn  aiiid  crot 
Mcthna,  aftv  ndUnc.  TUi  atoae  ■hall  ba  thwdy  «onp»et«d  with  a  lO-ton  nAar 
until  tha  voMa  arandnmd  to  a  ndninmin.  Tba  voUaabaU  ba  flUad  wltb  a  1:1  fnaL 
The  rolling  shall  be  eootiiiuad  during  the  prooM  of  granting.  The  grout  ahall  be 
mlxM  in  ■  Ila^iam  grout  mixer.  A  thin  Inyw  o(-  dtMU«aa  No.  1  broken  stoiM  or  fine 
aggragate  shall  tie  apmd  over  the  entira  Miifaee  and  ndled  until  the  grout  Ituebaa 
to  tile  ■urfao&   Approved  expanaion  jointa  tball  be  provided  where  required. " 

Criticlam  of  the  AboTO  would  eeem  to  be  fairly  made  by  saying  that  they  an  too 
brM  and  not  sui&dMitly  comprehensive  m  to  many  Important  details.  For  instance^ 
after  the  stone  are  spread,  if  they  are  tlmvly  harrowed  before  roiling,  the  uniformity 
in  charmcter  of  the  eurfaee  wiD  be  much  Improved  and  eonsaguitly  the  uclfonalty 
of  grouting.  Then  after  railing,  if  any  pockets  of  broken  plans  can  ba  fondf  iMUtad 
and  replaced  with  freah  stone  similar  to  thoae  adjaecnt,  tlks  InumnrsBMat  !■  tha  iwiilla 
will  be  worth  the  effort.   See  also  Art  12,  bou-ino. 

Cement-Concrete  Cubea.  la  1909,  J.  Y.  MoCUntock,  County  Endneer 
of  Monroe  County,  New  York,  laid  some  experimental  pavements  in  the 
effort  to  reduce  the  ooet  of  eui table  roadways  in  localises  where  broken 
atone  and  satisf  BCtoiy  gravel  for  macadam  were  ezpenaiTe.  A  section  of 
the  experimental  road  crust  was  coropoeed  of  concrete  cubea  made  from 
the  local  gravel,  which  is  reported  as  soft  and  not  first-class  concrete  materiaL 
The  cubes  were  laid  by  hand  on  an  old  macadam  roadway  with  a  cushion 
coat  of  fine  gravel  or  sand.  They  were  then  rolled  and  the  joints  filled  with 
£L  sandy  loam.  The  traffic  on  the  road  is  reported  as  heavy,  mixed  trafiSow 
In  the  fall  of  the  year,  a  great  many  agricultural  enginee  with  sharp  lugs 
jMissed  over  the  road..  The  cube  surface  is  reported  as  wearing  down 
rapidly,  after  giving  a  satiifaotory  ■nrfaoa  with  good  footing  fai  both 
wet  and  dry  weatiier  few  2  srears,  at  the  end  of  i^iiob  time  It  diwntegrated 
ill  large  areas.  The  following  oonclusions  have  been  drawn  from  this 
experiment. 

The  small  cube  form  of  pavement  is  flexible  tmder  froat  actfon,  and  Is  therefore  a 
suitable  type  over  a  macadam  foundation  hi  northern  dimatea.  llie  edge  of  tlte  cube 
pavement  can  be  successfully  held  with  a  macadam  shoulder,  """"g  a  gradual  traos^ 
tlon  from  the  roadway  surface  to  the  earthy  material  and  preventing  the  formatloa 
of  ruts  aio&g  tha  edge  of  the  pavement.  The  local  gravel  concrete  cubea  will  not  sup- 
port heavy  traOe  directly  on  their  soffaea.  In  1911,  HeCUntodt  igslB  experimented 
with  concnta  enbaa  made  from  a  fair  qimU^  of  giaval  obtalnad  Iron  a  pit  adjaosnt 
to  the  road.  The  f  oundathn  course  was  8  in  of  local  gravsL  The  tnfBc  over  this 
■ectlm  is  reported  as  not  targe  In  volume  but  of  heavy  onlta,  6>t(m  trudn  udng  it 
regularly.  The  surface  of  the  cube  pavements  wtien  CMnpleted  was  treated  with 
Utumlnous  materials.  At  the  end  of  1918,  the  road  surface  was  reported  In  good  ooo- 
ditfcm,  except  a  few  incipient  ruts  In  plaeea  assigned  to  the  probable  f^ure  of  the 
foondatioci  under  the  trudi  traffic,  and  It  is  stated  that  "the  ezperleoce  with  this  road 
iodleatea,  that  wbwe  the  local  road  material  is  limited  to  a  good  gravel,  and  where  it 
la  considered  good  poUey  to  Bpend  the  road  funds  locally,  or  where  the  cubes  are  dteaper 
than  imported  stone  macadam,  the  concrete  cubes  protected  with  a  bituminous  cariwt 
make  a  aatisfoctory  aurfaoe  m^or  a  Ught  voluma  of  traffic."  It  Is  further  stated  that 
"conente  cubea  at  the  preaant  eostv  can  compete  eeononleally  fn  cnlr  a  lew  eassa 
with  macadam. 

Oil-Cement-Concrete  Pavements.  With  an  idea  of  bringing  about  a 
reduction  in  the  dustiness  from  ooDorete  pavements  and  also  to  increase 
the  imperviouanesB  of  the  ocmerete,  and  henee  to  reduoe  the  eqwiuion  or 
eontraotioB  movements  in  the  mass,  the  addition  of  dl  to  the  oonoMte 
mixture  has  been  propoaed  and  to  some  extent  advocated.  Expnimanto, 
however,  have  seemed  to  prove  that  a  weakening  in  the  stieiicth  ii  tli»  ooo- 
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erete  takes  place  from  the  addition  (rf  the  ml,  especially  in  the  eatUer  part 
of  itB  life,  and  that  this  weakness  is  appreciable  in  concrete  used  for  pave- 
ments without  a  protecting  carpet.  The  exporimentg  witii  oil  oonetete 
Gubee  have  partioulariy  empha^aed  this  conelusioQ.  It  is  agreed  Uiat  a 
reduction  of  the  dustiness  is  secured  by  the  use  of  the  oil,  but  it  may  also  be 
secured  by  the  use  of  the  ofl  over  the  surface  of  the  pavement  instead  of 
in. the  mixture,  and  with  less  deleterious  effects  to  the  strenitth  of  the  eott- 
Crete.  Any  additional  imperviouiness  of  the  concrete  by  the  admixtoi* 
cf  the  oil  is  disputed  by  variom  experimenters.  Many  claim  that  the  move- 
ments of  the  mass  under  expansion  and  contraction  are  reduced,  but  this  is 
not  at  present  substantiated. 

Blome  Granitoid  Pavement.  This  pavement  is  essentvmy  a  two-coarse 
cemeat^ommte  pavemmit,  of  which  the  surface  course  is  made  and  placed 
as  follows  (25): 

"Aftff  the  nmerete  base  has  been  placed,  and  before  it  baa  befun  to  aet,  then  ahaD 
be  immediately  deposited  thereon  the  gnmitoid  bloddng,  iriiidi  afaall  be  IK  Id  thick. 
It  will  eontahi  1  part  at  PotUaad  eemant  and  lyi  parte  <tf  dean,  craabed,  mtmmamt 
grnlte  or  tnp  rodt  Thta  gnalte  shall  be  acfeaiied,  witli  aD  dnat  removed  theralro^ 
ulUtataic  the  toUowing  comporftioB  «f  tUs  matsrial:  S0%  ol  the  granite  to  be  oC  whet 
Is  known  aa  K-fn  ^  80%  of  the  H-ia  alxe  and  20%  of  the  ViHn  du.  Tbk  pro- 
portion of  siaea  ia  essential,  and  miut  be  kept  afaaotutely  accurate,  as  in  tbia  Ilea  ooe  ot 
the  eaaentlat  requirBments  to  produce  proper  reaulta.  Thia  material  is  to  be  mixed  wtth 
tba  cement  thoroly,  and  after  bdng  vetted  to  a  proper  conatsteney  and  dcfxidted  on 
the  concrete,  afaall  be  worked  Into  brick  sh^Ma  of  approximately  by  9  in.  with 
netangular  surface  almilar  to  paving  bloeka.  TUa  will  be  done  by  apadal  metlKi^ 
and  utiUdng  0t)oving  appaiatua  as  einptoyed  ondw  tbe  Blome  Co.'a  patents.** 

The  Vihrolithic  Paveaunt  is  an  attempt  to  get  a  desirable  increase  in 
the  densi^  of  OKUnary  mixed  eoncnte.  The  foUoving  extraets  Unm  a 
desoription  of  the  so-called  \^brolitfaio  prooess  will  'explain  the  idea: 

"On  a  popeHy  preparsd  aabgrade  there  Is  placed  6  In  of  concrete.  TUa  iiaii  iif 
is  so  ^opwtianed,  cement  to  aggregate,  aa  to  give  the  -Tn*""'"!  ativngtb.  Portbsd 
cement  has  a  Ugh  oaeflkieBt  of  amtraetfon,  a  factor  to  be  avoided  In  eonacta  worib. 
To  add  more  cement  to  a  good  and  aufBdaat  mis  ia  to  add  to  tits  poerflAi^  <A  owddsg. 
Enough  cemmt  moat  be  need  to  aecure  the  bond,  but  an  tateem  will  not  answer  tba 
queations  involved,  nor  will  it  inereeee  the  abraalve  value  of  the  surfaca.  A  eoaetete 
alab  properly  proportioned,  mixed,  watered  and  placed,  will,  by  nemaity.  iiave  mot* 
or  leoB  of  its  suiiace  composed  of  unequal  amounta  of  mortar  or  of  atoM.  Cefttda 
■maQ  areas  will  be  oompoeed  cntir^  ok  mortar,  othem  of  man  stoDS.  TIm  aaiiilii 
quali^  of  the  stcna  will  nry  from  that  fH  the  mortar,  thua  produdng  aa  frr^olar 
wearing  surfaoe.  To  overcome  thIa  inherent  defect  in  ordinary  contrete,  VIbralithie 
qiecificatlonB  provide  the  following  solution: 

"Immediately  upon  pUdng,  raking  and  smoothing  to  a  true  grade,  then  k  spmd  i 
upon  the  surface  of  the  concrete,  a  coating  of  trap  rock,  sufflctent  to  completely  load 
the  top  inch  or  two  of  tbe  mass.  Narrow,  flexible  platforma  are  placed  upon  the  iUh 
and  a  vibrator  la  rolled  over  the  platforma,  until  their  bottom  edges  are  bmucfat  to  a 
true  grade,  and  the  surfacing  atones  perfectly  imbedded  In  the  alab.  In  thb  way  the  I 
vibrator  performi  a  double  function,  that  of  imtwdding  the  atone,  while  deoMfying  ^ 
mass. 

"  Vibrationa  an  the  moat  effective  agenta  In  compacting  masees  made  up  of  menbtn  of 
angular  form;  for  example,  a  barret  of  tacfca  can  not  be  eompraaed  hito  a  amalltf  vol- 
umsi  but  a  great  raduedcn  can  be  brought  abaat  by  ahaldng.  trembling,  or  vfbitftag 
the  barrd.  The  aame  action  wID  occur  if  tlie  barrd  contains  an  sngular  aggtvgata  aoA 
as  ia  used  In  concrete  formattona.  Thia  density  Is  the  moat  important  requiremtat  ta 
pladng  eoncrete;  firet,  to  obtain  a  poaitdve  bearing  of  solid  upon  solid,  and  aeeoad,  t* 
assM  diemlcal  action  and  eflldenqr  by  getthig  the  partkke  to  be  bound  so  doMlr 
rriated  that  cryaUl  and  colloidal  bonds  may  beoBbetlvB.  It  wUl  bs  ■Ddsnted  ttat  ■ 

thatlesthatbind.Inooncret«,  areteesBttUtobeasMil^  AsBSkede)r«,haBeethlto-  H 
portaaoo  and  value  of  deudty."  I 
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18.  Bitnmmona  Carpets 


'VntiouB  kinds  of  eaipeta  may  be  applied  to  eonereto  as  well  as  to  otiier 
pavements,  and  varying  thickneoses  may  be  employed  to  meet  any  pemiUar 

cooditionB.  Bearing  in  mind  that  a  carpet  is  a  layer  of  appreciable  tliiekoeu, 
the  only  reference  that  may  be  needed  to  the  thin  applioatioos  which  are  in 
the  nature  of  varnishes,  and  similar  in  their  action  and  effect  to  the  uae  of 
varnishes  on  wooden  floors  for  instance,  is  the  caution  to  secure  in  using 
them  such  materials  and  methods  of  application  as  will  result  in  a  good 
union  between  the  thin  appUcaticm  of  -varnish  and  the  concrete  to  which 
it  is  applied,  and  such  quality  of  material  as  will  give  the  most  lasting  results. 
Too  thick  an  apiUication  of  this  character  should  not  be  attempted  because 
of  the  shorter  life  to  the  coating  thus  usually  secured.  The  cohesive  qual- 
ities of  such  a  varnished  coat  are  usually  much  greater  than  its  adhesion 
to  the  concrete,  and  consequently  if  a  thick  coat  is  attempted,  ite  separation 
from  the  concrete  is  almost  inevitable  and  it  peels  off  under  traffic,  or 
shoves  into  irregular  waves  which  become  more  and  more  q>parent  and 
objectionable  as  traffic  continues  on  the  road. 

Th«  DasiraUa  Charaetwistfcs  of  This  Ccrpst,  both  as  to  oompontion 
aad  thickness,  depend  largely  on  local  oonditions,  but  certain  general 
pimciplsB  may  'be  laid  down.  In  the  first  place,  the  bit*vninous  material 
must  have  sufBoient  adhesive  ciualitias  and  its  ^q)lioation  must  be  so  made 
as  to  secure  such  stn  adhesion  of  the  carpet  to  the  concrete  as  will  enable  the 
rarpet  to  perform  its  duties  to  the  best  of  its  ability.  Sticky  bituminous 
material  ia  a  prime  necessity  for  a'  successful  carpet  and  equally  neceesary, 
in  order  that  the  adhesive  qualities  of  the  bituminous  material  may  be 
made  the  most  of .  is  a  dean  surface  of  the  concrete  before  applying  tiw 
bituminous  materia  By  clean  surfaoe  of  tlie  concrete  is  meant  not 
only  freedom  from  dirt  but  also  freedom  from  fine  impalpaUe  material 
usuaUy  accompanying  concrete  surfaces  and  produced  by  the  disintegra- 
tion under  natural  or  other  forces  of  the  components  of  the  concrete.  Further 
it  is  most  desirable  that,  so  far  as  possible,  the  aggregate  of  the  concrete  be 
exposed  to  contact  with  the  bituminous  material  in  order  that  the  bond 
between  the  two  may  be  of  the  highest.  The  bond  between  the  bituminous 
material  and  the  cement  mortar  in  the  concrete  is  far  less  strong  usually  than 
the  bond  securable  between  the  bituminous  material  and  the  coarser  ag- 
gregate of  the  concrete. 

Seccmdly,  a  desirable  bituminous  material  should  have  the  greatest 
possible  permanence  in  its  good  qualities,  that  Is,  it  should  not  be  so  sus- 
ceptible to  atmospheric  and  traffic  conditions  that  it  will  under  them  quickly 
loose  ite  adhesion  or  cohesion  or  elasticity. 

Thirdly,  the  bituminouB  material  must  not  be  unduly  susceptible  to 
changes  in  temperature  so  that  it  will  become  soft  and  -inclined  to  shift 
about  in  warm  weather,  nor  become  brittle  and  inclined  to  be  objectionably 
friable  in  cold  weather.  The  mineral  material  used  in  forming  the  carpet 
should  be  of  Uie  toughest  quality  possible  so  that  it  will  withstand  to  the 
utmost  the  shocks  and  wear  of  traffic.  The  nse  of  the  particles  desiraUe 
in  any  case  will  be  influenced  by  the  thifWiw  of  the  carpet  to  be  laid. 
Under  ordinary  conditions,  it  has  been  proved  desirable  to  have  the  mineral 
particles  uniformly  as  large  as  practicable  for  the  required  thickness,  and 
as  free  as  possible  from  finer  material,  the  fine  material  necessary  for  the  best 
fivmation  of  the  carpet  being  readily  secured  from  the  disintegration  of  the 
poftrse  material  in  service,   The  beet  cwpoto  seem  to  \te  ti^9,  othm  thinv 
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bring  equal,  by  the  usa  of  extremely  clean  and  hard  gravel  of  the  proper  riae 
for  the  thicknev  of  the  carpet  deured.  Clean  chips  enuhed  from  sood 
trap  rock  frequeotly  do  nearly  as  well  as  the  gravel,  and  fine  aaod  makea 
the  least  desirable  carpet.  In  fact  a  carpet  of  fine  sand,  ia  order  to  give 
even  moderate  satiafoction,  must  be  of  ^e  thinnest  poesUtle  ocUMtznetian 
and  q>proach  more  nearly  a  vamUh  coat,  or  such  a  ooat  of  paint  imiidnd  as 
is  sometimes  used  to  protect  wood  work. 

Thickness  of  Carpets.  Ordinarily,  the  carpets  vary  from  about  H  to 
perhaps  ^  in  in  thickness.  Instances  have  been  known  where  they  hum 
even  reached  1  in  in  thickness,  while  tba  sheet-aQ)halt  layers  have  aone- 
timea  been  laid  as  thin  as  1^  in  m  thickneas  directly  on  the  ooncMte 
base.  These  latter  have  shown  a  weakness  to  support  more  than  a  mod- 
oate  amount  of  traffic.  The  consensus  of  opinion  seems  to  be,  that  this 
weakness  was  due  to  the  fact  that  the  layer  of  sheet-asphalt  mixture  was 
attempted  to  be  connected  with  the  concrete  foundation  by  a  paiot  coat 
rather  than  thru  the  medium  of  the  usual  binder  course.  Again,  the  at- 
temptsOo  build  tn  situ  the  cwpet  of  a  greater  thickness  than  ^  in  have  almost 
alw^^  resulted  unsatiafactorily,  and  the  few  tnstanoee  of  the  1  in  carpets 
above  rafnred  to,  which  were  mixed  and  placed  almost  identically  in  the 
same  way  as  the  sheet-asphalt  pavements  without  the  Under  oourae.  have 
not  shown  themselves  able  to  stand  saUsfactorily  more  than  a  moderate 
amount  of  traffic.  The  conclusion  therefore  is  that  bitumiaoua  carpels 
are  limited  in  their  ability  to  give  satisfactory  service  under  traffic.  Another 
oondusion  generally  reached  is  that  attempts  to  build  them  in  vitu  will  be 
unsuccessful  if  they  are  not  made  less  than  14  in  in  thickness,  and  that  fw 
carpets  of  greater  thickness  than  this,  especial  care  must  be  taken  to  pro- 
vide densest  poesible  mixture  for  the  carpet  with  the  greatest  practtcaUs 
rise  to  the  largest  partidee  in  it,  and  at  tiie  same  time  the  greataat  possible 
adherion  or  connection  with  its  base  rither  thru  an  efficient  paint  ooat  or 
thru  such  a  means  as  the  binder  course  usually  provided  in  sbaet -asphalt 
pavements. 

The  Destmctioa  of  the  Adherion  of  a  Carpet  to  its  base  may  come  about  in 
one  or  more  of  several  ways.  The  bituminous  material  may  be  so  changed 
under  service  as  to  lose  adhesion  and  then  the  shifting  tendenciea  of  the 
traffic  break  the  bond  between  the  carpet  and  the  base.  The  oarpet  may 
be  BO  proportioned,  as  to  lack  stability  and  be  susceptible  to  the  shiftinK 
tendencies  of  the  traffic.  Its  movement  is  then,  under  the  traffic,  oaerdy  a 
question  of  time.  In  all  carpet  foundations  made  of  soft  stone  and  particulariy 
perhaps  of  concrete  where  the  mortar  forms  a  most  friable  material,  the  de- 
struction of  the  bituminous  carpet  by  scaling  off  in  spots  or  nhiftim  into 
waves,  ia  moat  noticeable,  and  on  such  foundations,  especially  the  conentc, 
especial  care  must  be  taken  to  provide  such  thickness  and  quality  of  the 
carpet  as  will  protect  to  the  utmost  the  concrete  underneath  from  its  nat- 
ural tendency  to  become  disintegrated  under  the  shocks  of  traffic.  These 
shocks  produce  a  disintegration  of  the  surface  of  the  concrete  beneath  the 
oarpet,  and  on  which  surfaee  the  stabiUty  of  the  carpet  must  depend  by  its 
adhesion  to  that  surface.  If  this  eurfaoe  becomes  dinntegrated,  the  ad- 
herion of  the  carpet  to  the  mass  of  concrete  is  destrosred.  This  disiatepa- 
tion  of  the  concrete  underneath  bituminous  carpets  is  especially  noticeable 
under  hard  tired  and  animal-drawn  vehicles,  particularly  where  the  carpet 
itself  lacks  the  thickness  of  body  neoeesary  for  the  absorption  of  the  shocks 
coming  on  its  surface  to  prevmit  the  disintegration  of  the  concrete  surface 
benaaUi.   Thersfon,  on  oonereta  roads,  it  Is  deriraUe  to  provide  the  highest 
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quality  of  caipet  aeourable  in  order  that  the  disintegration  of  the  ooncrete 
surface  beneath  may  be  prevented  to  the  utmost.  Another  argument  ia 
now  evident  for  the  aeouxing  in  the  concrete  itself  the  greatest  poNlble 
area  of  tbe  coane  aggregate  in  the  surface  with  a  mintinum  of  the  more 
friable  materiaL 

The  Report  of  Com.  Vm,  UU  ITat.  Conf.  Concrete  Koad  BnOdloc  (601) 

included  the  following  coaclusions: 

"FundftDMotaUy,  It  would  appear,  that  the  mufaclnc  of  ■  ooaerete  road  impUas 
m  lade  of  eonfidcnoe  in  the  abili^  <A  concrete  to  withatand  traffic.  Uany  hold  that 
the  concrete  of  Itself  ahould  bear  the  brunt  and  that  the  use  of  a  protective  "M^lvn 
ia  a  confearion  that  concrete  has  failed  to  juatify  the  hopes  held  out  for  IL  On  the 
other  hand  are  those  who  oontend  that  a  con  crate  pavemcet,  ao  matter  how  weU 
laid,  wiD  Boooer  or  later  erack  and  pit  la  epots,  and,  rfnee  then  eracka  and  pits  will  be 
patched  with  UtumfaioDB  laaterial.  It  la  wlae  to  prevent  this  entirely  by  laylBg  a  carpet 
on  the  GODcrete  surface.  As  to  the  materiala  and  methods  suitable  for  covsrinp  thwe 
are  equally  wide  differences  of  opinion.  This  is  undoabtadly  doe  to  lack  of  suffldent 
apMlance.  On  one  pdnt,  however,  tbwe  is  a  well  defined  opinion  that  tar  ii  mors 
ndtable  tor  carpet  casta  than  aaphalt.  On  the  other  hand,  there  la  some  testimony 
that  a^ihalt  has  given  (ood  rtsnlta. 

"It  would  appear,  thertfore,  thatinvestlgatlone  of  bitumhioaB  surfaces  for  eonerete 
roads  should  be  divided  into  two  parts: 

1.  aumid  concrete  roads  themselves  bear  the  brunt  of  the  traffic,  or  should  some 
Utumlnoua  material  bs  Interpossd  to  take  the  waarT 

2.  What  has  axpatonea  shown  with  raftoeoes  to  dlflsrent  nuiterials  sad  msthods 
al  mpUeatiMiT 

"In  conehirion,  one  pdnt  can  bs  aafdy  emphaalsed.  It  admits  ci  no  dlaeoadon. 
The  con  Crete  pavement  Its^,  even  If  It  is  to  be  covered  by  e  btttuahiotis  coat,  should 
be  laid  with  as  mud  care  ss  If  it  were  not  to  be  protected.  This  applies  to  the  prepe- 
ratlon  of  the  subgrade,  and  the  proportloatag,  mlxiiiK,  laying  and  curing  of  coaerete." 

Los  Angelsa,  CaL  Pntctice  (27b).  "The  eonerete  base  for  this  rosd  will  be  S4  ft 
*  in  vridth  and  8  hi  tUek.  It  will  be  saade  «f  1 :  2 : 4  eaaerete.  This  bsas  win  nst  on 
scushlDnoC  decomposed  granite  6  In  ttddi  and  40  ft  in  width.  ahookteaSftwIdewin 
bebuflt  of  decomposed  granite  on  each  aide  of  the  concrete  base.  The  standard  aectkm 
f€>r  most  of  the  Los  Angeles  County  hlshways  is  a  concrete  haae  20  ft  la  width  and  6  In 
In  thidmesB,  with  5-ft  shoulders.  Transverse  expansion  joints  aerosi  the  full  width 
of  the  concrete  will  be  placed  at  2B-ft  intervals. 

"Od  the  concrete  Is  to  be  a  bitumlnons  carpet  of  a  character  common  in  California 
roadwork.  The  apedficatlon  for  the  surfadnf  is  worded  as  follows:  After  tha 
concrete  psvement  has  been  constructed,  all  dust,  mud,  earth  or  forsign  material  of 
any  kind  which  may  have  accumulated  upon  it  ihall  be  removed  and  the  surface 
flushed  with  water.  When  it  has  become  suffldeutly  hard  and  dry  and  In  the  oplukm 
of  the  Rosd  Commisaioner  is  ready  to  receive  it,  asphalUc  oil  shall  be  applied  In  one 
appUcatioa  of  approximately  >^  cal  to  tha  aq  yd.  Directly  after  the  oil  has  bees  applied 
■tone  sereenbv  or  nnd  aliidl  be  onitMnV  «piead  upon  It  In  soiBdant  qnantl^  to 
combine  with  the  oil  without  leaving  any  exceas  screenings  or  send  on  the  finished  road 
surface.  The  stone  screenings  or  sand  are  to  be  spread  in  a  lUrection  parallel  with  the 
road  and  never  croaswise.  If  necessary,  from  time  to  time,  additional  screeuinp  or 
■and  shall  be  spread,  as  the  Road  Commiasioner  may  direct,  to  cover  any  (dl  which 
nay  soma  to  the  surface,  until  the  final  completion  and  acceptance  of  the  work. 

"It  fa  aatlnK-nd  that  thfa  road  will  cost  approximately  $26000  per  mile.  The 
CfNUty  of  Los  Angelas  ta  furnishing  all  material  used  la  Its  construction." 


Considerable  difficulty  exists  in  maldng  repairs  to  concrete  in  any  fonn, 
the  main  difficulty  being  to  secure  a  proper  union  between  the  new  and 
the  old  concrete.  A  depression  in  a  concrete  pavement  can  only  be  re- 
paired satisfactorily  by  cutting  away  sufficient  old  omcrete  in  the  depree- 
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non  80  aa  to  give  an  area  of  proper  thickness  with  vertical  edges,  it  beinj; 
imposBtUe  to  place  new  concrete  on  old  with  feathered  edges,  aod  to  have 
these  thin  edges  unite  proper^  with  the  old  oonorete.  When  the  am 
IB  out  out  with  vertical  edges.  It  is  impoorible  to  prevent  the  formati<m  of  a 
pnoeptible  joint  in  the  rircurafereiice  of  the  patch  and  all  such  jtnnts  ia 
the  rigid  concrete  are  foci  of  weakness.  The  most  successful  rei>airs  to  a 
cement-concrete  pavemcDt  are  probably  made  by  cutting  out  the  area  to 
be  repaired  and  then  filling  the  hole  with  bituminous  concrete.  In  an 
uncarpeted  concrete  road,  this  produces  unsightly  spots  and  must  be 
regarded  as  the  beginning  at  least  of  finally  carpeting  or  otherwise  covering 
the  whole  of  the  concrete  pavement  and  thus  cfaangiag  it  really  from  a 
pavement  to  a  foundation.  The  impcfftanoe  of  these  facts  makea  it  mm 
to  regard  them  carefully  before  goine  to  much  extra  expense  in  oonstouo- 
tion  for  a  particularly  rich  mixture  for  the  concrete.  In  other  woida, 
if  it  ia  to  be  expected  tiutt,  within  a  few  years,  the  concrete  i>a^-enient 
proposed  to  be  laid  ia  to  be  covered  with  a  carpet  of  some  kind,  it  will  cvta 
be  better  to  so  draw  the  specifications  for  the  concrete  aa  to  provide  for 
the  cheaper  form  of  concrete  foundation,  and  perhaps  to  allow  it  tem- 
porarily to  be  used  as  a  roadway  pavement,  finally  surfadng  it  aa  coo- 
diti<«is  make  desirable,  rather  than  to  provide  a  much  more  axprasive 
form  of  concrete  pavement  which  will  permit  a  longer  life  perhaps  to  the 
eonerete,  but  which  will  inevitably  and  eventually  require  its  relegatioa 
to  the  position  of  a  foundation,  where  a  much  cheaper  form  of  construction 
would  be  equally  satisfactory. 

The  Joints  of  a  Concrete  Pavement  generally  begin  to  show  the  wear  first 
and  this  ia  particularly  true  with  those  joints  that  aocidentally  occur  in  the 
form  of  cracks.  The  wear  of  the  provided  jointa  is  intended  to  be  guarded 
against  by  special  forms  of  plates,  but  the  marked  difference  between 
the  wearing  qualities  of  these  plates  under  traffic  and  of  the  concnKe 
adjacent  to  them  seems  to  mmply  transfer  the  wear  from  the  joint  itself 
to  the  fuea  just  back  of  the  plates.  Where  Uie  provided  j<^t8  are  not  pro- 
tected by  plates,  and  in  the  case  of  aocidental  joints  or  cracks,  the  edges 
of  the  joints  or  cracks  quite  quickly  ehip  off  and  wear  away,  especially 
where  there  is  much  animal-drawn  and  hard  tired  traffic  The  usual 
repair  of  such  joints  consists  of  cleaning  them  out  as  well  aa  poesiUe  and 
filling  them  with  bituminous  cement. 

The  Edges  of  Concrete  Pavements,  especially  where  the  roadway  has 
been  made  too  narrow  to  prevent  many  of  the  vehicles  from  turning  off 
the  roadway  on  to  the  shoulders,  are  particulariy  susceptible  to  disinte- 
gration under  traffic.  If  the  shoulder  material  is  quite  soft,  a  vdiiele  may 
run  along  for  some  distance,  grinding  on  the  edge  of  the  concrete  and  wearing 
it  severdy  before  finally  climbing  back  from  the  rut  in  the  shoulder  on  to 
the  concrete  surface.  Not  only  is  the  edge  of  the  concrete  pai'ement 
damaged  in  such  cases,  but  the  nit  just  outside  of  the  concrete  forms  a 
collecting  place  for  water  which  may  accumulate  there  sufficiently  to 
injure  the  foundation  of  the  roadway  and  result  in  upheavals  or  cracks  in 
the  concrete  slab.  On  all  such  roads,  it  is  particuhurly  desirable  to  con- 
struct and  maintfun  the  shoulders  in  such  a  manner  as  to  prevent,  as  far 
as  poBsiUe,  the  occurrence  of  the  above  described  drfects.  For  a  discus- 
sion of  maintenance  of  shoulders,  see  Art.  4. 

Rasuifacing  an  Old  Cement-Concrete  Road  WlOi  New  Concrete  (M).  "Giml 
RivM-  Road.  Wayno  Coonly,  Hlcb.,  waaaetectod  tor  tUseiverhMnt  «>  it  would  imedm 
the  lemwt  Uad  of  tost,  on  aoeonnt  <rf  the  haavy  nixsd  tnUBe  widA  «b  Ois 


D>qiti;M  by 


Art.  20 


Maintenance  Cost  Data 


1209 


way  and  because  the  section  selected  wu  rouch  and  uneven.  This  sectloa  of  road 
wma  built  in  19tO,  and  ia  of  2-courBe  oonstraetiDn.  It  b  6!^  in  thick,  16  ft  wide,  built 
on  crowned  oubsrade.  During  the  week  Aug.  17,  1912,  7444  vehlclea  iibbwiiI  a  given 
p<rfnt  aa  thia  road,  and  daring  the  week  of  Sept.  18,  1912,  7680  vehidca,  by  actual 
count,  pMsed  the  same  point,  which  is  near  when  the  road  was  resurfaced.  To  bet- 
ter accommodats  Increased  Cnfflc,  the  road  was  widened  to  20  ft. 

MnrHOD  OP  Rbconbtruction.  "Al^  the  Tarvia  suiladng  and  fillinK  uaed  to  cover 
cradcs  was  removed.  The  cracks  and  holes  were  then  filled  with  eonente  to  make 
aa  «vaii  m&ca  20  ft  wfala.  The  npanslan  jtrinto,  M  rtMl  proteetlaa  pl^M  wen  not 
uaed,  were  mostly  worn  down.  Where  the  Joint  was  ipaUod  to  a  eonaidsraUe  sztont, 
the  old  concrete  was  broken  away  sufflcientty  to  give  a  bcmd  for  new  ooncret«  <m 
both  sides  of  the  jt^t.  Expansion  felt  was  then  placed  and  the  whole  surface  brought 
Up  to  an  even  grade.  On  the  top  layer  of  this  base  was  placed  m  94a  layer  of  UlUSH 
concrstsurini  liar«iBstt8,Uidi.,trap  lodcpadsdin  slnfroBi  H  tollnfortheooann 
acgregat*,  and  washed  and  smened  bank  nnd  for  tha  fine  aggregate.  The  auifaoe 
In  no  place  Is  Ins  than  8  in  thick,  reinlOTced  with  No.  26  triangidaMneah  wire.  No 
endeavor  was  made  to  bond  the  top  course  to  the  old  road  with  a  rigid  b<Hid.  The 
'  surface  of  the  old  concrete  was  first  sprinkled  with  water,  after  which  a  mixture  of 
Tarvia  A  and  Tarvia  X  was  sprinkled  on,  hot,  Vdth  an  ordinary  sprinkling  can,  im- 
meAatdy  be^fm  pladng  the  new  wearing  surface.  The  Tarvfa,  f^Ung  on  the  motet 
cmictete,  spread  in  a  veiy  thin  layer  and  was  immediately  dilllod,  thus  foming  an 
even  coat  over  the  old  surface.  The  expendofi  joints  In  this  tcft  eonrsa  coincide 
exactly  with  the  expanrion  jdnts  in  the  bottom  cooiae.  A  piece  ot  wood.  S  by  4  in, 
20  ft  long,  was  laid  over  the  old  joint,  and  the  concrete  defwdted  as  tho  no  jctet  were 
to  be  made.  Afterward  this  piece  of  wood  was  rranoved.  and  armor  platee  auqiended 
from  hift^nifig  bars,  with  expansion  felt,  were  set  into  place  on  the  side  forma,  the  felt 
of  the  new  joint  meeting  the  tar  fuptr  al  the  haaa  Mat. 

"It  b  irfse  to  add  a  word  of  eantioii  that  thk  leenrfadng  Is  ngardad  aa  wholly  Id 
the  aatora  of  an  caperiment  whlcli  should  be  watdwd  and  atndiad,  latbar  tiian  gsf 
maJfy  advocated,  until  It  baa  proven  ItsdT  oat." 


The  Long  Run  Costs  include  the  intereBt  or  sinking  fund  demands  based 
on  the  first  cc»t,  the  chaises  for  maintenance  or  upkeep,  the  cost  of  repairs 
and  allowances  for  depreciation  or  obsolescence.  Trustworthy  informa- 
tion from  widely  dispersed  sources  concerning  the  detailed  costs  of  upkeep 
and  repairs  on  concrete  pavements  for  a  sufficiently  k>n£  period  has  not 
yet  been  published.  In  the  few  CRsea,  where  detailed  information  has 
seemed  to  be  accurately. given,  the  statements  have  been  lacking  in  other 
vital  respects  such  as  concerning  the  amount  of  use  to  which  the  particular 
road  has  been  subjected.  Manifestly,  under  such  conditions,  conclusions 
of  value  are  impossible.  Inskeep  (40)  states  that  the  cost  of  repairs 
to  about  7300  eq  yds  of  concrete  pavement  built  around  a  public  square  in 
Bollefontaioe,  Ohio,  In  1893  and  1894,  "under  the  existing  conditions  *  *  *  in 
be  last  seven  years  has  been  S173.88."  Much  information  of  value  in  this 
connection  is  lacking,  especially  as  regards  the  amount  of  traffic  using  tho 
roadway.  See  (fiOg).  Tentative  deductioiu  may  sometimes  be  made, 
friiich  will  indicate  iKMsibilities,  tho  generally  even  these  require  assump- 
tions from  more  or  less  controversial  starting  points  and  these  asmimptiona 
may  vitiate  the  results.  For  pubUcations  of  figures  on  cost  of  maintenance 
of  concrete  roads,  see  (56)  and  (S7). 

Connecticnt  Method  of  Maintenance  (64).  "A  straight  well-made  joint  can  be 
much  more  easily  taken  care  of  than  any  ragged  crack  which  might  reatilt  if  no  joint 
were  uaed,  or  If  the  distance  between  were  lengthened.  All  joints  are  treated  with  tar 
during  the  hot  weather  of  the  fint  summer  after  the  completion  of  the  work,  and  as 
oftan  thereafter  as  necessary,  but  only  in  warm  weatiier.  A  tar  kettle  at  about  160 
pd  evati^f  ■  pntrlnic  pot  of  the  type  use  for  pouting  Utiunlsovs  filler  iot  brick  pav*- 
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BMBts,  >  wire  pu^  broom  and  «  couple  of  Uboren,  compriM  tha  outfit  noceoufy  to 
prop«rl7  Uka  cmre  of  thii  work.  The  joint  ia  first  bnuhsd  dean,  then  filled  with  te 
and  covered  Ufhtly  with  send  or  straw  chips,  which  have  previooely  been  diatribnted 
along  the  road.  The  ooet  of  tfak  work  varies  with  the  conditiani  at  the  joints  and  price 
of  labor,  lioo^tudinal  ends  are  the  raoat  frequeDt  and  anneyinc  naulta  of  focoa 
exNted  after  the  work  haa  been  completed.  Thcee  occurred  more  frequently  on  tk» 
eariier  conbacta  which  were  not  reinforced,  and  alao  m  thoae  which  were  ao  aitoated 
that  the  froat  could  effect  an  entrance  under  the  road  from  the  sides,  Uf tine  mdn  edfe 
and  eavdng  cracks  to  appaar  when  the  surface  reCumad  to  Ita  normal  podtton.  Than 
cracks  have  bean  treated  In  exaetir  the  mum  nannw  aa  the  jdnta. 

"Practically  all  of  the  work  on  the  surface  of  theee  roads  is  performed  in  the  mmt 
manner  aa  outlined  for  tarrlnE  joints,  and  with  the  use  of  the  aame  materials.  A 
medium  heavy  tar  whldi  required  heatinc  ia  ined.  Any  tar  which  will  eoofonn  to 
the  fdlowing  ipadflcations  will  be  found  satisfactory.  Specific  gravity  at  21"  C 
(70°  F),  1.20  to  1.S0.  Free  carbon,  10  to  25%.  DiatiUataon:  Total  to  77°  C  (170*  F). 
not  over  6%;  total  to  1K7°  C  (816°  F).  not  ow  80%.  Spedfle  gravity  ot  entire  dia- 
tlllaUoD  at  15.6"  C  (60"  F),  1.088  to  1.088.  Hdtli«  point  el  nddua,  46"  to  71"  C 
(IIB"  to  160"  F>. 

"The  sise  of  the  sand  or  fins  stone  used  with  the  tar  should  depend  on  the  siae  at  tbs 
defect  being  treated,  and  lAtould  be  daan.  U  defects  are  traatad  boob  as  tJuy  ainisnr. 
practically  no  cover  win  ba  used  largo-  than  tMpedo  sand. 

"Actual  ooen  of  the  maintenance  for  the  varioua  coo  tracts  have  hew  kept  for  a 
period  of  2  years,  and  the  results  are  very  satisfactory.  Twenty-five  miles  of  road 
have  been  used  In  cAtaining  the  figures  ^vta  care  being  uaed  to  include  those  carrying 
all  daasss  of  tralllc  from  the  heaviest  to  the  lightest.  The  actual  coat  of  all  tar  worit 
apidled  to  the  ooacrete  surface  has  been  888.68  per  mile  per  year,  or  about  0.4  emm 
par  sq  yd  of  travelled  path  per  year.  The  east  of  shoulder  work  and  drainage  haa 
been  {28  per  mDe  per  year,  or  0.8  cents  par  sq  yd  per  year." 

Uaiatenance  Costs  hi  Dliniris  (62b).  "The  aversge  cost  of  maintenance  and  upkeep 
of  concrete  paved  streets  and  roads  in  Illinois  In  1016  was  0.4  cents  par  sq  yd.  Tb» 
tigur*  la  the  avarage  tor  76.8  milea  of  aUte  aid  higbwigr,  aggra^tlnc  586  018  aq  yd  <rf 
pared  sorfaoe.  Ilia  average  cost  of  maintenanos  for  6.06  nilea,  66  664  aq  yd  of  pav»- 
mMt,  OB  townah^  aid  concrete  roads  in  1916  was  OM  esntn  per  aq  yd." 


Tabla  IZ. — Mainteiuuice  Cost  of  Concnt*  PaTsmants  in  Ulinoto  ia  ItU 


County 

Date 

of 
Accep- 
tance 

Labor 

Ma- 
terial 

Trans- 
porta- 
tion 

EquliH 
meat 

Super- 
vision 
and 
Over- 
head 

Coat 
of 
Mafait«- 
nance 

Coat 

per 
Sq  Yd 

1915 

823.65 

814.86 

83.66 

86.86 

86.76 

868.27 

80.0069 

1916 

6.00 

4.87 

2,69 

8.90 

2. 11 

19.47 

0.0038 

1914 

9.75 

18.28 

9.61 

3.66 

6.00 

46.20 

O.OIOT 

Clark  

1915 

8.00 

11.71 

8.54 

2.80 

8.82 

84.87 

0.0062 

Clay  

1916 

11.10 

4.08 

6.27 

2.08 

2.86 

26.89 

0.0068 

Cook  

1914 

3.00 

6.66 

1.07 

1.90- 

1.68 

14.16 

0.0027 

Cook  

1914 

8.00 

19.05 

2,16 

10.60 

4.88 

44.64 

0.0081 

Hanard  

1915 

21.60 

2.70 

4,64 

1.90 

S.74 

84.68 

0.0186 

Moultrie  

1916 

8,60 

2.34 

8.97 

8.86 

2.88 

26.00 

O.O0S8 

Whiteside  

1916 

22,50 

10.98 

8.87 

4.60 

41.80 

0.0121 

■mn  

1914 

44.00 

11.73 

9.70 

6!96 

8.78 

81.11 

0.0074 

WnUamaon.  .  . . 

1916 

25.46 

14.83 

6.88 

8.60 

6.97 

66.19 

O.00T8 

Woodford  

1916 

18.00 

13.27 

7.92 

l.tt 

4.M 

46.10 

o.oon 

L.ooQle 
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TaW«  X.~Miinteiuuw*  Coiti  of  Concrtt*  PaTemante  in  HlhnalMe 
Coonty.  WIi.  (M) 


Teu- 
BuUt 

Sqnara 
Yank 

CONCKBTB 
MAIirrBNANCB 

IN  1914 

concbbtb 
Maintbnancb 
IN  I91S 

CoNCun 
Main  TEN ANCK 
IN  1016 

Awai* 

YMrly 
Com  pw 
Ufla 

C(Mt 

Per 
MUe 

Cott 
Par 
Yard 

Com 

Per 

Mild 

Com 
Per 
Yard 

Com 

Pa- 
Mils 

Com 
P«r 

Yard 

1012  

1912  

1013  

1013  

lOU  

101ft  

1.850 
2.500 
0.100 
31.076 
33.Hi 
38.800 

14  000 
SO  482 
3  000 
228  777 
3S03B3 
400  8S1 

1867.80 
185-02 
S43.10 
60.66 
20.36 

1.08270 
.01400 
.06000 
.00480 
.00170 

11226.62 
184.22 
610.73 
26.33 
26.73 

1.11810 
.016« 
.04860 
.00246 
.00245 

8240  81 
324.70 
100.00 
42.86 
34.06 
S0.83 

1.02330 
.02760 
.00050 
.00414 
.00313 
.00379 

tm.ie 

224. C7 
779.316 
30.6ft 
80.71 
I0.8> 
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STREST  CLBANING 
1.   General  Consideratioiu  Relative  to  Street  Cleaning 

Bn^eeting  and  Economic  Problem.  Street  deaniog  is  one  of  the  last 
municipal  engineering  problems  to  be  placed  under  the  control  of  engineers, 
and,  in  fact,  it  is  in  only  a  very  few  localities  (1918)  that  this  very  important 
municipal  service  is  under  engineering  control,  as  it  is  still  being  used  in 
many  localities  for  the  purposes  of  political  patronage.  The  principal 
factors  in  connection  with  this  problem  so  far  as  deaning  the  streets  them- 
•elvas  is  ooDoemed  are  engineering  and  economic  ctmaideratione.  En^neer- 
ing  considoationa  embrace  sanitary  conditions,  oharactor  and  eztent  of 
traffic,  character  and  condition  of  the  pavamuita,  aocial  and  local  condfc- 

1215 


Diqiti;M  by 


1216       Street  Cleaaiiig,  DiBposal  tii  Waste,  Snow  Ranoval    Sect.  22 


tiotUi  and  equipment  and  methods  of  cleaning,  while  the  eoootniiio  conaid- 
wation  resolves  itself  into  a  question  of  finaocial  policy  in  each  communitr. 
In  other  words,  in  this  work  as  well  as  in  paving  work  and  all  other  public 
service  work  each  community  must  determine  upon  its  own  policy.  Tlui 
does  not  mean,  however,  that  sufficient  cleaning  should  not  be  performed 
to  comply  with  the  sanitary  requirements.  It  is  for  the  engineer  to  deter- 
mine upon  the  methods  and  the  extent  of  the  cleaning  it  would  be  deeitvfala 
to  do  in  order  to  keep  the  streets  in  as  near  as  is  posaibla  an  ideal  ocokU- 
turn  from  the  standptnnt  of  rieanliaess,  but,  as  in  other  undertakingM.  tbs 
prohibitive  cost  often  makes  it  impracticable  to  attain  the  ideal. 

Clas^catioo  of  HeUioda  of  Street  Cleaning.  In  general  two  lands  of 
Btseet  cleaoing  are  recognized,  namely,  preventive  street  cleaning  and 
ooireotive  street  cleaning.  Preventive  street  cleaning  may  be  stated  to 
oonsiflt  principally  in  the  institution  and  adaption  of  means  of  preventing 
dirt  or  waste  materials  being  placed  or  scattered  upon  the  highways;  while 
ootreotive  street  cleaning  oonsiBts  in  the  ooUeotion  and  removal  of  audi 
dirt  or  waste  material  as  hail  fbund  its  vay  onto  the  hi^ways.  The  m- 
qmnnbility  for  the  performance  of  preventive  and  ootrective  atreet  frlfranhn. 
it  IB  recognised,  must  rest  to  a  great  extant,  respectively  with  the  gieneral 
public,  the  municipal  street  cleaning  organisation  and  the  police  dofwrt- 
mmt.  The  police  department  is  the  only  agency  thru  which  the  enforce- 
ment of  the  preventive  street  cleaning  laws  can  be  carried  out,  and  the 
enforcement  of  these  laws  is  essential  in  order  that  a  eolation  the  street 
cleaning  problem  may  be  effected. 


Oaneral  Crasidarslions.   Tho  tiu  results  aooruing  frnn  the  aefiiritiia 

Included  under  preventive  street  cleaning  cannot  be  definitely  cagneuutJ  ia 
figures,  as  in  the  case  of  corrective  street  oleaning,  it  is,  howevo*,  just  as 
important  a  function  of  street  cleaning  as  the  performance  of  the  corroctive 
work  itself  and  every  effort  exerted  in  this  direction  is  fully  justified.  For 
obvious  reasons,  it  ia  absolutely  certain  that  preventive  methods  are  des- 
tined to  enter  more  and  more  into  the  street  oleaning  problem  in  every 
municipality.  In  formulating  a  definite  policy  along  which  preventive 
street  cleaning  work  should  be  conducted,  it  is  necessary  first  to  determine 
the  oontributing  causes  to  unclean  streets,  in  order  that  it  may  be  poasibls 
to  control  or  diminate  them  thru  carefulness,  thoughtfulness,  or  observance 
of  the  laws  on  the  part  of  the  general  public. 
Principal  Causes  of  TTnclean  Streets. 

1.  The  neglect  of  occupants  of  homes,  stores  and  other  buildings  to 
properly  dispose  of  sweepings  and  refuse  from  their  premises  and  sidewatki^ 
and  to  refrain  from  sweeping  or  placing  such  materials  onto  the  highways, 
especially  after  they  have  been  cleaned. 

2.  The  failure  to  use  tight  metal  or  other  suitaUe  reoeptaclee  for  aabes, 
rubbish  and  garbage;  the  failure  to  allow  a  clear  spaee  of  aevetal  indiM 
between  the  tops  of  the  receptacles  and  the  top  of  the  contained  materials 
in  order  to  prevent  their  b^ng  Uown  or  spilled  upon  the  hi^ways;  and 
the  lack  of  care  in  the  manner  of  storing  receptacles  while  awaiting  ooUeotio^ 
BO  as  to  prevent  their  being  overturned  by  passing  traffic. 

3.  The  illegal  and  eareless  distribution  on  the  Iiighways  or  to  homes  and* 
other  buildings  of  advertising  literature  in  the  form  of  drciUars,  band- 
bills,  cards  and  fake  newas>apers. 
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4.  Thene^eot(tf'pedflBlTiaimtoim>pwdydlipoMof  diacantodne^ 
cardboard  boxes,  paper,  fruit  peelings  and  refuse. 

6.  The  non-eepantioti  hr  oooupants  of  homes  and  other  bmldingB,  of 
rubbish  from  asbiBS,  placed  on  the  highways  for  cdlection  hy  the  municipal 

ooUecton. 

6.  The  interference  with  and  scattering  of  the  contents  of  recqitades 
awaiting  collection,  by  itinerant  scavengers. 

7.  The  overloading  or  improper  loading  of  vehides  hauling  dirt  or  other 
fragmentary  materials,  or  the  use  of  defective  or  unsuitaUe  conveyanoes; 
and  the  pennisdoD  of  vehicles  ODtering  upon  the  hi^nrays  with  the  wbeds 
carrying  an  aecmnulation  of  dirt  or  mud. 

8.  Tbe  illegal  and  careless  packing,  unpacking  or  storage  of  materials 
on  the  highways. 

Enforcement  of  Preventive  MeasoreB.  In  order  to  eliminate  or  reduce 
to  a  minimum  these  contributing  causes,  every  effort  should  be  made  to 
educate  the  general  public  in  their  individual  duties,  and  to  the  necessity, 
advantages  and  possibilities  of  preventive  street  cleaning.  Insofar  as  it 
la  practicable  and  possible  for  the  city  to  do  so,  equipment  and  helpftd 
suggestions  and  instructions  should  also  be  furnished. 

The  Prlndpsl  SpecUtc  Hesiu  for  Controlling  These  Csuses  Employed  by  tba  PbUa- 
ddphia  Burean  of  EU^ways,  UU  to  ItlT,  may  be  enumentad  u  follows: 

1.  Continuous  edocatituial  work  ocnisiatlnK  of  extoudve  n«wspaper  publicity,  public 
neicfaborbood  leetur«i  and,  wbere  pncUcable  or  neaiMiry,  individual  penonat 
advice  or  iiistrucdoD  from  the  inapecton. 

2.  The  inaugimtioo  of  sn  intoulve  educational  prevtotive  Clasa  Straeta  Campslgn 
imdtf  tlM  joint  MMpiccs  of  the  CiQr  of  Philadelphia.  The  HiilsddpUa  Chamber  of 
Ccnuaeree,  the  Usdted  BuriaM  Mn's  Anodstioa,  the  Poor  Richard  CAdvertidng) 
dob,  thi  PhUsdslphia  Cotuty  UediosI  Sodety,  the  Child  FMeiatioD,  the  Emericocy 
Aid  Afrrletiiiii  and  the  CSvic  Club  of  Philadelphia,  for  the  purpose  of  enllstbg  the 
aid  cl  anty  powlhle  oo5peratinc  agency. 

8.  The  peMonal  serrinc  by  poHoe,  upon  the  re^Modible  occupant  6t  every  home 
and  other  thiuoot  tlw  City,  of  cards  enusoaatiBg  in  the  f<Mm  of  Don'ts  the 
Buat  till  III  ally  prevailing  vlolalicnB  ot  the  lam  which  ctmtrlbute  toward  unci  tan 
Btraeta,  toBether  with  afaetracts  of  the  laws  and  the  penaltin  for  their  violatio&;  and 
the  ezUUtiai  «f  displayed  placards  cmtatnlog  this  data  in  the  trolley  cara,  store 
windowm,  raitway  stations  and  other  cmupicuous  place*  tbraout  the  City. 

A.  The  a^gnment  ot  specially  trained  forcea  of  inapeetwa  to  pemonally  appeal  to 
oecupaata  of  homea  and  other  bulldinci  to  cooperate  by  obeying  the  eriating  lava. 

6.  The  aendiag  ot  legal  notification  lettera  to  persons  or  agsnctea  who  poalstad 
after  WBraiog,  in  violating  the  laws  in  natters  otntrilwtfaic  to  andean  Streets,  and 
prosecuting  the  <^ender  in  instaaoea  where  further  violations  arc  noted. 

6.  The  anignmect  of  an  aadstaat  "g*"*"  to  enlist  and  encourage  the  eoApaeatloa 
ot  bouaekeeperv  and  Bchool  ddUim  by  giving  Infonnal  talka  at  ecfaoola  and  bafora 
woomb's  oqpmkatlaBs. 

7.  The  fundablag  and  maintenance  ot  attractive  rubbish  rsosptadee  In  prominent 
locatioDB  on  the  highwaya  thniout  the  City:  and  the  encooragemeat  of  huge  buabwas 
IntcnstB  and  dvie.  and  ndghborhood  Iwtaineaa  men's  snd  improvonent  aasodatlona 
to  aadst  in  the  exteudon  of  this  work. 

&  The  geoeial  enf  or  cement  tA  the  munidpal  ordinance  requiring  the  separatloB 
el  lahes  and  rubbish. 

9.  Tlw  vfcHrcemeoit  erf  tlie  law  requirlDg  ooenpanta  ot  homes  and  other  buDdings 
to  provide  approved  types  of  rubbish  and  garbsge  receptacles,  and  to  properly  store 
ttam  while  awaiting  eoUectlim. 

10.  The  control,  thru  the  cooperation  of  the  police  department,  of  itinerant  scaveo> 
gars  ape»ttng  in  vi<dadon  of  the  law,  with  a  view  to  their  ultimata  eUminadon. 

11.  The  InstitutltHi  of  an  annual  Clean-Up  Week,  which  inaurea  the  periodic  and 
aatirfaatoiy  diq>oaal  a  v^  eonsideiable  quantity  of  rubbisb,  a  prcvordon  of  which 
woidd  otherwiN  nltliaatdy  Ihid  its  way  onto  the  h^waya. 
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IZ.  A  donr  attaotum  to  the  character  and  sultabitlty  of  tbe  vehida  employed 
and  tbe  "■hpihh'  of  loadins  and  traasporlinK  dirt  and  other  Iragmentaiy  matcsiab 
over  tha  hiffawaya,  and  the  anignment  of  an  inspector  where  neceaury  to  msiwd 
Mieh  vehlcka  prior  to  pumitting  them  to  enter  upon  the  high  ways. 

PnbUcitj.  In  conoectioo  with  the  preventive  street  rtaaning  prtqwuanda,  h  h 
considered  that  publicity  of  the  kind  that  will  react)  and  favorably  imprea  the  en  tin 
body  (rf  dUseos  is  abeolutely  ceeentjal  to  the  attainmint  of  naoHa.  In  thia  *"rTiiriHiaL 
poblioi^  is  obtained  thru  the  following  BMdioBM: 

NinnPAnHB.  N«w  itema  in  both  daHjr  neMpqwn  and  woeWy  nel^ibaritood 
periodicals  relating  to  the  day  to  day  aeUvitte  of  tbe  bureau  of  highways  in  coma^m 
with  the  preventive  street  cleaning  work  and  alao  stories  of  the  ezperiencea  and  eoa- 
ditioos  discovered  by  the  educational  inspection  force. 

Hbbtings.  PubUc  meetings  held  tinder  either  the  spedfic  or  jctot  sunpiceB  td  tbe 
municipal  government,  dvic  and  trade  bodies  snd  neighborhood  business  men's  and 
tanpronment  assodstionB. 

UTBtATUBH.  Ekiucational  notioe  cards  and  pamphlets  dmorlbins  the  VBiioaa  wayi 
in  which  householders  and  dtizens  in  general  may  cooperate;  placards  for  ston 
vrindow,  trolley  ear,  railway  station  and  bulletin  board  dlqilay  and  poater  stampa  for 
attachment  to  oorrespondeoce  and  UUfl  aent  to  the  public  by  the  municipal  govcramntt 
public  utilities  and  budneaa  houses. 

Clean-Up  Week.  The  main  puipose  in  conducting  an  annual  municipal  rlran  Tip 
wedt  campaign  is  to  provide  beal^Ier  and  aafn-  Hvbig  eondltloBB  for  the  people  b 
gomal  by  removing  accumulated  tradi  and  rubbish  from  the  Interior  of  bvOOn^ 
and  from  all  open  areas.  It  is  a  demonstrated  fact  that  carriesmcM  in  the  stotsfe 
of  rubbish  in  cellars,  attics  and  doaets  is  responsible  for  a  considerable  portioo  d 
Are  loams,  wliile  It  hss  abo  been  sliown  titat  andean  aurroondlnga  breed  ilasese  |,iiiiia. 
which  are  In  turn  tnnmlttad  to  human  beings  thru  var4oii8  agendas.  To  rlinii  up 
regtilarly  by  ooUedbig  and  di^Msing  of  all-anUs  trash  ^veo  to  a  eommaltr  aa 
orderly  and  well-regulated  appearance  and  eliminates  mudi  rubbish  that  would  in  al 
probability  contribute  at  some  later  time  to  the  littering  of  the  highways.  It  atimnlalcs 
the  dtizens,  whether  rich  or  poor,  to  concentrated  effort  at  stated  tiraea  and  tber«br 
develops  instinctively  the  haUt  of  cleanliness  and  orderilnen.  To  promote  waA  a 
campaign  succevful^  requires  the  active  cooperation  of  every  Individual  in  the 
munidpality.  Obviously,  the  necessary  informaticai  covering  the  gcueual  plan  «( 
procedure  must  first  be  given  to  each  man,  woman  and  child  and  In  a  form  to  be  as- 
similated  by  eadi.  It  must  also  be  repeated  as  often  as  necessary  tn  ord»  that 
one  may  be  impressed  with  his  or  her  personal  responsibility  in  the  matter.  PubHdty. 
therefore,  should  be  the  key-note  of  a  dean<up  campaign.  The  best  results  will  be 
obtahied  thru  a  joint  worMng  committee  of  dty  ofBdab  and  mMnbaia  of  the  loal 
Chamber  of  Commerce  or  Board  tl  Trade,  thdr  prlndpal  obieetlve  being  to  start 
the  campB^  and  keep  it  In  motion  1^  using  every  svsUable  duaital  of  pubiioation. 
The  newspapers  are  poalbly  the  raoat  efficient  mediums  of  pubUdty  and  by  publishiDg 
daily  news  artldee,  advertiidng  wares  of  tradesmen  snd  in  giving  ample  advance 
aotloe  of  the  coming  event,  ke^  the  idea  constantly  in  the  public  eye-  The  s^Manc* 
of  ttn  local  public  servloe  oorporatlonB  In  the  preHratDaries  of  tlia  campaign  by  l^a^g 
placards  containing  Information  In  trolley  cars  and  stations  and  by  uaing  poater  stamps 
on  biU  hesds,  statements  and  outgoing  mafl  Is  invaluable;  budnem  men's  and  drie 
orgsnizatlonB  thru  conducting  neighborhood  meetings  and  distributing  Htaratuf* 
gain  the  attention  of  the  people  living  in  their  immediate  vidnitlca;  children  in  pmbbe 
and  privata  sdtools  thru  a  course  of  instruction  as  to  the  part  they  may  take  In  i  li  aiilag 
up,  which  also  provides  for  the  awarding  of  prizes  for  the  beat  appearing  yarda.  aBtfK 
etc,  ore  encouraged  to  individual  effort;  inspection  of  divided  areas  of  the  munidpality 
by  Boy  Scouts  and  other  junior  organlsationB  in  order  to  locate  vacant  lota,  opes 
areas,  yards,  alleys,  etc,  requiring  the  attention  of  the  awtxta  Is  a  meat  hnportaat 
feature.  The  campaign  should  be  officially  begun  by  Uie  mayor  liihn  a  prnrlai— Hsi 
just  prior  to  the  opening  of  clean-up  week  requeattiic  all  ddana  to  give  their  baft 
rfwta  to  one  week  ot  cleaning  up  and  beautifytaig. 

Ofbutiohs  Durino  CLKAi*-tTp  Wkhc  The  prellmliutry  or  educational  ftatnraa  of 
the  campaign  having  been  thoroly  coordinated  and  properly  concluded,  the  actual  wcrk 
of  collecting  and  diapoalng  at  the  waste  materials  est  out,  requfraa  rapid  and  aOdMt 
handling  on  tha  part  of  the  orgaidntioo  in  diarga.   In  a  hufe  Bnoddpaiityt  paitiBB* 
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tarijr  during  the  first  and  aeooBd  campaigns,  an  Ibcwsd  of  not  less  than  26%  In  ths 
number  of  «stra  teams  employvd  over  the  number  usually  requlrad  to  ooUect  rubbish 
will  be  necenary  with  a  corresponding  inereaae  in  the  number  of  helpeia,  in  order  to 
complete  each  day's  work  according  to  the  department  schedule.  Ab  the  disarrange- 
ment of  the  schedule  of  an  ash  and  rubbish  cc^lection  and  street  cleaning  departmntt 
Is  serious,  every  effort  should  be  made  to  complete  the  clean-up  *«T*'r'  within  tbe 
prescribed  time.  This,  of  course,  requires  judgment  in  the  employment  cd  additionai 
equipment  and  helpers  for  which  no  set  rule  can  be  formulated.  It  wUl  dc^Mnd  entirely 
upon  the  arrangement  of  tbe  daily  schedules,  ample  provision  bdng  made  baf ore- 
hand  for  those  districts  In  which  the  normal  weeldy  coUecUons  are  heaviesL 

Rhultb  Obtained.  Tbe  best  results  are  not  to  be  looked  tor  during  the  first 
campaign  as  the  public  in  the  beginning  may  be  more  or  less  apathetic  and  inoednlous 
but  they  will  be  quickly  converted  to  the  value  of  the  fdaa  once  the  impresdon  la 
gained  tb^t  It  means  safe^  against  dlso—o  and  fire.  Thereafter,  deanlng-up  gradually 
becomes  haUtoal  with  tile  real  purpose  of  the  movement,  which  Is  to  encourage  con- 
tinuous or  year-round  denning  constantly  progressing.  The  successful  results  of  sudi 
•  »— wipaiyn  may  be  summarispd  briefly  as  foilowa: 

1.  Reduction  in  fire  loss  and  eUmlnatlon  of  fire  haxards;  the  lesKmlng  of  the  number 
of  house  flies  and  mosquitoes  during  the  summer  months. 

2.  The  improvement  of  sanitary  condidona  and  the  elimination  of  objectionable 
eonditioM  on  vacant  lots;  deaner  houses,  yards  and  alleys,  safer  and  more  attractive 
houses  and  BUfToundings. 

8.  The  training  of  school  children  In  the  prindple  of  the  cleaning  up  Men;  fire  pre- 
vention, cleaner  streets,  development  of  scfaod  and  neighborhood  piiir-T.  etc 

4.  A  higliw  standard  of  dvic  pride  in  the  people  for  thdr  dty. 

Philadelphia  Cuban-Up  Cahpaionb.  This  procedure  has  bean  fcdiowed  In  PhO- 
■delphla  most  successfully  from  tSlS  to  1916,  Induelvs,  the  adhafnistratlon  of  the 
campaign  and  the  eoUeetiati  and  removal  work  being  under  the  auqdcss  of  the  Bureau 
o(  Highways  and  Street  Claawing,  whidi  is  In  revponsible  charge  cA  the  collection  and 
diqxMal  of  ashes  and  rubbleb.  Tho  the  other  branchea  of  the  munidpal  government, 
audi  as  the  Departments  of  Health,  Police  and  Fire,  should  cooperate  in  tbe  campaign, 
jret  the  depsrtjnrat  having  regular  charge  ot  rubbish  collection  thruout  the  year  Is 
tbe  ktglGal  organizatloB  to  supervise  tbe  dean-up  weak  campaign.  During  tbe  Phil* 
adelpUa  campaigns  el  iSM  and  1914,  the  aeenmulatkiM  ware  notieeable  for  the 
liisstiiiiii  iif  hiwiry  snil  ninibiiisiiimi  iitlilini.  iiiili  sn  fiiiiilhiiii.  luslsiiiliiiiiisml  insHisasie. 
etc.  In  1915  and  1918,  minor  household  waste  and  refuse,  such  as  discarded  tin  and 
iron  ware,  kitchen  utensils,  rags  and  carpets,  broken  china  ware,  glass  and  bottles, 
predominated.  The  difference  in  tbe  diaracler  of  materials  collected  and  transported 
to  the  City  dumpa  during  these  years  represents  tiie  improvement  In  genaial  conditiotM 
within  homes  and  may  be  regarded  as  a  ty|ri«»l  expntence,  wbidt  any  munldpaU^ 
about  to  conduct  a  clean-up  campaign  may  expect.  In  4  years,  rubUsh  and  waatp 
to  the  amount  of  888  000  cu  yd  was  collected  and  disposed  of  during  Clean-Up  Week 
at  a  total  cost  to  the  City  of  $61  400.72,  or  an  average  of  16.8  cents  per  cu  yd,  or  $0.0861 
per  capita.  During  each  campaign,  an  average  of  1600  extra  team  and  226  extra 
helpen  wera  employed  in  the  work  of  collecting  and  transporting  waste  to  the  reclama- 
tion stations  and  other  rubbish,  not  of  a  salvable  nature,  to  the  dumps. 

Highway  Rubbish  Receptades.  In  order  to  encourage  pedestrians  to  properly 
dispose  of  discarded  newspapers,  card  board  boxes,  fruit  skins  and  other  refuse  and 
to  provide  convenient  fodlitjes  therefor,  spedally  designed  portable  highway  rubbish 
reeeptaeles  should  be  placed  at  highway  intersectlcaia  and  in  front  of  schools,  factories, 
i^hny  Simons  and  at  other  oonspicuons  locations  oa  the  fal^tways.  thiuout  tbe 
rity  and  also  on  tbe  streets  oaenpisd  by  curb  prodace  maihrta.  Tlwae  Meeptaeles  are 
dnrably  mannfaotuied  ot  sheet  and  strap  inm  and  are  cylindrical  In  shape  with  half- 
hooded  top  and  a  drained  and  ventilated  bottom.  They  have  a  capadty  of  6.4  cu 
ft.  Eight  stiffening  staves  on  the  outer  side  of  the  receptacle  extend  from  top  to 
bottom  at  equi-distant  pdnts,  and  two  handlce  are  placed  at  the  middle  on  oppodta 
ddes  ot  tbe  receptades.  The  receptacles  may  be  painted  gnua  green  and  contain 
In  white,  the  wording  "FwWaate  Pvper  and  Refuse.  HdpKeep  the  Streets  Clean." 
A  number  of  the  publie  utUltlca,  large  business  housss  and  neighborhood  business 
wm'M  and  ImprovamMit  aasnrtaHiws  may  provide,  at  pitvata  sxpnaa,  a  nnmbsr  of 
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tbsSkx  raceptulea  f ch-  um  Id  their  vldnitica.  The  contents  at  all  Mglnniy  nUUl 
neaptades  ahoald  ba  eoDeetad  daily  by  tha  nibbUi  eolleetiOB  ccatrmcton. 


Frequency  ClassiflcationB  of  Street  Cleaniog.  In  general,  frequency 
and  aequenoe  of  street  cleaning  ia  based  upon  consideratioDB  of  economy 
ud  Ktaial  neoeaai^  as  governed  by  aanitaiy  oonsideraticnu,  the  oharaetcs 
and  condition  of  the  pavraient,  the  Tcdume  and  ehanuiter  of  the  tnffie^ 
the  locality  and  iho  convenience  of  the  traveling  publie. 

la  PhiladeliAiia.  from  1912  to  1017  while  the  author  was  Chief  of  tha 
Bureau  of  Hi^w&yB  and  Street  Cleaning,  the  foUowiog  aystem  of  clasaifiea- 
tion  was  uttliaed,  each  olaas  to  be  cleaned  according  to  a  df^nite  pre- 
arranged schedule. 

Cm  Srasns: 

Claaa  A.  Cloaiwd  evuy  day,  maaatng  emeh  day  except  Sun.  or  the  legal  hoUdayi  m 
Indicated  In  the  apedficadooa. 

Claaa  B.  Cleaned  every  aeccmd  iay,  ™— ■*"g  Hon.,  Wed.  and  M.;  or,  Taaa. 
Tfaur.  and  Sat.  of  each  week. 

ClsH  C.  Cleaaad  ewary  third  day,  meanfaig  Hod.  and  Than.;  or,  ^mb.  and 
FtL;  or,  Wad.  and  Sat;  or,  Hon.  and  Tri.:  or.  Tuaa.  and  Sat.  at  each  weak. 

SCBUSBAN  AND  COUNTRY  RoADS. 

Claaa  D.  Cleaned  once  a  week  on  a  deflalta  dap. 
Claaa  E.   Cleaned  twice  a  month. 
Claaa  F.   Cteaned  Miee  a  niMith. 
Claaa  G.  Cloaoed  ones  in  6  waeka. 
Claa  H.  Cleaned  once  in  2  mootha. 

Methods  of  Street  Cleaning  in  General  Use.  In  determining  upon  the 
method  of  cleaning  to  be  employed  upon  any  specific  highway,  the  first 
conmderation  is  that  of  the  character  and  condition  of  the  pavement  to 
be  cleaned,  but,  in  addition  to  this,  sanitary,  traffic,  public  convenience 
and  economic  considerations  play  an  important  part.  The  general  Trwthodff 
at  preaeot  employed  in  the  cleaning  of  pavements  and  roads  are  as  foJJows: 
(1)  Pick-up  by  blookmen;  (2)  machine  broom  preceded  by  sprinkling; 
(3)  squeegee  preceded  by  sprinkling;  (4)  high  pressure  machine  fliuhing; 
(5)  hand  brooming  by  gangmen;  (6)  hose  flushing.  Tbo  in  the  organixa' 
tion  of  the  machine  cleaning  practice  an  effort  has  been  made  to  standardiie 
the  methods  of  cleaning  with  respect  to  character  of  pavement  and  other 
governing  conditions,  it  is  nevertheless  quite  impoaaible  to  adhere  strictly 
to  the  standards  determined  upon  during  fieraing  weather  which  frequently 
necessitBteB  radical  departures.  Squeegee  and  fluaher  deaning  and  qnink- 
ling  is  discontinued  when  a  low  temperature  mates  thdr  use  undeelrable. 
When,  however,  on  account  of  weather  or  t«nperature  conditions,  squeegee 
or  fiu^her  cleaning  or  sprinkling  must  be  discontinued  and  machine  broomi 
cannot  be  operated,  the  streets  are  cleaned  hy  supplementing  the  regular 
force  of  blockzoen  with  additional  e°"ir"'"'  and  the  regular  force  <rf  labum, 
alley  and  inlet  men. 

Machine  Broom  Cleaning.  Machine  broom  cleaning  is  used  imncipally 
on  stone  and  vitrified  block  or  brick  pavements,  and  alec  on  sbeet-aapbali 
and  wood  block  pavements  having  a  rou^  or  irregular  surface.  It  is 
practically  impossible  to  have  abaolutdy  clean  streets  unlees  th^  an  wdl 
paved.  The  older  types  of  stone  block  and  brick  pavements  constructed 
without  grouted  joints  are  difficult  to  clean,  as  dirt  iodgee  in  the  jointi, 
especially  if  they  axe  wide.  Pavements  not  laid  on  a  concrete  base  will, 
in  all  ittobabili^,  develop  numerons  d^tnaiioDs  doe  to  aettlenkent  uadir 
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the  Bevere  reqiuremeDtfl  of  traffic.  Tbeee  deproMioM.  of  whitw,  ooUect 
dirt,  mueh  of  wUch  cannot  bs  removed  tbe  maohine  broom  and  hM  to 
be  broomed  out  by  hand. 

MinsQD.  The  maohine  broom  gang  unit  should  oonaist  of  a  horeo- 
drawn  Bprinkler  followed  by  a  battery  of  1,  2  or  3  boree-drawn  mac^iine 
brooms,  the  number  depending  upon  the  width  of  the  street  to  be  cleaned. 
1  foreman  and  from  4  to  8  gangmen  should  follow  each  machine  broom, 
depending  upon  the  character  and  condition  of  the  pavement  and  the 
quantity  of  dirt  to  be  removed,  and  from  4  to  8  carta  with  drivers  and 
hdpera  if  neoeasary.  All  laborers  ahould  be  equipped  wiUi  push  btocHoia. 
In  working  the  machine  broom  gang,  it  should  be  so  ananged  that  the 
varioufl  operationa  will  be  performed  cloeeiy  following  one  «iothw.  Tbe 
oprinlder  should  precede  the  machine  brooms  by  about  200  ft.  The  output 
of  water  from  the  sprinkler  should  be  so  regulated  that  just  enough  is  used 
to  loosen  the  dirt  and  to  prevent  the  formation  of  dust  during  tbe  sweeping 
operations.  If  an  excess  of  water  is  used,  the  dirt  becomes  pasty  with  the 
result  that  the  machine  broom  cannot  proi>erly  clean  the  pavement.  The 
machine  brooms,  in  battery  formation,  should  follow  200  ft  in  tbe  rear  of 
the  vrinkler,  and  the  dirt  should  be  swept  from  the  center  of  the  roadway 
toward  the  gutters.  The  foremost  machine  broom  should  progress  along 
the  center  line  of  the  roadvay,  closely  followed  by  the  other  brooms,  each 
of  which  should  overlap  tiio  swath  of  the  preceding  broom  to  pick  up  tbe 
windrow  of  dirt  collected  by  that  machine,  thus  finally  conveying  it  to  the 
gutter.  Tho  the  brooms  in  the  machines  are  usually  from  to  8  ft 
in  length,  yet  the  actual  width  of  the  cleaning  swath  will  not  exceed  between 
6  to  7  ft,  due  to  tbe  angle  at.  which  the  broom  is  set  in  tbe  machine  and 
to  the  fact  that  where  more  than  one  swath  is  necessary  to  clean  a  roadwayt 
each  suooeasiTe  swath  must  ov«riap  the  preceding  one.  If  the  machine 
brooms  are  in  good  oondition  and  properly  adjusted  only  one  operation 
will  be  necessary  to  clean  a  pavement  satisfactorily  but  whwe  the  pavement 
is  in  bad  oondition  or  the  roadway  is  unusually  dirty,  it  may  be  necessary 
to  go  ow  the  roadway  two  or  more  times  or  resort  to  flusher  cleaning.  If 
the  condition  of  the  roadway  with  respect  to  dirt  is  such  that  tbe  pavement 
cannot  be  satisfactorily  clefmed  in  one  operation,  it  is  advisable  that  the 
street  should  be  scheduled  for  more  frequent  cleaning.  All  areas  or  de- 
pressions wliicb  the  maoiiiue  brooms  cannot  properly  clean  should  bo 
carefully  sftot  cleaned  by  gangmen.  The  gangmen  should  follow  close 
behind  the  machine  brooms,  and  in  no  case  more  than  400  ft,  brooming 
the  dirt  into  piles  in  the  gutters  at  intervals  of  about  25  ft.  The  dirt  col- 
lection vehicles  should  closed  follow  the  gangmen  and  the  piled  dirt  should 
be  immediately  loaded  into  the  vehicles  and  hauled  to  the  dump.  The 
important  reason  for  keeping  the  gangmen  and  dirt  collection  vehicles 
working  close  behind  the  machine  brooms  is  to  prevent  the  dirt  from  being 
scattered  by  traffic  and  wind.  If  too  great  an  interval  is  allowed  between 
the  brooms  and  the  gangmen,  the  dirt  will  become  dry,  especially  in  hot 
weather,  and  when  the  gangmen  broom  the  dirt  into  piles,  considerable 
dust  will  be  raised.  Dust  is  not  only  unsanitary,  but  also  is  very  annoying 
to  passing  pedesUiaas  and  the  occupants  of  near  by  buildin^^,  and,  there- 
tore,  every  precaution  should  be  taken  to  eliminate  this  nuisance.  The  dirt 
should  be  piled  in  the  gutters  where  neither  the  dirt  nor  the  vehicles  collecting 
it  are  in  the  way  of  moving  traffic.  After  the  dirt  has  been  loaded  into  the 
colLeotion  vehides  any  dirt  left  on  the  site  of  the  pile  should  be  carefully 
broomed  with  a  small  handlnoom  into  a  shovel  and  the  site  left  perfectly 
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dean.  A  properiy  adjusted  and  equipped  machine  broom  will  aatiafaotorSr 
dean  an  average  of  90  000  sq  3rd  of  pavement  per  day  of  10  workius  hr.  Tfaii 
area  will,  of  oourae,  vary  eomewhat,  depending  upon  local  condilioaB,  tuA 
as  the  ofaajiaeter  and  condition  of  the  pavemmt  and  the  amount  erf  tntta. 

SqiiMtM  Machine  Cleanlns.  Squeegee  machine  cleamng  is  eonfined 
exclusively  to  aheet-asphalt,  bituminous  and  wood  block  and  brick  pave- 
ments having  a  smooth  surface.  If  these  pavements  are  not  in  good  ooe- 
dition,  or  contain  depreaaionB  or  pot-holes,  satisfactory  restilta  cannot  be 
obtained  by  using  this  type  of  equipment.  Another  point  to  be  con- 
sidered is  that  squeegees  will  not  satisfactorily  clean  a  pavement  that  it 
very  dirty  or  one  that  is  not  cleaned  at  frequent  intervals.  Squeege* 
cleaning  is  intended  prfanarily  for  roadways  irhen  the  dirt  to  be  removed 
b  oomparativdy  light,  nther  because  they  are  patrolled  by  Uockmen  or 
the  tndfio  does  not  produce  an  excessive  quantity  of  dirt. 

Mbthod.  The  squeegee  gang  unit  should  consist  of  a  horse-drawn  sprink- 
ler followed  by  a  battery  of  1,  2  or  3  horse-drawn  squeegee  machines,  the 
number  depending  upon  the  width  of  the  roadway  to  be  cleaned,  1  foTMnaa 
and  3  gangmen  to  each  squeegee  machine  and  2  or  more  dirt  ooUeetidB 
vehicles  with  drivers.  All  gaDgmen  should  be  equipped  with  push  brooms. 
In  operating,  the  squeegee  machine  gang  should  be  so  arranged  that  the 
various  parts  of  the  gang  will  work  togethn  as  dosriy  as  practicable.  TV 
^Hinklsr  should  precede  the  sque^ee  machines  by  about  200  yd.  TUs 
interval  of  q>aoe  is  Buffidmt  to  permit  the  water  to  saturate  and  looen 
up  the  dirt  on  the  pavement  without  giving  it  time  to  evaporate.  Squeegee 
machine  cleaning  requires  the  application  of  considerable  water  to  the 
pavement  surface  and  sufficiently  in  advance  of  the  rubber  bromning 
operation  to  loosen  the  dirt  thoroly.  The  squeegee  machines,  in  battery 
formation,  should  follow  200  yd  in  the  rear  of  the  sprinkler,  and  the  dirt 
diould  be  broomed  from  the  center  of  the  roadway  toward  the  suttets. 
The  foremost  squeegee  machine  should  progress  along  the  center  line  of  the 
roadway,  dosely  followed  by  the  other  squeegee  matdunes,  each  of  wUeh 
should  sufficiently  overlap  the  swath  of  the  preceding  maohine  to  engage 
the  windrow  of  dirt  collected  by  that  machine  thus  finally  conveying  it 
to  the  gutter.  Tho  the  robber  brooms  in  the  squeegee  machines  are  usnally 
from  7  to  7^  ft  in  length,  yet  the  actual  widtJi  of  the  cleaning  swath  will 
not  exceed  6  ft.  due  to  the  angle  at  which  the  broom  is  set  in  the  wnu-Kiw 
and  to  the  fact  that  where  more  than  one  swath  is  necessary  to  clean  a 
roadway,  each  successive  swath  must  overlap  Uie  preceding  one.  In  every 
case  a  soffloient  number  of  swaths  lAoold  be  takra  to  cover  IN  hihi1bi<i1j 
the  entire  width  of  tiie  pavement  and  to  convey  the  windmri  oIms  to 
the  curbs.  If  the  squeegee  machines  are  in  good  condition  and  iMt^Mriy 
adjusted  only  one  operation  will  be  necessary  to  clean  a  pavement  satis- 
factorily but  where  the  pavement  is  unusually  dirty,  it  may  be  neeeasary  to 
go  over  the  roadway  two  or  more  times.  All  depressions  which  the  squeegee 
machine  cannot  properly  clean  should  be  carefully  spot  cleaned  by  gangmen. 
The  method  of  procedure  for  the  removal  of  dirt  should  be  id«iticai  with 
the  requirements  outlined  in  connection  with  machine  broom  deaniag. 
A  property  adjusted  and  equipped  squeegee  machine  will  satiAwtorily 
(dean  an  average  of  76  000  sq  yd  of  pavement  per  diqr  of  10  woiUnff  to. 
This  area  will,  of  course,  vary  somewhat  depending  uptm  local  conditions. 

Bigh-Pressare  Flasher  Machine  Cleaning.  High-pressure  fluriier  elean- 
ing  may  be  satisfactorily  used  on  practically  all  type*  of  pavements.  In 
some  eases,  it  aupptenents  the  other  methods  of  T^ululy  sdwduled 
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cbibe  eleuiiBg.  It  is  vny  effeotive  on  aU  IdsdB  of  stOM  and  vitiiBed  blook 
or  brick  pavementB  and  on  sheet-asphalt  and-wood  Uock  pavementa  where 

the  surface  is  so  worn  or  irresular  that  the  depresmoos  would  hold  dirt 
that  could  not  be  dislodged  by  either  squeegee  or  machine  broom  cleaning. 
The  principle  upon  which  the  high-pressure  flusher  method  of  deaning 
is  based  is  that  of  looeening  the  dirt  from  the  pavement  surface  by  jeta  of 
water  under  pressure  and  then  flushing  the  dirt  to  the  gutters. 

MuTBon.  The  flusher  cleaning  gang  unit  should  consist-of  one  or  more 
automobile  high-pressure  fluahers  with  a  driver  and  1  operator  each,  1  fore- 
man, from  4  to  0  gaogman  and  from  1  to  3  dirt  coUeotlcai  v«hielea  and 
drivers.  The  oorreot  jMidtaon  for  the  flusher  nossles  is  the  most  important 
oODsideration  in  this  kind  of  deaning.  They  should  be  set  approximateb' 
18  in  above  the  pavement  surface  and  eet  at  such  Euigles  as  will  insure  a 
thoro  cleaning  of  a  maximum  width  of  pavement.  The  front  nosite  streams 
should  form  windrows  in  such  positions  that  the  rear  noule  streams  can 
pick  Hip  and  throw  them  toward  the  curbs.  The  streams  from  the  two 
front  nozzles  should  cross,  but  not  cut  thru  each  other,  as  this  will  rtimiT^ii^h 
the  force  with  which  the  water  strikes  the  pavement.  Each  noszle  should 
have  an  effeotive  rnrath  of  8  ft  in  width  on  amooth  pavements  and  of  6  ft 
in  width  on  irregular  or  block  pavementa.  After  the  oorrect  poaitiona 
for  the  nozzles  have  been  finally  determined,  they  should  be  permanently 
locked  or  set  in  those  positions;  otherwise,  they  will  be  constantly  tampered 
with  by  the  foremen  and  others,  and  very  poor  cleaning  will  result.  The 
pressure  under  which  the  water  is  ejected  from  the  nozzles  also  should  be 
given  careful  study.  The  usual  pressure  is  40  lb  per  sq  in.  When  the 
flusher  is  operated  on  narrow  roadways  that  can  be  cleaned  by  one  swath, 
or  on  other  roadways  where  the  pavement  is  very  dirty  or  is  of  an  open 
joint  block  ^n>e,  the  rate  of  progress  should  not  exceed  3  to  4  miles  per  hr. 
On  amooth-aurfaoed  or  comiJaratively  clean  pavementa  the  speed  may  be 
relativdy  increased,  but  should  not  in  any  instance  exceed  8  miles  per  hr. 
The  general  tendency  on  the  part  of  flusher  operators  is  to  go  too  fast.  This 
will  result  in  i>oor  cleaning  especially  if  the  pavement  is  comparatively 
dirty.  The  matter  of  proper  speeds  for  flushers  should  be  given  careful 
oonsidwation  and  standard  regulations  adopted  to  suit  the  several  varying 
ooaditions.  On  streets  requiring  more  than  one  swath  to  clean  them,  the 
first  swaUi  should  be  taken  along  Uie  cent«r  line  of  the  sb«et  and  a  sufficient 
numbo'  of  mcoeaaive  overiapping  swaths  made  to  carry  Uie  windrows  to 
the  curbs.  When  operated  in  conjunction  with  squeegees,  Uie  flusher 
should  progress  along  the  center  of  the  roadway  with  the  squeegees  following 
in  battery  formation.  Enough  gangmen  should  closely  follow  each  flusher 
or  battery  to  broom  the  dirt  along  the  gutters  to  the  nearest  sewer  inlets, 
where  the  dirt  is  piled  and  the  water  allowed  to  drain  into  the  sewer.  The 
flusher  may  be  operated  either  up  or  down  grade,  but  the  gangmen  must 
always  work  down-grade.  The  dirt  collection  vehicles  should  closely  follow 
the  gangmen  and  load  and  haul  the  dirt  to  the  dump.  All  dirt  sites  should 
be  left  clean  hy  brooming  up  any  remaining  dirt.  A  high  pressure  flusher 
should  satisfactorily  clean  100  000  sq  yd  of  pavement  in  a  day  of  10  working 
hr.  The  percentage  of  time  that  the  machine  will  consume  in  loading 
water  will  vaiy  greatly  with  the  pressure  at  the  hydrant. 

Hose  Flushing.  The  hose  flushing  method  of  street  cleaning  can  be  made 
use  of  readily  by  a  city  of  any  size,  as  it  has  the  great  advantage  of  not 
requiring  an  expensive  equipment.  This  method  is  of  special  value  for 
quiok  and  thoro  clean-up  work  and  for  removing  entlrdy  the  dust  from 
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the  surface  of  city  streets.  As  a  rule,  however,  boae  flushioK  in  the  \Mga 
cities  Bupplements  rather  tiiaD  replaces  machine  cleaning,  exc^t  on  md- 
vays  too  narrow  to  pennit  the  use  of  the  machine  cleaning  eq:iupinenL 
The  principal  disadvantage  of  hose  flushing  is  tiimt  of  the  waste  of  water 
unleea  the  work  is  closely  supervised.  In  order  to  accomplish  egectivt 
results  with  hose  flushing,  the  hose  stream  should  be  kept  in  motion  at  sll 
times  and  directed  downward  on  the  surface  of  the  pavement  withhi  t 
radius  of  40  ft- of  the  noislc  man.  If  the  hose  stream  is  directed  at  one 
spot  more  than  20  or  30  sec,  this  generally  results  in  a  waste  of  water  ud 
time.  In  no  case  should  the  hose  stream  be  raised  upward  into  the  air 
as  this  results  in  the  pavement  being  simply  sprinkled  rather  than  washed. 

MvnaoDS.  There  are  two  general  methods  of  hose  flusISng,  which  may  be 
described  respectively  as  the  large  gang  method  and  tlw  snuUl  gang  method 

In  the  large  gang  method,  the  flushing  gang  unit  should  consist  of  1  fote- 
man  and  8  laborers,  equipped  with  not  less  than  160  ft  of  2  or  2>^-in  hose,  a 
portable  hose  reel,  push  brooms  and,  if  necessary,  hoea  and  shovels.  The 
hose  should  be  provided  with  an  elliptical  noisle,  made  purposcb'  for  thia 
class  of  work.  The  method  of  operating  this  gang  is,  first,  to  have  the 
pavement  thoroly  wetted;  any  pavement  area  that  cannot  be  reached 
by  the  hose  stream  should  be  wetted  by  IntMming  water  over  it,  the  idea 
bring  to  moisten  and  loosen  the  dirt.  Tlie  broom  men  then  team  in  batteir 
and  proceed  down  grade,  while  the  hose  men  play  a  stream  of  water  in 
front  of  them.  The  windrows  from  the  first  and  other  brooms  are  mgagrd 
successively  by  the  brooms  following  and  are  carried  finally  to  the  gutters. 
If  necessary,  in  order  to  produce  satisfactory  results,  this  operation  should 
be  repeated  two  or  more  times.  When  conditions  warrant  it,  2  or  mm 
men  also  may  be  assigned  to  spot  flushing  and  cleaning.  A  hoae  ftidung 
gang  should  clean,  in  a  satisfactory  manner,  80  000  to  3S  000  sq  yd  of 
pavMuent  in  a  day  of  10  working  hr. 

In  the  small  gang  method  of  hose  fhiahing,  tbe  gang  unit  ahould  oooast 
of  2  men,  and  all  the  dirt  must  be  removed  1^  the  water.  The  fluriiing 
is  done  down  grade  and  the  mud  wave  is  driven  toward  the  gutters. 

Report  on  bwssHgstloD  el  Hose  VhuSifaic  br  VttUa  <S2).  "nnta  1914  Nev 
York  City  had  been  tiring  (vdioary  2M-ln  Sn  hcse  and  l}i-4B  nos^M,  The  *Kjaip™«t 
wsB  carried  the  regular  sweeper's  can  carrier  or  dragged  over  tlw  pavcmmt  Inm 
place  to  place  by  2  or  S  sweepert.  Thia  equipment  wis  not  only  Utadaptsd  to  tkc 
woric  but  heavy,  an«shtly  and  liable  to  cause  rapid  detcrloratloD  of  the  boM  on  aecooat 
of  the  sharp  bends  which  were  oec»uy. 

"Invati^tions  made  by  Wagner,  an  eo^neer  from  the  Dept.  of  Water  Sopplr. 
Gas  and  Electricity,  New  York  City,  Indicated  that: 

1.  An  average  of  1800  sal  of  water  was  befng  used  per  1000  sq  yd  of  pavanal 
cleaned. 

2.  Other  dtiea  weretidng  smaller  sissi  of  hoaa  and  nooka  with  lOTaientaatMsetfae. 
8,  ExporitDMits  made  with  l^-in  and  2-in  bose  and  naO  neariss  tadleatsd  tftat  Uw 

worh  of  deonliig  could  be  prqnriy  done  with  from  870  to  660  gal  par  1000  aq  yd  « 
asphalt. 

"As  a  result  It  was  recommended  by  the  engtBeer  that  the  department  of  street  dwt- 
inz  adopt  IV^-In  equipment,  which  would  be  much  easier  to  handle  and  aave  note 
than  two-tbirda  of  the  water  then  uaed.  The  recemnMndatlon  did  sot  sgrae  with  tke 
expnfance  at  the  irfBeeni  of  the  department  of  rtrest  dsaidng,  several  nl  when  hsd 
tried  the  small  eqatpmcnt.  The  ctafan  was  afanost  univenany  made  anoog  1km 
men  that  tbe  use  of  so  small  a  boae  and  no^a  would  maka  it  impoorible  for  mm  to 
cover  the  ground  they  were  then  eovOTng  and  would  make  the  work  very  ai^MBaiv^ 
Thus  developed  two  points  of  view,  oaa  lookinB  primarily  at  the  wasU  of  water  sad 
the  other  at  the  waste  at  time-  Between  thsas  it  became  naoMaiy  to  nm  a  sseoad 
set  of  esperfaneats  to  determlae  the  sin  of  eqt^uDoit  wUA  would  be  dwapast  to 
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i9«nta  tmm  the  tazpajwa'  or  geoeral  city  vkw-polnt,  takinz  into  account  both  tim 
coat  of  labor  and  the  uoot  <A  water.  This  second  eet  of  experimenta,  conducted  sl> 
temately  upon  I  )^-in  and  2-in  equipment,  resulted  in  the  selection  of  tlie  2-in  equip* 
ment  as  atandard  for  the  city.  Attention  waa  at  th«  same  time  called  to  the  posnbility 
of  udng  the  smaller  sixe  with  equally  good  reaults  irtierever  the  prcasurea  at  the  hy- 
drant! were  in  excess  of  60  lb  per  aq  in. 

"Aa  a  result  of  th«M  wd  farther  saperimenti  the  folhnring  tmnl  prlnriplni  ippiT 
to  be  established. 

1.  l!1iat  the  eeooomieal  itae  of  eqidpoMBt  k  dipulint  upae  the  hydrant  pmMna 
available  and  the  lenfth  of  hoee  used. 

Z.  That  when  the  presaure  at  the  Dosile  k  in  excess  of  S6  lb  par  aq  in,  water  k  de- 
livered thni  a  H-ia  noale  taster  than  it  can  be  properly  used  by  2  men,  and  that  ft  k 
aeeooqianiad  by  oxceesive  aplashing. 

8.  That  wbm  tlitf  preanue  at  tlw  nonle  k  leas  than  IS  lb  per  aq  la,  water  k  not 
fleHvared  fast  enoach  to  latp  Qp  wlfli  tlie  men  nor  wf  th  toree  enou^  to  enable  them 
to  do  effective  worli. 

4.  That  the  smallest  aixe  hoee  which  will  ^ve  praauna  at  the  noole  between  18 
and  26  lb  ia  the  moat  economical  for  use. 

6.  That  the  better  reaults  can  be  secured  by  apraying  ahead  as  far  aa  tlie  atraam  will 
reach,  to  give  the  material  on  the  street  a  preliminary  aoaUng  prior  to  the  direct 
fluahlng,  than  can  be  secured  by  the  direct  flushing  of  a  dry  pavement. 

6.  Ttmt  larger  quantttlea  of  water  are  required  to  dean  rough  pavement  than  smootfa, 
and  therefore  a  ali^tly  larger  noaale  may  be  tved  to  advantage.  It  k  estimated 
that  a  H-hi  wiU  be  aadafaetory  for  a^dtalt  and  •  l<ln  for  roo^  B^|^  blo«k. 

7.  That  shutHiB  nonles  are  neeaasarjr  wlnnevw  working  in  ti^e,  batt  to  aan 
water  and  to  prevent  aeddenta. 

8.  That  where  water  mains  are  large  ccougfa  for  prop«  domestic  and  fire  supply, 
fiuablng  will  not  Interfere  with  the  ordinary  honaehold  uw. 

9.  That  a  hoee  reel  will  enable  the  gangs  to  do  more  work  with  the  same  expenditure 
of  energy  and  at  the  same  time  loigthen  the  life  of  the  hoee. 

10.  Tfaat  by  the  adoption  procedure  which  prevcnta  any  back  tracking  of  Um 
affolpmnt,  VHK  *  nfflaa  of  walUng  can  be  saTed  pw  gang  par  Ur  day  la  covering 
n  glvaa  amonnt  of  atnet,  aa  eooapared  with  the  procedure  eommoniy  used  fai  die  pas^ 
which  saving  enables  the  gangs  to  do  more  work. 

"Aa  a  remit  of  the  studies  and  conclu^ons  reached,  a  new  hoee  reel,  new  hydrant 
equipment  and  improved  procedure  were  adopted  by  the  department  and  put  Into 
effect.  The  procedure  may  be  outlined  ae  starting  with  the  hoee  reeled  with  the  nosle 
on  top,  commencing  to  unreel  when  at  a  distance  equal  to  the  length  of  the  hoee  from 
the  hydrant,  uijreeUng  toward  the  hydrant,  placing  the  reel  on  the  sidewalk  near 
the  hydrant,  flushing  from  the  point  nearest  the  nonle  past  the  hydrant  and  as  far 
m  tiM  hoae  will  reach  beyond  the  hydrant  toward  the  noBle,  thus  completing  the 
area  served  by  a  rin^  liydrant.  Whenever  moving  hose,  the  hydrant  man  is  required 
to  fdck  It  up  in  loopa  and  drag  it  ahead  in  such  a  way  tliat  It  wiU  not  croea  otlier  ioop^t 
and  he  k  expected  to  luep  «  loop  at  the  noole  end,  even  with  or  all^tly  ahead  <d  tba 
noole  man  ao  tliat  the  ktter  will  be  free  to  move  without  aaaiatanGe  at  bH  times. 

"WhDe  prevloua  to  tbe  adopticai  of  the  new  methoda  and  procedtire  tt  waa  addom 
poarible  to  flush  effectively  much  over  2G  OOD  sq  yd  of  pavement  per  day,  it  k  common 
now  for  a  2-man  gang  to  cover  from  80  000  to  46  000  eq  yd  in  an  8-hr  day,  making  as 
many  aa  46  or  60  eonnecticau  to  the  hydrants.  Thb  means  unit  eoata  for  labor  and 
equipBMDt  at  11.9  to  17.8  enta  par  1000  aq  yd.  The  fliat  oost  ti  the  eqnlpmnt  k 
•ppradmately  aa  foQows: 

Three  6(Mt  lengths  2^  rubber  hoee*  at  54  centa   |81.00 

One  Ji-in  shut^  nosxie   7.00 

One  2|i-iD  to  2-in  reducer,  hand  swivel  type   2.25 

One  hydrant  key   0.11 

One  hoee  reel  80.00 

8120.86 

•Robber  covered  hoee  k  prderabk  to  cotton  Jachet  hoaa  for  hk  work." 
Note:   The  above  Mate  aiqiear  to  be  CKdorive  tt  water  and  rranovnl  of  Art,  and 
of  oovne  a  S-«ran  gang  can  not  dean  aa  thwoty  a  dirty  buabtaaa  street  aa  n  laigw 
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fuiC  broondnc  tib*  mtira  ana  of  the  pawmeot  behind  the  itnud  of  wmter.  Ha 
coatB  i^vn  for  th*  pug  nwdiod  m  46  Genti  per  1000  iq  yd,  PhOadolpliia  wmi 

Compuison  of  Machine  and  Eose  Flushing.  Of  the  methods  of  street 
cleaning  in  general  use  the  hose  is  unquestionably  the  moat  efficieat.  In 
machine  cleaning  the  rate  of  speed  thru  the  entire  width  and  length  of 
the  street  is  the  same,  it  is  obvious  that  some  sections  of  the  pavement 
requim  more  efftwt  to  entir^  remove  Hm  dirt  wliich  has  a  tenden^  to 
stick  to  the  pavement  than  they  ordimuily  reoave  in  the  regular  prooen 
of  machine  cleaning.  In  the  hose  method  of  flushing  pavements  irhen 
such  a  condition  represents  itself  the  hose  is  pointed  on  this  area  of  the  pave- 
ment until  the  dirt  is  entirely  removed,  and  likewise  a  less  amount  of  water 
and  eflort  is  used  to  clean  the  sections  of  pavement  that  are  comparatively 
olean.  In  the  machine  method  of  flushing  the  same  quantity  of  water 
and  the  same  pressure  is  exerted  on  the  entire  area  of  pavement,  irrespective 
of  the  amount  of  cleaning  required.  It  is  a  fact,  however,  that  the  hose 
flusfaii^  of  business  streeta  eaziylng  a  eonsideisUe  amount  of  tmflEic  wbiA 
constantly  get  rather  dirty,  is  more  expensive  than  the  automolnle  fiiuhing. 
but  Kkewiae  it  ia  more  effective. 

Blockmen  Cleaning.  Pick-up  and  spot  cleaning  by  hand  p&trol  bfock- 
men  Is  an  aoxiliaiy  method  of  cleaning,  and  la  intended  only  to  supplement 
tiie  regularly  scheduled  machine  cleamngs.  This  method  of  cleaning  is 
confined  principally  to  highways  where  the  character  and  volume  of  the 
traflic  and  the  nature  of  the  surroundings  make  it«  use  desirable  or  necessary 
in  the  interval  between  the  regular  machine  cleanings.  To  each  patrxd 
blorkmao  should  regularly  be  assigned  a  definite  area  of  highway  pavement 
to  be  kept  clean.  This  area  may  vary  between  2  600  and  Ifi  ODD  sq  yd, 
depending  entirely  upon  the  specific  conditions  of  reqiurwnente  of  each 
assignment.  The  equipment  furnished  to  each  blockman  should  consist 
of  a  portable  bag  or  can  carrier,  one  or  more  burlap  or  canvas  bags  or  metal 
cans,  a  pan  scraper,  a  push  broom,  a  hand  broom,  a  sprinkler  can,  and  a 
fire  hydrant  key  and  reducer.  The  work  performed  by  the  blockmen  should 
include  picking  up  paper  and  other  refuse  which  finds  its  way  on  to  either 
the  footway  or  the  roadway  and  sweeping  up  and  removing  animal  druppings 
and  detritus  as  soon  as  possiUe  after  it  aceumulatee  in  order  to  jmvent 
its  being  Bcatt««d  by  wind  or  traffic.  The  material  to  be  removed  is  eitbw 
■cooped  up  in  the  pan  scraper  or  swept  into  a  pile  and  then  removed.  Eadi 
blockman  should  be  provided  with  a  sprinkling  can  and  should  sprinlde 
the  pavement  before  sweeping  in  all  instances  where  the  dust  will  annoy 
passing  pedestrians.  The  blockmen  should  be  required  to  place  in  the 
bag  or  can,  which  is  mounted  on  the  carrier,  all  dirt  and  other  refuse  or 
waste  paper  collected.  These  filled  bags  or  cans  should  be  promptly  re- 
moved by  collection  vehicles  which  should  call  at  r^pilar  intervals  eadi 
day.  Cleaning  by  patad  blockmen  will  produce  very  effective  reanlts  if 
the  work  is  perfonned  under  tixe  supervisioo  of  competent  foremen,  other- 
wise  there  is  a  general  tendency  on  lite  part  of  the  men  to  shirk. 

Szperimeatsl  Vacnom  Clsaaen.  The  methods  of  deaaing  that  hate  bean  deaofbed 
la  detail  are  tnly  those  in  genetal  use.  For  a  number  of  years  experimsnta  hav*  ben 
carried  mi  with  vacuum  eleanera,  and  as  a  matter  at  fact  sevenU  types  ot  ▼aeoam 
deanen  are  in  use  In  some  of  the  dtles  of  the  United  Statea.  The  prtndpal  dlsadvaa- 
tat«  of  the  regular  vacuum  deaner  la  its  inability  to  clean  the  streets  la  wet  weaUMr. 
Thk  would  make  It  impoKible  to  use  this  type  ^  macfalo*  in  aaatsni  dike  diirfi« 
wet  days  in  the  auouner  and  moat  of  tbe  winter  months.  A  type  of  twadriae  wfH  la 
aU  probability  arMtually  be  la  geaeral  uaa  that  will  eooslat  of  a  eonUaatioa  rweaam 
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dimm&r  and  nmpw,  bo  tlut  it  could  remain  In  constant  OH  OB  dlffl  IiInb  it  nbu 
•ftar  the  rfamhn  equipment  ia  at  work.  In  Loe  Aagelea  and  St.  Ixxds  tksra  have  batn 
v«ry  extttudve  espeiimenti  esnied  on  with  the  vacuum  dwnu-. 

Alley  Cletning.  From  a  sanitary  standpoiot,  the  cleaning  of  alleys  is 
of  particular  importance,  eapeciaUy  in  the  more  thickly  populated  iwrtiona 
of  a  city  and  during  the  summer  season.  An  alley  cleaning  gang  unit 
should  oooaUt  of  1  foreman,  from  6  to  10  laborers,  equipped  with  at  least 
IfiO  ft  2>j-jn  hoae  vith  ft  noiile,  a  portable  hose  reel  aiid  iHish  brooms, 
and  one  or  more  vater-ti^t  naetal  dirt  oolleotion  v^cles.  Depending 
upon  oonditioDB,  some  aUeya  are  flushed  while  others  are  cleaned  1^  sweep- 
ing. In  flushing  an  alley,  the  stream  of  water  should  be  played  as  far  up 
the  alley  as  possible,  and  one  or  two  gangmen  beginning  at  the  high  point 
or  end  of  the  alley  should  sweep  down  grade  toward  its  outlet.  The  dirt 
Mid  rubbish  swept  out  of  the  alley  should  be  piled  in  the  gutters  of  the 
roadway  opposite  the  alley,  removed  at  once  and  the  site  cleaned,  tf 
necessary,  the  alley  should  be  flushed  and  swept  a  second  time  after  the 
bulk  of  the  dirt  has  been  removed.  If  an  alley  is  only  swept,  the  work  is 
performed  in  subetantially  the  same  manner  as  previou^y  described.  An 
alky  cleaning  gang  should  sweep  and  flush  ^proximately  from  30  000  to 
£0  000  sq  yd  of  alley  pavement  in  a  day  of  10  working  hi. 

Road  Cleaning.  Included  in  this  category  must  be  oonsidered  all  high- 
ways with  roadways  of  such  materials  as  earth  and  water-bound  broken 
stone  and  gravel.  Due  to  the  varying  road  conditions  encountered  prac- 
tically all  of  the  wort  must  necessarily  be  performed  in  such  a  manner 
as  may  be  required  by  the  conditions  existing  on  the  specific  road  rather 
than  in  accordance  with  definitely  preeoribed  methods  of  operation.  How^ 
ever,  in  the  more  cloeely  built^  portions  the  suburlon  sections,  the 
road  cleaning  work  more  neariy  ax^proaches  in  methods  of  operation, 
the  work  performed  by  gangmen  on  the  city  streets.  The  road  clean- 
inn  work  gang  unit  should  consist  of  1  foreman,  6  laborers,  who  are 
equipped  with  push  brooms,  shovels,  picks,  hoes,  rakes  and  sewer  inlet 
hooks  and  rakes,  and  one  or  more  dirt  collection  vehicles.  Due  to  the 
variety  of  the  work  performed  by  the  road  cleaning  gangs  it  ia  not  pos- 
sible to  indicate  in  concrete  figures  the  amount  of  work  that  such  a  gang 
oan  do  in  a  day. 

Sewer  Inlet  or  Catch  Basin  Cletning.  In  order  to  insure  the  prompt 
disposal  of  all  surface  drunage  and  storm  water,  it  is  necessary  that  the 
traps  of  all  sewer  inlets  be  kept  clear  of  obstructionB  or  accumulations  of 
muck.  To  provide  for  this,  it  is  necessary  that  sewer  inlets  be  periodically 
inspected  and  cleaned.  On  paved  streets  or  roads,  the  sewer  inlets  should 
be  cleaned  at  least  once  every  2  weeks,  but  if  the  inlet  is  adjacent  to  an 
unpaved  street  or  is  otherwise  bo  located  that  dirt  is  liable  to  be  washed 
into  it,  more  frequent  cleaning  will  be  necessary.  The  sewer  inlet  cleaning 
gang  unit  should  consist  of  one  or  two  laborers  and  a  dirt  collection  vehicle. 
The  dirt  can  be  loosened  and  lifted  out  of  the  sewer  inlet  by  means  of  an 
inlet  hook  and  an  inlet  rake,  the  latter  of  which  comdsts  of  three  flat  parallel 
prongs  about  10  in  in  length  att-ached  at  right  angles  to  a  long  handle. 
The  removed  dirt  is  piled  in  front  of  the  inlet  and  promptly  removed  in 
water-tight  and  covered  metal-bodied  vehicles.  If  the  pipe  connection 
between  the  inlet  and  the  sewer  is  obstructed,  the  water  is  baled  out  of 
tlie  inlet  trap  and  the  inlet  man  after  entering  the  inlet  endeavors  to  remove 
the  obstruction  by  hand.  If  not  suocessful,  a  hose  line  from  a  fire  hydrant 
k  than  inserted  into  the  inlet  ocHmeotion  and  the  dirt  jm  foroed  tlmi  the 
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connection  into  the  sewer.  If  the  obetruetibn  is  moh  that  it  will  not  yield 
to  water  presaure,  it  ie  Decessary  to  make  an  excavation  in  tlw  atnet  or 
road  and  remove  the  choked  section  of  pipe. 

Clbamzho  Mxthoi>9  DxFBin>i:NT  UPON  Ttpk  of  Stsdctubb.  The 
methods  of  consb^ction  of  inlets  and  catch  basinB  adopted  in  the  diffmot 
parts  of  the  country  have  a  certain  bearing  on  the  efficiency  of  cleaning.  A 
type  of  inlet  commonly  used  in  a  larRe  eastern  city  is  built  i>artly  under 
the  sidewalk  and  partly  under  the  roadway.  It  has  the  advaotaee  of 
securing  a  much  lai^er  basin  area  and  also  does  away  with  cast  iron  pates 
or  cover  plates  in  tiie  roadway  gutter,  which  are  objeotionafals  owing  to 
tho  frequency  with  which  they  must  be  replaced  on  heavy  traffic  tborofam. 
In  this  type  of  inlet,  a  circular  cover  simitar  to  an  ordinary  manhole  cover 
is  inserted  in  a  lante  granite  block  set  in  the  udewalk  directly  over  the 
bann.  The  catch  basin  is,  therefore,  cleaned  from  the  sidewalk  instead 
of  the  gutter,  the  principal  objection  being  the  uncertainty  of  thoroly 
cleaning  that  dection  of  the  baein  lying  outside  of  the  trap-stone  or  und«r 
the  roadway.  It  is  also,  to  a  limited  extent,  objoctionable  from  a  sanitarj' 
standpoint  as,  in  the  operation  of  cleaning,  the  ranoved  muck  very  often 
gives  the  sidewalk  a  dirty  appearance  unless  extreme  care  is  t^ten.  While 
the  type  of  inlet  referred  to  is  heavier  in  eonstructioQ,  has  greatw  capacity 
and  is  more  eoonomioal  in  maintenance,  the  street  inlet  or  catch  biuin  is 
more  universally  used  because  of  its  greater  adaptability  to  the  needs  of 
cleaning.  Automatic  or  self-cleaning  inlets  do  not  have  the  trap  feature. 
They  are  built  with  a  largo  basin  from  which  the  dirt  is  directly  tranafemd 
to  the  aewer  thru  a  pipe  connection,  attached  to  the  sewer  at  a  steep  an^ 
Such  inlets  are  only  practicable  where  the  sewers  are  laid  on  a  heavy  grade, 
insuring  the  removal  of  all  refuse  and  other  materials  due  to  increased 
volume  and  velocity  of  flow. 

Mtcbahical  Clsahinq.  a  mechanical  device,  known  as  the  hydranlie 
inlet  cleaning  machine,  operates  on  the  hydraulic  pump  principle.  A 
metal  body  mounted  on  an  automobile  truck  receivea  the  muck  diicct 
thru  a  hose  inserted  in  the  inlet  catch  basin.  A  continual  Sow  of  water 
from  the  street  plug  to  the  inlet  ia  maintained,  while  the  cleaning  operation 
is  in  progress.  The  contents  of  the  inlet,  dirt  and  water  oomfaiiied,  are 
drawn  upwards  thru  the  hose,  the  pumping  power  being  supplied  by  the 
automobile  engine  and  extra  gearing  attached  to  the  truck  for  the  pwpoee^ 
After  dcpotitii^  the  contents  of  the  inlet  in  the  truck  body,  the  heavier 
materials  sink  to  the  bottom  and  the  excess  water  is  released  thru  valves 
and  is  returned  to  the  inlet.  This  process  continues  until  no  dirt  remains 
In  the  bottom  of  the  inlet. 

Use  OF  Mocs  Pan.  In  some  localities,  the  hand  cleaning  method  has 
been  superseded  by  the  introduction  of  a  muck  pan,  or  tight  sheet^en 
receptacle,  so  located  in  the  inlet  as  to  catch  the  heavier  street  sweep- 
ings, the  surface  water  coming  down  with  the  dirt  seeping  thru  vent 
holes  into  the  inlet  basin.  The  operation  of  cleaning  the  inlet  ~'"~t** 
of  removing  the  receptacles  by  means  of  hooka  snd  dumping  the  muck 
direct  into  the  metal  body  vehicles.  This  method  requires  constant 
supervision  in  order  to  prevent  owrioading  of  the  receptadee  and 
proper  maintenance  both  of  the  receptacle  and  the  inlet.  Its  prineqid 
advantage  ia  in  keeping  heavy  solid  particles  from  reaching  the  intet  neck 
and  choking  it. 

Winter  Cleaning.  Winter  street  cleaning  in  the  latitudes  of  the  northern 
statm  is  probably  the  most  tiying  problem  with  which  a  atresi  rieaaiai 
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department  has  to  deal.  Dirt  oontinuea  to  accumulate  on  the  street! 
regardleas  of  the  weather  and  temperature  conditionB.  In  the  North,  the 
roadways  are  covered  with  snow  and  ice  intermittently  thruout  the  winter 
eeasop,  while  in  the  South,  snow  storms,  and  freesing  temperatures  are  rare. 
Under  the  former  conditions,  the  street  deaning  problem  is  largely  one  of 
piok'up  or  spot  cleaning  gangmen  while  the  streets  are  covered  with 
anow  and  ice,  and  of  machine  cleaning  whenever  the  equipment  or  forces 
can  be  used  to  advantage.  Under  the  latter  conditions,  however,  the  street 
eleanlng  work  progresses  quite  similaiiy  in  both  the  winter  and  summer 
seasons.  In  certain  of  the  northern  states,  there  is  a  continuous  altema- 
tioD  of  freesing  and  thawing  temperatures  thi;uout  the  winter.  In  situations 
of  this  character,  immediate  advantage  should  be  taken  of  every  opportunity 
to  do  machine  or  gang  cleaning  or  fluohiog.  To  be  fully  prepared  in  this 
mattn,  it  is  necessary  to  keep  in  close  touch  with  the  Weather  Bureau  and 
take  advantage  of  aatidpated  mild  weather  during  which  the  machine  or 
oth«'  cleaning  equipment  Ukd  i(HX»B  can  be  operated.  It  is  also  of  con- 
mderaUe  advantage  to  assign  an  inspector  to  each  equipment  stable  to 
direct  the  mobilization  and  dispatch  of  such  of  the  equipment  and  forces 
that  it  may  be  possible  to  use.  The  instructions  issued  by  these  inspectors 
can  be  governed  more  or  less  by  definite  prearranged  plans  considered  in 
conjunction  with  certain  kinds  of  weather  forecasts  and  observed  tem- 
perature conditions  at  certain  hours  of  the  day,  especially  during  the  morn- 
ing hours.  The  governing  idea  is  to  have  the  equipment  and  forces  pre- 
pared and  if  possible  on  their  respective  routes  ready  to  begin  "l"'"^"g 
opersttons  as  soon  as  the  weatiier  and  temperature  oonditions  tiermit  this 
being  done.  When  freezing  temperatures  prevent  the  use  of  water,  all 
machine  cleaning  must  necessarily  be  suspended  in  favor  of  hand  cleaning 
by  gangmen.  This  necessitates  increasing  the  regular  cleaning  forces  at 
least  40%.  In  Philadelphia,  it  has  been  found  that  between  the  middle 
of  Deo.  and  the  middle  of  March,  the  machine  cleaning  equipment  can  be 
operated  advantageously  only  on  approximately  50%  of  the  working  days. 
AR  hand  cleaning  gangs  should  be  under  competent  and  constant  super- 
vision, and  the  gangmen  should  be  equipped  with  push  brooms,  hoes,  picks, 
and  shovels  to  facilitate  the  removal  of  both  loose  and  frosen  dirt  and  also 
dirt  covered  anow  and  ioe.  In  all  winter  cleaning,  great  care  should  be 
token  to  keep  the  dust  nuisance  down  to  an  absolute  minimum,  as  this  is 
often  a  greater  inconvenience  and  menace  to  the  public  than  an  unclean 
street.  The  solution  of  the  winter  cleaning  problem  is  principally  in  taking 
prompt  advantage  of  every  opportunity  to  work  and  not  in  assuming 
that  because  of  the  adverse  conditions  the  streets  cannot  be  well  cleaned, 
little  or  BO  effort  should  be  made  to  clean  them.  If  full  advantage  is  taken 
of  every  opportunity  a  very  considerable  amount  of  cleaning  can  be  done 
and  aside  from  tiiis  the  municipality  will  not  have  to  face  the  problem  of 
removing  an  excessive  accumulation  of  dirt  from  its  highways  with  the 
advent  of  spring  weather. 

Relative  Ease  of  Cleaning  Different  Pavement  Surfaces.  The  effective- 
ness with  which  a  method  of  street  cleaning  can  be  applied  is  governed  to 
a  considerable  extont  by  the  character  of  the  roadw^  surface  cleaned  and 
its  physical  condition.  In  maldng  a  comparison  between  the  several  t]i>es 
of  pavement'  it  will  be  assumed  that  the  roads  and  pavements  considered 
are  new,  or  in  other  words,  in  perfect  condition.  Assuming  further  that  the 
ided  road  or  pavement  will  have  an  arbitrary  value  of  10  with  respect  to 
the  ease  with  wbifih  it  may  be  cleaned  by  tim  method  best  adapted,  the 
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Kvenl  types  of  highway  paveznents  in  general  use  will  have  the  foUowinc 
relativB  vidoes: 


Type  of  Road  or  Pavwneat 


Shgrt-M phalt  •   

Bituminoui  oononto  

Wood  Uock  

Bltuminotu  macadam  

Vitrified  bl«*  

CaiiMBtxonvete  

Stone  block  

Water-bound  macadam  with  Mtmninom aurlaea  twatmwit. 

WatariMund  macadam  

Gram  

Earth  


4.   Street  deaning  Equ^unent 

Description  of  Equipment.  The  minimuni  quantity  and  character  of 
equipment  necessary  for  the  prosecution  of  the  street  cleaning  work  should 
be  definitely  indicated  in  the  apecificatione  and  ohould  be  of  approved 
conBtruction  to  fully  meet  the  following  requirementa: 

Squeegees.  The  horae-drawn  squeegee  cleaning  machinea  should  haw  a  water 
tank  with  a  capacity  of  about  600  gal  and  a  cleaning  roUer  set  obliquely  and  geaicd 
or  chsin-belt«d  to  the  rear  axle  and  having  a  st^l  axla  and  rubber  spinil  fins. 

Automobile  Flushen.  The  automoUla  flushing  machines  should  be  motor-drtrcti 
high  prcflsure  fluahing  machines  o(  standaid  design,  mounted  on  s  chassis  having  a 
capacity  of  not  leas  than  5  tarns,  and  having  a  tank  lor  water  with  a  capacity  ef  at 
least  1200  gal  and  suns  ttam  of  motor^ven  pumps  by  which  tlie  water  may  be 
discharged  from  the  ncnaleB  with  a  pressure  erf  from  85  to  60  lb  per  sq  in,  as  may  be 
direoted,  and  a  capacity  to  delivw  from  100  to  160  gal  per  min  from  eadi  noaale.  The 
machine  should  be  so  e<[uipped  that  the  prewure  designated  can  be  maintained  thro- 
eut  the  entire  period  <tf  discharge  of  the  water.  The  noaslea  must  be  elongated,  at 
approved  form,  and  so  constructed  tliat  thrir  direction  may  be  dunfed  and  adiaatsd 
as  required,  and  permanently  set  at  any  given  angle.  The  marfiina  should  be  cnpabls 
<rf  <q>erating  at  a  rate  of  speed  of  not  less  than  S  nor  mote  than  8  miiea  pw  hr. 

Machine  Brooms.  The  horse-drawn  machine  brooms  should  l>e  a  4-wbeeled  vehicle 
and  have  a  roller  set  obliquely  and  geared  or  chain-belted  to  the  rear  axle.  Tb*  roller 
■honld  have  a  wooden  axis  and  q>Bt  bamboo  bristles,  whose  length  when  new  ahall 
not  be  more  titan  14  In  from  the  ails.  Madifaw  brooms  duni'd  be  pnnldad  with 
adequate  dust  and  mud  guards. 

Sprinklers.  The  sprinkling  macMnea  should  be  drawn  by  2  bonm  and  be  of  an 
approved  standard  type  of  modem  construction  aubetantially  tniilt  to  withstand 
oceeptionally  heavy  service.    The  valves  should  be  adjustable  to  varying  swatha. 

Collection  Vehicles  used  for  the  transporUtion  of  dirt  should  h«ve  water-tight  metal 
bodlea  to  prevent  the  contents  from  leaking  whoi  wet.  They  also  should  have  metal 
covers  to  prevent  dry  contents  from  being  blown  out.  The  bodiee  of  these  vchidea 
should  be  low,  to  facilitate  tbdr  loading  and  to  eliminate  the  neceadty  for  tiiiin, 
dirt  up  any  ccniBlderable  height  into  the  vehicles,  which  Invariably  reanlta  in  mere  or 
leas  of  it  being  scattered  by  the  wind. 

Inspection  and  Adinstment  of  Bqnlpment.  Hacbinb  BboOMB.  In  order  to  gat 
propw  results,  from  both  the  standpdnts  of  deantlocas  and  of  eoonotny.  the  maefains 
hnwma  Aoold  be  Inqieetad  at  frsquant  Intarvals  and  so  adjusted  and  opmtnd  m 
to  produoe  their  maidmnm  amount  of  aattsteetoty  work.  In  the  matter  a<  adjustnnsi^ 
special  attentka  givm  to  the  following  dotalto  will  do  much  toward  producing  saCis- 
Auifany  dMBdng  lasoHa:   The  hroom  ndkr  ahonld  at  aU  dmss  ba  ao  adinatMl  Owt  {fe 
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^rialm  parallel  to  the  nirfaca  of  tbe  Mvement,  otherwtoe  the  broom  wit]  ww  into  tbe 
ilupe  of  ft  truncatod  cone,  whldt  results  in  poor  vorit,  and  necesaitatea  the  (Uscard- 
bag  ^  the  broom  much  aooner  than  If  it  had  worn  evenly.  The  broom  roller  should 
alao  be  ao  set  that  it  will  press  firmly  down  npOD  the  surface  of  the  pavomwit^ 
Hid  not  waniy  drag  along,  othenrisa  tbe  briBOea  wiU  not  i^tqwly  engage  and  dis- 
lodge tbe  dirt 

Sotnaau  Machikbb  shotild  be  inqMcted  at  frequent  intervals  to  aee  that  they  are 
properly  adjusted.  Wheo  not  actually  mgsged  in  cleaning,  tbe  water  outlets  on  the 
squaegee  ma^fM"ff  should  be  shut  off  and  the  rubber  broom  njsed  a  few  Incbca  above 
the  pavement  surbwe  tn  pnveot  the  ladstanee  of  thn  rubber  flns  being  Impsired  or 
tbe  flm  damaged  or  unnecessarily  worn.  The  following  considemtiona  are  laeiiiilliil 
to  obtain  good  results  In  scpieegea  cleaning  work:  The  rubber  flna  ahoald  not  be  tonit 
distorted  *a  worn  thin  and  should  show  a  proper  amount  of  live  lesistaitoe.  Wheo  the 
avenge  length  of  the  fins  projected  from  the  spindle  la  8  in  or  less,  or  wbco  tits  width 
of  swBth  b  reduced  1  ft,  the  flns  should  be  renwred.  AU  water  dieehaige  valves  should 
be  kept  In  good  craiditlon  as  leaky  valves  cause  conriderable  loee  of  Ume  both  In  load- 
ing water  and  In  working  due  to  the  fact  that  some  of  the  water  is  constantly  wasted 
and  not  produdng  effective  results.  The  axie  of  the  rubber  broom  should  be  approx- 
Imatdy  parallel  to  the  aurfaoe  of  the  pavement  to  prevent  the  flns  wearing  unevenly 
ud  not  property  cleaning  the  pavement.  The  fins  should  pren  upon  the  surfaea 
of  the  pavement  evenly  and  firmly  and  not  dmply  skim  over  It.  The  wsentiat 
function  of  the  Ana  is  not  "Imply  to  push  the  watw  over  the  pavonent  but  actually 
to  scrub  it. 

IdentiflcatloB  of  Equipment  For  the  puipoaaa  of  Identificaticaii  each  vehicle  should 
bear  on  each  side  a  blue  enameled  steel  sign,  lettered  in  white,  containing  the  inscrip- 
tion, Bureau  of  High  way* — DJ>.W.,  ftdlowtd  by  the  dnatgnsting  number  of  the  district 
and  the  snial  number  of  the  vehicle.  A  small  blue  enameled  rteel  sign,  indicating  the 
distrtet  number  and  the  serial  numlw  of  the  equlpmrat  should  ba  atao  attadwd  to 
all  bag  carrlen  forming  a  part  of  tbe  equipment  of  the  blockman.  No  duplication  of 
serial  numbers  should  be  permitted  In  any  one  district.  No  other  signs  or  lettering 
should  be  permitted  on  ^tber  the  vehides  or  hamess.  Tbe  contractor  shotdd  b« 
required  to  keep  In  stock  at  all  tbnes  a  snflUeot  supply  of  rubber  fins,  madiine  brooms, 
and  axtim  parta  to  maintain  In  eonatant  aerviee  the  minimum  force  of  equlpraent 
required  by  the  spedficatlona.  The  contractor  must  also  see  that  the  deanlng  machines 
are  at  all  times  so  adjusted  that  the  bristles  of  the  machine  brooms  and  the  fins  of 
the  equeegeee  will  thoroly  accomplish  the  cleaning  results  intraded.  AU  gangmen 
•Dgaged  in  machine,  allay,  inlet  and  road  cleaning  should  be  provided  by  the  eon* 
tractor  with  hand  brooms,  shovels,  picks,  hoes,  rakes.  Inlet  muck  rakes  and  hooka, 
and  such  other  equipment  as  may  from  time  to  time  be  found  neceaaary  to  pnpmiy 
perform  tbelr  duties. 

Philadelphia  Practice  Pertelning  to  PalnHng  of  Equipment.  It  was  required  that 
all  vehicle  equipment  be  painted  at  least  three  times  during  the  year  with  standard 
paints,  specifications  for  which  are  prepared  by  the  Bureau  of  Highways,  and  issued 
to  the  contractor.  If  three  paintings  do  not  preserve  the  permanmcy  of  the  distin- 
guishing colors,  painting  was  required  to  be  done  more  frequently.  The  colon  of  the 
painting  required  for  the  several  <typea  of  vehicle  equipment  were  as  followa:  Machine 
broom,  green  for  body,  red  for  running  gear;  squeegees,  fluahcrs,  and  sprlnkleni,  yellow 
Tor  body,  red  for  running  gear;  bag  carriers,  maroon;  Inlet  dirt  carts  and  street  dirt 
wagons,  brown.  The  equipment  was  required  at  all  times  to  be  maintained  In  a 
cleanly  eondldoo  and  the  cod  tractor  was  required  to  install  adequate  rissninir  Eadlltlca 
■rithln  his  stable  or  yard  sa  Ota  cleaning  of  equlpnunt  In  the  street  was  not  permitted. 
The  contractor  ms  also  required  to  present  all  vehicles  and  other  equlpmant  for  in- 
qiectinn  at  such  times  and  i^aess  as  might  be  '^T'*r"*°^  by  the  dbtiiet  englnMn. 


8.  Street  CleaninK  Cost  Data 

Unit  Costa  of  Street  Cleaning.  Unit  cost  data  covering  the  several 
Tietbods  of  streot  cleaning  used  in  Philadelphia  and  Washington  are  given 
.n  the  following  analyaos: 
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If  ITROD  or  CUAMIMa 

Unit  Con  fb  19M  S« 
Yd  or  rn-ifwiii 

CUUMBD 

r  luLul6  Ipnui 
1916 

1915-191C 

M"i*""  fliuliiiig  motoMlimB  aqidinMnt,  FUladilpblK; 

S0.268 

0.166 

0.157 
0.474 
0.1B8 

90.186 
0.139 

0.29S 
0.43S 
O.IST 

Tbe  above  costs  include  the  removal  of  street  dirt  and  direct  mxpervvmam 

only. 

The  PhHadelphia  Unit  Costt  mre  humi  upon  tbe  follawins  d^Dy  raten  of  compea- 
ution  or  cost  for  the  aeverml  cUfrifleadoni  of  labor  and  equipment  u  indicated. 


CLASsmCATlON 


Rats 
DAT 


Lftbor: 

8uperint«nd«it  

ForankD  

Gangman  

Bloekman  

Dumpnuui  

B<iulpnieiit  Units: 

HBcUne  broom,  borae-drswn 

SqueeKee,  horae-dr^wn  

Fluabu-,  motor-drivan  

Sprinkler,  borae-dnwD  , 

IHrteart  

Dirt  wagon  


S4.00 

2.50 
1 .75 
l.SO 
1.60 

S.SO 
6.00 
IS. 00 
6.00 
3.60 
6.00 


HItfi-PTeasure  Machina  Plushinc-  Cooalderable  and  IncrsaainK  intereat  has  beea 
evidencad  In  connection  with  the  hlgb-preaaurs  machine  fluahlng  method  at  atract 
clwnlng.  The  foUowlBf  coat  datA  baaed  upon  a  wortdng  ■laion  of  SOO  daye;  on 
8-hr  shift  eadi.  b  given  by  Farlln  (82)  in  Table  I: 


Table  I 


City 

Type  of 
Pluidiini 
BquiimKait 

Data  pb  1000  Sq  Yd 
or  Pavboht  CtBAinD 

Cost 

GaDauot 
WatwUMd 

Motor-driven 
Hotoiwlriven 
Motor-driven 
Trolley  ear 
Horae-drawn 
Hoiao  drawn 

10.160 
0.126 
0.180 
0.136 
0.464 
0,266 

400 
450 
440 
480 
700 
400 

Rodieetef  

Milwaukee  

L.ooQle 
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CoBt  vi  Stnel  f — "tf  wWk  Motor  EqnlpaieBt  Then  Is  no  quaottoa  but  that  the 
entire  street  deonini  equipment  fn  uae  «4U  eventually  be  motor  equipment.  The 
automobile  flusber  is  very  effidmt  and  Mtiatactory;  automobile  sqtieeeMS  and  machine 
brooms  are  in  use  in  for^gn  cities  and  to  aome  extent  in  this  country.  In  TcMtnito  and 
Phlladelpbia  during  1916  craiBlderable  tA  the  street  dirt  has  been  cdlected  and  hauled 
to  the  dumps  by  motor  equipment  and  has  proved  a  considnaUe  economy  ant  the 
bans-drawn  equlpiMtit.   The  following  Is  a  test  of  a  motor  strest  serubbw: 

Table  II. — Coit  p«r  Dty  of  10  Hr 

first  cost  of  msehine  16100 
■  Depreciation,  life  o(  machine,  1200  daya 
12  Esl  KsaoUne  at  28  eenta 
2  quarts  oil  at  15  cents 
Tirol,  26  miles,  at  2  H  cents 
Renew  machine  broom  $10,  every  6  days 
Renew  squeegee  (SO,  every  100  days 
Chauffeur 
Helper 

18  000  gai  watar  at  4  eenta  per  U 

116.46  p«r  day. 

Rbcobos  of  Tests.  Nov.  27,  1916:  Timo  actually  worked,  6H  br;  yardage 
covered,  74  181  iq  yd;  reduced  to  10-hr  day,  114  000  sq  yd;  cost  per  1000  sq  yd, 
$0,144.  Nov.  28,  1916:  Time  actually  worked,  7^  hr;  yardage  eoTered.  88  608 
aq  yd;  reduced  to  lO-hr  day,  109  000  sq  yd;  cost  per  1000  sq  yd,  tO.161.  RsduuIeb: 
AveffagB  aflleieBt  operating  speed,  8H  lir;  capacity  «f  tank,  900  gal;  offeetha 

■wath,  7H  ft;  gaUons  per  1000  sq  yd,  16B;  avorage  time  to  empty  tank,  26  mln: 
average  time  to  fill  tank,  7  min;  avoage  mileage  (or  10^  day,  26. 

Unit  Coit*  of  ClMudng  Different  Typea  of  PaTement*.  The  cost  of 
cleaning  of  course  varies  with  the  character  of  pavement.  The  following 
costs  were  compiled  from  special  tests,  cleaning  the  various  types  of  pave- 
ments Iqr  the  Tnw*>''*»  broom  method  in  Philadelphia  in  1914.  These 
costs  are  exclusive  of  the  cost  of  water: 


IB 

08 

2 

76 

0 

80 

0 

6S 

1 

67 

0 

80 

8 

00 

2 

00 

0 

72 

Table  III. — Machine  Broom  Work  per  1000  Sq  Yd 


QRANira  Block 

Brick 

Wood 
Block 

Shmt- Asphalt 

Trafflo 

Traffic 

Traffic 

Traffic 

Heavy 

Medium 

light 

Medium 

Light 

Medium 

Medium 

light 

10.292 

(0.238 

to .210 

10.286 

10.201 

10.282 

90.208 

«0.174 

The  annual  coat  per  square  yard  of  j^wfeg  in  Ute  dilfereBt  cities  is  o(  vcty  Ilttla 
«ahM  unless  analysed;  for  instance,  the  above  costs  e|  cfasnlng  par  yard  par  year 
In  the  diffinent  Boroughs  of  New  York  City  in  1914  compared  with  the  cost  of  clean- 
ing per  yard  per  year  in  Philsdelplils  show  that  tlie  cost  rimply  varies  with  the  densi^ 
of  traffic  aod  population  and  the  consequent  amount  of  cleaning  required.  Tbe  coat. 
In  tbe  Borough  of  Manhattan  is  iim  nwnilj  vety  much  greater  thsji  tbe  cost  In  the 
Borough  of  Brooklyn  and  the  Bronx.  It  irill  be  observed  that  the  eoat  ot  denning  In 
PhUadelpUa  has  eondderably  Increased  In  tbe  last  five  yean.  TUs  Is  entirely  due  to 
the  fact  that  there  never  was  enough  cleaning  provided  for  in  Philadelphia.  The 
cost  of  cleaning  in  Philadelphia  in  1917  Is  very  nearly  the  same  as  the  coet  of  cleaning 
In  the  Borough  of  Bronx  and  Brooklyn,  Mew  York  City,  for  1914.  whereas,  in  order 
to  obtain  the  nme  dsgns  ot  i  liiiliHmns.  the  cost  should  bo  someirtiat  falghnr  In  Phil- 
adelphia than  In  the  BaCaaghs  id  Brooklyn  and  the  Bronx. 
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Table  IV^ATerage  Annoal  Coata  per  Tard  of  Street  Cleanlnt  Is  Raw  Toifc 
and  Philadelphia 


C<wtpar  Sq 

Ydof 
Pavement 


Cost  per  UOb 
of  Highway 


Nbw  Yore  Citt,  1914 
Borough  of  HanhattBD 
Borou^  of  BrooUyB . , 

Borough  of  Bronx  

Greater  N«w  Yotk  

pHILkDBLPBU 

1918  

1914  

1918  

1916  

1917  


$0.80fi 

>6400 

0.0S2 

168> 

0.096 

888 

0.161 

8US 

D.06B 

US 

0.066 

106B 

0.064 

VOA 

0.069 

1104 

0.101 

lflS9 

Average  Annaal  Coiti  of  Street  Qeaning.   There  ia  do  standard  for  the 

coat  of  deanioe  per  yard  per  year.  The  cost  is  usually  governed  by  the 
decree  of  cleanliness  reqidred  in  the  different  cities  and  the  amount  of 
money  available  for  the  performance  of  the  work.  In  time  there  wQl 
unquestionably  be  a  more  or  less  standard  de^^  of  cleanliness  required 
in  all  of  our  cities,  and  until  such  time  arrives  the  cost  per  yard  per  year 
in  each  city  of  no  value  vith  respect  to  the  efficiency  with  which  the 
work  is  performed  or  the  degree  of  cleanlineee  obtained.  It  simply  indi- 
oatee  the  amount  of  money  expended  in  the  respBOtiva  aitiea  per  yud  per 
year  for  this  purpose. 

Per  Capita  Unit  Coats  of  Street  Cleanlnc.  Unlike  moat  otiwr  etasBBS  of 
work  in  connection  with  which  it  ia  possible  to  utiliae  unit  cost  data  in 
interpretiiv  results  accomplished,  street  doaning  does  not  afford  the  same 
poesilHlitles.  This  is  due  largely  to  a  number  of  indeterminate  factors 
principal  among  which  is  the  lack  of  definition  of  the  relative  degree  of 
oleanliness  demanded,  the  condition  of  the  pavement,  the  use  of  equipn^t 
best  adapted  to  the  pavement  ctoaned,  and  whether  the  service  is  performed 
under  tin  contact  system  or  by  mnnicipal  f<n«es.  However,  in  Table  V 
unit  ooata  for  street  cleaning  per  capita  per  annum  are  givMi,  having  been 
fxunpiled  from  official  reports  from  the  cities  indicated: 

Table  V 


City 

Year 

BMlmated 
JPopulMion 

Com  Mr 
C^Aa 

PW 

1918 
1916 
191S 
1914 
1912 
1914 

1  725  000 
367  749 
7Bfi  906 
660  000 

oraooo 

400  811 

90.714 
0.831 
0.7S9 
0.466 
O.UO 
O.lOA 

Utilization  of  Street  Sweepings.  In  recent  years  a  number  of  dainta 
have  been  made  relative  to  the  posubility  of  utilizing  street  Bweepings 
as  a  fertilizing  material  and  of  the  poanhili^  of  deriving  revenue  therefrom. 
This  subject  was  quite  fully  discussed  in  a  report  submitted  relative  to 
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New  York  City  conditions.  The  facts  noted  indic&te  subetantially  the 
status  of  thifl  matter  in  1917.   This  report  states  that; 

"It  la  ofton  aanrted  and  ma  frequently  denied  that  street  tweepincB  hmve  k  eon- 
Kidenbte  nhw  as  fertUiaer  fw  agrioiltural  land.  TbeoreticaUy,  ■treet  dirt  Is  of  much 
value  SB  a  fertUker,  and  poarib^  of  sddm  um  as  a  fuel,  but  the  practical  difficulties 
of  utlUzing  iu  useful  ingradients  an  too  great  to  nuke  it  of  substaDtial  beneftt.  It 
Is  in  fact  a  miied  refuse  and  its  oorapodtion  nries  in  dillerent  seasons  in  different 
dtiss  and  in  different  parts  of  the  sam«  dty.  Tlis  alaments  eontsined  in  the  sweepinsis 
that  ara  of  fertiHdng  vahie  are  Bltragen,  phoaphoric  add  and  potash.  The  quantities 
of  theoe  elements  found  in  street  sweepings  vary  nithin  quite  wide  Umtta,  and  are 
derived  almost  wholly  from  the  animal  exciematt.  It  !■  difficult  to  place  any  fair 
maitot  vatoe  on  the  iritrogen.  pboq>boric  add  and  potash  contained  In  atreet  aweepingH, 
beeanse  the  market  price  of  these  elsmnts  not  nily  vaiks  at  diffemt  times,  but  the 
form  in  wlddi  each  is  found  modlfles  its  vahie  for  brtllistng  purposes.  PrcAably 
only  about  one-!iaU  of  the  phosphoric  add  is  in  a  soluble  fonn  immediately  available 
as  plant  food.  A  rough  estimate  of  the  valuas  of  tbHS  eteraents  in  1  ton  irf  street 
swecs^ngB  la  at  the  preaent,  as  follows: 

8.62  lb  idtrogen.  at  16  eenta   $1278 

8.40  lb  phosphoric  sdd,  st  6  ocots   ««) 

7.32  lb  potash,  at  5  cents   8SS 

Total   f2064 

Tram  tUs  grass  Tshw  must  be  dadusted  thm  emit  of  tnB90rtlng  the  swespinis  ts  the 
lands  whera  they  ara  to  bo  used,  and  their  value  compared  with  other  fertillcws  also 

must  ]»  conridered.  The  great  bulk  of  the  groM  material  tliat  must  be  handled  is 
the  difficulty  in  attempting  to  utilise  these  aweepiiip  on  farm  lands,  dnee  nearly 
98%  of  the  maas  is  inert  material.  Furtbormore,  the  cost  of  distributing  the  street 
awae^ngi  on  farms  is  disproportionate  to  tltsir  value;  and,  under  usual  oonditicau, 
■WMplags  are  a  far  lev  economical  snd  convenient  material  for  the  farmer  than  the 
comnwdal  fertilizen  to  he  had  in  the  market.  As  the  better  grade  of  street  sweep- 
ings have  only  about  half  tbe  fertilising  value  of  stable  manure,  ton  for  ten,  snd  as 
it  is  becoming  more  and  more  difficult  to  dispose  of  evui  the  latter  material  to  fann«rs 
at  a  price  that  will  cover  the  cost  of  delivery,  it  will  be  appredated  how  hope  lea  It 
is  to  sqiaet  any  sueceasful  diqMsition  of  street  sweepings  In  this  wsy.  Tbs  use  of 
street  saiiniiliini  alone  for  UHng  lands  has  bean  condemned  by  many  sanitary  anthoi^ 
itisa,  bacauBs  tbs  organle  mat^  may  undtfgo  fermentation,  srith  exhalation  <d  am- 
monia or  other  gases  deleterious  or  obnorfous  to  those  living  in  the  vidni^.  Wltm 
atreet  siwsnihus.  rfdi  in  oissnle  ntsttar,  are  depodtad  akms  In  large  miwi.  there 
may  be  ground  for  eerious  annoyance  and  possible  injury  to  health." 

8.  Administntbii  and  Organization  of  Street  Cleaning 
Htuddpal  Force  Contract  Srstem.  Street  deanins  woric  which 
from  its  very  nature  involves  so  many  more  or  less  irregular  operations 
necessitated  by  the  constantly  varying  traffic,  climatic,  atmospherio  and 
local  conditions  for  whfch  it  is  not  always  possible  to  fully  and  definitely 
prescribe,  requires  constant  supervision  thru  personal  field  inspection  of 
the  work  performed  by  each  gang  or  other  unit  of  the  organization.  This 
work,  as  it  is  also  the  ruse  with  street  repairs  and  other  work  of  a  character 
where  it  is  npt  poesil^le  to  fully  and  definitely  specify  the  detailed  manner 
in  which  the  work  shali  be  performed,  should  be  carried  on  by  municipal 
foreee  inirtfwd  of  by  the  contract  eystem.  This  necessity  is  emphasised  by 
the  oMiflideration  of  the  dual  overhead  oharoes,  disproportionate  to  tiw 
cost  <rf  the  work,  which  result  from  the  city  and  tiie  contractor  both  being 
required  to  maintain  separate  supervisoiy  inspection  forces,  each  of  which, 
however,  perform  duplicate  service,  and  both  of  which  must  ultimately 
be  paid  for  out  of  municipal  funds.  Irrespective,  however,  of  the  system 
und^  which  street  cleaninc  work  is  performed,  there  are  certain  well- 
defined  fundament^  administrative  and  engineoring  oonsideratioDS  which 
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we  AenOTally  recognised  as  gorenung  faoton  in  the  Bocaowful  and  economi—l 
performance  of  the  work. 

PurpoBOB  Sought  Thru  Orftnizatton.'  In  planning  the  organiution  of 
Btreet  oieamng  work  by  contract,  the  following  purpmes  ahould  be  sou^: 

1.  The  owudderatlon  of  Btreet  cleaning  w  an  engineering  function  ud  tite  plee^ 
of  tiie  routinfl  sup«vialon  work  under  the  control  of  district  engineers,  who  are  aba 
diaigad  with  the  nQMulbiU^  of  the  coBBtnicttoD  aad  maintcnaDee  of  the  prnvmuadB 
in  tbfllr  raveetive  dbtrida,  Btreet  '*^"'"t  being  an  Important  part  of  the  nialiiliBiBBW 
of  pavementa  and  Bboald  be  controlled  by  the  a»ra»  organizatloa. 

2.  The  deasi&cation  of  street)!  and  raads  with  respect  to  the  i  iiimji  fmpxacr 

of  thdr  cleaning. 

8.  The  Institution  of  spedflcatioca  that  indicate  In  a  definite  and  con  dee  BaaaBV 
the  quantity  and  character  of  work  to  be  performed;  the  minimum  force  and  efaanccv 
of  labor  and  equipment  fequh«d  In  the  work  and  the  nuwt  ^tiuovsd  taatfcodB  «(  Ub 

performance. 

4.  The  inatltution  of  a  schedule  of  deduetlona  from  the  contractor'a  cotDpenaat^ 
which  would  adequately  provide  for  all  derallctloBa  relative  to  labor  and  eqn^micBt 
raquirad  but  not  furnished,  wchIc  uegleetad  or  improperijr  peit<mned  aad  otbw  viob- 
ticoa  of  the  spedflcatjona  that  tended  to  lower  the  standard  of  the  work  mm  a  mhuk 

5.  The  inauguratira  of  schedulea  defining  definite  routes  to  be  followed  and  tte 
character  of  equipment  to  be  employed  in  the  performance  of  the  work. 

6.  The  eBtablishment  of  a  system  of  Inspection  dengned  to  i^ve  the  bureau  aa  eaes' 
plMe  control  as  is  poeeible  with  an  adequate  fnee  o(  liHpaeton  over  ttw  mntSm, 
cooditioa  and  chiaracter  of  forces  and  equipmoit  employed  hf  Aa  flOBtnetori  lb 
methods  of  opeiatlcm  and  the  results  obtained. 

7.  The  adcvtian  of  a  modem  system  insuring  tb»  prompt  and  cartful  faivntigBtiga 
of  all  reports  reoeivad  from  the  general  public  trf  obsnrved  instances  wbtn  tba  alnet 
desnlng  work  was  naglaetad  or  not  propvly  pettainad;  and  the  Mirmiia|.aiiiH  <f 
cotSperation  on  the  part  of  the  puMIe  In  fapwOng  all  matten  ot  thfa  natun  ooBtag 
to  their  attention. 

8.  The  Installatian  of  unit  coat  reeonlli  br  iriifch  It  fa  poaAIe  to  detemdne  (fee 
actual  cost  to  the  contractor  of  the  field  work  performed,  which  materially  sasfata  fa 
the  administrative  control  of  the  work,  and  BM>vea  as  a  bacds  upon  vi^dch  may  be  det» 
mined  the  fairness  of  the  prices  bid  by  the  contractora,  and  also  makes  pomible  ths 
comperboQ  of  eosts  for  similar  work  In  diffemt  loealitlea  and  under  varying  eoodilfaBa 

9.  The  InstaUatioD  of  report  forms  that  insnre  aadetaflad  aad  aeeunte  laeafd  af 
performances,  forces  employed,  and  other  portinesit  data. 

10.  Tbe  cetablishment  and  maintenance  of  standards  of  aniearaafl^  faidndlng  tba 
uniforming  of  all  foremen  and  workmen,  and  the  periodical  painting  In  dfatincthe 
colors  each  type  of  equipment  used  on  street  cleaning  woik. 

11.  The  mcouragement  of  friendly  rivalry  among  the  several  ooBtraeton^  and  tis 
pronotion  of  *9prit  de  eorpi  among  the  workmen  by  the  inatitotioa  ot  an  annual  paUe 
lospectiofi  and  parade  nith  the  awarding  of  prises  to  the  contraetoca  attaining  tht 
hii^iest  ratings  for  appearance  of  men  and  equIpmMit. 

The  Administration  and  Organization  of  Street  Qeuilng  In  Phflada^hb 
as  developed  hy  the  author  while  Chief  of  the  Bureau  of  Highway  and 
Street  Cleaning,  1912  to  1917,  will  illustrate  the  details  of  meUKKls  required 
to  properly  control  this  work. 

Routine  Snpervlston.  Tbe  regular  soperrfaion  of  fhe  street  dsaaing  work  wm 
under  the  jurisdiction  of  the  seveoal  district  engineers  who  also  had  charge  ot  ths 
collecticm  of  ashes,  rublMsh  and  garbage  and  tbe  euostructlon  and  raalntenanes  tl 
pavemenU  in  th^  respective  diBbricta.  In  addition  to  maiotenance  a  close  wa^mUm 
over  tbe  Aeld  Inspection  worii  performed  by  the  aevwal  street  ■Hrr'tg  lias 
amigned  to  each  district,  and  makiag  adjusbnesits  to  tbe  woik  sdwdolea  of  tbo  order 
or  manner  in  which  the  street  daanittg  work  should  be  pefformad.  the  district  eaglBS« 
alao  kept  in  touch  with  the  complaints  raosivad  from  tlM  general  poblte  eoneamfag  At 
performance  of  the  woric. 

Investigation  oi  Complaints.  In  all  branebss  of  the  pabKc  aervlee  voSynOm  on 
the  part  of  the  dtlaeaa  hi  reparttag  •ppueotly  Dnaatfafoetory  coadftlaw  ceestag  la 
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tlMir  Bttaitim  l>  g«oenJly  neogidatA  m  a  most  vmluable  aawt  toward  tbc  ftttainmcot 
jf  Idnl  co&dltioiu.  On  .thla  »ccoant  tt  ihould  !>•  the  poUcy  not  only  to  Invite  con- 
itruetiva  eritldsm  but  kIso  to  turniih  every  fkdli^  for  to  dolnt'  Upon  the  reoefpt  oi 
I  i^Kirt  at  the  main  office  of  the  improper  or  n(»-performuce  of  atnet  cleaning  work 
Aien  abonld  be  originated  a  complaint  form  upon  which  li  indicated  tlie  location  and 
wtun  et  the  reported  eonditioaB,  the  date,  the  name  and  addiwa  of  the  oompkinant, 
dM  aerial  number  of  the  complaint  and  the  dtotrict  number.  A  record  of  the  taUbmm 
if  the  complaint  should  be  made  in  a  complaint  register  by  recording  the  complaint 
Kiial  number,  the  name  or  addrsM  of  the  complainant,  the  district  number  and  the 
late  of  the  complalnta  transmitted  to  the  diatriet  office  for  investigation.  Upon  receipt 
It  the  dktrfat  highway  ottce,  the  complaint  should  be  jntmiptly  issued  to  an  in^Mtor 
!or  ^vestlgatlon  and  report.  In  Inatances  where  a  complaint  is  originally  reeelTsd  by 
ihs  district  office  it  should  be  investigated  u  usual  and  in  the  meanwhile  the  nudn 
rfBce  should  tie  advised  by  telephoae  of  its  existence  and  a  serial  number  anigned 
»  it  After  bdng  approved  by  the  district  engineer  the  complaint  forms  should  l>e 
brwarded  to  the  mahi  office.  Upon  receipt  of  the  complaint  form  at  the  main  office 
Jm  open  entry  in  the  complaint  register  should  be  closed  out  by  entering  the  date  of 
iie  complaint's  return.  To  insure  that  no  complaint  inreetigation  is  neglected  for 
m  unreas«iable  length  of  time  or  overlooked  the  complaint  rsgleter  diouM  be  checked 
Mcb  week  and  all  complaints  for  which  final  reports  have  not  been  received  Investigated. 

Record  Forms.  To  assist  in  the  administration  of  the  street  cleaning  work  the  follow- 
Dg  record  forms  were  provided:  (1)  Work  routine  schedules;  (2)  Inspectors'  daily 
vports;  9)  district  englneem'  daily  reporta;  (4)  spedal  test  unit  coat  data  reporta; 

6)  qwdal  tsaC  mlt  east  data  nmmary  fonaa;  (6)  moothly  unit  cort  data  npovts; 

7)  complaint  forms;  (8)  complaint  master  sheets. 

Work  Route  Scbedoles.  To  Insure  tiut  the  street  cleaning  work  m^  proeeed  In 
trdarty  sequence  and  with  a  mlnhnum  of  lost  motion  and  the  least  incopvtnience 
»  the  pubUe,  wo^  or  route  schedulaa  should  be  eonqiiled  outlining  the  work  ^  each 
tang  for  eadi  worldng  day  of  the  week.  These  a^edules  Indicate  the  Idcntt^rfaig 
•rial  nvmbw  of  the  district,  rout*,  and  fsng  to  lAlch  they  api>1y,  the  diaraetw  (tf 
Jeaning  to  be  performed,  the  quantity  and  diaraeter  of  labor  and  equipment  to  be 
Hnployed,  and  the  naincs,  Umits  and  character  <d  pavement  of  the  highways  to  be 
ilea&ed  The  number  and  limits  of  the  highways  included  In  any  spedflc  route 
ichodule  and  the  sequence  of  the  deaning  was  baaed  upon  the  consideration  of  arran^ 
ng  the  highways  to  be  ckaaed  as  nearly  contiguous  as  poadble  and  providing  for  a 
air  day's  work.  The  planning  of  up-to-date  and  eoonomitally  arranged  route  schedules 
raa  considered  to  be  a  very  important  feature  in  connection  with  the  efficient  per- 
onnanoe  of  street  cleaning  work  and  on  this  account  the  district  mj^neers  were  reqidred 
lot  only  to  peraonally  direct  their  preparation  but  also  to  assign  &n  asslatant  engineer 
IT  inspector  to  constantly  Iceep  in  touch  with  the  manner  In  which  the  schedulee  were 
•nfed  out  to  determine  thdr  practicability  and  to  make  any  revisimiB  necMsary. 

Inapectora'  Daily  Reports.  Each  Inqwetor  assigned  to  the  supendshm  of  sinet 
leaning  work  was  required  to  sabndt  a  dally  report  to  the  district  office.  In  this 
sport  was  Indicated  the  following  data:  the  district  number;  the  date;  the  weather 
tmdltions;  the  quantity  and  character  of  latior  and  equipment  In  each  gang  empl<vad 
B  each  of  the  several  claaslficatlona  of  cleaning  and  at  tlie  dumpe;  the  coodltSon  ol 
he  uniforms  and  equlpntent;  the  quantity  cf  dirt  ctdleeted;  record  of  any  denlb^lcma; 
nd  the  hours  during  which  the  Inq>ector  was  on  duty. 

District  Eo^eers'  DaHy  Reports.  From  the  several  ii£BpectoR'  dally  reports,  the 
ietrlct  engineers  compiled  in  duplicate  a  daily  report,  Fig.  1,  for  each  street  cleaning 
Istrict,  indicating  In  composite  form  all  of  the  data  shown  in  the  dally  reports  of  the 
iveral  inspectors  asdgned  to  that  district.  Ttie  original  copy  of  this  report  was 
>rwarded  to  the  main  office  and  the  duplicate  copy  was  retained  In  the  district  oAee. 

Onit  Coat  Raoerda.  To  assist  In  the  admlaistimUva  eoatrol  at  the  street  cleaning 
poik  and  to  tundsh  data  Iqr  which  may  be  detOTmiaed  the  degree  of  cffldency  of  the 
■rfornHrace  of  the  worlc.  there  should  bo  eowipiled  tar  eadt  dirtriet  a  monthly  report, 
1g.  2,  indicating  the  unit  costs  for  each  cluuacter  of  street  cleaning  work  pOTfonned. 
"his  report  should  be  compiled  from  the  force  employed  and  dirt  collected  data  cott- 
ilned  in  the  monthly  summary  and  the  record  <A  the  yardagea  dsaned  aa  Indicated 
I  the  route  sdieAiles.  In  detail,  this  report  indicates  for  eadi  chanwtar  of  street 
leaning  the  total  eosL  the  ana  and  unit  costs  both  In  terms  of  1000  sq  yd  oC  pavemeBt 
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cl«ai>ed  and  1000  ca  yd  of  dirt  coII«eted.  When  more  refilled  data  is  desired  for  either 
ensineerint  or  adinliiiitrsUvc  purpoan  cpedal  teat  coat  data  ahoiild  be  collected  and 
eompi}«d  in  tba  main  office.  Thia  ipedal  teat  eoat  data  taken  collectively  should 
cover  such  hlKfawaya,  types  of  pav«ment  and  classes  of  cleaning  at  such  aeaooiu  as  ai« 
cotnidarad  to  be  epical  of  tha  condltianB  prevaillnf  throughout  the  dty  during  the 
cmtfa*  ymr.  Tor  well  atraet  daanod  during  thew  apodal  tamadgatiau  the  eoit 
d»ta  report  shoald  eootaiB  tha  district  nomber,  data,  the  LlawdDLBtluu  of  the  dnntag, 
tha  MOM  and  Umlta  of  the  Ughwaya  dHsad,  tlia  length,  i*idth  and  aiw  In  aqUaia 
t— t  of  tha  BMlaw  daaaad.  tha  waathar  eoaditkai,  tha  diaraciac  and  ooadWoa  at  tha 
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pavMMBt  daanad,  tha  vohime  of  tha  traffic,  daaslAad  as  either  light,  medium  or  heavy, 
tha  Aaiaetar,  quanttty  and  ttne  of  aadi  dan  of  kbor  and  eqtdiownt  onpkqred,  the 
quandty  In  gaUone  of  water  uaed,  the  quantity  In  cubic  feet  id  dirt  removed,  and 
the  InspMtor't  nama.  Theae  reports  should  be  sabmlttad  to  the  main  office  where  the 
infonnatloB  they  contain  can  be  tnuwferrod  to  a  coot  data  summary,  one  summary 
being  '"■<n*t<'"^  tor  each  elandflcatioii  of  cleaning,  which  should  oontaia  in  otmpodta 
form  the  total  area  d  the  highways  cleaned,  the  costs  per  1000  sq  yd  of  pavunent 
clemoed  In  time  and  money  of  each  daas  of  labor  and  equipment  employed,  and  the  total 
quantity  of  gallons  of  water  used  aod  dirt  collected  per  1000  sq  yd  of  pavement  cleaned. 

lAbor.  It  should  be  reqtdred  tiiat  all  employees  engaged  on  street  cleaning  work 
be  tbordy  abla-bodiad  and  capable,  both  phydcally  and  mentally  of  performing  their 
duties  In  a  aatliAurtory  manner,  and  able  to  apeak  English  satisfactorily. 

UnHanDS  of  Bnplojaaa.  It  Is  unlvomlly  ooaeadad  Uiat  Um  general  effect  of  uni- 
forming  aay  woridng  force  la  to  ztot  only  inereaae  tba  eOckncy  of  the  work  thru  promot- 
ing mprit  (U  €orf  among  tba  workers,  bat  abo  to  vlaualbe  to  ofaaarvlng  penona  that 
a  esrtaln  bbdn  of  order  prevalli  in  the  organisation.  Theae  considerations  are  alwaya 
dedrable,  but  eqieclally  so  In  CMmectlon  with  the  municipal  public  service.  All  trf 
tha  ■npavlBMT  and  woildng  (otom  should  be  uniformed.  Each  >uperint«ident  or 
foimaa  waa  raqolrad  to  wear  a  daA  gray  unitonn,  condsting  of  a  coat,  trousers  and 
fl^t.  AO  ottxr  ^ttslortm  wen  provldad  at  all  ttnaa  with  at  haat  two  niita  of  white 
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unlforma,  at  eoat  and  trauaer*.   Durinc  tbe  numtfaa  of  June,  July,  Au(.  ud 

Sapb  dw  hUoekmen  ud  pngmm  ww«  allowed  to  omit  co»ta,  providod  a  i^tc  aliirt 
of  an  approved  type  waa  wom  and  nupendars  omitted  in  taTor  ct  belta.  Dunne  tba 
aame  monthi  foremen  and  driveta  were  aho  allowed  to  omit  ooata  providad  an  mftprmvi 
type  of  ahlrC  of  the  same  color  aa  the  imiform,  and  belt  were  worn.  Driveca  wore  aa 
apprayad  type  of  brown  caovM  hat  in  tha  aununM  and  a  brown  am  duriac  winuc. 
AD  othM"  anqrfoyeea  wen  provided  with  n  irtiita  belmet  tar  aununer  wear  and  a  wUu 
cap  for  wiatar  wear.  All  unUomM  wwa  required  to  be  matoUiaert  in  a  dean  anndito 
and  an  employeea  waarinc  wash  naiforaia  ware  required  to  appear  la  a  rhin  unifarM 
on  Monday  momtnK.  Aa  a  means  of  identfflcatton  eadi  wafdoyea  abould  wear 
at  all  times  a  badge  on  his  hat  or  cap  having  indicated  thereon.  Bureau  of  Hisfawayi — 
D.P.W.,  and  also  the  Identifying  number  of  the  street  cleaning  dlsUict.  Each  mt- 
ployee  should  abo  be  provided  with  a  three^juarter  length  rubber  eoat,  rubber  Up 
boots  and  rubber  hat  to  protacc  them  while  working  daring  Indsnant  weather. 

Woildng  Bonn.  The  wwldng  hows  ahould  ba  from  7  A.M.  to  12  M.  and  froia 
1  P.M.  to  6  P.M.,  except  during  the  months  of  Kov.,  Dec,  Jan.  and  F«b.,wtMB  doe 
to  darkness  the  work  should  be  discontiitued  at  5  P.M.  It  Is  desirable  In  Che  boaiDea 
district  to  perform  all  street  cleaning  woric  at  night  except  during  tbe  winter  months 

Annual  Inspection  and  Parade.  !□  order  to  eneounga  friendly  rivalry  hstwasB  th* 
■BWal  superintandenta  and  to  promote  Mprft  d«  eorpa  among  the  employeea,  ad 
eapedally  to  afford  the  general  public  an  opportunity  to  judge  whether  n  propv 
standard  Is  being  maintained,  there  should  be  an  annual  public  in^iecticm  of  tbe  labor 
and  equipmeDt  of  each  of  the  several  districts.  This  annual  inspection  should  bo  fat  tha 
form  a  parade,  and  when  a  clean-up  week  campaign  is  to  be  held  it  is  vesTdeairabla  te 
Iwve  the  parade  just  prior  to  dean-up  week  aa  a  meana  of  advutising  tha  orent.  Oa 
thia  occasion  each  district  should  be  required  te  have  both  tite  unUoma  aad  «aDditka 
a<  tha  ttqidpmsBt  preaent  the  nuat  creditable  aypBUBBoa  poariMa. 

COILBCtlOV  AlID  DISPOSAL  OF  ASHES»  RUBBISH 
Ain>  GARBAGE 

7.  Conection  and  Disposal  d  Waste 
Sanitary  and  Economic  tonsldeimttoiiB.  The  main  factors  which  govern 
tlie  methods  of  coiloctioQ  of  ashes,  rubbish  and  garbage  are  sonitaty  and 
economic  cODuderatiomi.  The  somtary  conadn^tiona  require  that  theae 
woata  materials  be  collected  with  sufficient  frequeiugr  and  ^'■pTTtffd  of  ia 
a  manner  not  injudicial  to  the  pnbtio  health.  The  eeonomlo  oi»Bide»- 
tions  relate  ezcluaively  to  the  me^iods  of  collection  and  dlspoaal,  the  |»iB- 
dpol  methods  being  the  separation  method  and  the  mixed  method.  Tbs 
separation  method  conaUts  in  the  separation  of  ashes,  rubbish  and  garbage 
by  the  housebolder,  their  storage  in  separate  receptacles  and  ooUection  by 
the  municipal  collectors  in  separate  vehicles,  while  the  mixed  method  oon- 
■ists  in  the  storage  of  these  waste  materials  in  tbe  same  receptacle  and  their 
subsequent  collection  in  the  same  vehicle.  Both  of  theee  methods  an 
sanitary.  But.  from  an  economio  standpoint,  in  most  of  the  eitiea  In  tfas 
United  States  the  separation  method  is  the  least  expcnsiTe.  Id  many 
instanoea,  in  European  cities,  thia  ia  not  bo;  the  reason  probably  being;  as 
statistioB  show,  that  there  is  al>out  four  times  aa  much  rubbish  and  garb«0S 
placed  out  for  collection  in  this  country  as  there  is  in  Europe.  Conse- 
quently, there  would  be  more  revenue  derived  from  the  disposal  or  ncUnt- 
ation  of  these  materials  when  oollectod  separately,  than  there  would  be 
in  Europe.  Furthermore,  most  of  the  cities  in  the  United  States  are  growing 
rapidly  and  afford  eonriderable  opportunity  for  the  advantageous  use  of 
ashes  as  a  filling  materitU  either  hi  grading  the  streets  or  in  reclaiming 
lowlands,  etc.  Therefore,  it  may  be  stated,  that  in  moat  riUes  in  tha 
United  States  the  separation  of  waste  materials  and  the  disposal  ^ibao 
by  the  reduction  method,  tbe  zeolaiming  of  rubUsh  tbm  modani  nUibiib 
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disposal  plants  and  the  utilisation  of  ashea  for  filling  material  is  the  most 
economical  method  of  handling  thla  problem.  In  many  of  the  European 
oiliee,  where  there  ia  very  little  use  for  ashea  as  a  filling  material  and  It  is 
Xftot  powible  to  derive  much  revenue  from  the  reclamation  of  rubbiBh  and 
CEarbage  on  account  of  the  relatively  small  quantities  jdaced  out  for  collection, 
-tike  mixed  Indueratioa  method  of  waste  diaposal  is  probably  the  most  economi- 
cal.  There  is  no  question,  however,  that  the  mixed  incineration  method  is 
the  most  convenient  to  both  the  householder  and  the  municipality,  ss 
it  is  very  difficult  to  educate  the  people  to  .r^eparate  waste  materials,  and,  as 
a.  matter  of  fact,  the  only  way  to  insure  the  separation  of  waste  materials 
is  thru  the  rigid  and  continuous  enforcement  of  the  laws      the  police. 

Classiflcationi  of  Domestic  and  Trade  Wastea.  The  several  general 
olawifieations  of  domestic  and  trade  wastea  and  the  character  of  the  ma- 
terials included  in  each  may  be  enumerated  and  defined  as  follows: 

AsBss,  which  indudes  ashes  in  an  amount  of  400  lb  per  week  per  building 
from  coal  or  other  fuel,  and  floor  sweepings  such  as  may  accumulate  in 
connection  with  the  ordinary  conduct  of  dwellings. 

Rubbish,  wlueh  includes  all  discarded  materials  from  reeidencea  and, 
in  a  reasonable  amount,  from  places  of  business,  such  as  bottles,  paper, 
raffs,  bedding,  furniture,  clothes,  shoes,  leather,  carpets,  broken  tfass, 
crockery,  cane,  metab,  rubber,  Chriatmaa  trees  and  deoorationa,  afarube, 
TinM,  graaa  and  leaves,  in  a  reasonable  quantity  from  each  builtUng  each 
week  and  also  the  contents  of  highway  rubbish  receptacles. 

Gabbaqb,  which  includes  all  refuse  of  animfd  and  vegetable  mattn,  which 
has  been  used,  or  was  intended  to  be  used,  as  food  for  human  consumpUon, 
and  all  dead  animals,  or  parts  thereof,  not  intended  to  be  used  as  food, 
in  a  reasonable  quantity  from  each  home  or  other  non-commercial  building 
and  not  Wceeding  1  bushel  from  each  store  or  stand  each  collection  day. 

Tk&ob  Waste,  which  includes  earth,  sand,  brick,  stone,  lumber,  plaster, 
wall  paper  and  any  other  material  or  sweepings  that  result  from  building 
operations,  fruits  or  other  vegetable  matter  from  wholesale  dealers;  and 
garbage  exceeding  1  bushel  in  quantity,  or  oyster  or  clam  sheila  from 
restaurants,  hotels  or  other  places  of  bufiineaa. 

Per  Capita  and  Total  Annual  Production  of  Waste.  In  considering  the  per  csiuta 
pa  onnuni  jwodnction  «rf  waste  thti  term  wHI  be  assumed  to  indude  only  the  houos- 
hoM  or  domestic  wosto  materials,  sudi  as  asbeo,  rubbish  and  garbage.  Due  to  th» 
abMnee  of  a  uniform  syitem  of  keeping  monldpol  recordi  and  the  dIffereDt  methods 
-of  service  operations  employed  It  la  not  poasible  to  obtain  ext«isive  or  altogether 
leUoble  data  from  many  municipalities.  Several  of  the  larger  dtta  ore  malntainmg 
veeords  which  will  five  this  data,  and  It  it  expected  that  such  a  practice  will  become 
univanaL   Tsbls  VI  has  been  onaplied  from  offldal  reports: 


Table  VI 


Estimated 

PopulKtion 


Pounds  not  Capita  na 
Annum 


City 


Year 


Aahes 


Rubbish 


Garbaga 


New  York  City,  Boroughs 


ot    Manhattan,  ]^ook- 


lyn  and  Bronx   1916         4  665  668 


210 
260 
292 
203 


86 
97 


*Thia  b  a  oomporfte  value  for  aabaa  and  rubUsb  eomblmod. 
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In  order  U>  give  a  eomprehendn  of  tlw  fluctuation  to  tlw  quandtiaa  of  waste 
suterlalB  collected  durinc  tba  Mverml  months  of  the  yav,  th*  eurvea  in  FIc-  S  are  abowa 
which  repraent  the  quaotitiea  of  aahea,  rubbish,  garbaga  asd  ttnet  dirt  coUaetod  ami 


.-I 
-I 


\ 

n 

m 

Total  CiTj  W«l* 


I 

.  4 


1 

FTg.  8.  Waits  Collected  During  1916  In  PhOaddphla 

diapowd  of  In  Philadelphia  during  the  year  1916.  Theaa  curvea  may  be  eonrideivd  aa 
iUuetrative  of  the  average  conditiona  eriating  in  the  larger  dtiea.  It  should  b«  par- 
ticularly noted  that  rubbish  and  garbage  Increase  in  quantity  during  the  tr 
months  while  sahee  increase  very  materially  during  the  winter  months. 

Per  CapiU  Unit  Costa  of  Waate  Collection  and  Diapoaal.  The  unit  coata  per  capita 
for  the  collection  and  diapoaal  of  ashes,  rubbish  and  garbaga,  will  vary  eonridatabtr 

Table  VII 


City 


Year 


Estmated 
Population 


Unit  Cona 


Capita 


I  Amnnt 


Aahes 


Ashes 
and 
Rubbish 


Rubbtdi 


Garbage 


Chicago  

PhUadelphia.  . 
Washington .  . 

Boston  

Sac  Prmnciaeo. 
Cincinnati. . . . 
Detroit  


1912 
1916 
1916 
1916 
1914 
1914 
1912 


2  287  620 
1  725  000 
867  749 
766  906 
604  000 
400  811 
67S  000 


0.192 
0.80S 


to.sei* 

0.816* 


.807« 


0.0T9 
O.OK 


0.216 
0.80S 

o.ars 

O.Ui 


.la 


*Theae  are  composite  values  for  aabea  aod  rubblah  combined. 

Google 


Axt.  7 


Cdleoticm  and  Disposal  of  Waste 


1243 


■eooffdfaic  to  the  mathoa  of  dispoaal  employed  »nd  whether  the  service  fe  perfomMd 
Tinilw  tlie  etmtnet  syetem  or  by  munidp^  forces.  The  ]»ck  of  a  uniform  and  adequite 
mynbean  of  reeorda  mokea  it  difficult  to  obtsiit  reliable  data  for  the  puipoae  of  inter- 
city comparison.    TsMe  VII  has  been  compiled  from  official  reports. 

Wei|^  per  CnUc  Yard  of  Vaste  Materials.  Since  1910  a  number  of  investlgstioiu 
bave  been  made  to  determine  the  avenge  wef|^  per  cubic  yard  of  the  diffemt  rlsiiimn 
of  domestie  waste.  Probal^  the  most  extouive  Investigation  of  this  dianwtsr  was 
aondueted  in  the  District  of  CofamUa  In  1916  by  Irvin  S.  Osbom.  Bssed  upon  41 
■ItmWiw  of  the  weight  snd  volome  ct  nibUah,  the  averace  weight  of  rubbish  was  found 
to  be  801.4  lb  per  cu  yd,  while  the  weight  obswed  was  886.8  tb  per  cu  yd 

mnd  the  minimum  wmght  ISO.O  lb  per  cu  yd.  A  number  of  studies  have  also  been 
made  in  Philadelphia  with  the  result  that  the  following  weights  in  pounds  per  eubie 
ymrd  wece  det«mined  upon:  Ashes,  1100;  rubbish,  220;  garbage,  1100;  street 
dirt.  860. 

Collection  of  Trade  Waste.  In  connection  with  the  municipal  oollectioa 
of  waste  materials,  the  classificaUon  generally  known  as  trade  waste  is 
intended  to  indude  all  waste  materials  that  result  from  distinctly  industrial 
or  commercial  activities.  While,  in  the  interest  of  public  health  and  safety 
from  fire  basud.  it  is  oonndered  to  be  properly  a  munidiMtl  function  to 
collect  and  dispose  of  all  waste  materials  resulting  from  the  ordinary  conduct 
of  homee  and  minor  places  of  business,  yet  it  has  never  been  considered 
equitable  to  the  tax  payers  at  large  to  include  as  a  public  duty  such  waste 
xnateiialfl  as  are  produMd  thru  the  operation  cMt  businefls  enterprisea. 

Id  niladelphia,  tt  is  not  the  policy  to  eolloet  or  dl^Mse  ct  so-called  tzade  waste 
at  municipal  expense.  The  few  Instances  that  may  poedbly  be  regarded  aa  ezceptionB 
to  this  principle  are  in  the  case  of  garbage  from  retail  stores,  which  is  collected  in  a 
quantity  not  to  coceed  <mw  bushel,  and  tlie  OMtoenlon  which  requires  the  contractor 
to  reeelve  and  dispose  of,  irim  deHvered  to  Us  disposal  plant,  decayed  vegetables  or 
f ndts  fraa  vfaotosile  dnlm  without  cost  to  parly  daQvving  it 

Indneration  Method  of  Mixed  Waste  Diiqiossl.  In  general  the  inoin«ra- 
tion  method  of  mixed  waste  disposal  may  be  described  as  follows:  The 
mixed  waste,  which  may  include  ashes,  rubbish  and  garbage,  is  hauled  to 
the  disposal  plant  and  dumped  from  the  vehicles  into  hoppers  from  which 
it  is  transported  by  belt  conveyors  to  the  upper  floor  of  the  disposal  i^fuit 
where  It  is  disoharged  Into  large  tanks  or  sUoa,  The  bottoms  of  the  silos 
consist  ot  a  large  tnesh  inclined  grate,  which  moves  rapidly  baek  and  forth. 
This  device  enables  the  material  to  be  fed  uidformly  and  without  compres- 
sion thru  the  conduits  into  the  incinerating  furnaces.  The  incinerating 
furnaces  consist  of  air-tight  insulated  steel  cylinders  reinforced  with  thick 
file  brick  walls  and  arched  tops.  The  grate  on  which  the  material  to  be 
incinerated  reete  is  turned  continuously  and  carries  with  it  in  rotetion 
practically  the  entire  charge  of  rubbish.  Some  grates  are  conical  and  this 
type  of  grate  has  the  advantage  of  giving  larger  grate  surface  I(a  the  dia* 
toUmtion  oi  the  oharge  and  alao  serves  to  {woperiy  direct  the  air  ourrents, 
wliich  inaurss  better  combustion.  The  revolving  grate  insures  ooostant 
agitation  the  charge  thus  insuring  the  displacement  and  ejection  by 
means  of  gravitatioa  of  the  aediee  and  clinkers  as  quickly  as  the  <x)mbustible 
content  of  the  waste  has  been  consumed.  Directly  beneath  the  incinerating 
furnaces  are  large  hoppers,  which  receive  the  ashes  and  clinkers  ejected 
from  the  furnaces.  These  hoppers  are  equipped  with  controlled  outlets, 
which  permit  of  their  contonte  being  discharged  into  vehicles  or  cara  by 
which  it  may  be  removed  from  the  plant.  Generally  speaking,  the  handling 
of  the  waste  from  the  time  it  enters  the  plant  until  it  leaves  in  the  form 
ol  adies  atui  cUi^eiB  is  automatie  and  requires  very  little  labor  except  that 
neoMritated  by  puiodic  inspections  to  insure  that  the  equipment  is  operat- 
ing pnqpeiiy.   However,  the  ftimaoea  sequin  constant  attentton.  The 
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heat  generated  ia  the  incinerating  furnaces  is  convened  thru  flues  to  boilers 
usually  of  the  water  tube  type  where  steam  is  generated,  which  in  tun 
furnishes  steam  and  electric  energy',  for  heat,  light  and  power  purposes  at 
the  plant  or  elsewhere.  In  practically  all  situations  where  either  part  or 
all  of  the  waste  is  disposed  of  by  the  incineration  method,  there  is  tb* 
same  opportunity  to  produce  more  or  leas  steam  or  electric  power  for  sale. 
Considerable  experimenting  also  has  been  carried  on  for  Uic  purpose  of 
utQiiinK  the  fumaoe  product,  Triooh  ia  known  as  clinker.  To  a  limited 
extent  clinker  has  been  used  in  making  brickB  and  as  an  aggregate  in  cement- 
ooncrete  work,  but  no  appreciable  amount  of  revenue  has  been  obtained 
from  the  utUixatioa  of  this  material. 


Collection  of  Adies;  practice  recommended  for  Philadelphia  by  the 
author.  Ashes  should  be  collected  from  each  homo  once  each  week  and 
on  a  day  separate  from  that  on  which  rubbitth  is  collected.  The  house- 
bolder  should  be  required  to  deposit  the  asbea  in  tight  receptacles,  preferably 
metal,  upon  the  sidewalk  near  the  curb.  The  total  weii^t  of  any  one 
leoeptade  and  contents  should  not  exceed  150  lb  and  the  total  qautitr 
of  aahea  that  will  be  removed  from  any  building  should  not  ezoeed  400 
lb  per  week.  When  more  than  one  building,  as  in  the  ease  ol  a  row  of 
apartment  dwellings,  is  heated  from  a  central  heating  plant,  the  amoont 
of  ashes  that  will  be  removed  should  not  exceed  an  amount  equal  to  400  lb 
tor  each  building  so  heated.  If,  however,  the  heating  plant  is  in  a  building 
constructed  and  used  exclusively  as  a  beating  plant,  only  400  lb  of  ashes 
should  be  removed  by  the  contractor.  It  should  be  required  that  the 
contents  of  receptacles  be  emptied  in  the  collection  vehicles  without  ffM'iTig. 
and  the  receptacles  returned  to  the  sidewalk  near  the  curb  line,  ewmfuOy 
and  without  injury.  Each  ash  collection  route  should  be  under  the  dinct 
supervision  of  a  foreman,  empk^ed  by  the  contractor  and.  whoee  dutHs 
should  be  confined  exclusively  to  that  route.  The  contractor  abouU  be 
required  to  furnish  a  sufficient  number  of  laborers  and  vehicles  to  sweep 
up  and  remove  from  the  streets  all  ashes  blowing  or  spilling  from  the  re- 
ceptacles, and  this  force  should  be  required  to  operate  at  a  distance  of 
not  more  than  one  block  behind  the  collecting  forces.  Ashes  should  be 
conveyed  to  the  dumps  by  v«hicles,  bargee  or  trolley  cats,  the  latter  two 
being  loaded  by  gravity  from  the  odleoting  Tetudea  in  especially  eonrtruetsfl 
loading  stations. 

Vm  of  Alius  u  Klllng  Material.  Clean  adiea  may  be  utitised  in  the 
grading  of  hi^woya  and  filling  in  of  munuipally  owned  lowlands  and  also 
y  private  property  upon  which  conditions,  such  as  mosquito-breeding  pools, 
have  been  formally  declared  to  constitute  a  nuisance^ 

Dumps  for  Ashes.    See  Art.  9. 

Caloriflc  AiuUTsia  of  Ashes.  Aa  there  is  qvarantly  little  prospect  ol  daoMsUe 
ashM  being  utilized  in  the  imiiMdiate  future  except  as  a  SiSag  material,  it  ia  rather 
nnncBS— ry  to  investigate  into  its  mechuiical  or  chemical  conpooitioii.  Due,  bow- 
ever,  to  tbt  fact  ,that  nhes  constitute  a  contiderable  portion  of  the  domestic  wMte 
material  which  Is  disposed  of  in  a  number  of  dtiee  by  the  mixed  IndneratiaB  matbod 
it  b  dedrable  that  the  calorific  or  combustible  vahie  oi  aahas  be  known,  bt  erdv 
to  determine  some  such  data  4S  samples  of  domestic  aahes  were  recently  aaatrwd  Iqr 
the  Bur.  of  Uinea,  U.  S.  Dept.  Int.,  with  the  average  multa  given  In  Table  VOL 
In  interpreting  this  data  it  ahould  be  noted  that  ditder  and  dust  are  arbitrary  dMsifr 
catiooa  designating  roapecUvciy  the  larger  partidea  and  the  finely-divided  material 
which  eoUsetively  eonstitote  aahes  and  have  bosa  aeparated  by  wUXbtg. 
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Table  Vm 


percent- 

Moisture 

Dby  Hatbui. 

BunsB  Tbsbmal 

Untis  ab 
Obtainbd  Prom 

VoUtUe 
Mattor 

Fixed 
Cubon 

Ash 

Sfttnple 
Tcvted 

Bqutv* 
•lent 
WeWit 
of  Dry 
Coal 

Cindor  

B1.4 
48.6 

2.06 
4. 66 

8.68 
6.09 

61.10 
16.99 

46.80 
78.87 

7868 
2876 

7982 
8074 

X>iirt  

t         9.  Collection  and  Disposal  of  Rubbish 

Collection  of  Rubbish;  praetioe  recommended  for  Philadelphia  by  the 
author.  Rubbish  should  be  cullccted  from  each  home  or  other  building 
once  a  week  and  on  a  day  separate  from  that  upon  which  ashes  are 
collected.  In  the  interest  of  clean  streets,  householders  should  be  en- 
couraged to  store  rubbish  while  waiting  collection  within  their  premises  and 
should  be  required  to  display  in  some  conspicuous  place  on  the  removal 
day,  a  notice  card  oontaining  tiie  inscription.  Coll  for  Rubbish,  fuimshed 
by  the  eontraetor.  Indicating  that  rublush  is  upon  the  premises  awaiting 
rcrmoval.  All  rubbish  should,  however,  be  stored  at  a  point  on  the  pmnisea 
readily  accessible  to  the  collector.  Whether  stored  within  the  premisea 
or  on  the  footway,  the  secure  bundling  of  rubbish  or  the  use  of  bags  or  other 
suitable  tight  receptacles  should  be  required  in  order  to  prevent  the  rubbish 
being  scattered  on  the  highways.  The  contractor  should  be  required  to 
furnish  a  sufficient  number  of  laborers  and  vehicles  to  sweep  up  and  remove 
from  the  streets  all  rubbish  blowing  or  spilling  from  the  receptacles  and 
this  force  is  required  to  operate  at  a  distanoe  of  not  more  than  one  block 
behind  the  collecting  forces.  Rubbish  should  be  conveyed  to  the  dumps  by 
either  vehlrlcs,  barges  or  trolley  cars,  the  latter  two  Being  loaded  by  gravity 
from  the  collecting  vehicles,  in  especially  constructed  loading  stations. 
After  the  collection  vehicles  are  loaded  with  rubbish,  it  should  be  required 
that  they  be  taken  at  once  to  the  dump  and  if  not  reclaimed  within  24  hr 
thereafter,  disposed  of,  either  by  bunung  or  covering  with  clean  earth 
-or  ashes,  so  as  to  eliminate  the  possibility  of  its  becoming  a  nuiaance  by 
being  Uown  over  the  adjacent  properties. 

Dumps  for  Aahes  and  Rnbbilh.  All  rubbi^  dumps  should  be  provided 
with  standard  fire  hydrant  connection  and  sufficient  hose  to  reach  all 
portions  of  the  dump.  Both  ash  and  rubbish  dumps  should  be  operated 
at  all  times  in  the  mannw  as  required  by  the  Bureau  of  Health.  All  dumps 
should  be  frequently  inspected  to  insure  that  they  are  being  operated  in 
a  sanitary  manner  and  with  due  rejiard  to  minimizing  fire  hazards. 

Rubbirit  Disposal  Plant.  Aside  from  lessening  the  cost  of  the  collection 
service  thru  the  profits  accruing  from  the  systematic  reclamation  of  such 
of  the  materials  as  have  a  commercial  value,  the  establishmeut  pf  rubbish 
diaptwal  plants  would  relieve  the  nuisances  which  exist  in  the  form  of  rubbish 
dumps  thruont  the  outlying  sections  of  a  city,  where  it  is  frequently  very 
difficult  to  maintain  sonttuy  eonditions  and  aim  to  entirdy  eliminate  the 
fire  haiard,  both  of  which  conditions  ore  an  injustice  and  constitute  a 
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menace  to  the  health  and  property  of  the  cituetu  living  in  the  virinity  d 
these  dumpB.  In  general  it  may  be  stated  that  approximately  50%  of' 
all  household  rubbish  consists  of  reclaimablo  material  or.  in  other  wcwtK 
material  that  can  be  recovered  and  sold  to  preduce  revenue.  The  reclatas- 
tion  method  of  rubbish  disposal  such  as  is  employed  in  most  of  the  moden 
plants  may  be  brieSy  outlined  as  follows:  The  rubbish  is  hauled  in  tfe 
collection  vehicles  onto  an  elevated  platform  at  the  disposal  plant  and 
dumped  hito  bins  alongflide  oC  which  am  located  belt  oonv«yon.  He 
rubl:^  is  raked  onto  the  coDveyor  aa  fast  as  required.  The  oonvejnt 
then  pnnmin  thru  a  long  horisontal  channel  on  either  side  of  which  an 
stationed  a  sufficient  number  of  pickers  to  pick  out  what  is  termed  tto 
reclaimable  or  saleable  materials.  Each  picker  is  assigned  to  pick  oat  % 
certain  kind  of  material;  for  instance,  one  picker's  duty  will  be  to  pick  oat 
the  glass  bottles,  another  the  rags,  another  the  metals  and  another  p^Mn, 
etc.  The  worthless  material  is  allowed  to  remain  on  the  conveyor,  irtuib 
carries  it  to  the  incinerating  fumaoea  where  it  is  destroyed. 

MeelMUiiesl  Analjrie  el  RahUah.  Comparatlvdy  few  faiMstlgatkM  haw  hm 
made  of  tha  ■Htf^f eompoaStion  ot  domestic  tubbWi.   TUa  b  doe  to  the  fart 

that  such  data  la  Bcddoaa  souglit  except  ta 
connactioD  with  CMulderatiao  of  m  di^ia^ 
idant  iwoUera  sod  rdativdy  tew  miMlrl 
pal  rubbish  dispoal  plants  an  'iMtalrj 
In  the  Untied  States.  One  of  tte  Mt 
sztenrive  inrsMigations  of  this  dnracMr 
was  eoDdueted  under  the  raparvariaa  d 
Irvin  S.  Osbora  In  the  District  of  Cotna- 
bia,  during  s  period  of  8  man  the.  Nor, 
1914,  to  Aug..  1916,  incfaiaive,  and  Qtt  le- 
Bulta  (rf  the  medianlesl  snaljnlB  of  ICSM 
CD  3^  of  dontastlG  mbbiah.  havteg  a  weigW 
of  82  926  lb,  eotleeted  daring  ihmt  pcriad 
was  as  given  in  Table  IX. 

CiOoriflc  AaslTiis  of  Rubfaiah.  In  ana- 
nactfam  with  the  conalderatfea  of  the  ^bI 
indneiatloQ  method  of  doiueetk  waett 
disposal,  it  fa  eaentlal  that  the  calntte  or 
combuadble  value  be  known  of  the  ^e- 
dominating  nuteriala.  which  eofleutli^tr 
ooostitats  approzlmetety  nm  rtiliil  of  tte 
VDhim*<rf  ell  hcMsshold  or  dotJsstiL  waals. 
In  order  to  make  available  some  date  <f 
thfa  ehareeter,  the  Bur.  of  UfiMs.  D.  &. 
Dept.  Int.,  made  a  number  of  ealoriftc 
analyses  of  rubbish  aa  collected  and  It  eras 
found  that  1  lb  ctf  nibbfah,  fneludiag  dJrt. 
metals,  ^aas  and  other  noncoaabiMtihla 
materiala  yleMed  6500  Britfah  tbarawl  ueita 
as  coeqwrsd  with  11 000  Britfah  thermal  units  yUdsd  by  1  lb  of  diy  eoaL  AnalyM 
were  also  made  of  two  aamplas  eadi  of  the  predominatiz^  eoaobvadbie  meteriak  with 
the  reaulta  given  in  Table  X. 

Selling  Prices  of  UataTiala  Reclaimed  from  KnbWsh.  During  the  period.  1914  ta 
1917,  the  prices  obtained  for  sorted  scrap  and  waste  nateriels  have  risan  staadOy  dea 
largely  to  oondldons  brou^t  about  Igr  tbo  Eunpaaa  War.  In  sons  lar*niii  ■  thma 
prices  have  advanced  so  high  as  to  warrant  thmr  being  eonddand  abnormal  and  not 
suitable  for  purpoeea  of  compariaon  whoi  normal  conditions  ahaO  have  bem  iMiised 
For  thia  reason  the  data  here  indicated  has  been  takes  ftom  the  aanual  report  of  Uw 
Division  of  Street  Cleaning,  Departroent  of  Public  Ssrriot,  Ci^r  ef  Ckvalsad.  for  tto 
year  U14,  for  «Ueh  year  the  prieaa  may  be  eonafdand  m  practical  ■lai— 1  Tie 


Table  IX 


Material 


Percent 
of  Weight 


Books  

Bottles  

Cardboard  

Krt  

Enamelwaie. . . 

Eiedaior  

Glem  

Leather  

I jnoleum  

Matting  

Mattremea.  . . . 

Metala  

Newapapera. . . 
Paper,  manila. 
Paper,  nixed.. 

Rmb  

Rubber  

Screeninga. . . . 

Straw  

Tinware  

Wood  


S.28 
8.44 
9.21 

10.12 
0.28 
0.42 
4.26 
0.S2 
0.16 
1.12 
0.9S 
1.04 

1S.08 
9.69 
6.S2 
6.82 
0.19 

11.13 
0.06 
8.83 
3.42 


Total   100.00 
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Mototun 


tJKX  ICatkul 


VoU- 
tila 
Uatter 


CuboD 


Aoh 


Sulphur 


British  Thkriial 

UNrtB  AB 

Obtainbd  fkom 


Indi- 
cated 
Mater- 
ial 


Ecndvahot 
of  Dry  Coal 


Boofca  

Cardboard  

t>lrt  

Exeabim  

lather  

I_4noleum  

Mmttranaa.... 
Hatttni  

Nowipaper . . . 

Papar,  tnanOa . 

PiqMT,  mixed. 

Bag!  

Bubbar  

Sereetilnsa  

Wood  


4.40 
7.24 

6.00 
8.67 
2.70 
8.70 
7.00 
9.48 
6.90 

10.33 
2.10 
6.40 

10.20 
6.20 
8.67 
6.10 
8.99 
6. SO 
9.07 
8.70 
6.47 
l.ZO 
8.60 
9.»7 
6.30 
8.fi6 


71.20 
74.72 
80.80 
84.89 
20.20 
22.27 
88.60 
92.76 
.72.80 
78.64 
66.80 
76.40 
82.41 
86.90 
87.41 
88.90 
89.12 
84.80 
86.86 
89.90 
94.39 

78!i6 
83.11 
87.60 
87.78 


6.10 
4.88 

10.40 
9.88 
9.10 
8.87 

10.40 
6.80 

17.70 

11.18 
6.80 

18.60 
8.08 

10.00 
7.84 
8.60 
8.14 

10.70 
9.60 
8.80 
2.46 

iilio 

9.08 
11.00 
10.22 


28.70 
20.40 
9.80 
6.28 
70.70 
78.86 
1.10 
0.44 
10.00 
10.18 
27.40 
6.10 
9.61 
8.10 
4.76 
2.60 
2.74 
4.60 
8.66 
1.80 
8.16 
47.60 
10.60 
7.81 
1.30 
2.00 


0.86 
0.08 
0.16 
0.16 


0.06 
0.19 
0.46 
0.46 
0.40 
0.26 
0.19 
0.10 
0.11 
0.26 
0.13 
0.16 
0.16 
0.10 
0.16 
0.66 
0.80 
0.46 
0.10 
0.19 


6400 
7164 
8661 

7868 

8240 
6266 

7485 
7626 
6867 
7812 

6483 
7721 


66S0 
6821 
7480 
7883 
4261 
3802 
8680 
8676 
8630 
9189 
8810 
7480 
6978 
8280 
8196 
7S40 
8879 
7910 
7662 
7410 
1  7818 
6620 

16910 
7201 
8910 
8536 


priew  tndleated  In  Table  XI  are  for  aortod  matariala  raeowred  from  dmuHie  rub- 
bish In  the  munidpal  rubbish  diapoaal  plant. 


10.  Collectioii  and  Disposal  of 
Garbage 
Collectionof  Oarbage.  Itahould 
be  required  that  all  receptacles 
used  for  the  storage  of  garbaee 
while  awaiting  ootlection  be  dur- 
able, watertight  and  covered  and 
preferably  made  of  metal,  and 
that  the  receptacles  be  stored  in 
a  safe  place  in  the  yard  where 
they  are  not  likely  to  be  over- 
turned by  passiag  traffic  and  will 
be  readily  acceaaible  to  Uie  col- 
lector. The  collectors  should  be 
required  to  remove  the  entire  con- 
teotsof  each  receptacle,  replace  the 
cover  and  transfer  the  garbage  to 
the  removal  vehicle  in  awater-tight 
receptacle.  It  should  be  required 
that  garbage  removal  vehicles  be  at 


Table  XI 


MaterUl 

SdUng  Price 

10.1029  each 

BotUea: 

Beer  

0.0050  each 

Milk  

0.0060  each 

Mixed  

6.0000  ton 

Sorted  

$0.0026  to  0.0076  each 

Syphon  

0.1000  each 

CUbs  

0.00281b 

Jugs,  earthenware 

O.OOBOto  0.0100  aaeh 

Metals: 

0.0660  lb 

Cans  

4.6000  ton 

0.1150  lb 

6.6000  to  8.1000  ton 

Zinc  

0.0800  lb 

Pap«-  

6.6000  to   5.7600  ton 

Rubber: 

12.0000  to  18.6000  ton 

Hoes  

0.0026  lb 

0.0400  lb 

D>qiti;eo  by 
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least  half  covered  while  being  loaded  and  fully  coveted  while  in  traiiKt.  AH 
garbage  from  buildings  irtiere  a  contagious  diseaee  ezists  should  be  ocdleeted 
BOparately  from  other  garbage  and  in  vehicles  specially  provided  for  the 
purpOM.  The  garbage  collection  contractor  should  also  be  required  to  re- 
move dead  animals  from  the  highways  and  alleys  immediately  upon  thnr 
presence  being  reported  to  him.  In  Philadelphia,  garbage  is  collected  every 
day  in  the  thickly  populated  sections  of  the  city,  four  times  a  week  in  the 
less  thickly  populated  sections,  and  three  times  a  week  in  the  suburbs. 

Seduction  Method  of  Garbage  DiiQKwal  at  the  nilladelphia  Plant.  The 
process  of  the  reduction  of  garbage  at  disposal  plant  is  as  ffdlows:  The 
raw  garbage  ia  delivered  at  the  central  disposal  plant  by  botii  vebietea 
collecting  from  the  new-by  territory  and  by  scows  which  toad  at  wharvee 
on  both  the  Delaware  and  Schuykill  Rivera  to  which  vehicles  haul  from  the 
more  distant  portions  of  the  City.  Mechanical  chain  pan  conveyors  trans- 
fer the  garbage  from  the  scows  and  from  the  bins  into  which  the  vehicles 
from  an  elevated  platform  unload  their  contents  into  elevated  movable 
hoppers  which  can  be  discharged  into  any  one  of  the  several  digesteia. 
When  a  digester,  which  has  a  cbargmg  capacity  of  10  tons  has  been  filled 
and  sealed,  steam  under  a  pressure  75  lb  is  injected  •and  the  garfaaae 
is  allowed  to  cook  for  a  period  of  from  8  to  12  hr,  depending  upon  the  general 
character  of  tita  garbago  beiog  treated.  At  the  termination  of  the  digestion 
I>eriod,  the  cooked  garbage  is  placed  into  hydraulic  presses  and  by  means 
of  compression  the  solid  and  liquid  matter  ia  separated,  the  latter  of  which 
is  conveyed  to  a  central  collector  thru  floor  channels.  The  liquid  matter, 
which,  as  it  comes  from  the  presses  consiste  of  a  mixture  of  water,  grease 
and  more  or  less  solids  in  suspension  in  the  form  of  muck  and  silt,  is  passed 
thru  a  series  of  separating  tanks,  which  separates  by-  gravity  the  greaae, 
which  is  then  pumped  into  storage  tanks  to  await  shipment  in  tank  can  or 
barr^  After  the  water  ia  separated  from  the  residual  solid  matter  hy 
means  of  evaporation  the  soUd  matter  is  stored  for  mixture  later  with  the 
tankage.  The  solid  product  of  the  presses,  which  is  known  as  tankage* 
is  dried  -in  revolving  heated  cylinders  and  then  placed  in  revolving  perco- 
lators which  have  a  capacity  of  about  10  tons  each.  After  the  percolator 
is  filled  and  sealed,  gasoline  is  pumped  thru  the  material.  The  gasoline 
dissolves  any  grease  remaining  in  the  tankage  and  is  then  drawn  off  into 
distilling  tanks  in  which  the  grease  is  retained  and  the  gasoline  is  driven 
off  as  vapor  by  means  of  steam  heat  and  is  convesred  to  a  condenser  and 
finally  to  storage  tanks.  In  order  to  prevent  the  loas  of  tankage  grease 
this  percolating  or  washing  operation  is  rq>eated  three  or  four  times,  it 
necessary.  The  tankage  material  is  then  cUscharged  from  the  percolator, 
dried  and  screened  and  any  foreign  matter,  such  as  glass,  crockery  or  metals, 
removed.  The  screened  tankage  is  mixed  with  the  solid  matter  recovered 
from  the  liquid  product  of  the  presses  and  is  again  dried,  after  which  it  is 
ground,  screened  and  Btored  or  loaded  for  shipment.  It  will  be  noted  that, 
except  for  the  water  content  and  a  relatively  small  proportion  of  rubbish 
all  of  the  by-products  derived  from  the  reduction  of  garbage  are  marketable 
and  it  may  be  stated  at  prices  n^ch  yield  a  oonBideraUe  profit  over  the 
plant  operation  costs.  Tlie  grease  consiste  principally  of  fatty  acids  and 
glycerol  and  these  substances  are  utilised  respectively  in  the  manufacture 
of  toilet  and  laundry  soaps,  soap  powders  and  cleansers  and  ^ycwine, 
nitro-glycerine  and  dynamite.  The  tankage  is  utUisod  principally  as  fer- 
tiliser either  as  a  whole  or  as  a  base  from  which  are  derived  such  materials  as 
ammonia,  ammonium  sulphate,  phoq>horio  acid,  lime  phoff^te  and  potash. 
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Garbage  Reduction  Plant  Oparatioa  Dnit  Coeta.    For  the  year  1914  the  unit 
per  ton  of  farbase  reduced  in  the  Colambua,  Ohio,  plant  mra  aa  follofm: 
iTBi  Uhr  Cost 

Administration: 

Snpervbdon   tO-lBTl 

Clerical  Mrviou   0.014  l|0.m 

Analytical  aervicea.  0.010 1 

Labor: 

Firemen  and  engtawmen   0.12S 

Operatora   0.221 

laboren   0.491 

Repaimen   O.IOI 

Operating  suppUea: 

Coal   0.814 

ElMitridty   0.0S7 

GaaoUne   0.109 

HlMi^aneouB   0.04S 

Maintenance : 

Materials.   0.001  \ 

Renewale   0.087/ 

Mlseellaneoua   0.089 


0.9S6 


0.6U 


Total     II. 869 

Th*  foUowlag  opmtlBC  matwlala  wtn  oonntRMd  pw  ton  of  garbaga  ndnoadi 


Material 

TAiitof 
Quantl^ 

Qautitjr 
Conwmed 

Coal  

0.226 
4.480 
0.884 

Kilowatt^hour , .  . 
Gallon  

The  net  operating  reeults  per  ton  of  garbage  reduced  were  aa  toUom: 

Reventie  thru  aala  of  by-produeta   $8,086 

Cost  of  operation   1.869 


Net  profit   11.22$ 

Vnit  Prices  RecelTed  for  Garbage  Reduction  By-Producta.  The  average  unit 
prices  received  during  1914  for  the  sale  ot  the  by-producta  of  the  Columbui  OUo. 
garbage  reduction  plut  were  as  toUowa:  Grease,  $4J£6  pa  100  lb;  tankage,  $7^10 
per  ton.  The  sellbig  price  received  lor  tankage  was  governed  by  ttie  percentage  o( 
contdned  fertlltzing  elements  as  foUows:  Ammonia,  $1.71  per  ton;  potash,  $0.70  per 
ton;  tri-«aldum  phosphate,  $0.10  per  ton. 

Mechanical  Analyate  of  Garbage.  The  mechanical  composition  of  domestic  garbage 
varies  oonstderably  during  tlie  several  seasons  of  the  year  and  to  a  more  or  leas  extent 
In  diffafont  loeslltiea.  The  percentage  of  solids  of  tankage  increasea  during  the  summer 
months  wliile  the  percentage  of  grease  increases  during  tbe  winter  months.  Conoldeik 
ing  these  variations,  the  following  analyds  will  Indicate  the  average  compoaltion  of 
garbage  during  the  entire  year;  .  Water,  76%;  solldB,  organic,  15%;  solids,  inorganic. 
6%;  grease,  4%.  The  term  organic  soHds  Includes  all  materials  otherwise  known 
as  tankage,  while  the  term  Inorganic  solids  is  Intended  to  include  materials  other  than 
true  garbage,  aueh  as  cans,  erodiery,  glaas,  etc,  whidi  must  be  removed  from  the 
tankage  during  proeen  and  an  of  praetlcally  iio  redaimable  value.  WhQe  dead 
anlm^  eould  po^bly  be  Indudad  In  tbe  classlflcatf<»  of  garbage,  yat  in  many  dtisa 
only  the  smaller  animals  are  so  classlfled.  The  larger  dead  animals,  such  as  horses 
and  cattle,  are  usually  sold  by  their  owners  to  private  rendering  establishments.  The 
average  yield  ot  dead  animals  when  reduced  is  as  follows:  Water,  78%;  grease,  6%; 
bones,  6%;  other  aoUds,  12%.  The  Udea,  eq>edally  thoae  of  tbe  larger  animals,  an 
VBually  dispoawl  al  avantely. 
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ChMikftI  AiulrilB  of  Gafbmt*.  For  a  period  of  I  jtmt,  during  1914  ud  1915.  tlK 
Bur.  of  Soib,  U.  S.  Dept.  Agric,  conducted  a  rather  cztansive  inveatigatioB  to  (fatcraiae 
tbe  ehamfcal  compoiftioa  of  garbage.  Samples  were  taken  in  diSermt  InralttW  a&d 
durlDf  «ve>y  monUi  of  tbe  year.  In  general,  the  multa  of  tbe  analym  of  the  individoal 
samplei  nwned  to  Indicate  that  the  dimeter  of  tlie  popnlatian  n»ldac  the  (arttage 
did  not  iBfloanee  the  ehamlcal  compoaitim  of  such  gar  base.  The  average  i  iiwitri 
of  all  analyse*  conducted  thruout  the  year  on  both  raw  atui  dr7  garbage  vera  aa  giva 
iBTaUeXU. 

Table  Xn 


Uatarial 


FBtCEMTAGB  OF  WBCHT 


Raw 

Dry 

Garbage 

Garbege 

7S.S6 

None 

22.52 

86.22 

5.12 

20.05 

S.63 

13.01 

0.71 

2.87 

0.39 

1.62 

0.28 

1.07 

IColiture  

Combustible  

Greeee  

Aih....  

fotrogen.  

Fho^norie  add, 
Potash.  K3O  


Chenlcal  AnalytM  of  Oaibage  Reduction  By-Prodvcla.  Tiie  average  analsraii  d 
tlw  by^rodneta  ol  tlie  Colwnlni^  Ohio,  plut  for  tbe  year  1914  were  foDmn: 

Tahkaok  Trl-caldum  ^laqihate,  2.08%;  ammmila,  8J8%i  mchtiinib  3.10^; 
grease,  1.20%;  potash,  0.78%;  oUw,  8U6%. 

Grbasb:  UneapcniflBble,  2.910%;  xnolature,  1.520%;  impnritica,  0.121%;  p«e 
greasy  9IU89%. 

Oasriflcation  of  DfttiJ  Animals  Removed  from  ED^wars.  Ad  interestinc 
record  coveriog  a  period  of  5  years,  1911  to  1915  inc.,  of  the  Idnda  of  dead 
animals  removed  from  the  highways  io  tbe  District  <rf  Cd.umbia,  giTes  tbe 
foUowing  aoatysia  which  may  be  aasumed  to  repreerat  the  amng/t  of 
conditions  i™f«*'"E  in  tbe  larger  citiea; 


Table  Zm 


Kind  of  Animal 

Number 

Removed 

Peroantage 

Cats  

B8  46S 
8S88S 
SQ29 
1239 
961 
U 
1012 

C2.T 
18 .7 
S.2 

2.1 
1.0 
0.1 

1.1 

goa  

WismilsBeww  

Total...:  

91  756 

100.0 

11.   Equipment  for  Collection  of  Ashes,  Rubbish  and  Garbage 

Horae-DrawQ  Vehicles  ▼«  Motor  Trucks.  Horse-drawn  vehicles  are 
used  in  most  cities  for  the  collection  of  ashes,  garbage  and  rubbish.  Sian 
1916,  however,  some  cities  have  tried  out  collection  with  automobile  trucks 
and  trucks  hauled  by  tractors.   There  is  no  question  but  that  on  vsty 
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short  hauls  averaging  1  mile  or  under,  the  collection  by  horse-drawn  v^cles 
is  the  most  economical. 

From  ezperimente  carried  on  in  Philadelpliia  during  1916  it  would  appear  that 
even  with  a  haul  of  2  milea  the  house  to  faouae  eolleetion  of  asbei  by  automobile  trueka 
waa  not  economical  with  a  carrying  capacity  of  under  10  cu  yd.  With  a  eapaeitgr  of 
10  cu  yd  or  more  the  truck  proved  to  be  an  economy  over  the  horae-drawn  veUde. 
Id  atudiea  made  in  Waablngton  on  the  cost  of  collecti<Mi  of  aahea  during  1815  it  wai 
found  that  with  an  average  haul  of  1  mile  that  60%  of  the  time  of  the  vehicle  was 
consumed  in  loading,  benoei  UdIom  the  distance  of  the  haul  is  coniiderably  over  1  mile, 
it  would  not  be  an  econwny  to  edlect  with  the  motor  vehidea. 

The  most  eeonomical  metltod  of  eolleetion  would  probably  be  a  houn  to  house 
collection  by  hofse-drawn  vdiidei,  the  material  to  be  Iiaaled  to  a  loading  idatform 
within  the  radhis  of  K  M  ndle  vi  the  goUkUob  district,  and  thw  dumped  bito 
automobile  truds  to  be  banlsd  to  the  dump.  Howevw,  a  groat  deal  of  the  stnat 
dirt  is  caused  by  tiie  horM  used  in  the  street  cleaning,  collection  of  ashea,  garbage, 
rubbish,  etc.  and  this  fact,  together  with  the  better  appearance  (rf  the  automobile 
tmcin  ovar  tlM  hoiaeHlrawn  vehicica  and  tlie  mora  daalraUe  and  flezitile  mnaiw  of 
vpenttag  wOl  enntually  wtirdr  eliniaate  the  honB.dtmwB  veltlde  m  a  bimbb  of 
eolleettng  the  dty  waste. 

Deacriittion  of  Equipment.  Specifications  should  provide  that  all  equip- 
ment either  permanently  or  temporarily  operated  by  the  contractor  should 
be  of  approved  construction  and  fully  conform  to  such  requirements  as 
the  following: 

Aah  Veliides.  The  ash  vdildes  must  be  strong  and  tightly  constructed  and  be 
equipped  irtth  a  one-piece  durable  canvas  cover,  suppwted  oa  a  frame,  both  of  wldch 
are  deaeribed  In  detaU  elsewhere  in  this  Article.    Metal  ash  vefaicka  shall  be  designed 

so  that  the  top  of  the  box  will  be  not  more  than  4  ft  9  in  above  the  ground  and  shall 
have  a  capadty  of  not  lem  than  3.76  cu  yd  of  material  without  piling,  and  so  tliat 
the  angle  of  the  bottom  of  the  wagon  when  dumping  shall  be  not  less  than  SO"  with 
the  ground. 

Motor-Drifen  Aah  V^des.  Motor-driven  aah  vehldes  shall  be  ao  dedgned  that 
the  top  (rf  the  box  will  be  not  more  than  &yi  ft  above  tlte  ground,  and  sli^  liave  a 
capadlgr  (rf  not  leas  tlian  4  cu  jrd. 

Rubfrisb  Vehidea.  Tlw  rubbiah  vehicles  must  be  tightly  eonstrueted  ao  aa  to 
prevent  their  contents  spilling  or  blowing  therefrom  and  must  be  equipped  with  a 
one-piece  canvas  cover. 

Garbage  Vdiidea.  TIte  garbage  vdddea  shall  liave  strongly  constnieted,  water- 
tight,  metal  iMtdlca,  and  be  equipped  irith  tightly  dcafaig  metal  eovera. 

IdenHfleatioo.  Eadi  vehide  shall  bear  on  each  dde  a  blue  enameled  ated  dgn,  let- 
tered in  white,  containing  the  IiiscripUon,  Bureau  of  Highways — D.F.W.,  followed  by 
the  dedgnatlng  number  of  the  district  and  the  serial  number  of  the  vehicle. 

Aah  Veliide  Covers.  The  inauguration  of  the  use  of  dust-proof  coven 
on  ash  collection  vehicles  has  supplied  a  long-felt  necessity,  as  the  dust 
nuisance  wliioh  exists  during  the  loading  of  uncovered  ash  vehides  con- 
stitutss  a  serious  inconvenience  to  the  traveUing  public  and  also  in  the 
absence  of  covers  more  or  lees  ashes  are  spilled  or  blown  onto  the  highways. 
With  a  proper  frame  and  cover,  it  is  possible  to  partly  cover  the  vehicle 
while  being  loaded  and  entirely  cover  it  while  in  transit.  Specifications  for 
frames  and  covers  might  embody  the  following  description  of  details  of 
construction: 

The  aah  vehide  cover  framaa  are  made  of  malleable  Iran  pipe.  1  in  hi  diameter  and 
IHinMigleiToB.  Tbeyeonaiitof  aridgepolesetatafadghtof  80  In  above  the  nnier 
edge  of  the  flash  boards  and  are  siMiported  on  two  locqw,  made  of  dthar  angle  or  flat 
Iron,  the  front  lo<q>  set  in  a  vertical  pontion  and  the  rear  loop  inclined  outward.  Both 
ioops  are  attached  to  the  body  of  the  vehide,  the  rear  loop  being  reinforced  with  a 
diagonal  brace.  Both  the  iron  pipe  ridge  pole  and  tlie  diagonal  braces  at  the  rear 
of  the  wagon  are  fastened  to  tlie  front  and  rear  loops  with  rivets  or  bolta.  The  front 
and  rsu  loop*  and  the  diagaaalteaees  are  bant  to  oontonn  to  the  contour  of  the  tatarior 


r 
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Mm  ol  the  vdilcle  ud  m  attuiMd  Uimto  by  meana  of  bote  mwed  S  fa  ^art. 
Tbe  «Dtire  frame  i>  painted  with  throe  ooata  of  gray  paisL  The  caavaa  used  in  nudnc 
the  cover  ia  that  material  known  aa  Mo.  1  white  dude,  and  of  a  wel^t  determined  «>i 
a  basla  of  18  ounces  weight  to  22  in  in  width  of  material  per  lia  yd.  The  front  curtain 
itfflriatff  of  one  piece  of  canvas  cut  to  the  contour  of  the  front  loop  and  with  waot^ 
nctn  m^erial  to  piM  eomidatdy  around  the  looii,  frame  ao  that  It  can  be  nuiriy 
■ewed  toiethar  and  kept  permanently  in  place,  or  Inataad  <rf  thia,  metal-bound  cjrakb 
are  protrided  along  the  entire  edge  of  the  curtain  for  tying  it  to  the  loop.  The  battm 
of  the  front  curtahi  entirely  coven  the  face  of  the  2  by  6  in  nailing  iMard  and  ia  attaehid 
thereto  with  acrew  bolts  hiaerted  thru  metal-bound  eyelets  is  Uie  curtain  placed  12 
apart.  The  body  eover  ia  made  of  material  22  In  In  width,  the  aections  befaic  aned 
togethw  from  a  pc^t  6  in  outside  of  tlie  fnmt  loop  to  ttke  tear  loop  and  carried  ovs 
to  form  tbn  tail  curtain  wliicti  conrials  of  a  aepatitte  section  Mwed  to  the  main  cow 
around  the  contour  of  the  rear  loop.  All  joints  in  tbe  eoven  are  provided  with  ai 
additional  reinforcing  strip  of  canvas  1-^  in  in  width,  sewed  with  not  less  than  6  stitdw 
to  the  in.  At  tbe  junctlra  of  tlie  ridge  pole  and  tiie  rear  loop  the  section  formiBg  tfaa 
tail  eurtain  is  slit  down  the  eentw  on  an  angla  so  as  to  provide  an  overtap  of  at  kart 
8  in  at  tbe  bottom,  the  comers  being  provided  with  metaMmund  eyelets  for  tying  tf* 
doaad  eo>w  to  tlw  opporite  aldas  vt  the  valdde.  The  cover  fa  flnislied  with  a  4-iB 
pocket  Btitehad  alcaig  the  edge  with  4  additional  pockets  stitched  akng  the  body  cf 
the  eanvaa  parallel  to  the  e^  and  located  at  equi-dlstant  pcdnts  on  either  nde  of 
the  ridge  pc^  Hickory  battens,  6  in  number,  meararing  2  H  by  ^  in  and  of  a  iMigiit 
projec^ig  6  In  beyood  the  front  loop  and  extending  to  tbe  outer  edge  of  Um  rear  loop, 
are  laanted  in  then  poeketa.  The  ends  of  all  battou  are  rrinfomd  wit^  a  ■art!  mi  d 
S-ounce  maset  leatlier  measuring  S}j  Iqr  4  In  each,  fastaied  with  8  riveta,  2  noMag 
the  batten  by  being  clinched  thru  the  center.  Tlie  cover  it  also  provided  widi  at 
least  three  1-in  leather  straps,  1  In  In  width  tlvetted  to  tbe  canvas  for  attacUng  tbs 
cover  to  the  ridge  pole.  All  other  fastenings  of  the  cover  to  the  frame  or  body  of  vebkl* 
are  made  thru  meUl-bound  eyelets  with  the  best  quality  aisal  rope. 

Painting  (rf  Equipment  in  Philadelphia.  It  ta  required  tliat  all  vehicle  eqcdpiMBt  be 
p^ted  at  least  three  tlmea  during  the  year  with  standard  palnta,  speciflcatiam  fir 
which  are  prepared  by  the  Bureau  of  Highways  and  issued  to  the  contr»ctor.  If 
three  paintings  do  not  preserve  tbe  permanency  of  tbe  distinguishing  colors,  r*'"*'^ 
la  required  to  be  done  mora  frequently.  The  colors  of  the  painting  required  for  the 
several  types  of  veUcte  equipment  are  as  follows:  Ash  vehicla,  gray;  rubbish  veUdM, 
red;  garbage  vehicles,  brown.  The  equipment  must  he  at  all  times  main  tain  nd  hi 
ft  deanly  condttloB  and  the  eo&tnietor  Is  nqnlrad  to  insbdl  adequate  "'—■''n  facffitiu 
within  hta  stable  or  yard.  The  coo  tractor  fa  also  required  to  present  all  vehicks  aad 
other  equipment  for  laqMcthn  at  audi  tinea  tad  plaioea  as  may  be  derigsated  bf  tha 
dfatriet  en^Bav. 


Municipal  Force  vs  Contract  Systems.  In  the  interest  of  efficient  ser- 
vice and  economy  and  also  to  inmire  sanitary  operating  meMxMla,  it  is 
Bpeciaily  desirable  that  the  ooUection  and  dieposal  of  aehea,  rubtneh  and 
garbage  be  performed  by  municipal  foroes  rather  than  under  the  contract 
aystem,  and  that  the  city  own  and  operate  dii^KMal  plants.  The  contractor 
for  this  character  of  service  will  naturally  try  to  collect  tbeoe  waste  msterisli 
at  as  small  a  cost  as  is  possible,  and  conaequeotly  will  not  take  pride  in 
keeping  the  equipment  up  to  the  proper  standard,  nor  will  he  employ  m 
high  a  grade  of  labor  as  it  is  desirable  to  employ  in  this  Idnd  of  work  where 
the  collectors  are  continually  coming  in  contact  with  the  ho  use holders. 
With  respect  to  the  di^>osal  of  garbage  it  should  be  Ixmie  in  mind  that, 
generally  speaking,  there  is  a  profit  of  practically  f  1  a  ton  over  opentfa« 
expenses  on  every  ton  of  garbage  received  at  tbe  di^MSal  plant,  exdurin 
of  the  cost  of  collection.  It  has  also  been  demonstrated  that'  a  raVtSA 
(uspoaal  plant  can  be  operated  in  such  a  maonw  that  it  will  pay  tbie  jdut 
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operating  costa,  interest  and  depreciation  irh^re*^  and  etiU  produce  a  sin  all 
revenue  thru  the  sole  of  steam  and  electric  power.  But  when  this  disposal 
work  IB  performed  by  contract,  the  very  nature  of  the  work,  which  neces- 
sitates an  enormous  initial  capital  outlay  for  the  plant  and  equiimient, 
eUminatee  in  itself  all  posnbili^  of  competition,  whether  the  contract  be 
for  a  1,  6  or  10-year  period.  In  the  first  place  it  would  not  pay  to  construct 
a  plant  tor  a  l-year  contract.  It  should  also  be  borne  in  mind,  that  if  a 
contractor  decides  to  bid  on  a  5  or  10-year  contract,  and  will  be  obliged  to 
meet  competition  at  the  end  of  that  time,  he  will  naturally  make  the  contract 
price  sufficiently  high  to  include  all  operating,  interest  and  depreciation 
charges,  and  yield  a  profit  during  the  period  'for  which  he  has  the  contract) 
and  also  to  pay  the  interest  charges  on  the  invested  capital  during  the  time 
that  the  plant  is  likely  to  be  idle  due  to  his  losing  the  next  contract.  It  will 
be  seen,  therefore,  that  where  there  are  two  or  more  i^anta  in  existence  in 
a  community,  the  municipality  must  Indirectly  pay  the  interest  and  ajnjting 
fund,  and  possibly  other  charges  on  each  of  the  plants  instead  of  on  only 
one  as  would  be  the  case  were  the  plant  owned  by  the  mimicipality. 

Prindples  Goreming  the  Organization  of  the  Work.  In  working  ont  a 
system  of  collection  and  disposal  of  ashes,  rublnsh  and  garbage  the  fdlow^ 
ing  purposes  should  be  sought: 

1.  The  consideration  of  the  collection  and  disposal  of  household  wastes, 
including  ashes,  rubbish  and  garbage,  as  an  engineering  function  com- 
parable in  imp(tftaDce  and  poaaibilities  of  developmoit  with  any  other 
municipal  engineering  function. 

2.  The  determination  of  the  moat  economical  and  sanitary  method  of 
collection  and  disposal,  including  rubbish  and  garbage  disposal  plants  for 
separation  collection  method  and  incinerating  plants  when  the  mixed  col- 
lection method  is  determined  upon. 

3.  The  inauguration  of  all  possible  improvements  in  the  collection  and 
disposal  methods  with  special  respect  to  promoting  economical,  sanitary 
and  safe  operating  methods  and  to  preventing  waste  matter  from  Uttering 
the  highways  or  creating  unsanitary  conditions  or  fire  hazards  at  the  diapoul 
dtmipe  or  plants. 

4.  The  consideration  of  tiie  reclamation  and  sale  of  rubbish  and  the 
reduction  of  garbage  and  sale  of  the  by-products  as  an  asset  by  which  the 
costs  of  its  collection  and  disposal  in  a  sanitary  manner  in  disposal  plants 
could  be  reduced  to  a  minimum. 

5.  The  installation  of  adequate  report  and  record  forms  which  provide 
complete  and  definite  records  of  performances,  which  may  be  used  to  aarist 
in  the  administrative  control  of  the  work. 

6.  The  institution  of  a  system  for  determining  the  unit  aod  total  coets 
of  operating  the  service  by  which  it  may  be  possible  to  make  comparisons 
of  theee  costs  with  those  for  similar  work  in  other  municipalities. 

General  Organization  Em^oyed  in  Philadelphia,  1912  to  1917,  under 
direction  of  the  author  while  C'hief  of  the  Bureau  of  Highways  and  Street 
Cleaning.  For  the  purposes  of  the  collection  of  ashes,  rubbish  and  garbage, 
which  was  accomplished  under  the  contract  system,  the  City  was  divided 
into  eight  districts  whose  boundariea  are  coterminous  with  the  highway 
districts,  except  that  in  two  instances  a  single  highway  district  contains 
two  service  districts  and  In  uiother  instance  two  highway  disbicts  are 
considered  as  one  service  district.  In  each  district  the  work  was  under 
the  direct  supervision  of  the  district  engineer  who  also  had  charge  of  street 
ff!lfW"'"g  and  the  constructioa  and  mainteoaooe  of  pavements,   llie  sumeii* 
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cal  dealgDation  of  the  service  distoicts  -wm  Ideatieal  with  thos»  of  llie 
highway  diatrictB  except  in  the  infitaooes  where  two  service  districts  woe 
included  in  the  territoo'  occupied  by  one  highway  district. 

CoUeeUon  Schedules.  To  inaun  that  the  collection  may  proceed  fn  ordarir  t- 
qiMim  and  at  Unm  that  will  be  known  to  the  public,  eadh  coBtraetor  wm  raqohai 
to  hava  panonally  awed  on  the  rcBpooBjble  occupant  of  every  home  and  other  buEUfc^ 
In  Us  laqMctfva  dfatilet  at  the  hwflnnhig  oi  Mwh  year  an  hntniction  and  ronartto 
mute  lehadwh  eaid,  FI|;  4,  fadieatlng  the  daya  iqwe  whldi  "IlifrttiiM  win  b«  na^ 

1^  HASO  THIS  UP  FOR  SBFBKXNCB 
Ifotice  to  Bouadkeapen 

GARBAGE 
WiU  be  eidleeted  between  the  boun  of  7  AM.  and  S  F.M. 

V*  Garbaaa  mnet  be  kept  aqiarate  from  aehaa  and  hooariMldwHta. 


Bitfaet  fcem  SfedflcaUont 

KHehen  iarbage  ehall  be  celled  for  and  remoTvd  from  all  buildings,  without  «huti 
to  the  oeoupanta,  on  Mondajs,  Vedneadaja  and  FridayB  from  January  lat  to  Jnni 
lith  Indurive,  and  October  16th  to  Deeembw  Slat,  indualve;  and  on  Uood^a,  Wad* 
neadaja,  Fridays  and  SatunUya  from  June  istta  to  October  16th,  Inehiafvab 

Oarbage  must  be  depoaltad  in  oovared,  water-tight  veanla  that  ean  be  eMfly  aW 
quiddy  handled  by  one  man,  and  placed  at  pohits  readily  aceanible  to  the  garbH* 
collector,  who  muat  remove  the  entire  ecmtenta  of  aid  veaael. 

Garbage  from  retail  groeeni  and  flah  daelera  ahall  be  eoUeeted  daily  (aieapt  Sm^v) 
In  quantity  not  to  exceed  one  (1)  buahel  from  eadi  store  or  itand. 

Decayed  vegetables  or  fruits  tram  wholesale  dealers  is  not  couidcrad  aa  larlM^a 
to  be  eolleeted  by  the  Contrmetor,  but  the  sane  ahall  be  reeaived  and  treated  aa  oOmt 
iarbage,  without  coat  to  the  party  ddtswuv,  iriwn  deUvered  at  the  H^qwl^^  woHb  of 
the  Contractor. 

It  ia  Intended  that  waste  paper  and  other  rtfuae  shall  not  be  mixed  with  the  carbace; 
but  should  any  such  matter  be  found  with  the  garbage,  it  must  be  removed  by  the  Con* 
tractor. 

The  Contractor  shall  remove  all  dead  promptly,  as  they  are  found  tad  r^ 

potted.  ...  All  anlmala  shall  be  removed  In  a  manner  satisfaetory  to  the  Dbaetar  (gf 
Public  Worka),  and  at  all  times  covered  during  tranqmrtation. 

Oalvanlied  Oaibage  Cans  (with  cover),  all  of  the  oame'giade,  are  raeoanneadad  ai 
faUowi: 

No.  02,  capadty  6ii  gallons,  price,  about  8S  osnts. 
No.  00,  capacity  6K  gallons,  price,  about  70  eenta. 
No.  000,  oapedty  iH  gallons,  price,  abmt  U  cents. 
No.  0000,  capacity  8    gallons,  price,  about  36  cents. 

The  above^efeiTed-to  oontainara  can  be  purchased  from  most  sll  dealeia  In  tUi 
Und  of  wan  at  minnbnately  tlia  prfew  named.  Tlw  we  of  unKOm  md  dunUs 

 ilitiiliii  nf  till  Mnifs  rtisfilliiiT  iiin  Imiii  tmil  liiniimni  nw  Tin  ilihllj   dlilw  id 

our  streets,  etfectlveussi  of  eonaatfons,  and  also  upon  Hw  bsalth  tl  the  chiaia. 
AH  enmpUlnts  should  be  ■  jar— d  to 
BXnOUIT  OF  HIOHVAY8 
JanwuT  1,  Itll  Soda  SSS  Cl^  BaD 

Fig.  4 

and  dvlng  Instmetlcaa  t»  oeovaBt  rdatlva  to  the  dnnetir  of  natatUa  that 
may  be  classad  as  ashes,  rubbish  and  garbsge.  and  quantity  <4  eeA  dase  ol  atatsfial 
that  will  be  collected  and  character  of  reeeptadea  in  which  tbay  should  be  placed. 
This  card  also  ocmtained  extracts  from  the  foveminc  ordinanoce  and  nqweats  that 
teporte  rdativB  to  die  bcvrofMr  or  nm-perfonnance  of  thaae  ■errleee  ahoold  be  mate 
to  Hie  BuTMn  of  HViwaye.  In  cwtatai  dtatilet^  wUdi  mra  popukted  laiialy  by 
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foreign  apeaking  peoplcB,  theoe  cvds  are  printed  in  four  ImagtusMi,  namely,  Engllah, 
Gannan,  Itallui  and  Hebrew.  No  chaniea  were  mmde  in  the  adwduM  coU&etiaa 
raatm  unleaa  approved  by  the  Chief  Engbieer  and  provided  that  the  affected  boiae- 
taoldera  ahould  have  reodved  24  bouie'  notice  oS  the  Intended  ehanie.  Theee  adiedulea 
•erved  aa  a  guide  to  both  the  cootractor'a  loroM  and  the  municipal  inapectlon  forces. 

Preqneocy  of  CoQectianB.  The  frequency  of  the  garbage  coUeetlona  waa  baaed 
upon  the  actual  requirementB  in  the  diffemit  aeetioiia  of  the  City  aa  gOTemed  by  the 
denaity  of  population  and  the  Meson  of  the  year,  while  tha  frequent  of  tha  adi  aad 
rubbish  coUectjons  was  determined  upon  aa  a  raattar  of  find  pcritcgr.  Tbb  Mvaral 
ctaMtfVcatiotw  of  aollaetioBa  vara  as  folhiwa: 

Gakbaob:  daw  A.  ats  eoUaetloiH  per  -waA,  dd|j,  amvt  Smb.;  Clan  B.  four  eol- 
laetiotia  pv  mdt  on  altliar  Hon.,  Wad.,  FH.  and  Sat.;  or,  on  Uon.,  Tmb.,  num.  and 
Sat.;  Clan  C,  three  ooUectiona  per  inA,  on  dther  Uon.,  Wed.  and  Fii  or,  Ttiea., 
Tburs.  and  Sat. 

Ahub  and  Rubbibh:  Clan  D,  one  collection  per  week  on  a  definite  day  aecordiii( 
to  a  pr»«iTan|ed  Khedule. 

Haura  irf  CoDactioa.  All  collectiona  of  aahea,  rubbish  and  garbage  were  required 
to  be  made  between  the  boon  of  7  A.M.  and  6  P.M.  except  that  no  ashn  or  rtibbleh 
were  collected  after  12  M.  on  Sat  In  the  intenst  of  convajenee  to  the  pubHe  a  further 
exception  was  made  with  ra^teet  to  tha  coUeetioB  of  aahea  and  nibbtah  in  the  eaoCial 
In  lain  «n  section,  where  the  eollecti<«ta  were  made  between  the  houn  of  6  P.M.  and 
6  A.M.  from  April  to  Nov.,  indu^ve,  and  during  the  months  of  Jan.  Feb.,  ICarch 
and  Dec,  between  the  hotm  of  8  P.M.  and  10  P.M.  On  the  foDowing  hoBdaya  bo 
coUaeticna  are  made:   New  Year'a  Day,  Foorth  of  Joly,  labor  Day  and  ChilitBuw. 

Roottna  Inapectlon.  Tb»  roatinfl  invitation  of  the  eolleetlon  and  dtapoaal  of  aahea, 
rubblah  and  garbage  was  performed  by  spedally  trained  intpaeton  reporting  to  the 
reepective  district  cnginean.  In  general,  each  inspector  waa  lasponsCble  for  the  work 
performed  in  a  certain  definite  section  of  tha  district  territory  to  iriileli  be  was  ragnholy 
■srignad.  K  waa  required  to  wi^  and  r^Mirt  the  danetar  and  numerical  BtnogA 
of  tba  foea  and  equipment  at  work  and  to  note  the  conditton  of  the  t^ifmna  and 
equipment  for  which  definite  ataodards  are  provided. 

Investication  of  Complaint*.   See  Art.  6. 

R^ort  and  Record  Forma.  To  assist  in  the  efficient  administratitm  of  the  work 
the  following  report  and  record  forms  were  provided:  (1)  Collection  tnatmctlaa  and 
schedule  cards,  two  cards,  one  each  for  garbage  and  for  aah  and  lubbWi  coUectioD 
reapectlvaly;  (2)  In^iector'a  daily  reports,  covering  eompoaitely  the  eoUectioo  trf  both 
ashes  and  rubbish  and  garbage;  (3)  district  engineers'  daily  reports,  covering  eom- 
poaitely the  collection  of  both  ashee,  rubbish  and  garbage;  (4)  monthly  unit  coat  data 
faporta,  two  fonoa,  one  each  for  garbage  and  ash  and  rubbish  ebllactlan;  (6)  ooaqdaint 
forma,  two  forms  of  distinctive  colors  respectively,  one  each  for  garbage  nid  aih  and 
nibbWi  qilleetltm  complaints;  (6)  compliant  roister  aheata. 

Inipoctoia'  DaBy  Reports.   Similar  to  XDapacton'  Dally  Saport  dneribed  in  Art  6. 

Dictriet  Ea^neais*  Daily  Reporta.  ffimHar  to  Dlatriet  Enginoeia*  Daily  Reports 
described  In  Art.  S.    See  Pig.  4. 

Contractors'  Daily  Reports.  Each  contractor  was  required  to  aubmit  a  daily  report 
to  the  main  office,  in  which  be  waa  required  to  rq>ort  on  tbo  aama  U&d  of  data  aa  is 
required  1^  the  dlatrict  anglnear^  daily  reptvt. 

Comperiaon  of  Daily  Reports.  Eadi  day  the  data  shown  on  the  ntptttXn  daily 
reports  for  each  district,  of  the  district  en^eers  and  the  contiacton,  were  recorded 
by  the  main  office  on  the  comparison  summary,  one  report  form  omtaining  daily 
entries  covering  a  period  of  one  month.  Any  discrepancy  discovered  in  tha  daily 
eomparison  of  the  data  contained  in  the  two  reporta  was  immediately  inveatlgated. 
At  the  doee  of  the  month,  the  records  of  the  forces  employed  by  the  extractor  were 
Bummaiized  and  multiplied  by  the  estimated  unit  cost*  to  the  contractor  for  each 
character  of  labor  and  eq:ulpment,  which  gave  the  probable  total  coat  of  the  field 
operations  to  the  contractor,  which  data  was  also  used  In  connectioD  with  the  com- 
pilation of  the  unit  cost  daU  report. 

Unit  Cost  Recorda.    Simitar  to  Unit  Cost  Records  described  in  Art  C 

Labor  and  Uniforms  of  Bmployaea.   See  Art.  6. 
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SNOW  SEHOVAL 
18.   General  Considecations  ReUttive  to  Snow  Removal 

Historical  Development.  There  is  probably  no  problem  confronting  a 
municipality  which  ia  at  times  of  more  vital  interest  to  the  public,  and  &t 
other  times  bo  entirely  forgotten  than  the  problem  of  snow  removal  in  the 
larger  cities.  During  soow  storms  everybody  is  intensely  interested  oven 
to  the  extent  of  advocating  supposedly  new  or  i^oro  expeditious  methods 
of  snow  temoval,  but  during  the  qning,  summer  and  fall  the  g«ieral  public 
entirely  forget  this  important  municipal  function.  Snow  removal  is  dis- 
tinctly an  emergency  problem  and  the  more  experience  one  has  with  this 
problem  the  more  convinced  one  will  be  of  the  fact,  that  the  human  element 
is  the  dominating  factor.  There  may  be  introduced  scientific  methods  of 
snow  removal  that  would  operate  successfully  on  a  pleasant  day,  but  which 
would  be  a  complete  failure  in  a  storm  when  the  conditions  are  such  that 
none  but  the  sturdiest  type  of  laborer  could  work.  Furthermore,  the  labor 
market  is  a  factor  that  must  always  be  considered.  Some  winters  it  is 
very  easy  to  secure  the  services  of  all  the  laborers  desired,  while  during 
other  Winters  it  is  very  difficult  to  get  men  for  this  work  sven  with  increased 
wages,  so  that  any  system  that  may  be  de^'ised  to  cope  with  this  prabtcm 
will  at  some  time  or  another  fail  unless  the  human  element  has  been  0vra 
due  consideration.  Until  about  1912,  the  administrative  arrangements 
and  the  working  methods  employed  in  connection  with  this  work  wm 
very  crude,  this  being  probably  due  to  the  fact  that  snow  removal  was  not 
considered  seriously  as  an  eni^eeiing  problem.  Prior  to  1912  it  was  the 
custom  in  most  cities  to  wait  until  a  snow  stonn  was  over  before  begiaoinc 
the  work  of  removal.  In  other  words,  the  city  did  not  beipn  to  dig  itsdf 
out  until  after  the  storm  had  ceased.  As  a  consequence,  the  fairway 
trafBc  was  often  very  seriously  inconvenienced.  Since  1012.  however,  very 
considerable  study  has  been  devoted  to  improving  the  organisation  and 
the  general  methods  of  snow  removal,  so  that  at  present  it  may  be  stated 
that  every  detail  of  either  organization,  equipment  or  methods  of  operation 
that  past  experience  has  shown  the  need  of  have  been  amply  prepared  for 
and  called  into  service.  The  hif^ily  satisfactory  resulta  produced  thru 
the  operation  of  the  snow-fighting  forces  since- 1012  has  proven  concluaiveir 
that  the  efficient  administoation  of  snow  removal  work  ia  fundamentally 
a  matta*  of  pieparednees  based  upon  an  exhaustive  study  of  the  require- 
ments of  the  work  and  the  establishment  of  a  proper  organisation,  the 
institution  of  a  definite  and  adequate  procedure,  and  the  thoro  instruction 
and  driUiog-of  the  snow-fighting  forces  in  the  requirements  of  their  rcei>ective 
duties. 

The  U14  Snow  Kemoval  Conference.  Snow  removal  ia  muuidpalitm  was  tbt 
subject  of  more  intelligent  gtudy  during  1914  than  probably  ever  b^ore,  which  waa 
evideneed  by  the  Snow  Removal  Conference  held  that  year  in  Philadelphia,  at  whkk 
were  preaeBt  r^reaentativea  from  16  the  largeat  eaat«m  cities.  At  thfa  oonfer«noe 
it  WIS  realised  that  the  problem  of  snow  removal  must  obviously  be  contfdered  differ 
«itly  in  different  dties  as  its  solution  is  d^ndent  upon  such  variable  elemenU  m 
etimate,  population,  width  of  streets,  density  and  character  of  traffic,  locati<»i  at  smNr 
systems,  available  disposal  places  and  other  local  condlUoos,  to  say  Dothiog  cf  the 
financial  policy  of  the  municipality.  It  was  deemed  impassible  to  fonaalate  aartUac 
lint  the  most  general  succwtioDa,  and  yet  it  is  found  that  even  so  vital  a  mtlH-  si 
the  financial  policy  does  not  affect  the  main  problem,  except  in  the  extent  of  the  work. 

Fundamental  Prindplea  of  Snow  SamovaL  In  connection  with  the 
pnieeoutlon  of  snow  removal  work  the  general  policy  should  be  first,  the 
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disposal  of  snow  in  the  shorteat  possible  time  and  at  the  lowest  practicable 
cost;  aecood,  to  eliminate  the  possibility  of  iDterruption  of  vehicular  higb- 
■way  tnifiBc  during  the  wnowfali  by  idowinB  the  mow  into  wnidrows  adjacent 
to  the  curbs;  and  third,  to  remove  and  dispone  of  the  snow  and  ice  from 
pedestrian  highwio^  crossings,  vicinity  of  fire  hydranta,  gutters  and  sewer 
inlets  and  entire  areas  of  congested  business  highways.  One  of  the  greatest 
difficulties  in  snow  removal  work  is  that  there  are  seldom  two  Btorms  pre- 
senting the  same  problem.  For  example,  it  is  obvious  that  the  difficulties 
of  removal  to  be  encountered  in  a  blizzard  carrying  a  considerable  depth 
of  SDOW  are  far  greater  than  those  encountered  in  a  storm  when  the  tem- 
perature is  very  mild  and  the  snow  is  ^easily  handled.  There  are  innumer- 
able considerations  tiiat  present  themselves  in  almost  every  storm  that 
are  somewhat  different  from  every  other  storm.  Sometimes  it  is  posinble 
to  do  far  more  satisfactory  work  panning  and  flushing  than  it  is  possible 
to  do  in  the  average  storm.  Fdr  instance,  in  one  storm,  preceding  the  snow 
a  sheet  of  ice  may  be  fdimed  on  the  pavement.  It  would,  therefore,  be 
folly  to  remove  all  of  the  snow  from  this  ice,  as  the  snow  is  then  the  only 
means  of  footing  for  horses.  The  eccentricities  of  snow  storms  are  limitless, 
but  it  would  seem,  all  things  considered,  that  the  most  reliable  method  for 
opening  up  the  streets  for  traffic  at  the  present  Ume  is  to  rely  principally 
on  the  use  of  motor  driven  plows. 

The  Committee  on  Resolntioiui  of  tho  UU  Snow  Remoral  Conference  Hade  the  Pol- 
lowing  Recommend* tioos  embodying  the  imderlying  priodpl«a  of  snow  removal  work: 

1.  The  plan  of  oTKanizatkn  and  the  qiBtem  to  be  employed  should  be  worked  out 
fn  advance  of  the  snow  season.  This  preliminary  work  should  involve:  (a)  A  plan 
of  cooperation  of  all  branches  of  the  municipal  government;  (b)  the  formuiation  of  a 
skeleton  organization  compoaed  of  all  of  the  available  dty  forces,  such  as  engineers, 
inspectors,  tJmduepsrs,  laboren  and  teams;  (c>  the  divtakm  of  the  dty  hito  soaei 
and  the  Jatannlnatlon  tS  a  definite  metbod  of  worit  for  each  mao».  The  variona 
menbeis  oi  the  organtaatioD  should  be  Mwlgned  to  these  aones  and  the  n^KUMiUe 
officials  familiarised  with  the  dudes  expected  of  them.  The  character  of  work  to  be 
performed  In  the  different  zones  may  consist  of  merely  the  regulatioD  of  opening  cross- 
walks and  gutteiB  and  otherwise  generaUy  asslattag  pedeotrian  traffic  and  the  run-off 
ol  snowt  or  It  may  cmisiBt  Id  the  complete  removal  of  tiie  snow  from  the  streets.  Owing 
to  the  general  Increase  to  motor  traffic  and  the  ecmouitradoa  of  business  in  definite 
office  districts  and  to  the  general  public  demand  for  increased  urban  ladlities,  the 
present  tendency  is  to  increase  the  scope  of  the  work  involving  the  coBq>late  removal 
of  the  snow  from  all  main  thorofsres  sod  business  streets. 

2.  The  work  of  removal  shotUd  commence  as  soon  as  the  mow  has  covered  the 
pavements  and  the  indications  point  to  the  storm  continuing,  and  the  opsratitma 
should  be  carried  on  continuously.  This  as  a  prindple,  is  sucncsstUlly  followed  by 
street  railways  in  the  removal  of  snow  from  their  track  apace,  and  by  soma  dticB. 

8.  The  carrying  capadty  of  the  sewer  system  should  be  utilized  as  fisr  as  poadble 
to  get  the  snow  away  from  the  streets.  The  use  of  the  sewers  which  reducee  both  the 
haul  and  handling  to  a  Tpinlmntn  involves  two  operations:  Namely,  getting  the  ma- 
teria] to  the  catch  basins  or  manholes,  and  then  putting  the  material  into  the  sewers. 
The  flnt  opwation  can  bast  bt  dote  by  loading  Into  wagona  or  tnidm  and  hauUng  to 
suitable  manholes,  or  by  the  use  of  scrapers  or  graden.  The  problem  of  getting  the 
material  into  the  manholes  In  the  least  time  and  with  the  least  Interference  with  the 
traffic  opens  up  a  field  for  considerBtion  of  the  question  of  special  forms  and  spedal 
locations  of  manholes,  designed  to  be  used  solely  for  this  purpoee.  The  method  of 
flushing  the  now  with  Are  hose  into  catch  basbis  may  have  a  limited  appUcatioD, 
but  it  Is  too  unrdiable  to  have  eny  general  value,  as  It  depends  on  weather  conditlMts. 

4.  When  practicable,  where  there  is  only  a  small  area  to  be  deaned,  the  work  should 
be  performed  directly  by  the  munldpality  by  day  labor.  This  method  of  operati<m 
im  the  moat  flezlbte  and  the  most  easily  admlnistwed  and  it  obviates  the  neeeadty  of 
measurements  and  checking  under  the  contract  system.  The  work  can  also  be  per- 
formed by  day  hrixir  hi  Isige  arsas  by  adoptfaig  the  following  method:  The  daiMit- 
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mmt  to  advertlBe  uid  go  out  I&to  the  opeo  maricet  mad  Ure  teuna  to  haul  the  mom 
tor  BO  math  per  yard,  the  price  to  be  determined  upcn  by  the  departnent  and  to 
lepraMnt  a  fair  eatimatB  of  the  coat  of  the  wotIe  and  a  fair  profit.  This,  o(  coon^ 
would  throw  the  work  opm  to  anyone  owning  cme  team,  or  a  hundred  or  ■  tboueaad  or 
more  teama,  depending  upon  the  amount  of  work  to  be  performed,  and  would  not  Utm 
the  department  dependoit  upon  any  one  or  more  cootractors.  In  this  method.  ■■ 
wcU  M  whan  the  work  must  be  performed  by  contract  Byatem,  a  method  of  meaaurenicnt 
as  dmple  and  aeeurat*  aa  poaribts  should  be  naed.  The  practicablliiy  ot  havtog  wovk 
done  1:^  the  munidpality  wfD  dtpmi,  among  other  tUngs,  on  the  famaadUitB  jmlUa- 
Ity  of  an  appcopriatlwi.  It  !■  ewanflal  fw  the  pnqter  conduct  of  the  voik,  whathw- 
by  day  labor  or  contract,  that  appropriation  for  snow  removal  should  be  made  in 
advance  of  neoeesity  for  ^  work. 

6.  CoBpwmtion  should  be  sought  vith  the  traction  companies  and  use  made  of 
adjnatable  plnn  and  sweepers  to  open  rondways  adjacent  to  street  railway  tneka  at 
the  time  that  iho  work  of  clearing  the  tnOa  Is  being  carried  on. 

8.  BfTorti  should  be  made  to  obtain  the  cotSperaUon  of  the  pidiHc  and  to  instmct 
the  householders  in  the  method  of  removal  of  snow  from  private  premiseB  In  audi  a 
way  as  to  least  Impede  the  dtsr's  work.  WhMe  the  ridewalks  are  of  greater  width 
than  would  be  neeeasary  to  handle  the  reduced  volume  of  pedestrian  tralBc,  vUeb 
can  be  expected  after  a  heavy  snow,  the  snow  instead  of  being  entirely  cleared  from 
the  sidewalk  and  pOed  in  the  roadway  should  be  left  on  the  sidewalk  near  the  curb 
line  to  be  later  removed  by  the  dty  when  opportunity  preeents  itself. 

7.  The  police  force  of  the  dty  should  cooperate  with  the  street  cleaning  forces  and 
the  servicee  of  patrolmen  as  Inq>ecton  should  be  utilized  as  far  as  pgedbis.  Thm 
police  in  particular  should  give  attention  to  the  enforcement  of  regulaUona  gowinl^ 
tin  ranoval  of  snow  from  the  sidewalks  or  from  a  portion  thereof. 

Snow  RamoTgl  from  CouatiT  Koads.  UntU  the  advent  of  the  auto- 
mobile, country  roads  were  very  little  traveled  in  the  wint«r,  but  it  is  not  an 
ezaggenition  to  state  that  at  this  time  certain  country  roads  are  more 
inqxirbant  than  a  number  of  dt^  streets  and  should  be  kept  open  for  travel 
all  the  year  round,  not  only  as  a  means  of  paiBenger  transportation,  whirh 
is  important  enough  in  itself,  but  as  a  number  of  our  inter-city  highways 
are  very  extensively  used  by  motor  trucks  for  the  transportation  of  mer- 
chandise and  all  classes  of  food. 

As  the  motor  truck  transportation  continue  to  increatse,  it  I'a  perfectly 
obvious  that  more  attention  must  be  given  in  the  future  to  the  removal 
oi  snow  from  thrae  main  highways,  and  this  can  be  very  readily  taken  care 
ot  by  the  use  of  snow  plows  attaciied  to  motor  tnieka.  Thnr  work,  faowemr, 
as  in  the  removal  of  snow  from  city  streets,  would  have  to  start  as  soon 
as  the  snow  begins  to  make  any  appreciable  headway,  rather  than  widting 
untQ  the  storm  ia  over.  Should  this  not  be  done,  in  many  cases  the  anow 
will  be  BO  deep  that  it  would  be  impossible  to  remove  it  with  plows  and 
traffic  would  be  temporarily  suspended. 

The  time  is  not  far  distant  when  it  will  not  only  be  desirable  but  uceesBuy 
to  build  snow  fences  on  a  number  of  our  important  intei^ity  faii^waps  at 
loeaUons  where  the  snow  is  likely  to  drift  to  any  great  extent. 

Snow  removal  from  the  main  country  roads  which  are  used  for  the  tran»- 
portatioa  of  merchandise,  etc,  win  be  in  the  future  Just  aa  ioqiottant  a 
consideration  in  the  uj>keep  of  highways  as  the  repair  fii  pavements  them- 
sdves,  and  will  therafme  become  »Teiy  important  function  of  state  highway 
departments. 

14.   Practical  MetiiodB  for  the  Removal  and  Disposal  (tf  Saow 

The  Three  Principal  Methods  of  Saow  IMsposal  and  tiieir  limitatioiis 
may  be  briefly  deeoribed  aa  follows: 

1-  PLOwnra  the  snow  to  the  side  or  oanter  erf  (he  street  hy  means  of 
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automobile  w  hwBe-dmwn  pknra,  after  which  it  is  piled  and  then  loaded 
into  -vehicles  and  hauled  to  dumpe.  which  may  be  eeww  manholee  or  riven, 
and  in  some  cases  open  lots. 

2.  Pamminq,  which  oonsistB  of  pushing  the  snow  into  sewer  manholes 
by  means  of  a  spedally  constructed  form  of  scraper,  usually  oonstmcted  of 
iron,  which  may  be  lilcened  to  a  very  large  snow  shovel. 

3.  Fldshino  the  snow  into  sewer  inlets  or  manholes.  This  is  done  by 
means  of  a  hose  or  by  running  power  flushing  machines  up  and  down  the 
etreete  and  tonnng  t^  snow  to  the  gutter,  following  with  a  gang  of  men 
brooming  the  melted  snow  into  the  sewer  inlets. 

The  first  method  of  disposal,  on  which  the  main  dependence  is  placed, 
plowing  the  snow  and  then  piling  and  hauling  it  to  dumps,  is  what  might 
be  termed  the  general  method  of  disposal.  This  work  starts  when  the  snow 
begins  to  fall  and  plows  should  be  kept  cootiDuously  at  work  during  and 
after  the  storm  until  all  of  the  snow  is  removed  from  the  streets. 

The  method  of  disposal  1^  panning  the  snow  into  sewer  manholes  should 
only  be  oonsidared  as  supplnnental  to  the  main  method  of  carrying  on 
this  woric  by  means  of  plowe.  It  is  not  practical  or  poasiUe  to  dispose  of 
all  of  the  snow  by  the  panning  method;  in  the  first  place  it  is  imposaible 
to  get  enough  men  to  remove  the  snow  by  this  method  in  a  short  enough 
time  to  avoid  seriously  interfering  with  the  traffic;  secondly,  it  is  practically 
impoaiible  to  get  an  appreciable  number  of  men  to  work  on  this  method 
of  disposal  during  a  storm  on  a  cold  night,  which  is  a  condition  to  be  met 
with  in  the  greater  mmiber  of  snow  storms. 

The  meUK>d  of  disposal  by  flushing  cannot  be  carried  on  except  when 
the  tempOTatuie  is  above  froeiing  and  is  therefore  only  supplemental  to 
the  main  method  of  plowing,  piling  and  hauling  to  the  dumps. 

Too  much  strms  cannot  be  laid  upon  the  fact  that  in  order  to  successfully 
cope  with  the  snow  removal  problem  and  open  the  streets  to  traffic  at 
the  earliest  possible  moment,  the  main  dependence  must  be  placed  on  the 
plows,  supplementing  this  of  course  with  the  employment  of  as  many  men 
as  it  is  possible  to  obtain  to  work  on  the  panning  method  or  pushing  the 
snow  into  sewer  manholes,  and  if  the  weather  is  warm  enough,  the  employ- 
ment of  as  many  gangs  and  flushing  machines  as  possibly  can  be  used  to  , 
diqnse  of  the  snow  by  flushing.  In  the  plowing  method  of  di^wsal  it  is 
of  course  desirable  to  have  tiw  dumps  as  oloee  as  possible  and  IJUs  meana 
the  universal  use  of  sewers,  dumping  it  into  the  manholes.  Arrangements 
must  be  made  where  there  is  insufficieDt  flow  of  water  to  connect  the 
manholes  with  the  water  system.  On  Sundays  and  holidays  in  business 
sections  of  the  oily  where  factories  are  closed  down,  it  will  almost  alwajv 
be  necessary  to  supplement  the  flow  of  water  in  the  sewer  thru  a  eon- 
section  with  the  water  system  in  (ffder  to  have  sufficient  flow  to  cany 
off  the  snow. 

Uas  of  Sewer  Srstsm.  When  the  method  used  is  that  of  plowing,  shoTdiiig  Into 
tni^  or  carts  and  hauUsg  to  dumps,  the  length  ot  haul  beoomes  of  paramouBt  Im- 
portanoe,  and  it  h  tiinbyuM  that  the  uss  of  sewer  manhoks  as  dumps,  with  the  semr 
system  to  carry  the  material  to  the  rivers.  Is  the  most  eeoDomiod  method  wUA 
can  be  lued.  as  It  rsduesa  both  the  haul  and  the  haodHng  to  a  iwfailmam.  Ib 
Phuadblphia  the  sewv  sfwtm  hss  bsan  used  sines  19U,  but  In  sone  dtks  the 
authorities  In  eharce  of  Um  aawer  systam  have  obiseted  to  the  uss  of  sswers  as 
snow  carrfns. 

This  eonditian  eadsted  In  mw  vouc  cm  ubUI  vhaustlve  expsrisMnts  w«e  sssde 
by  John  T.  Fsthenton,  Commimio&sr  of  Stiest  Cleaninc,  New  YoA  CAty,  wad  W. 
Goldsmith,  InqMctw  of  PubUe  Woita,  Boraugh  of  Uaahattan,  In  1914.  The  fdlow 
Jbf  flondushms  were  a  result  of  thoao  expvtaunts:    (1)  Undsr  ordlnaiy  eaBdtioDS 
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mow  will  melt  in  ■  aewer  800  ft  from  the  point  where  it  is  dumped;  (2)  the  tbeoretfeal 
Bumber  of  B.T.U.  neoGonry  to  melt  anow  chedn  the  actual  teat  in  the  aewer;  (3) 
2  eu  yd  per  min  was  found  to  be  the  mudmum  rate  at  whidi  It  waa  poaaible  to  ahove] 
anow  into  24-iit  diameter  aewer  manbolea;  (4)  there  ia  much  more  beat  in  ii  waa 
than  is  neceasary  to  melt  within  300  ft  all  the  now  that  caa  h%  dumped  into 
(6)  ayphon  aewera  carry  snow  away  as  wdl  aa  others. 

It  la  alao  found  by  experiment  that:  (1)  Snow  can  be  dumped  by  wapm-lowlB  into 
■ewers  carrying  10  cu  ft  per  sec  or  more;  (2)  panning  can  be  employed  where  aeweia 
have  8  CO  ft  pa  aec  or  more  flowing  In  them,  and  where  the  velodty  la  gmtea-  than 
1  ft  par  aec;  ^)  the  snow  can  be  shoveled  Into  aewoa  having  8  en  ft  par  aec  flowinc 
in  tlinn,  If  the  vdod^  ia  greater  than  l  ft  per  sec. 

In  some  cases  the  Bxperlments  show  that  where  the  velocity  was  gnrnt  and  the  flow 
small,  much  snow  can  be  carried  away.  For  instance,  at  one  locaticHi  a  aewo-  bad 
a  flow  of  6.3  cu  ft  per  see,  the  velocity,  howevefi  being  10  ft  per  sec,  yet  with  thn 
slight  flow  the  sewer  made  an  excellent  dump- 
In  referring  to  the  use  of  sewers  for  snow  disposal,  at  the  conference  on  snow  removsl 
hekt  March  B,  1B16,  A.  B.  Kalbach,  Depu^  Street  Cleaning  CommissloiKr.  Boroo^ 
of  the  Bronx,  New  Yoric  City,  stated:  "Until  the  wlntar  of  1914-16  ext«Miv*  v«e 
had  not  been  mada  of  sewers  for  the  removal  of  now.  Water  tnuwportatlaB  has  bl- 
ways  been  cheapeot,  and  by  using  the  artificial  waterways  of  the  d^,  raelted  atow 
reaches  the  same  deatination  as  that  which  is  hauled  to  and  dumped  into  tim  ilvw, 
and  with  the  moat  expensive  steps  of  the  latter  operation  eliminated. 

"lo  February,  1914,  the  propotdtion  for  the  complota  utilliatitn  of  aewtra  was 
advanced.  The  general  plan  proposed  was  tiiat  snow  should  be  removed  from  tba 
atreeta  by  men  equipped  with  regulation  pan  a  cm  pen  who  would  ahovei  snow  into 
the  sewer  manholes  while  the  anew  is  falling  and  as  fast  at  it  falls,  and  titat  such  plan 
would  be  sucoesafut  provided:  (1)  Tliat  flow  in  eewera  be  of  auffldent  depth;  <2)  that 
tike  remuneration  to  tba  emergency  fwce  be  sufficient  to  obtain  the  men  in  diaiactsr 
and  number  required  to  pnform  tiie  wmk. 

"The  advantages  of  such  a  system  were  pointed  out  to  be:  (1)  Economy  In  dispOMl 
of  snow;  (2)  economy  to  all  persona  engaged  in  transportation,  by  elbnfnatian  of 
traffic  ciHigeation  due  to  snow^blocked  atreeta;  (3)  cleaner  streets,  becauae  department 
vehicles  could  adhere  more  closely  to  their  normal  schedulea,  and  thua  prevent  tba 
dumping  of  household  refuse  on  the  anow  pflea  in  many  sections  of  the  dty  when  tha 
regitUtfttr  of  the  service  la  upset,  owing  to  street  condidona  and  traffic  omgeattea. 

"Upon  the  adoption  of  the  general  plan  a  anrvey  ol  ssven  was  made  to  deteraina 
the  depth  and  velocity  of  sewage  in  1098  mllea  <rf  sewers.  The  Information  was  plotted 
cm  maps.  Snowfall  data  for  the  previous  46  years  were  collected  and  analysed. 
Weather  conditions  were  studied  and  department  employees  instructed  to  record 
obaervationa  of  the  barometer,  wet  and  dry  thermometers,  force  and  dlrectlan  of 
wind,  dood  tonna  and  dlreetitms  from  whtdi  they  wan  moving  to  be  used  in  msMm 
weather  predietimii. 

"The  remit  of  the  first  seaaon'a  work  waa  satisfactory.  Tables  used  in  this  papsr 
are  taken  from  the  report  of  Commioaioner  Fetherston  to  Mayor  Mitebd,  comparing 
wmIi  on  previous  plans  of  contract  work  on  yardage  and  area  baste  as  oompaied  with 
the  eomUnation  of  snow  fighting  and  snow  removal.  The  rate  of  removal  waa  dooUa 
the  best  record  obtained  in  the  season  of  1913-1914,  which  itaelf  was  double  the  bsst 
previous  record  on  the  truck  system  of  removal.  The  ooat  per  en  yd,  12.1  eanta, 
compared  with  the  average  cost  of  57.3  cents  in  the  six  pracedlng  winters,  and  with 
the  loweat  record  In  that  period  of  33.7  caits. 

"The  speed  of  snow  removal  by  anow  fighting  in  19I4-I915  more  tban  doubled  the 
best  previous  record,  and  more  than  trebled  the  average  record  for  the  pnlod  of  1902-07, 
when  the  araa  bana  of  measurement  was  nnplcved.  The  cost  per  cubic  yud  of  wmw 
ranovnd  by  use  of  aewam  in  1914-1916  was  equal  to  one-fifth  tbe  average  coat  <i 
removal  aa  tbe  area  basb,  and  one-fourth  the  coat  irf  tbe  lowest  record  made  from 
1802  to  1907." 

It  will  be  noted  In  the  following  Uble  that  the  cost  In  1914-191S  In  New  York  was  It 
OMita  per  cu  yd.  This  was  largely  due  to  the  removal  of  8  SfiS  912  eu  yd  of  awnr  at 
7  eenm  per  oi  yd  by  panning  or  slioveHng  tbe  snow  into  aewer  maoheka,  and  a  lugs 
percentage  of  this  work  mw  dooe  on  Easter  Sunday  In  April,  1918,  iriton  the  weathK 
ma  veiy  mlltL 
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Table  XIV. — Compaxlaon  of  Aunul  Snov  Work  Data 
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3 

80.0 

44 

1  873  236 

1  406  628 
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191&-11  

6 

28.7 

46 

8  626  716 

1  470  904 

0.560 

67  081 

1911-12  

6 

17.7 

39 

1  B90  286 

870  889 
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40  776 

1912-18  

1 

11.8 

8 

496  047 

246  623 

0.495 

62  006 

8 

38.2 

43 

6  180  826 

2  478  848 

0.477 

180  484 

3.S 

24.1 

87.6 

2  148  684 

I  146  674 

0.633 

57  296 

1914-15  

S 

22.4 

16 

4  81S  481 

633  892 

0.121 

269  905 

In  PhOadelpMa  the  snow  and  .ioe  removed  Irom  the  bighmiyB  mn  disposed  of  by 
b^Qg  damped  either  into  the  sewer  thru  manholca,  many  of  which  have  been  eapedally 
constructed  for  the  purpoee,  or  directly  into  either  the  DeUwsra  or  Schuylkill  Rivera, 
either  at  the  wharves  or  tturu  manhole  opudngs  in  bridge  floors.  Where  the  normal 
flow  in  a  sewer  is  Ittsuffldeot  to  tjuickly  carry  away  the  dumped  anow  and  ice,  a  water 
Jet  has  been  Installed  which  serves  to  iBcrease  the  flow  and  this  flushing  is  regulated 
by  the  inspector  stationed  at  the  dumi^ng  atatloo.  ConMderable  difficulty  has  been 
experienced  with  sewer  manholes  which  are  located  between  the  rails  on  heavy  traffic 
trolley  lines,  and  arTaugam«its  are  bdng  otade  where  sewers  are  of  sufficient  Aoptb 
to  construct  aewer  msnhola  on  the  riumlder  with  diutes  to  the  aeww. 

Snow  Plow  Ontflti.  Aside  from  the  horoe-drawn  plows,  which  are 
otdmaiy  road  8cr^?erB,  commercial  motor  trucks  can  be  equipped  with 
plows.  These  are  of  two  ^rpes,  one  has  the  plow  attached  to  the  front 
of  the  truck  and  the  other  simply  hauls  a  road  scraper.  Experience  has 
demonstrated  that  those  plows  attached  to  the  front  of  a  motor  are  more 
efBcient  in  every  way,  particularly  with  a  wet,  heavy  snow  than  the  plows 
hauled  by  trucks,  for  the  reasoa  that  the  road  scraper  is  comparatively 
light  and  tends  to  swing  away  from  the  snow,  whereas  this  difficulty  is 
not  experienced  when  the  plow  is  on  the  front  of  a  heavy  motor  truck, 
particularly  when  the  truck  body  is  loaded.  The  driver's  seat  on  the  motor 
plow  should  be  closed  in  order  to  keep  him  at  work  at  all  times,  even  under 
the  most  trying  conditions.  The  specification  requirements  for  this  type 
of  plow  are  as  follows: 

AntomoUle  Plow  Outfits.  All  automobile  plow  outfits  must  consist  of  a  motor 
truck  of  not  Ism  than  4  tons'  capad^  and  in  front  of  which  must  be  securely  faatned 
an  adjustable  plow'  blada  set  at  an  angle  of  about  46%  and  not  leas  than  10  ft  in  Isngth 
and  1  ft  tn  dq>th;  or,  a  motor  trudc  of  tbe  same  cajweity,  hauling  a  scraper  with  a 
rfmllarly  constructed  plow  blade.  Each  such  plow  outfit  must  include  a  driver  and 
one  extra  man. 

Hofse-DrawQ  Plow  Outfits.  When  tbe  nse  of  hotse^lrawn  plow  outfits  ia  per- 
mitted they  must  consiBt  of  a  plow  or  road  scraper  ot  a  type  to  be  approved  by  Uie 
Chief  Engineer,  drawn  by  4  horsa  and  manned  by  2  dttvos  and  1  operator. 

Hauling  Vehicles.  All  vehicles  used  for  snow  removal  should  be  required 
to  have  an  ultimate  carrying  capacity  of  at  least  2  cu  yd.  The  box  structure 
should  be  so  enclosed  on  at  least  three  sides  as  to  give  the  vehicle  a  total 
full  load  capacity  of  at  least  2  cu  yd,  and  to  prevent  the  spilling  of  the 
contents.  The  inspector  should  be  required  to  measure  and  compute  the 
cubical  contents  of  each  t3i>e  of  hauling  vehicle  for  which  be  issues  loading 
tickets  and  to  indicate  this  ciqmci^  on  the  ticket  punching  or  marUng 
out  in  indelible  pencil  the  i»oper  yardage  indioatiou. 
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KeOwd  of  Detmnlniiic  Qaanttty  of  Work  Pvrfoxmed.  The  number  of 
eubio  yards  of  snow  and  ice  removed  and  diaposed  of  by  a  contractor  should 
be  determined  in  the  following  manner:  For  each  vehicle  loaded  to  its 
rated  capacity  the  loading  inspector  should  issue  to  the  driver  of  the  veiddt 
a  loading  ticket  indicating  by  cubical  measurements  the  contents  of  the 
vehicle.  After  the  vehicle's  full-sized  load  has  been  delivered  to  the  as- 
signed authorized  dump  and  properly  dumped  and  disposed  of  the  dumping 
iospeoUiT  should  issue  to  the  driver  a  dumping  ticket  in  oxchance  for  the 
loading  ticket  which  the  driver  surrenders  to  the  dumping  in^wetor. 

Snow  Remoral  from  Sidewalks.  One  of  the  weak  features  in  snow 
moval  work  is  that  the  snow  is  very  often  removed  at  ni^t  from  the  xoai- 
ways  and  the  following  morning  all  of  the  snow  from  the  sidewalks  b 
shoveled  into  the  street  that  has  already  been  cleaned.  In  order  to  eojia 
with  this  situation  in  Philadelphia,  thru  the  cotiperation  of  Uie  Polica 
Department  a  regulation  was  introduced  which  required  that  the  occupants 
of  homes  and  other  buildings  thruout  the  city  should,  6  hr  after  the  snow 
had  ceased  to  fall,  remove  it  from  the  footways  abutting  their  property, 
leaving  a  passageway  at  least  4  ft  in  width  and  piling  the  snovr  on  the 
footway  between  the  curb  and  a  line  3  ft  within  Ihe  curb.  This  does  aw^ 
with  the  practice  of  shoveling  snow  from  the  sidewalk  into  the  street  after 
it  has  been  cleaned  of  snow. 

ITse  of  Cinders  on  Slippery  Roadways.  On  or  before  Nov.  Ist  of  each 
year  cinder  boxes  should  be  placed  on  the  liighways  at  the  locations  i^en 
traffic  is  heavy  and  it  is  known  that  slippery  conditions  will  develop.  These 
boxes,  which  should  be  kept  filled  with  cinders  at  all  times,  should  have  a 
capacity  of  not  leas  than  14  cu  ft.  They  should  contain  the  letteiinfi 
Cmders  for  Shppery  Pavements.  The  cinders  should  be  spread  upni  ths 
highways  just  as  soon  as  dangerously  slippery  conditions  develop,  whethar 
or  not  the  snow  and  ice  have  been  entirely  removed  from  the  roadway 
surface.  When  necessary,  extra  loads  of  cinders  should  be  hauled  to  the 
locations  where  needed,  distributed  directly  upon  the  highway  firom  the 
hauling  vehidss  by  a  mechanical  spreading  device. 

16.  Experimental  Mettiods  for  tiie  Removal  and  Disposal  ot  Sam 

Classification  of  Hethoda.  Of  the  experimental  methods  none  have  thus 
far  been  found  to  be  practical  for  snow  removal  work  in  munitapalities- 
These  devices  and  methods  include  asphalt  surface  heaters,  elevator  grading 
maohines,  oomi>re8sing  boxes,  spedal  sewers  undra  Uw  eurbs  and  various 
melting  devices,  such  as  steam  pipes  under  the  sidewalk  and  roadway. 
A  number  of  investigations  and  experiments  have  been  conducted  to  deter- 
mine  the  practicability  of  removing  and  disposing  of  snow  by  mechaoiesl 
melting  methods.  The  more  recent  investigations  were  outlined  by  Fetheis- 
ton  (21d).  Extracts  covering  the  important  experiments  described  »n 
included  as  indicated  by  references.  Up  to  1917  no  nwchanical  melting 
process  has  been  found  to  be  economically  practical. 

Melting  Snow  by  Steam  Methoda  (21d).  Preliminaiy  to  the  iovesti- 
gstion  of  the  melt^ig  by  steam  method  of  aikow  removal  and  disposd  it 
was  necessary  to  determine  the  latent  heat  and  denai^  of  now  as  it  fsDsi 
A  series  of  experiments  were  aeeordin^  oondneted  during  1915  by  Otto 
H.  Klein,  Director  of  the  Standard  Tssting  LtAioraUfey.  New  Yori^  O^. 
with  the  following  results: 


Latent  HMt  of  Saow  u  ft  Falls.  Four  detenidiiatlolu  were  nwda,  givfaic  nhm  of 
80.8. 81.7,  79.6  and  81.7  aioOm,  with  an  avinge  <4  80.9  caloiiai,  eqviv^t  to  14M 


LTk  16    £!xperinuntal  Methods  toec  the  Di^Msal  of  Snow  1263 


Humbflr  ot 
XMamlaattan 

Deoalty 

0.18 
0.14 
0.17 
0.11 

8.1 
8.8 
11.8 
6.9 

4  

I.T.tJ.  Thle  npreKota  a  very  fair  agreement  irith  the  theoretical  vahiea  of  80  calories, 
r  144  B.T.U.  The  faeton  influwciiiK  this  result  include:  (1)  Initial  temperature 
f  the  now;  ^)  pereentaie  of  water  In  the  miow;  (8)  final  tempera  tore  trf  the  mix- 
nre.  With  the  tampOioa  of  the  second  faetor,  tin  first  and  third  amy  be  readily 
cntroUed  by.  fliat,  the  use  ot  an  accurate  thsrmomstsr  gnduated  to  hnndiwlttiB  of 
.  degree,  and  second,  having  two  mui  perfona  the  experiment,  with  one  of  than 
onstanUy  at  the  calorimeter  taking  readhigs;  in  this  way  an  accurate  estimate  of  the 
tiffeience  in  temperature  may  be  made.  Furthermore,  if  the  snow  can  bt  obtained 
.t  low  temperatures  it  is  safe  to  assume  that  it  Is  dry  and  contains  no  free  watar. 

Density  of  Snow  aa  it  Falls.  Four  determlnatlona  were  made  on  the  mum  am  K 
•II,  and  the  following  figures  for  the  denat^  wet*  obtained: 

The  temperature  of  the  air  at 
he  time  of  tlw  experimuita 
iveraged  0.6°  C  (36.r  F).  The 
landty  snow  Is  dependent 
ipon  three  conditloBs:  (1)  The 
mmpaetneH  of  the  snow  crys- 
saim:  (2)  the  water  eontent;  (S) 
content  of  foreign  bodies, 
(nth  regard  to  the  prearaee  of 
[oreign  bodka,tbe  denkly  of  anow 
irfU  vary  with  tha  locality  and 
BU7  beeome  aa  hl^  as  1.81.  It  b  therefore  obrfoua  that  fb»  denaltr  of  mtaw  U  a 
rariable  quantity.  According  to  J.  C.  Trautwiae.  the  w^ht  of  1  eu  ft  of  fra^Uy 
Callen  snow  will  vary  from  6  to  12  lb,  depending  upon  the  humidi^  of  the  atmoa- 
[diaie;  and  1  cu  ft  of  snow  when  moistraiied  and  compacted  by  rain  will  vary  bam 
tS to  50 lb.  Iiudwig  Schaller  in  "die  Belaatungdar  Baidconstrukttonen  duKhSdmei^" 
toond  the  density  of  very  dry  dean  anow  to  be  0.12,  while  that  of  very  dry  aaow 
eompacted  by  wind  was  0.17;  under  other  conditiona  (m<dstura,  ate)  it  may  boeoaio 
0.41,  0.46,  etc 

Relation  of  Latent  Heat  to  Tarjing  Degrees  <rf  Density.  Determinations  made 
on  loose  freehly  fallen  snow  and  also  on  packed  snow  indicate  no  difference  In  the 
latent  heaL  The  latent  heat  naturally  depends  upon  the  mass  of  the  anow,  but  has  ao 
connection  whatever  with  volume  jmt  m  and  thnefore  only  as  br  as  mass  conceraa 
tite  density,  will  the  latter  determine  the  latent  beat  of  the  anow.  The  only  impor- 
tant factor  to  eoBsider  in  this  connection  is  the  water.  Wiih  an  increase  In  the  per- 
eetitage  of  the  watw  In  the  snow,  the  den^ty  inoeases,  and  the  latent  heat  decraases. 

A^m"^  of  Dost  Bntiained  in  Snow  aa  it  Falls.  As  was  mentioned  above,  the 
preaenee  ot  tordgn  bodies  in  the  snow  will  obviously  d^and  upon  tha  localitjr.  The 
figures  <d)tataied  Atm  that  the  asmplaa  of  anow  oidlMted  at  the  roof  of  this  laboratory 
contained  from  a  trace  to  O.OG  %  entrained  dust.  In  every  anowtall,  attar  the  anow 
has  been  falling  for  a  short  period,  the  atmosphere  Is  freed  of  Impinlties,  thcsvfors 
the  first  part  of  the  fall  contains  the  greater  part  d  the  atmoapherie  dnst.  Hanoe 
tbe  condition  of  tba  atmo^thwe  it  another  factor  to  be  eooridsted. 

Fhish  Test.  This  test  wss  made  in  order  to  dstsrmlne  tha  qqiroiimate  qnantitr 
of  water  necessary  to  flush  a  definite  quantity  ot  snow,  and  tbe  tidlowlng  «q>wlm«ntB 
were  made.  Id  the  first  case.  2400  grama  of  snow  at  0.2°  C  (82.8°  F)  required 
26  MO  cu  cm  of  water  at  9°  C  (48°  F)  to  flush  It  off;  while  In  the  second  case  28S0 
grams  of  snow  at  0°  C  (82°  F)  required  84  840  cu  cm  of  water  at  8.8°  C  (47°  F)  to 
flush  It  off.    Ordinary  tap  water  was  uaed. 

28  640     148  119 

Tbe  ratio  of  water  to  snow  is   —  —  in  Qi»  flrst  case,  and       in  tbs  seoond 

2  400      1  1 
case.   These  valuea  have  little  slgnlflcanee,  howavw,  for  a  freat  deal  depends  up<m 
the  temperature  of  the  wattf  used. 

Relative  Weights  of  Snow  and  Ice.  Some  years  ago  a  number  of  exptfiments  wars 
performed  at  Kingston,  Canada,  on  the  relative  bulks  of  snow  and  ice.  The  resulta 
which  are  recorded  (27)  showed  that  the  average  temperature  of  I  cu  f t  block  ol 
ice  was  —  18°  C  (0°  F)  and  Its  wdght  was  67  lb.  The  block  was  allowed  to  melt  at 
11°  C  (^  and  yielded  ^  cu  f t  watw  or  1S12  eu  hi  woghing  64  lb.  One  ea  ft  <rf 
snow  was  then  takaa^upand  eoMpromad.   Itssveragatsmporaturawas  — 7°C  (10Ji'I>)i 


L.ooQle 


1264      Street  Cleaning,  Disposal  of  Waste,  Snow  fUmorai    Sect.  22 


weight  63  lb,  14  ouncee,  and  when  meltrd  at  11°  C  (52"  F)  yWded  1728  en  to  water 
weiEhing  1021  ounces  or  63  lb.  13  ouncM. 

Snow  Melting  witfa  Portabi*  Steam  Boilns.  Accf^ting  the  latent  heat  of  w>« 
at  U4  B.T.U.  the  f<dlowing  daU  was  compiled  by  Fetberatoo.  It  w«*  — rnnad  that 
the  Blow  melting  equipment  would  cooaiat  of  jwirtyMn  Bteam  boUera  with  flndbb 
ateun  boae  connectioiw  opvated  by  labwef^  It  ma  also  aMumed  that  tlw  water 
produced  by  the  melted  snow  would  run  thru  the  gutt«n  to  the  nwer  inlets  witiMOt 
frawlng. 

Table  XT. — ^Data  oa  &iow  Melting  by  PortaUe  Steam  Boiler 


Hut  Rbquirbd  FSB  Pound  or  Snow: 

Utent  heat  oi  mow   144  B.T.U. 

Heat  required  to  raise  temperature  from  — 6.7*  to  0"  C  (W 

to82"F)   I2B.T.U. 

Heat  rwiulr«l  to  warm  water  24°  C  (76°  F)   44  B.T.U. 

Total  hMt  required  to  melt  bdow  and  tub  water  to  aewer  basin  200  B.T.U. 
WetORT  or  Show  fob  Cubic  Foot: 

Minimum  weight  newly  fallen  snow.   6  lb 

Ordinary  weight  newly  fallen  mow   12  lb 

Weight  of  Ktow  in  tnidu  attar  handling   90  lb 

Aaomed  smags  weli^t  dtjr  anow   16  lb 

Snow  Mblibd  pbb  Podnd  Coal: 

1  lb  Btcua  at  SO  lb  prmura  contaiaa   1174JW  B.T.IT. 

117* 

1  lb  steam,  no  waste,  will  malt  -~  or   6.87  lb  miow 

200 

Id  portaWe  boiler  asaume  steam  delivered  per  pound  of 

antluadts  coal   9M  lb  ateaai 

Henee  snow  melted  per  pound  of  coal  would  be  6  X  6.87   SS.2S  lb  sDow 

VoLUUB  or  Snow  Hbltbd  pbr  Pound  Coal: 
Aasumed  wdgfat  of  snow  per  cubic  foot.   16  lb 

JUL  4HI 

Hence  1  lb  coal  (without  waste  of  steam)  will  nelt    2.2  cu  ft 

16 

Abba  Clbarbd  or  Snow  bt  Stkah  iwni  1  lb  or  Coal; 
Assume  64n  snowfsll: 

1  lb.  ooal  wffll melt,  without  wasta of  stasm,  |^   Uaqft 

0.6 

Assume  IZ-in  snowfall: 

lib  ooal  win  melt,  without  waste  of  steam,  ^   2.2  aq  ft 


Speed  or  Hbltino: 
Assume  70^  p.  portable  boilw  oa  wheels,  allow  26  aq  f t  grate 

area  and  12  lb  of  coal  burned  per  aq  ft  of  grau  per  hr  or 

800  lb  coal  per  hr. 
Note:   A?0-h.  p.boileroawhsekiriUweiihlSOOOIbwhboiit 


water. 

Area  cleared  of  snow  per  hour: 

6-in  snowfalt,  300  X  4.4   !«»  aq  ft,  USaqyl 

12-io  snowfall,  300  X  2.2   WO  aq  ft,TS.8  sq  yd 

Volume  melted  per  hour: 

800  lb  coal  X  2.2  cu  ft   660  eu  f t 

Equivalent,  cu  yd   24.44 

Cost  per  Houb,  70-H.  P.  Pobtablb  Boiler  and  Crew: 
•An 

Coal  at  96.26  per  ton  -  ~  -   $0.9400 

Horses,  4  at  $1.60  per  8-hr  day   0.7fiOO 

Driver,  1  at  |2.60  per  8-hr  day   0.3126 

Engineer,  flmnaB,  1  at  (4.60  per  S-br  day   0JW2S 

lAborara  on  steam  hose,  S  at  92.S0  pw  8.hr  day   0.g2Mi 

Total,  no  find  daiiaa   «S.1«00 
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Cubic  ymrdi  ndted  per  hiMr,  ao  ataun  wHtod   24.4 

Cost  per  eublc  yarH,  origiRal  mow   fO.lS 

JIPrUCATlOH  OF  ESTIMATIS  TO  CONDITIONB: 

In  Maaluittaii,  Bronx  and  Brooklyn,  the  street  trtm  sdiedukil 

forninav«lw»   22  410  446  sq  yd 

Number  of  70-fa.  p.  boiler  hoUn  required  to  dear  tide  area: 

After  64a  anowfall   162  764 

>    After  1S4b  anowUn   SOB  7S8 

Number  of  70- h.  p.  boUen  woridng  24  hr  per  day  required  to 
dear  now: 

For  S-in  storm,   6  days  1  .  ». 

For  12>in  atorm,  12  days  J 

Coat  id  1061  bdlen  at  $700   $742  700 

Minimum  cluuie  for  bttereett  dapredaUoo  and  storace  per 

annum  on  above  macbinea  would  amount  to  1S%   Ill  40B 

For  aSrerage  yrar,  4  atorms  (rf  6  in  are  removed,  676  boun  per 
year  boiler  in  use,  thus  the  overhead  per  hour  per  boiler 
would  be   18  omta 

AcTUALITIBa: 

Allow  60%  efficiency  in  the  applicsUon  of  st«am  from  hoao  <a 
street,  this  is  believed  to  be  high,  then  the  coat  per  cu  yd 
of  original  mow  would  be  26  cents  without  Axed  charges. 
With  flxed  charges  27.6  cents. 

Tar  comparlwn  with  truck  haulage  cost  in  Manhattan,  47 
cents  per  cubic  yard,  the  shrlnk^e  in  original  snow  would 
•mount  to  at  least  60%;  thus  cost  of  mating  by  steam 
would  be  62  cents  per  cu  yd  without  fixed  cliuges,  or 
66.2  cents  with  flxed  charges. 

Coal  Consumption  or  1061  Boilbrs: 

To  dear  64n  storm  in  6  days   22  915  tons 

To  dear  12-in  storm  In  12  days   46  860  tons 

To  kaep  the  boilers  supplied  will  require  the  delivery  of  169.1 
tons  of  coal  per  br  at  1061  loealltlea  in  the  dty. 

Tam  AsHCB  to  n  RmoVBD  proh  Boilers: 

After  «n  storm   2  292  tons 

.After  12-in  storm   4  686  tone 

Cost  of  Bsh  removal  not  covered  in  estimates,  but  would 
arpount  to  |1  per  ton,  and  require  the  services  of  882  d^ 
oarta  to  remove  aahea  in  1  day  aftsr  a  6-ln  atonn,  or  764 
flarta  tor  1  day  after  a  12-in  atonn. 
Snow  Melting  by  Steam  Generated  by  Coke  and  by  Tfaph^ut  Fnmaeea.  During 
1896  actual  tests  were  made  in  New  York  City  by  C.  D.  PollodE  undar  the  dhectka 
of  Commissioner  Waring  of  the  Street  Cleaning  Departmpnt. 

Table  XVI.— Snow  Melting  Test  Data 

RUM  BHOW  HELnNO  TSBT,  SUKDAV,  rSB.  17,  1896 

Franklin  St  basin,  140  ft  east  of  Broadway,  8-br  teat. 

1    Enemas,         $3.60  for  10  hr   $2.80        Reault:  Melted  62  loads 

1     Assistant,              2.26torl0hr   1.80        snow  at  28H  cents  per 

1  Boiler,                   6.00  for  10  hr   4.00        load.     Does  not  ineluda 

1^  Chaldrons  oolre  at  4.00   7.00       piling  and  loadhig. 

2  Uboren  at  badn.  2.00  tor  8  hr   4.00 

3  Cartib                 8.60  tor  8hr   10.60 

980.10 

Google 
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wmtM  SHOW  uLTaro  m.  hohuv  hiobt,  wm.  U,  ISU 
nukUa  St  bMin.  9  hr  tesL 

2    EdiIimms,           |3.60forl0hr   $6.S0  Rewlt:    Melted  IM  kwik 

1     AHtotanti,              2.25forl0hv   2.03  aaow at  51.8 csnta.  Don 

t    BoUm,                6.00  for  10  Lr                 S.OO  not  induda  piUu  mod 

SHduMnwflolnftt  4.00   14.00  IouUiib. 

I    Shovrimatbufa,  S.OOfor  8hr   S.75 

e    Carta,  S.SOfor  8hr   IS. 75 


(58. 88 

or  cuNDBix's  tupBmL  mow  kelttno  hachihb 
Nicht  <rf  Feb.  11.  2  blo^  on  Worth  St.,  from  Brntdway  to  Wwt  Bfosdw. 
Tim*  <d  flrat  laaiefaiiie,  4  hr,  67  ndnl  .ici.. 
Tlttwof  wemul  madiliM,  4  hr,  12  mta  j  "* 
'  20  Barreb  naphtha  uaed  in  I2i(  hr,  1.6  aa  hr  at  I3.7B  par  bU. 

Cmt  ot  naphtha  per  hr,  |6  for  9.16  hr   «H.9a 

16  Labonn  at  12.00  $80.00 

IToraman   2.60 

IXngliM*'   2.60 

1  AMbtant  Engineer   2.00 

Coat  of  Lab«».  8  hr   988.00 

Cart  (tfUbor,  9.16  hr   48.40 

298.28 

Two  hundred  and  atxty-four  loads  of  anow  in  D.  3.  C.  carta  were  ratnored  froet 
Leonard  St.,  between  Broadway  and  West  Broadway  and  Temple  Court  on  nl^t  vt 
Feb.  12th,  1895.  Aaeumlng  the  eaine  quantity  of  anow  to  Iibtb  been  takm  froa 
Worth  St,  then  the  coat  per  load  waa  about  87  centa. 

Sbow  Melttaw  bj  Btoctric  Hetfaod.  During  Feb.,  1914,  the  He«  York  Edtaon  Co.. 
New  Yak  Cl^,  carried  o«t  a  aariea  al  npettetnta  on  ndtinf  now  by  alaeUie  pOMr 
wltlt  the  ftdlowfaig  raolta: 

Table  ZVn.— Data  on  Snow  Ifelttnc  by  Electricity 


Teat 

^1 
dl 

Time 
Hr 

BlMtBUAL  DATA 

ii 

RA 

Elapeed 

Volta 

Ampo 

Kw 

Kw-hr 

Cu  Yd 

CuYd 

1... 

1 

7.25 

0.121 

236 

1017 

240 

29. 0 

8.8 

29.0 

2... 

9 

84.00 

1.400 

242 

1100 

267 

84S.3 

76"  F 

6.4 

88.4 

8... 

2 

17.00 

0.284 

240 

1010 

avc242 

•Vt  68.7 

WF 

7.0 

84.8 

4... 

2 

26.00 

0.600 

147 

717 

107 

S4.S 

82*F 

8.88 

24.1 

The  anow  which  waa  melted  wei^ied  36  tb  per  ea  ft  and  it  waa  eettmated  Oat  nith 
more  efDdent  iqipatatua  the  current  conaumptloB  eould  be  tadocod  trota  M  *a  H*  At 
a  ooat  of  ly^  centa  par  Inr-iir,  the  diarge  tor  melting  would  approximata  48  emta  par 
«a  yd  adMB  daaDng  with  now  wali^dBK  26  lb  par  cu  ft  The  coat  of  gatiMiac  and 
liandHag  now  would  etOI  have  to  be  added  to  the  malttag  eipenae.  alao  tha  fixed 
duugee.  If  hydrant  water  were  not  aTeUable  for  wiHilaiiwiillng  the  aaoBti  flov  «f 
aawage,  the  uee  of  electric  molten  might  be  advantageooi,  but  It  ia  daabtfnl  It  ttia 
method  would  compete  with  direct  eewer  dlapoeaL 

Snow  Haltiiig  by  G«a  Heat  If etliod.  So  far  aa  known  bo  aaleaniva  fawaaHgatlima 
relative  to  the  praeUcaUli^  of  ntUhdng  gaa  heat  for  lamueiag  anow  have  ban  om- 
duetad  in  tUa  eountiy.  In  lef  erring  to  thta  matter,  however.  Fletcher  (22)  atataa  that: 
"Tha  plan  of  melting  by  eoal  gaa  ii  abaard.   Six  luebv  daap  ol  avwwa  now.  wkn 
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nelted,  beeomea  K  In  depth  of  WRtar,  24  aq  ft  of  whidi  «m  wd|li  «2H  lb  or  28.4  lb 
wr  sq  yd.  At  tM>  mte  the  mow  on  one  mils  of  street  20  yd  wide  woidd.  If  6  in  deep, 
veigii  828  680  lb  or  868^  tons.  The  beating  power  of  London  gu  i>  660  unita  per 
ni  ft  ud  we  may  Muime  that  600  unite  could  be  utiliied.  It  bai  been  proven  that 
L  lb  of  mow  at  the  freeing  point  requiree  160  nnfta  of  heat  to  melt  tt  and  raiaa  the 
wnpmiture  of  the  water  obtained  to  4^°  C  (40°  F)  and  this  effect  would  be  produced 
m  3^  lb  mow  by  the  conaumption  of  1  eu  ft  of  coal  gaa.  From  the  above  data,  it 
/rill  be  found  that  to  melt  the  mow  in  the  anuned  mile  of  street  would  require  the 
KSHumption  of  247  000  eaitot  gaa,  ccatioc  at  8  a  (fQ.73)  per  1000  cu  f t,  a  little  ovu- 
n  lb,  or  at  the  rate  of  8266  lb  pa-  sq  mUe.  Even  If  we  were  to  a«me  that  the 
met  of  gaa  and  lidwr  wm  not  prcUUtive^  the  fact  that  the  ground  itadf  la  naoaUy 
»lder  than  0°  C  (32°  F)  must  be  eonaklered,  aad  the  irouBd  would  alao  have  to  bb 
ranned  or  a  thin  surface  of  glaaay  ice  would  ranaln  after  the  mow  was  zemoved; 
ilia  would  also  ccmdemn  the  project" 

Steam  Pipes  Und«r  SldawaUn  and  Roadway.  There  has  been  suKBested 
ihe  installatioQ  of  ateam  pipes  under  the  aidewalka  and  roadway,  oonnoctod 
vith  central  heating  plants. 

Gtneial  Coa^derationa.  No  estlinate  la  avidlidrie  of  the  eoat  of  wa6b  an  Initallalleo. 
The  Inatallatlan  of  a  ayitam  of  beating  wUA  would  Insure  the  toiqwrature  e(  the 
>avement  remalnlnf  at  aay  27*  C  (80°  F),  iridle  the  tenqieratnn  «f  the  air  waa  as 
ow  as  —18°  C  (0°  F),  would  aerve  to  prevmt  any  accumulation  of  tbe  anow  and  the 
[HOW  problem  on  dty  streets  would  be  solved  in  an  ideal  way.  Some  mdi  arrangement 
nay  ultimately  be  used  on  certain  atreeta  in  large  dtiea,  but  the  dURcolties  In  the 
irar  of  audi  a  adteme  ate  many.  It  would  be  neoesary  to  InstaD  aa»  or  man  ntaliia, 
lapeodlng  on  the  width  of  tbe  atreet,  with  laterals  not  more  than  4-lt  eentera  from 
lousB  line  to  house  line.  This  would  mean  that  cdther  the  entire  pavement  would 
lave  to  be  removed  or  ^t  It  would  be  neoeaaary  to  wait  until  the  street  waa  repaved 
jefore  installation.  With  such  a  networlc  of  i^pea  on  tbe  aurface,  the  difficulty  of 
natalling  new  tuiderground  strueturea  is  apparmt.  The  queatlon  of  taldng  eare  (rf 
iw  large  quantity  of  condensed  steam  would  abo  be  a  problem  In  ItnU.  Am  there 
■  Bcareely  a  building  in  the  center  <A  a  dty  which  ia  not  equipped  with  a  haating  pfamt, 
lome  arrangement  or  leglalation  night  be  had  to  compel  property  owaeca  to  aopply 
irith  steam  tbe  plpce  directly  In  front  of  thdr  properties,  this  to  he  mpplamented  by 
iie  heating  plants  controlled  by  the  dty.  Tbe  coat  and  impracticability  of  installing 
nicfa  a  iyatem  on  a  large  scale,  on  account  of  tbe  numerotu  difflculttes  to  be  moouatered 
■mold  not  seem  to  wamutt  serious  consideration,  but  In  1B60  or  latw,  when  there  la 
t  pOHibUlty  of  dreama  <tf  the  ideal  dty  beemnfaig  a  fact,  thfa  nwthod  la  raennimmded 
lor  conddention  In  connection  with  future  dty  plaanlnc. 

PoitaUe  Car  Eqtapped  with  Steam  Pipes.  The  Penn.  Co.  haa  been 
jaing  aeveral  snow  mating  devices  on  their  Philadelphia  Terminal  Division. 
!!>ne  of  these  devices  might  be  made  particularly  appUcable  to  municipal 
ivork;  the  others  are  peculiar  to  railroad  work,  such  as  the  melting  of  snow 
n  switches  with  burning  oil,  and  the  disposal  of  anow  in  snow  melting  pits 
ocated  in  their  yards.  Also  a  device  on  a  locomotive  by  which  the  snow 
B  blown  away  from  the  tracks  with  live  steam  sent  thru  a  pipe  looated 
Tetwoen  the  wfaeds  and  near  Urn  traoka,  but  the  idea  of  equipping  a  ear 
irith  steam  pipes  for  melting  mow  is  one  which  ia  worthy  of  attention  for 
municipal  work. 

Uethod  of  Use.  The  R.  R.  Co.  uses  a  gondola  car,  the  inside  dlmoudona  being 
kbout  88  ft  8  in  In  length  by  9  ft  8  In  in  width  and  8  ft  9  in  In  depth,  about  1  ft 
Mlew  the  tap  irf  the  car  bdng  a  falsa  bottom  Connfav  a  pan,  wUdi  fa  ved  lor  tihe 
itaam  pipes  and  for  storing  hot  water.  The  steam  pipes  are  of  various  lengths  and 
tre  open  at  the  ends.  This  arrangement  distributee  tlie  steam  directly  ow  the  entire 
pipe.  The  flnt  mow  is  melted  by  the  steam  and  In  a  short  time  tbe  accumulated 
ivater  la  boiling.  The  now  is  then  melted  by  the  bdling  water.  In  the  center  of  the 
la  a  small  f™»ti«»i«,  11  fai  \a^,  thru  which  tbe  water  overflows  to  the  lower  part 
](  the  car  which  is  about  2  (t  6  fai  In  depth,  and  is  used  for  tbe  storing  of  the  accumu- 
MioB  of  BOW  water.  Tbe  amount  of  mow  that  can  be  melted  in  tbe  car  before  letting 
tfea  water  oat  ia  squhalnt  to  approximatety  2S  carloads  of  the  type  ot  ear  gaBacallr 
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used  b7  them  for  this  purpoae,  dopendins  Munewfaat  upon  the  compaetiMM  vt  tte 
■now.  With  20  men  thia  <»r  has  been  filled  with  water  three  (Imae  «  day  of  10 
The  water  on  be  dumped  at  any  drain  or  idt,  or  when  the  ground  la  fh»B.  at  may 
p<dnt  where  It  wUl  r— My  drain  away.  A  single  car  haa  a  ^ittnct  advantag*  over  ■ 
long  train  in  eongeated  diatrlcta.  It  aleo  frequently  happois  that  a  ear  can  be  gnpCtaJ 
at  polnta  where  there  la  snow  to  be  loaded.  In  thia  way  more  anow  is  being  diapo—d  of 
while  the  ear  ia  emptying  itaelf.  Naturally,  the  beat  remilta  are  obtained  by  handling  the 
anow  while  it  ia  new  and  before  too  much  dirt  ia  mixed  with  it.  The  car  faaa  been  in 
uie  for  two  winters  and  In  191fi-1917  waa  uaed  contlmMntaly  after  eadt  aMnr  stona  ontfl 
the  aeeumulatlcm  of  anow  had  been  removed.  During  all  the  anow  atoms  of  tbm 
1916-1917  winter  the  R.  R.  Co.  did  not  haul  one  shovelful  of  anow  from  tiie  Pm.il. 
Terminal  yard  and  conaidering  the  actual  neeeadty  of  keeping  theee  traefca  pmedeany 
entirety  clear  of  anow,  particularly  around  awitcfaee,  the  R.  R.  Co.  feeb  that  thin  abowa 
eoBdnaively  the  advantages  of  the  varioua  melting  devices  which  they  are  nrfn^ 

16.   Administration  and  Organization  of  Snow  Remoral 

Oenend  Organization.  As  in  any  other  similar  character  of  work  it  is 
necessary  to  have  a  very  definite  order  of  procedure  in  the  general  organiaa- 
tioQ  under  which  the  work  is  performed,  and  the  following  details  of  such 
an  organization  in  Philadelphia,  under  the  direction  of  the  author  as  Chief 
of  tho  Bureau  of  Highways  and  Street  Cleaning  from  1912  to  1917,  will  gi\-« 
a  general  idea  of  some  of  the  essential  factors  necessary  to  properly  oontiul 
this  work; 

In  Philadelphia  the  snow  removal  and  disposal  work  was  peffoimed 
hf  the  following  regular  and  emergency  force?:    (1)  Emergency  snow  re- 


]i»twctor  in  Cbaiie  e( 
PUaains  Board,  Work  TlekatB, 
ttoporta  sad  lUcMda 


Fig.  5.  Organization  Chart  of  the  Routine  Snow  Removal  Woodc  fax  Reaidcntal 
and  Outlying  Buaineaa  P"<tff"T  ol  Philadelphia 

moval  laborers  and  contractors'  forced;  (2)  regular  street  cleaning  fomes; 
and  (3)  regular  municipal  labor  forces. 

The  cleaning  of  snow  and  ice  from  the  entire  area  of  highways  ia  the 
oeatrai  business  section,  which  is  divided  into  19  diatricta,  was  done  by 
tlM  emeqeucy  snow  removal  oontractorB'  loroeB,  enwrgntoy  laboreia  and 
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the  regular  street  cleanioR  and  municipal  labor  forces  under  the  direct 
supervimou  of  the  Chief  Engineer  assisted  by  a  provisional  orgaoizatiou 
composed  of  ^>eoial  Bfaigtunents  from  the  entire  engiiieenng  and  inspection 
taroo.  That  portion  of  the  snow  removal  work  which  was  performed  jointly 
by  the  regular  street  cleaning  forces  and  the  municipal  labor  forces  under 
the  direct  euperviaion  of  the  district  engineers  and  their  regular  subordinate 
or^anixationa,  included  the  removal  of  snow  and  ice  from  highway  crossings, 
Sautters,  sewer  inlets  and  the  vicinity  of  fire  hydrants  thruout  the  city; 
and,  after  this  work  was  finished  the  cleaning  of  the  entire  areas  of  certain 
eclected  highways  in  the  impor- 
tant busincds  sections  in  the  sev- 
eral respective  districts.  A  large 
force  was  also  employed  opening 
up  the  suburban  and  country 
roads,  where  the  drifts  often 
completely  block  traffic.  The 
organization  details  of  both  the 
regular  district  forces  and  the 
provisional  central  forces  are  in- 
dicated respectively  on  charts, 
FIsL  6  and  6. 

Thfl  Snow  Alarm  or  UoblU- 
zation  of  die  Snow  Removal 
Poreos.  The  main  idea  in  a  snow 
removal  organisation  is  pre- 
paredness. The  snow  alarm,  or 
preparedness  in  the  work  of  snow 
removal  as  it  was  generally 
termed  in  Philadelphia  was  an 
innovation  introduced  the 
writer  when  Chief  of  the  Phila- 
delphia Bureau  of  Highways  and 
Street  Cleaning  and  was  operated 
from  1912  to  1917.  The  con- 
ception and  operation  of  the  snow 
alarm  in  Philadelphia  wbs  one  of 
the  unique  improvements  which 
resulted  in  greatly  benefiting  the 
community. 

Detail*  of  Operatioa  of  Snow  Alarm. 
At  any  hour  of  the  night,  u  soon  m 
the  snow  eUrted  to  fall  the  Electrical 
Bureau  in  the  City  Hall  notified  the  Chief  Engineer  of  the  Bureau  of  HiKhwaya  and 
the  nveral  division  and  aasiatant  engioeen  in  charge  of  snow  removal  work,  by 
telephone  in  their  respociive  homes.  The  englnaer  In  general  charge  of  anow  re- 
moval work  lived  In  Uie  cottral  part  of  the  dty  and  when  weather  condiUona  nees^ 
dtated  was  In  eonatant  communication  with  the  Weather  Bureau  and  the  Chief 
Engiaeu-  of  the  Bnresn  of  Highways.  Thla  engineer  also  kept  an  hourly  rwcord  oC 
the  thennnmeter  and  barometer  readinga,  the  depth  of  anow,  direction  of  wind,  so 
that  an  exact  history  ot  every  Storm  was  at  hand.  The  snow  alarm  or  the  order  to 
mobiiize  the  forees  and  b^tai  now  plowing  or  removal  operations  was  given  by  the 
ChW  Engineer  of  the  Bureau.  This  setka  was  baaed  on  the  likelihood  of  the  depth 
of  the  snowfall  of  2  In  or  more,  and  tfaa  existing  and  predicted  weather  and  tempera- 
tan  oonditloM.  In  giving  the  alarm  the  Chief  Engineer  triepboned  Us  instruetkms 
to  the  aabtant  antfiNer  in  dMrge,  who  Immediately  trdwiutted  thsM  hiBtructloaa 


Fig.  6.  Organization  Chart  of  the  Emer- 
gency Snow  Removal  Work  in  the  Ceib- 
tral  Buaineas  Section  of  Phlladdphia 
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to  tlw  wvml  divUoQ  coijiMan.    The  dlvMoo  m^iwera  hi  turn  coniDaidestBd 
tiuir  vedal  aMtatsnts,  who  Immediately  reported  «t  the  oiaio  office.   The  I—miii  c| 
iiMtnictioiu  to  all  aoooenMd  occupied  but  &  eonipvmtiv^  ehort  time  m  the  Elae- 
tricml  Bureea  handled  all  calls  in  coonectioo  vith  a  now  alarm  aa  emerntany  calk. 

The  iupeetoTB  sMlciied  to  the  snow  plmra  mn  flnt  called  to  duty.  TlMee 
■pecton  reported  at  the  atabke  and  gaiagw  where  the  reqwctive  plowa  to  whkh  thqr 
wwe  a^coed  were  kept.  Each  lnq>eetor  had  the  namee  ard  addreaaee  of  the  plov 
opwaton  and  it  was  hk  duty  to  see  that  the  contractor  or  his  nprmntative  a^piil 
to  tlie  stable  or  isrsie  made  Immediate  anangenieBta  to  let  iiiweinea  to  wpoft  to  fta 
■table.  Arranfemeota  were  also  made  with  the  PoUoe  Departmeot  to  aid  the 
tfptdon  in  reacliiaK  the  men  and  upon  requeat  patrolmra  were  aadsned  to  tUa  datf. 
When  the  plowa  were  ready  to  start  work  the  inspectors  notified  the  main  ctfflce  mi 
ttw  plows  were  kept  In  readiness  until  ordered  to  work.  This  acheme  pot  d^ai^ 
maot  In  cMttrol  of  the  plows  at  the  beginning  ot  the  storm. 

As  soon  as  the  indlcatlona  pointed  to  a  continuance  of  tits  sbonn  the  entire  mam- 
flghtiflf  equipment  was  ordered  out,  upward  1000  triephone  iiiiiiiaiLin  bcii«  aot 
out  to  various  parts  of  the  calling  out  squad  leaders,  Inspecton,  drivers,  tMBi, 
laborers,  and  officers  In  the  various  poUoe  districts  who  aided  In  lettiag  out  tlie  am. 
This  army  of  laljorera  and  taama  k^  oooatantly  at  work  In  day  and  oltht  ririf^ 
plowing,  dioveling  and  dumping  the  snow  into  sewer  manhola  and  into  the  Ddawaie 
and  SdUiylkill  Rivers.  Every  man  In  the  snow  removal  orgmnbation  bad  m.  paiticakr 
[uDctiaii  asrigned  to  him.  Far  lastaace,  eadi  dump  '■t*^**™-  knew  ^Ht  v^t  to  da 
wbm  ha  got  there:  tlie  drivw  of  every  t«am  knew  -mbtn  he  was  to  report,  at 
pdnt  be  was  to  atart  to  load,  and  at  what  sewer  manhole  or  wharf  he  was  to  dnafi 
his  loads,  and  thve  was  no  confusion.  Fighting  the  anow  st  night  during  aoaae  tt 
the  storaiB  during  the  period  of  1912  to  1917  wss  no  easy  task  for  the  anginawa  swltnii 
aa  sqnsd  Isadars,  the  fauiMetan  and  the  labom,  and  It  rsqidrad  rmisliiil  pcesmee 
of  the  Chief  of  die  Bureau  and  Us  prindpal  aflristanta  to  encoarage  the  umo  and  aft 
up  the  necessary  enthuriaam  to  keep  tlie  work  going. 

The  main  idea  in  the  Philadelphia  snow  alarm  was  idmply  the  practical  aptfBtsttan 
<rf  the  principle  of  preparedaees  in  the  work  of  asow  renovaL  The  wganiaation  M 
been  hwtructed  In  the  methods  tiiat  under  the  drcunstanesa  would  seam  to  ba  bat 
adapted  to  prevent  Intcoruptlon  to  baffle  during  and  aftsr  a  snowfalL  Duibig  tiw 
daytime  the  mobilisation  of  the  snow  fighting  forces  wss  an  eaay  matter  aa  eomiwred 
with  turning  out  this  force  at  night.  It  is  practically  Impoealble  to  get  a  great  numbs 
ot  lab«em  to  work  at  night  during  a  very  severe  storm,  snd  to  offset  this  great  strssi 
was  laid  on  the  use  of  the  snow  plows  to  k«ep  the  streets  open  to  trsffle,  Vhcnenr 
the  atom  oeoirred  in  the  daytime  or  at  night  when  the  weatbw  oooditicn  were  net 
loo  sswa  oonaidarable  of  the  work  was  performed  by  flushing,  sweeping  and  ahovafing 
snow  into  sswsr  manholes  and  inlets.  This  method  could  not  be  depended  upon  in  a 
heavy  storm  aa  It  would  he  practically  impcaidlile  to  get  a  sufficient  labor  fora  te 
work  to  keep  tlie  streets  op«i  to  tnffic,  and  It  Is  for  this  reason  tliat  the  plows  sbeold 
be  kept  CMistantly  at  work  plowing  the  snow  to  the  side  of  tlie  street  during  the  ihi^im 
of  the  storm.  This  keeps  the  streets  open  to  traffic  when  difficulty  is  niprriisH  wl  with 
tte  Uxn-  Mamtiaa.  There  nevw  should  be  wy  great  difficulty  fa  gattteg  labenta 
and  teams  In  the  daytime  or  at  idght  to  load  the  now  irfled  at  the  dda  of  tbm  aiiast 
Into  the  wsgons  and  haul  it  to  the  dumpa.  It  is  difficult,  however,  to  secure  suAont 
laborers  to  diapoae  of  the  snow  by  shoveling  It  into  sewa  manholes  This  featore 
the  woric  should  be  rfmply  supplemental  to  the  main  feature,  which  Is  the  mb  <f 
the  plows  to  keep  the  streets  opm  to  traffic,  and  after  neveral  yuan*  iiiiwihiiiiii  with 
tills  method  it  would  seem  good  poUcy  to  have  on  bsnd  snow  plows  and  placs  the 
main  dependence  upui  them,  aa  It  takes  very  little  time  to  get  them  od  the  work  and 
It  Is  possible  to  Ireep  them  st  work  at  all  times,  even  during  the  most  trying  eonditloni. 
When  the  snow  is  plowed  to  the  side  of  the  street  it  simpUfles  loading  It  in  -wt^xa  for 
dlsposaL 

Availability  or  EiiPLOim  por  Dutt.  All  employees  amtgned  to  anow  removal 
work  should  be  on  duty  at  all  houn  ot  both  the  d^  and  night  during  the  entin  wbtw 
Maaoii,  subject  to  call  at  any  hour  of  the  day  or  night  to  report  for  Um  nnlfae  pet- 
fermanca  requhvd  1^  thdr  respective  aasIgnraetttB.  When  tiM  weatbar  eondttien 
an  such  that  snow  may  be  expected  the  employeea  should  be  required  in  cm*  of 
■baviea  tram  Uw  adiedulad  call  addr«%  to  main  nltabla  airawnsBta  f w  imbMi« 
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Immediate  notice  of  any  order  to  rsport  for  du^  that  may  be  amt  them  and  to  hold 
thftmadvee  In  ii  mHiiiiw  for  a  aubHquent  call  Employees  should  be  required  to 
promptly  advise  the  aadttant  engineer  in  charge  of  mow  removal  woilc  of  any  diange 
in  their  call  addressee  or  telephone  aumben. 

ABBAMaSHKNTB  FOR  Caujno  Snow  Rbiioval  FOBCIfl  TO  DUTT.  Both  the  diTirion 
Miglneus  and  the  district  engineers  should  be  required  to  a  complete  roster 

<rf  both  the  regular  municipal  labor  and  street  nlsantng  foreea  and  the  emergency 
■now  removal  forces  under  th«ir  respectiTe  Jurisdiction.  This  roster  should  contain 
the  name  and  call  address  and  telephtme  number  by  vhleh  eadi  member  of  the  foree 
nay  be  readied,  and  also  the  ntimbers  of  the  police  dlstrleta  fat  which  their  horaea 
■M  ioeatad.  Eadi  of  tlie  municipal  gang  labar  tonaim  sbouM  be  nada  psnoBally 
iwiiiiiisTIiIh  for  the  noUfleatloD  and  repOTtiiig  on  the  work  of  a  adaetad  nnmber  ot 
the  munidpal  labor  employeee  Hvlng  In  Us  locality.  The  Inspeetcws  and  gang  foremen 
ahoold,  when  weather  conditions  make  it  necesaary  or  advlaable,  hold  themaelTes  In 
roaillmas  to  be  called,  but  need  not,  however,  telephone  to  the  offlce.  When  an 
amplcaree  cannot  be  reached  by  telephone  the  police  district  in  whidi  his  home  is 
located  should  be  requested  to  notify  him  by  sending  a  policenum  to  his  home.  After 
proper  notice  is  given  tlte  oontnetora  should,  however,  be  reeponsible  for  the  prompt 
rqwrting  of  their  forces  ob  the  work  in  accordance  with  the  pre-arranged  aadgnmoits. 

Duties  or  Division  Ekgikbxrs.  The  division  engineers  diould  be  required  to 
exerdse  a  vigonms  supervision  over  both  the  emergency  and  the  ngular  dbtrict  anow 
removal  work  under  thdr  leapeetive  supervision,  and  to  see  that  the  work  is  conducted 
In  sudt  a  manner  as  to  satisfactorily  meet  the  prevailing  oonditiMia.  The  amotmt  ot 
time  spent  by  the  divlsloD  engineer  in  ettlter  the  ofllce  or  sapervlsiixi  of  tbs  work  should 
be  governed  mtlrely  by  the  current  requiranenta  o(  the  work,  but  all  work  of  a  rovtine 
nature  should  be  asdgned  to  their  spedsl  aseistants. 

Duties  of  Special  Asbistamts  to  Divibion  Enoinberb.  The  spedsl  udstants  to 
the  dlvinaa  eoglneera  should  be  instructed  to  wport  promptly  at  tin  main  office  when 
the  weathar  eonditfamB  aeera  to  Indicate  tliat  a  atowfall  of  2  In  depth  or  more  wiQ 
occur,  and  on  arrival  at  the  main  oflkse  they  iheuU  immediately  report  thdr  presnea 
to  their  reepectlvie  division  engineers  dther  verbally  or  by  telephone.  Tbe  special 
Bssistanta  should  be  provided  with  a  copy  of  the  organization  ediedule  and  tbe  call 
addressee  of  all  of  the  employeee  and  contractors  aadgned  to  snow  removal  work, 
the  planning  board  equipment,  hauling  tlcketa  and  report  forms.  When  iaatnicted 
to  order  out  the  forces  they  should  transmit  the  inspections  to  the  several  squad 
leaders  assigned  to  their  reepective  dlvidons.  The  vedal  asdstaata  should  be  re- 
quired to  keep  in  cloee  touch  with  the  U.  3.  Weather  Bur.  In  order  that  tlim  may  ba 
a  knowledge  of  any  forecasted  weather  conditions  that  may  influence  tbe  manner 
in  which  the  work  may  be  prooecuted. 

DirriBS  or  Squad  Lbadebs.  After  recdving  noUoe  to  begin  operati(»ts  the  squad 
leaden  should  be  reaptmsible  for  the  prompt  rq>orting  aa  tha  work  of  the  Inqieeton 
and  the  contractors'  equipment  and  forces  -^g*™*  to  their  squad  and  should  see 
that  the  snow  removal  woiIe  in  the  reapectlve  districts  is  promptly  begun  and  performed 
in  an  effective  and  systematic  manner  and  that  the  assistant  engineer  in  charge  is 
kept  advised  of  the  progreee  of  the  work  by  maldng  informal  verbal  or  telephone 
repcHTts  at  hourly  intervals  during  the  day  and  by  submitting  a  formal  report  sum- 
maifadng  tbe  performanee  for  each  day-  Prior  to  the  advent  of  snow,  however,  the 
squad  leaders  should  be  required  to  fully  acquaint  theraaelves  with  the  phydcal  and 
traffic  conditions  existinE  in  their  respective  districts,  the  location  and  character  of 
the  assigned  dumping  places,  the  quantity  and  character  of  and  the  ston^o  locations 
of  the  contractors'  equipment,  and  the  names  and  call  addreeeee  of  both  the  contractors 
and  inspecton  asdgned  to  thdr  respective  squads.  They  should  be  required  to  see 
that  their  inspectors  and  the  contractors  are  thoroly  instructed  in  thdr  reepective 
dutiee  to  insure  that  there  will  exist  no  posdhlUty  of  misunderstanding  concerning 
any  detail  of  the  work.  The  squad  leaders  should  also  be  required  to  provide  them- 
selves with  the  following  forma  and  data:  Spedfleatlons,  schedule  Of  soMts  and 
limits  induded  In  each  district,  snow  removal  map,  orgaiilsatloa  schedule  and  call 
addresses  of  employees  and  contractors  reporting  to  them  on  now  removal  Wtak, 
dum^ng  and  loading  work  tickets  and  daily  r^rt  forma. 

Dimn  or  Iiofbctobs.  The  In^peeton  should  be  In  conatant  and  dirert  supo'vidan 
of  the  work  and  be  required  to  see  that  the  now  fa  promptly  and  property  phmad 
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Into  windrows  adjacent  to  the  eur'^  uid  shoveled  into  suitable  piles  at  nich  loestiaM 
as  they  may  dea^nate,  and  then  promptly  hauled  away.  The  inq>eetora  ahouU 
be  required  to  measure  and  calculate  the  cubical  canying  capacity  of  all  vehicle* 
encaged  in  hauling  and  to  see  that  these  vehiclea  are  fully  and  prcqierly  loaded  and 
discharged  at  tlie  aaoigned  dumping  plana,  and  to  iaaue  work  tickets  tbttefor.  They 
should  also  be  required  to  see  that  any  equipment  hired  at  per  hour  rates  is  kept 
constantly  in  effective  operation. 

Tuumo  RBQumKMENTs.  It  ahould  be  required  that  snow  removal  work  be  ood* 
ducted  In  such  a  manner  as  to  cause  the  least  poodble  obatroctioR  or  tntumcthncs 
to  traffic.  The  inspectors,  upon  beginning  operations,  should  explain  to  the  nmisf 
traffic  policeman  juat  what  work  is  to  be  done  snd  the  propoaed  manner  of  doing 
it,  and  request  his  active  cooperation  toward  its  efficient  puformance.  The  trafle 
policeman  should  be  outhoriiad  to  pvmit  the  woric.  It  this  be  necnusary  to  proceed, 
la  a  dlrsetion  oHMilte  to  the  directloD  of  troflte  It  tUa  win  nc>t  osuse  svioua  InteifercBMe. 

Map*,  Instnieticpiu  and  Record  Fonni.  To  aasut  in  tbe  eflScient  opera- 
tion of  the  snow  removal  work  the  foliowinB  instructions  and  fwms  ahoold 
be  provided: 

Maps,  indicating  by  colors  tlio  highways  included  in  each  of  the  central 
snow  removal  districts  and  the  nature  and  exact  location  of  the  snow  dumps. 
A  properly  mounted  copy  of  the  map  serves  as  a  planning  board  upon 
which  the  progress  of  the  work  is  shown  graphically  by  the  means  oi  ^aa»- 
headed  pins  of  various  colors  and  sixes. 

PXiANHDra  Bo  ART),  consisting  of  a  mounted  snow  removal  district  map 
l^end  and  a  graphic  progress  record  with  ^ass  headed  pin  indicators  of 
various  uses  and  colors. 

Detailed  Inbtbuctioks,  which  definitely  indicate  to  the  aaststant 
engineers  and  inspectors  supervising  the  snow  removal,  the  nature  <A  tbn 
work  to  be  done  and  the  methods  to  be  used  in  its  performance  aad  thoir 
duties  in  connection  therewith. 

Oroamization  8chbdoi.es,  indicating  the  name  and  the  call  address 
and  telephone  number,  and  the  assignment  of  each  employee  detailed  to 
snow  removEil  supervision. 

Hadlino  Wobx  Tickets  of  distincti\-e  colors  re^)ectively  for  loading 
and  dumping. 

TicKBT  lasna  Bbcordb. 

CuRBENT  Status  of  Wore  Rbcobdb. 

Squad  Lbadbbs'  DahiT  Rbportb. 

SquAD  Lbaders'  DailT  Rbpobt  Suuhabt. 

Snow  Removal  District  Maps.  Snow  removal  district  maps,  a  copy  ol  which  riiauld 
be  issued  to  each  squad  leader,  contains  for  each  of  the  several  emergency  snow 
removal  districts  in  the  central  business  section  of  the  dty,  tbe  following  data:  Tbe 
highway  included  in  each  district,  indicated  by  color;  the  name  of  the  aquad  leaden 
and  contractors  and  the  exact  locations  and  characters  of  the  dumptag  places.  Tlis 
map  further  Indicates  the  damps  spedflcolly  assigned  for  the  use  of  each  of  the  sevoral 
district  contractors. 

Planning  Board.  In  order  to  provide  a  bettor  means  of  dlrectinf  tbe  ctnergcn^ 
snow  removal  operations  in  the  central  buainees  secUoD  than  would  be  poMble  thru 
the  study  of  reoords,  a  planning  board  system  should  be  Installed  by  which  tt  is  poaiUs 
to  visualize  with  a  minimum  of  effort  tbe  current  status  of  the  work  in  eodt  dfartriet 
with  respect  to  diaractw  and  quantity  of  force  employed  and  tbe  pragreas  0<  tbe  wotk. 
This  equipment  should  consist  of  a  mounted  copy  of  the  snow  removal  map  supfd^ 
men  ted  by  a  l^nd,  graphic  progress  record.  Fig.  7,  and  indieatoia  otmsistfng  of  ^sb 
headed  pins  of  various  colors  and  sizes.  The  map  indicatea  tbe  area  of  highway  froa 
which  snow  b  to  be  removed  that  is  included  la  each  district  and  also  the  locatks 
of  tbe  dumps.  Wltb  tbe  pin  indicators  It  b  possible  to  Indicate  at  which  dumps  sad 
other  loeatlcma  famxctoni  are  either  on  duty  or  needed  and  if  a  damp  Is  bt  servla. 
By  hstdiing  snd  cross  hatching  the  eolored  porthms  of  tha  laap  It  is  ihmIIiIs  to  luttBsts 
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respeetlv«ly  what  relative  poition  of  the  atreeta  hav«  been  plowed  or  entirely  cleared 
of  anow.  By  inaerting  the  proper  kind  of  mdicatora  in  the  proper  apace  on  the  graphic 
proKTcai  record  It  is  poasible  to  Indicate  far  each  district  the  numerical  strength  and 
character  of  labor  and  equipment  and  alao  to  show  II  thne  torcae  are  awembled, 
ordered  on  duty,  or  if  they  are  working  or  have  ouBpended  operattona.  With  this 
equipment,  which  can  be  posted  in  «  few  aeconds,  it  la  pcMdble  to  determine  at  a  glance, 
information  which.  If  in  the  form  of  written  recorda,  would  require  conalderable  time 
and  even  then  could  not  be  visualized. 

Detailed  Inatructiona.  For  the  purpoae  of  uniform  guidance  each  member  of  the 
ensrlneerins  and  Inspection  forces  assigned  to  the  supervision  of  anow  removal  work 
should  be  furnished  on  or  before  Nov.  1st  of  each  year,  with  a  aet  of  det^Ied  inatiuo- 
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tiona  outlining  their  respective  duties  and  indicating  the  manner  in  which  the  work 
is  to  be  performed.  These  instructions  should  remain  in  force  until  formally  amended 
or  recalled. 

Schedules  of  Proposed  Work.  On  or  before  Nov.  1st  of  each  year  the  several 
diviflion  engineers  and  district  engineers  should  each  be  required  to  prepare  and  submit 
to  the  Chief  Engineer  for  approval  a  complete  schedule  of  the  proposed  snow  removal 
operaljons  in  the  territory  under  his  reHpecUve  jurisdictfon  during  the  coming  winter, 
together  with  an  estimate  of  the  probable  force  and  equipment  requirements  and 
a  statement  of  the  proposed  aasignmenCs  of  both  the  emergency  snow  removal  con- 
tractor*' forces  and  the  regular  street  cleaning  and  municipal  labor  forces  in  connection 
with  this  work.  In  this  schedule  there  should  be  included  a  definite  assignment  for 
each  individual  aaaistant  engineer,  inspector,  foreman  and  gang  and  a  nimmary  of 
the  character,  quantity  and  sequence  of  the  work  proposed  to  be  performed.  After 
the  approval  of  these  schedules  the  several  division  engineers  and  district  engineera 
■hould  be  required  to  Immediately  acquaint  their  subordinates  with  the  exact  nature 
of  thedr  respective  as.iignmentB  and  duties  and  to  further  review  this  matter  with 
their  aubordinateB  whenever  it  is' thought  to  be  neceaaary. 
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Wofk  Tickets.  The  reapoMibility  for  the  nfesuarding  and  tauutce  of  tba  lowttm 
aad  dumping  tidcBto,  Fig.  8,  should  bo  GentnU&ed  In  one  penoa  tn  the  main  offkr, 
who  obtains  a  nedpt  on  the  ticket  Imus  record  for  all  tiduta  ImomI,  and  upon  Ihv 
return  of  the  used  tickets  and  tidcat  packet  atuba  checks  thaw  afalnst  the  teeoptt 
to  insure  that  no  tickets  are  unaccounted  for.  The  inq»etora  should  be  reqoind  to 
carefully  guard  the  tickets  in  their  poeeeesion  so  as  to  prevent  loos  or  u&antfaosted 
use,  and  in  no  case  should  the  in^iecton  be  puniittsd  to  agn  these  tickets  in  advance 
of  their  actual  iMuanoe.  All  inspectors'  rignaturas  should  be  riipned  ta  eitlwr  iniMWi 
poxa  or  ink,  and  tba  date  irf  lasoanca  Indicated  on  all  tickets  and  also  the  aerial  BHabv 
of  the  tieket  for  wbSA  It  h  odianged.  Thd  squad  leaden  and  InqieelonB  ahoald  W 
required  to  sea  that  at  all  tinua  thqr  are  supplied  with  a  auffldont  number  ol  tiden 
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to  meet  the  reqolrementa  at  the  work.   All  tidcets  and  atnba  afaooU  be  raQairad  to 

he  prompUy  ratamed  to  Qia  oOtee  at  the  termlnatioii  of  the  Inveeton'  period  of  doty. 

Current  Status  of  Work  Record.  The  separate  spedsl  aarfstanta  should  be  required 
to  maintatfi  for  each  snow  removal  district  a  permanent  record  of  the  current  statos 
of  the  work  compiled  from  the  Informal  hourly  reports  telephooed  or  made  veihallr 
to  them  by  the  squad  leaders.  Upon  this  report  should  be  recorded  from  the  infomal 
reports  made  by  the  squad  leaders  for  each  specific  district,  the  date  and  hoar  of  the 
r^xtrt,  the  force  of  labor  and  equipment  at  work,  the  progrees  and  condlticm  ot  the 
work  and  the  name  the  squad  leader  maldng  the  report.  The  wttarlw  oo  then 
reports  are  intended  to  constitute  a  complete  historical  record  of  the  cunent  prorraa 
of  the  work. 

Squad  LeaderB'  Dally  Reports.  Ths  inspectors  should  be  required  to  snbndt  fonaal 
dally  r^Kirts  relating  to  snow  removal  work.  Any  infonnation  that  an  inspector 
has  to  report  should  be  eommunioated  to  dte  squad  faadar  to  wliom  he  reports.  The 
squad  leader  should  be  required,  however,  to  sttlmdt  to  the  assltant  engineer  in  ctsuge 
a  daily  report.  This  report  should  enitain  a  record  tor  a  wpteUe  dfartriet  of  the  time 
that  both  the  (dowing  and  ismoval  foroea  wsrs  ordmd  to  npwt  for  dn^.  «>d  tts 
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timea  of  their  bcciiinioc  and  quitting  workt  the  name  tad  limltB  of  each  highway  upon 
which  worit  was  done  and  tha  fliaiaetar  and  quantity  of  wc^  paifanned,  together  with 
the  number  of  both  landing  and  dumping  tEAeta  hMiad,  «  neord  at  the  woiUis 
quAnti^  houn  worlrad  and  total  foros^  hmna  tor  each  due  ol  labor  and  aqn^ment 
employed,  the  names,  nature  of  larigiwieat  and  working  houia  of  Inapectors,  the 
eontractor'B  name,  weather  and  temperature  condiUcHW,  and  any  other  pertinent 
inlormatioa  relative  to  tba  proeecution  of  the  work  that  ihould  be  of  noord.  The 
rmstattM  ahooM  be  mailed,  or  deUvend  bi  time  to  teadi  tbe  main  oOoa  on  or  bi(«i« 
the  morning  of  tbe  bnaineae  day  fdiowtng  the  data  of  tbe  nport.  At  ibm  «a]iimtkii 
of  1  br  after  arriving  on  the  work,  squad  leaden  ihould  be  required  to  report  by  tel^ 
phone  to  the  apedal  aaeiatant  the  general  atatua  of  the  woric  and  to  auhaaquentiy 
report  tbereaftv  In  the  case  <A  any  Important  changed  oondltions  or  inagulazitisa  in 
the  performance  of  tbe  work. 

Summaiy  of  Squad  iMden'  Daily  Reporta.  Upon  tbe  netipt  of  the  aeveral  scjuad 
leaden'  daily  reports  for  work  In  ccmnactioD  with  each  separata  atom  there  should  be 
complied  a  aummaiy  of  the  reports.  TUs  summary  should  indicate  for  eadi  district 
and  iar  the  day  that  tite  work  was  in  progreas,  the  character  and  quantity  of  the  foreaa 
employed  and  the  number  of  loads  and  cuUc  yards  quantltiea  of  snow  removed.  Vrou 
this  data^can  be  determined  the  total  quantity  of  snow  imBorad  and  both  the  acttzal 
and  ooo tract  unit  and  tbe  total  eoat  of  tbe  work. 
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CAR  TRACKS 

1.  6«nenl  C<mdltioiu  Affecting  Car  Tftcks 

Development  of  Traffic.  The  problem  of  constmcting  street-oar  tracks 
in  a  satisfactory  manner  in  paved  streete  has  been  one  which  municipal 
fwninoers  in  charge  of  pavement  construction  have  been  tiying  to  solve 
for  many  years.  In  the  early  days  of  street-railwayB,  when  the  streots 
were  paved  with  cobblcstoiies  and  the  cars  used  were  small  and  drawn  by 
horses  at  a  speed  of  5  or  6  miles  an  hr,  this  question  was  not  so  important; 
but  in  the  present  time  of.  improved  pavements,  of  rubber-tired  bicycles 
and  motor-cars,  used  both  for  pleasure  and  for  business,  and  with  street- 
ears  wdgbing  from  25  to  35  tons,  propelled  by  electricity  along  heavy 
traffic  streets  at  a  spoed  of  from  8  to  IS  miles  an  hr,  the  importance  of  good 
and  raoooth  track  oonstruction,  both  to  the  general  pubho  and  the  street- 
car companies  themselves,  can  hardly  be  overestimated. 

Factors  Infiuendng  Design.  It  is  an  undoubted  fact  that  the  oon- 
struction in  the  Btreet-car  area  of  a  pavement  different  from  the  pavement 
itself  is  a  detriment,  both  because  it  is  difficult  to  maintain  the  two  con- 
structions at  an  even  surface  and  because  they  must  be  of  different  degrees 
of  hardQesB,  and  consequently  the  wear  from  traffic  must  be  uneven.  Of 
all  the  constructions  buUt  into  a  street,  the  street-car  track  is  probably 
more  difficult  to  deal  with  than  any  other.  If  the  track  were  owned  and 
the  railroad  operated  hy  the  municipality  the  problem  mmld  be  simpler, 
but  such  is  not  tiie  case  in  the  United  States.  Altho  a  steoet-car  track  in 
a  paved  street  is  recognised  to  be  an  evil,  it  is  also  recognised  to  be  a  neee»> 
■aiy  evil,  for,  aa  cities  devdop  and  grow,  it  is  lUwolutety  neoeasaiy  that 
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their  inhabitants  have  means  of  b-ansportation,  not  only  from  place  to 
place  in  the  cities,  but  from  their  centers  to  the  outskirts  and  subtvba  where 
most  people  Uve.    The  question  of  streeb-car  track  oonstruction  is  difTerent 
from  that  of  the  ordinary  railroads.    Steam  cars  genenUly  run  on  their  own 
tight-of-way,  wmUng  stops  only  at  lona  and  stated  intervals,  and  the  tracks 
can  be  oonstiuoted  in  such  a  manner  as  will  give  the  best  results  as  reguik 
economy  of  coostniction  and  maintenance,  with  no  regard  for  the  wishes  of 
others  except  at  street  or  road  crossings.    In  paved  streets,  howeviu',  the 
problem  is  different,  and  is  one  that  taxes  to  the  utmost  the  municipal  engi- 
neer.  He  recognises,  however,  that  the  traoks  must  exist  and  that  be  must 
get  the  beet  results  with  them  located  in  the  street.    The  problem,  too,  ■ 
complicated  by  the  fact  that  the  street-car  companies  control  almost  enUidjr 
the  space  occupied  by  them;  that  is,  under  the  law,  in  accordance  with 
their  individual  franohiaea,  they  must  construct  and  keep  in  repair  the 
pavement  trithin  and  geomlly  2  ft  ontaide  <rf  the  raSa.   The  matta-  of 
track  oonatruotum.  too,  is  different  at  the  present  time  from  what  it  wm 
40  or  50,  or  even  20  years  ago,  on  account  of  the  changes,  not  only  in  the 
pavement,  but  in  the  cars  themselvee.    Street-cars  run,  it  must  be  re- 
membered, not  only  for  the  benefit  of  the  corporations  owning  than,  but 
also  for  the  travelling  pubhc,  and  whatever  can  be  done  to  facilitate  ni»d 
tranaportatfon  of  the  public  is  a  benefit  to  one  u  well  as  to  the  other,  altho 
in  a  different  way.    Probably  at  least  40%  of  all  the  busineae  men  in  the 
average  Amerioaa  city  of  took  than  100  000  inhabitants  depend  mon  or 
lose  upon  the  Ktieet-oaiB  for  their  oonveyanoe  every  day.   The  street-railway 
aoUuuritiM  and  the  officers  of  the  city  in  v^ch  they  operate  often  differ 
conddorabty  In  tiieir  ideaa  aa  to  what  is  the  proper  track  construction. 
The  street-oar  oompanies  are  intereated  in  performing  their  work  economi- 
cally, and  a  construction  that  will  allow  their  rolling  stock  to  be  operated 
with  the  least  amount  of  wear  and  tear,  and  will  cost  least  for  original  ooo< 
struction  and  for  maintenance,  is  what  they  desire.    On  the  other  hand, 
the  officials  of  the  city  are  not  interested  eiUiar  as  to  first  cost  or  the  ooat 
of  maintenance,  except  as  to  how  the  repair  wtwk  on  the  tracks  interferes 
with'  the  general  pub&i. 

Uh  of  Tracks  by  VaUdea.  In  the  eariy  d^  of  atreet-car  track  oonstroo- 
tion,  when  the  pavements  outside  the  track  area  were  rough  and  imcvm, 
vehicular  traffic  on  the  street  ottea  took  to  the  street-ear  trat^  in  prefer- 
ence to  the  pavement,  and  interfered  to  a  great  extent  with  the  operation 
of  the  cars.  The  companies  sought  in  every  way  to  prevent  this,  to  such 
an  extent  indeed  that  somotimee  it  seemed  aa  tho  they  laid  a  type  of  raO 
that  ahould  be  an  obstruction  to  traffic.  With  the  old  rough  atone  pave- 
meuts  the  actual  form  of  the  rail,  even  if  naturally  obstructive,  did  not 
add  very  much  to  the  general  lotu^meaa  ol  the  street,  but  in  more  recent 
yean,  with  the  advent  of  smooth  pavements,  the  street-car  companies 
have  recognised  that  their  tracks  ahould  be  constructed  in  such  a  way  that 
they  will  present  as  little  obstruction  to  street  traffic  as  possible;  and,  u 
the  pavements  are  smooth  and  also  kept  in  better  condition,  there  is  not 
the  tendency  of  vehicular  traffic  to  take  to  the  tracks  as  existed  heretofore. 

The  Ideal  Form  of  Construction,  no  matter  what  its  exact  type,  seems 
to  be  one  in  which  the  track  is  practically  a  part  of  the  pavement  coa* 
struction.  and  not  a  separate  and  definite  part  of  the  work-  The  work 
each  has  to  do  should  be  studied  and  considered  aa  a  whole.  The  time  of 
the  probable  renewal  ot  each  should  be  taken  into  oonnderation,  and  the 
types  so  dsdgned  as  beat  tn  aooommodate  the  lenewala  of  eadi.  TioM, 
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however,  is  not  always  practicable,  as  it  often  h^ipeiu  that  the  pavement 
aJid  the  railroad  tracks  are  constructed  at  different  times,  when  the  one 
last  constructed  must  be  adapted  as  well  as  posrable  to  the  requirenaonts  of 
the  former.  With  the  modem  and  more  permaoeDt  type  of  pavement, 
however,  street-oar  oompaniee  recognize  the  importance  of  c^ing  their 
track  work,  if  posmble,  whenever  s  new  pavement  is  laid.  This  is  often 
convenient,  from  the  fact  that  new  types  of  lai^er  and  heavier  oars  are 
beins  introduced,  so  that  new  track  construction  may  be  neceeaary.  Street- 
car companies,  however,  as  well  as  individuals  and  others,  must  be  governed 
h>y  financial  conditions  in  carrjang  out  their  work,  and  it  generally  is  a 
serious  propositioD  for  the  street-car  companies  to  keep  the  pavement  in 
tbeir  track  areas  in  good  condition.  It  must  be  acknowledged,  however, 
tliat  the  etreet-oar  companies  thruout  the  country  are  recogniiing  their 
ohligaUoDS  and  meeting  Uiem  In  such  a  way  that  oonditions  in  respect 
to  their  pavements  are  Improving  laKudly,  so  that  in  a  comparativdy  few 
years  the  pavement  in  the  track  areas  should  be  as  good  as  that  outside. 


life  ei;  Md  Vtymmt  for,  FnuwUiM.  The  qiMBtion  ot  the  propw  pay- 
ment to  be  made  municipiJitieB  for  the  use  of  Hwir  streets  and  highways 
fcdr  the  operation  of  street-cars  has  never  been  definitely  settled.  In  some 
cities  it  is  arrived  at  by  the  companiee  paying  a  certain  amount  to  the 
city,  sometimes  based  upon  the  total  receipts  or  the  number  of  passengers 
carried,  or  sometimes  a  lump  sum  is  determined  upon  in  advance.  In  a  new 
country,  where  dties  are  growing  rapidly  and  the  matter  of  transportation 
is  important,  property  owners  are  often  so  anxious  to  obtain  street-car 
conveoienoes  that  they  are  willing,  not  only  that  the  oompany  should 
have  a  franchise  for  oothlng,  but  will  make  certain  payments  to  the  oom- 
pany as  an  inducement  for  early  construction.  This  for  the  time  bcdng  is 
proper  action,  as  the  cars  must  be  operated  for  a  considerable  length  of 
time  before  they  will  be  remunerative  from  the  stockht^er's  standpoint. 
On  account  of  this  feeling,  many  franchisee  have  been  given  for  small  re- 
muneration that  have  proved  immensely  valuable  in  a  comparatively  few 
years.  In  fact,  nearly  all  of  the  older  atreet-oar  franchises  in  the  country 
were  given  in  perpetuity,  and  for  small  sums.  In  recent  years,  however, 
the  question  of  the  value  of  the  franchise  has  been  pretty  thoroly  worked 
out.  and  in  many  dtias  franohises  are  ^ven  for  limited  periods  oi^. 

American  Practice.  It  can  be  said,  as  a  general  proposition,  that  the 
pavement  requirements  in  America  of  street-railw^  companies  are  to  lay 
and  maintain  the  pavement  between  their  tracks  and  rails  and  2  ft  outside 
on  each  side  with  such  material  as  is  determined  upon  by  the  city  authorities. 

In  How  York  City,  (or  buUnce,  the  law  provide  that  no  frtnefalM  AtH  be  clved 
a  BaqMtatkn.  for  any  patpOBB,  for  more  tiwB  as  ysan.  In  a  hansUse  reeandy  gfron 
to  the  Manhattan  Bridge  Thiee-Cent  Line,  to  operate  in  New  York  City  over  the 
Manhattan  Bridge,  from  approzlmatdy  the  Hudson  River  In  Manfaattaa  to  tihe  statton 
of  the  Long  Mand  RaOnMd  at  AtlantJe  Ave.,  in  Brooklyn,  it  was  provMad:  "TIm 
Company  shall  pay  to  the  City  for  the  privilege  bneby  granted  the  foUowtng  sums 
of  TDoasy;  (1)  The  aum  of  |16  000  in  cash  wlthhi  8  months  after  the  date  on  whldi 
thii  ooDttact  is  rigned  by  the  Mayor,  and  before  anything  b  done  In  oerdse  of  the 
privQaie  hereby  gnmted;  (2)  daring  the  fint  term  of  S  yean  an  annual  sum  whidi 
rinll  In  no  ease  be  len  than  14000,  and  which  shall  be  equal  to  8  %  of  its  gros  annual 
na^tftM  If  aodi  percentage  aiwU  exceed  the  sum  of  $4000;  during  the  aseoud  term  ot 
6  ynn  an  ammal  sum  wfaldi  diall  In  no  ease  he  lum  than  $7000.  and  wUA  shall  be 
aqini  to  6%  ot  its  gross  aannal  recdpta  It  soeh  pamitage  AsB  axmisd  ttts  am  ef 
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17000;  the  groH  uuuwl  raoelpta  ztMutlonad  abov*  duU  be  the  crgn  iBCwlpte  of  tke 
Company  bora  lU  wmrOM  within  the  IbnftB  ot  the  Cfty;  (8)  for  the  uae  of  the  tencta 
owned  by  the  City  upon  the  Uanfaattan  Bridge  and  the  approacbee  thereto,  the  mam 
of  6  centa  for  e«A  round  trip  or  the  sum  of  2  ^  eraita  for  eeefa  amtf e  trip  of  ead>  and 
every  ear  operated  upon  the  bridge."  Thia  is  in  addition  to  laying  and  melntatniac 
the  paTement  between  its  tracka  and  for  2  ft  outside  on  e*ch  tide. 

DonluMter,  Max*.,  Franchise.  In  1854  an  act  was  paaed  by  the  Maaaaehuaetta 
LegUature  incorponting  the  Doreheoter  Avenue  Railway  Co.  Thia  was  oca  of  the 
flrat  franchioea  ^ven  for  a  street-railway.  The  company  was  required  to  keep  in 
repair  the  wh<Ae  of  the  bed  of  any  rqad  in  the  town  of  Dorefaeeter  in  whicfa  it  aUght 
lay  tracks.  In  the  followinc  yaar  the  act  was  amended  by  the  repeal  of  thia  iiaHliiiM 
danaa  and  the  Bubotitution  of  a  proviaion  that  required  only  that  part  d  th»  road 
oMupfed  by  the  tracks  be  kept  In  repair,  and  defininc  that  portion  "to  be  the  apaaa 
between  the  raOa  and  ao  much  on  eeeh  aide  thereof  aa  shall  be  within  a  perpondiciilar 
let  fall  from  the  extreme  width  of  any  car  or  carriage  need  thereon,  being  the  apac* 
Croin  whiA  public  travel  la  exduded  during  the  passing  of  a^d  ear  or  carriage." 

Baltimore,  BuHalo  and  Brooklyn  Roqairetaents.  In  Baltimore,  Md.,  the  street- 
ear  companies  pave  and  keep  in  repair  the  apece  beCwatn  their  trmcka  and  2  ft  ca 
aaefa  Mo.  In  Buffalo,  N.  Y.,  diSerant  eondltfona  eaist  in  regard  to  the  pavtav  n- 
qulrementa  by  the  different  eompanioa.  but,  in  gnaral,  the  maintanwiwe  of  the  auect 
between  the  tneks  and  2  ft  outside  la  requhed,  the  pavement  to.be  of  aldnd  specified 
by  the  dty.  In  1895  a  bill  was  paa^d  by  the  Legiriature  of  the  State  ot  N«w  York 
providing  that  one-fourth  <a  the  coat  of  repaving  any  streM  in  the  then  City  of  Brook- 
lyn in  which  a  street-railway  was  operated  afaould  be  asewod  againat  the  "fwrriy 
owning  auch  trades.  Many  streets  were  paved  under  thia  law,  but  no  great  amotut 
erf  the  tax  waa  collected  from  the  street-esr  companies.  In  Brooklyn,  N.  Y..  the 
original  franchises  trf  the  different  companies  generally  provided  for  tite  repeving  of 
the  spsee  between  the  trades  and  rails  and  2  ft  outside  with  water  atonea  (known  aa 
eobblesttKies).  The  etmipuiieo,  however,  now  gesierally  accept  the  proporitiaB  thet 
they  are  required  to  lay  a  good  and  aubatantial  modem  pavement. 

Hew  York  State  Railroad  Uw.  In  1892  the  LagMatma  of  New  York  paaed  a  law. 
known  as  the  Railroad  Law,  a  portloB  of  iriildi  reads  aa  foUowa:  "Every  atreet- 
raOroad.  so  long  aa  it  shall  continue  to  use  any  at  its  tracks  in  any  street,  avnne,  or 
public  place  in  any  dty  or  village,  shall  pave  and  keep  in  permanent  repair  that  portkn 
td  auch  street,  avenue,  or  public  piece  between  Its  tracks  or  raOa  of  ita  tradn,  and  t 
ft  fn  width  oatiMe  <rf  its  tradn,  under  the  aiqiervfdon  <rf  the  proper  local  authorities 
and  wlwuBiei  raqubad  by  them  to  do  ao,  and  fn  audt  hibhimi  aa  they  may  pnaoflia. 
In  the  ease  of  aetfeet  ot  any  oorpormtlon  to  make  these  pavements  or  re  pain  afttr  the 
exptratl<»  of  thirty  days'  notice  to  do  so,  the  local  authorities  may  m«ke  same  at 
the  expense  of  such  corporation."  This  Uwbaabeen  interpreted  to  relate  to  rsOraedsia 
dtiea  and  towns  where  no  special  proviaion  was  made  in  Ute  original  diartera,  or  when 
there  was  any  queetion  as  to  the  liability  of  the  railroad  to  keep  the  pavamsBt  in  repab. 

Chicago  Ordinance.  In  1907  the  question  of  the  treetment  <rf  the  streetnllvay 
ayatem  of  Chicago  was  taken  op  and  a  spedal  ordinance  passed  regolating  tbetr  eon- 
struetlon.  The  ordinance  provided  that  the  tracka  should  be  laid  with  raod«B  l» 
proved  rails  of  the  grooved  type,  weighing  not  lam  than  129  lb  per  yd,  and  that  the 
rails  should  be  laid  upon  concrete  beama,  wooden  tiea,  sted  tiea,  east-inm  ebslra, 
or  some  other  form  of  firat-daas  modern  approved  street-railway  track  eoostnietiaa; 
the  foundation  to  be  of  concrete,  crushed  stone  or  other  ballsst  material  which  in  the 
Judgmmit  of  the  Board  of  Supn^sing  Engineers  should  beat  suit  the  conditione  <d 
sofl  and  drainage.  As  regards  the  maintenance  of  the  space  in  the  streets  ooeopisd 
by  the  tracks,  It  provided  that  the  company  should  (111.  grade,  pare,  keq>  in  repair, 
sweep,  ^nkle  and  keep  dean  and  free  from  anow  8  ft  In  width  of  all  streets  and  pub- 
lic waya,  or  portions  thereof,  oecuiM  by  it  with  a  ain^e-track  railway,  and  16  ft  hi 
width  of  an  atreeta  and  publle  ways,  or  portiona  theraof.  ooeupled  by  It  with  a  dooUs- 
tradc  ndlway.  It  alao  provided  that  when  the  dty  paved  the  street  bi  whidi  car 
tracks  were  located  with  an  Improved  pavement,  the  company  should  pave  its  area  as 
given  above  with  a  granite  block  pavement  which  was  deacribed  in  detail,  maUnf  a 
OMdera  granite  pavement.  It  was  provided,  howevn,  that  in  any  ordinance  ordiriac 
the  paving  of  streets  the  company  dionld  be  required  to  pave  iu  area  with  the  aemt 
autatfal  apadSad  for  the  remainder  of  the  street. 
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I>«troH,  IndUnapoUa  and  St  Looli  Rsvolnmcats.  Detroit,  Mich.,  baa  what  are 
known  aa  8  and  6-ceDt  ear  Unas.  In  straeta  where  the  former  linea  are  operated  the 
city  pavea  the  entire  area,  but  In  atreeta  where  the  6-«ent  llnea  are  operated,  the  atteet- 
cax*  aompaiiy  pavaa  and  mahitahia  [ta  area.  In  Indianapolis  Ind.,  a  readjiotaant  of 
dae  terma  of  tbe  original  frandilM  o(  the  atreet^ailway  company  was  made  In  1878, 
■wlaen  a  provision  requiring  the  road  to  re  pave  between  ita  traeka  was  chanted  ao  aa 
%t9  read,  "repwr  between  ita  tracks."  In  St.  Louis  the  eomiMniee  are  required  to  pave 
wltbln  the  traeka  and  12  in  outaide  td  the  raila,  with  a  material  that  is  q>prov«d  by 
•KIm  ei^  atuhoritiea. 

raiadalpUa  Pnctk*.  In  1892  tiw  street-ranwaya  of  Fhlladdpbla  diausad  thair 
p«j«er  from  horsea  to  electrtdty,  and  an  acreemoit  was  entered  Into  between  the 
ooimpanlea  and  the  dty  authorities  by  which  the  companies  sfreed  to  pave  and  main- 
^sin  the  streets  thru  which  they  operated  fironi  curb  to  curi>.  The  streets  of  Phil- 
aaddpUa  an  narrow,  and  In  moet  eases  mly  one  track  is  operated  in  a  roadway,  so  that 
at  ImrgB  amount  of  atnet  mileage  is  occupied  by  the  street-car  eompenies.  Mote  re- 
cently, however,  an  arrangemeot  haa  iMen  made  between  the  railroad  eompanlM 
and  the  elty  hy  which  the  iMmer  pay  to  the  latter  |600  000  annually,  and  that  sum  is 
a^o^rted  as  fulflhnent  of  the  companies  paving  obligations.  From  one  standpoint  this 
seema  a  very  desirable  arrangement,  as  it  obviates  entirely  any  dispute  between  the 
dty  and  the  companies  as  to  what  repatrs  are  neeeaaary,  and  allows  tiie  eity  to  proceed 
with  and  make  repairs  without  serving  any  notice  oo  the  companieB.  If  the  amount 
paid  la  iwaannaMa,  It  wnuld  seam  to  be  the  most  aatlahetory  airaagament  poMlUe. 

Xn  Twooto,  Cuuida,  tlie  Btreet-«ar  tradn  am  owned  by  the  dty,  but,  under  an 
auraagement  made  in  1891,  they  are  operated  by  the  Toronto  lUOway  Co.    In  the 
agreement  made  between  the  city  and  the  company  it  is  required  that  the  purchaser 
Mb  ail  maintain  the  ties,  atringera,  rails,  tomouts^  curves,  etc,  in  a  state  of  thoro  ^H- 
oieney  and  to  the  wtisfaetton  of  the  City  riinliMai.  and  shall  remove,  ranew,  or  re- 
place aama  aa  drcomataneea  mmy  raqulm  and  aa  the  City  Engineer  may  direcL  Whan 
n  etreet  upon  which  the  tracks  are  now  Itii  is  to  be  paved  in  a  permanent  iwnrmr  oo 
concrete  or  other  foundation,  then  the  purchaser  shsll  remove  Uie  present  tracks  and 
■uper^trueture,  and  repave  the  same  according  to  the  beat  modem  practice,  by  im- 
proved rails,  points,  and  subatrueture  of  such  ikacriptlon  as  may  be  determined  upon 
by-  the  Ci^  Eni^neer  as  most  suitable  for  the  purpose.   In  the  event  of  the  pur- 
chaser dteirirg  to  make  any  repairs  or  alterations  to  the  ties,  stringers,  rails,  turnouts, 
curves,  etc,  on  paved  strests,  tlie  purchaser  shall  repave  the  porti<ni  of  the  railway 
BO  torn  up  at  his  own  expense.    When  the  purchaser  desires,  or  is  required,  to  change 
any  existing  tracks  or  aubstrueture  for  the  purpose  of  operating  by  electricity  or  other 
motive  power  approved  by  the  City  Engineer  and  confirmed  by  the  Coundl,  the  dty 
wUl  lay  down  permanent  pavement  in  conjunction  therewith  upon  the  traiek  allow- 
ances  aa  herein  defined  to  be  occupied  by  said  new  tracks  and  substructures.  This 
at  first  apidled  only  to  existing  main  Ums  and  tfaereaf  telT  to  braadt  lines  or  «rtei^on 
to  main  lines  and  branchea.   Under  the  terms  of  the  agreement  tha  company  pays 
the  City  Treasurer  $1600  per  annum  per  mile  of  double-track  and  8%  of  the  grOH 
reeelpt%  and,  wbsn  the  receipts  exceed  fl  000  000,  10%  is  to  be  paid. 

In  O*  vi  WaahinctoB  the  amount  of  pavemont  to  bo  eand  for  by  the  atnal- ' 
railway  eonpanles  la  prorUad  tor  by  an  Act  of  Congrcaa  iqvnnred  June  11,  1878* 
which  reqniraa  that:  "When  any  street  or  avenue  thru  which  a  street-railway  runs 
diall  be  paved,  such  railway  company  shall  bear  all  of  the  ^cpenae  for  tliat  portion 
of  the  work  lying  between  the  exterior  nils  of  the  traeka  of  such  roads  snd  for  a  dis- 
tance of  2  ft  from  the  exterior  to  aueh  track  or  tracks  on  each  dde  thereof  and  of  keep- 
ing same  in  rep^,  but  the  Mid  nSimy  company,  having  conformed  to  the  grades 
MtabUshed  by  the  Commissicmers,  may  use  such  cobblestones  or  Belgian  blocks  for  pav- 
ing their  tracks  or  ttie  spaces  between  their  tracks  as  the  Commisrioners  may  dlrecL" 
European  Practice.  In  Europe,  practically  the  same  requirementfl  are 
made.  However,  in  the  larger  cities  the  Btreet-railwaya  are  often  owned 
aod  maintained  tor  the  cities  themselves;  this  is  especially  true  in  Glasgow 
and  Vienna.  In  London  the  London  County  Council  controls  and  op- 
erates both  tiie  surface  uid  the  underground  roads. . 

Bfltiih  Requirementa.   Gaural  eoDstrucUoa  of  rattwsys  in  Oreat  Btltidn  la  gov^ 
•nied  by  tha  Trunmani  Aot  of  1870.   Aa  ragarda  pavamanta  this  aat  pnnMaa  that 


1282 


Car  TnwdcB  and  Pipe  Systems 


Seet.2S 


th*  oom panics  abiO  rapair  sod  —■<«*■<''  ths  wpwen  bntwaen  ths  tracks  aad  18  Ib  n 
eadi  rids.  If  the  work  be  not  maperiy  done,  it  may,  kfter  t  daye*  notie*,  be  pot  hi 
food  eondition  by  the  road  Mithoritiee  end  dwifed  to  the  oompeniee. 

In  Aautecdaan,  HoUead,  the  ■treet-car  company  ta  .obUfed  to  pnt  tb*  atmt  h 
|Ood  order  after  eoortnictlon  and  to  maintain  the  pavement  hetwliM  the  rafle  end 
20  in  on  Mcfa  side,  and,  where  the  etreet  la  not  paved,  the  entire  cpeee  rnnat  be  psnd 
by  the  Gonqtany.  In  addition  to  thte  the  atreet  car  company  paya  the  dty  tbe  aam 
ol  1000  000  ■"'"■■"y  for  gaienl  wldonhiB  of  ■treeta,  oonstructlon  and  pavinc  of  new 
roads,  the  bufldinc  erf  new  and  ehancbiE  and  widening  of  old  bfidfis,  the  fQlinc  and 
iwithinf  am  canali  and  layinf  eewer  [ripea.  It  may  be  aeld  that  the  writer,  hi  ae 
taqteeUon  trip  thru  many  of  the  jvindpal  dtiea  of  Eurape  in  191S,  fonnd  the  pavenMt 
in  the  raOwny  tarn  of  Aneterdam  in  a  (nenJly  bod  eondWon. 

The  City  <rf  Betlitt  has  entered  into  a  wy  elabonta  and  qiedfte  rantmet  with  the 
BtreetnOway  emnpanlea.  The  requlreoMnta  for  laying  and  maintaining  pn-Temtata 
are  entered  into  In  great  detail,  but.  in  the  mala,  eompel  the  eompaniee  to  Injr  a  pvme- 
Bsnt  pavement,  whenever  the  remaindar  at  the  street  la  so  paved.  In  the  qma*  oeeqiBd 
hr  tba  traeks  ud  to  a  dlstanca  of  IS  In  OB  both  ddH  of  oaA  raB.  Thmy  mn  nq/iitl 
to  hsep  the  pnvenMBt  between  the  nfls  and  M  in  outaida  fa  good  eondftloii. 

Ib  Ebmborg,  Oecmany,  a  oontraet  made  betwetn  the  dty  and  the  targeet  a#  Ac 
railway  eompaniee  require*  the  company,  for  a  period  <d  S6  yeara  beginning  in  ISM. 
to  pay  the  city  in  Uea  of  any  paving  or  etreet  deanlng  ■  dnrge  of  X  pfMudc  «m4 
per  pa— >g>f  oarrled  for  n  aarii  (ara^  and  6%  on  anmmiKariaa  tttntn, 

8.  Locttioit  of  Car  TMcka 

After  it  has  onoe  been  detennined  to  oonstniet  a  street-ear  traek  in  any 
siroet  the  next  tiling  to  be  determined  upon  is  its  location.  Ordinaifly 
it  ia  the  custom  to  locate  all  traoka  in  the  center  of  the  street.  As  a  gtumi 
propomtioQ  this  practice  ia  undoubtedly  correct,  but  conditions  often  arise 
where  it  is  better  to  vary  the  location,  and  sometimes  when  the  tracks  are 
laid  in  the  center  of  the  street  they  are  separated  entirdy  from  the  roadway. 

Tracks  in  Sidewslk  Space. 

In  Rochester,  If.  Y-,  «t  streets  In  the  sobntfoe  who*  the  raadways  ate  narrow  aad 
the  ridewalk  apaoe  wide,  the  trades  are  aometimaa  laid  in  the  sidewalk  apnea  batwaea 
the  curb  and  the  walk,  thus  leaving  the  roadway  entirely  free.  TUs  of  coune  nakaa 
it  naeeanry,  when  using  vehlelee,  for  aU  teeidants  on  the  atreet  to  eroa  the  trade  ia 
going  from  tb^  property  to  the  roadway. 

I^cka  at  the  Side  of  Roadway.  In  acmw  cities  the  tneks  are  located 
in  the  roadway,  but  next  to  the  curb.  HiIb  praetioe  kaves  the  center  f»f 
the  roadwt^  entirely  clear,  but  it  prevents  vehioka  from  bcdnc  left  stand- 
ing at  the  curb  and  makes  it  airinrard  to  drive  up  to  the  ctirb  for  the 
purpose  of  receiving  cm:  discharging  paseengen,  so  that  the  ivactice  aa 
a  general  rule  is  not  satisfactoiy. 

Paris.  A  locatica  correqKmding  somewhat  to  this  waa  obewiud  in  IBIS  fn  a  staott 
running  out  of  the  City  of  Paiia.  Here,  the  eotira  street  was  about  100  ft  wide.  wHh 
ths  omtral  roadway,  periiapa  40  ft  wMa,  paved  with  atSM;  fa  a  qiaee  abont  »  ft 
wide  between  the  pavenMnt  eutb  and  Uis  aonmiilsrj  eurb  wan  loeatiad  tte  atieal  lai 
liacfcs,  one  on  each  Mai  the  epece  betweap  the  seeondary  eurb  and  the  buQding  ttne 
waa  treated  in  the  usual  way  with  sidewalk,  etc  Thia,  of  eourae,  left  the  entire  read- 
way  apaee  free  and  uninterrupted  tor  travcL  The  street  was  a  eni  lealdtlsl,  ratafl- 
liiiiliiaea  atreet,  where  than  would  iwobaUy  not  be  wnet  posring  from  tbe  stmes  te 
tiia  strsst,  and.  fa  fact,  thaae  docs  not  sesm  to  be  ss  nnaeh  «l  this  b  Paris  ss  fa  AsMftan 
dtiee. 

Centfsl  Park  West,  Borough  c<  Uanhattan,  New  York  City.  Somettmee.  however, 
iriiare  a  atreet  runs  alongside  a  park  for  any  ewufderabie  dietanee,  the  tnAm  are  located 
OB  the  dde  of  the  roadw^  next  to  tbe  parlc,  the  nearest  rail  befag  about  S  ft  frcea  the 
eurb.  A  noUble  case  ot  this  Und  is  Central  Park  West,  wUcb  Is  100  ft  wld*,  ezKi  nma 
slong  Uia  west  ride  of  Central  Parte  Tbe  raulway  k  48  ft  wide,  the  iidewalk  on  the 
east  side  being  27  ft  and  oa  the  WW*  aida  »  ft.  ne  eMt  tm«k  Is  losKtsd  «M  ths 
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rsil  8  ft  from  the  eut  curb,  the  Idea  briaf  to  gtt  aa  wide  a  roadwmy  u  pawiUe  for 
trmffle.  This  wma  very  utlsfacttny  when  all  the  vehidea  were  horae-drawn,  but  with 
febe  incraue  of  general  traffic  and  the  qteed  of  the  automobiles  many  acddenta  hav« 
occurred  becauae  the  northerly  vehicular  traffic  ia  adjacent  to  the  aoutheriy  street- 
car traffic,  so  that  all  people  setting  off  the  cam  going  south  are  met  by  the  vefalcular 
traSe  coming  aoitli.  Sbioa  1916  prOeeediiigi  Iwts  been  under  way  with  •  vtmr  of 
changing  the  location  of  the  tracks  from  the  side  to  the  center  of  the  atreet,  and 
in  order  to  raaka  this  as  InexpendTs  as  panlble  It  was  proposed  to  change  tfa*  loo^ 
tioQ  of  the  east  track  only,  placing  it  to  the  vest  of  the  present  wast  track,  and  to 
■at  back  the  ourb  in  front  of  the  park  7  ft.  Tbe  rwult  of  Hda  would  be  a  total  ioadw«y 
of  66  It,  divided  q>proxbnately  into  2B  ft  for  Oe  roadway  weat  at  the  tnda,  •  wpuet 
of  16  ft  ftar  the  atreet-ear  tradm,  and  16  ft  for  the  roadw^  east  of  tbe  traAa.  TUa 
mrrangement  would  provide  for  two  linea  on  the  eaat  dde  gtring  north  and  three  Unea 
on  the  west  ride  gtring  south.    This  would  rdieve  the  tendency  of  traffic  to  crowd 

up  to  the  street-car  tracks  in  keeping  to  the  right,  aa  it  sail  llji  muat  do  under  the 

present  airangements.  This  plan  has  been  ordered  carried  oat  by  the  Board  ot 
Vi^^rit^  and  Apportionment  of  the  City  of  New  York,  but  on  aoeoont  of  the  question 
ot  how  tbe  cost  of  same  ahati  be  divided  between  the  city  and  the  oompany  tbe  work 
Baa  not  bean  carried  out  (1918). 

Prospect  Park  Vett,  Bnxddyn,  H.  T.  Anothn-  looaUon  atmHar  to  tUa  la  Fropeet 
Park  West,  where  the  tracks  are  located  la  tbe  same  way,  but  aa  the  traffic  on  this 
ctteet  Is  not  great,  it  not  being  a  thorabre  aa  la  Central  Park  Waat,  no  tnmUe  on  ao- 
eount  of  accidents  has  arisen. 

Tracki  in  the  Center  of  Roadway.  The  central  location,  separated  from 
traffic  by  curbs,  is  particularly  desirable  to  tiM  street-car  companies,  es- 
pecially where  Uie  blocks  are  long,  as  it  not  only  allows  the  oars  to  run 
more  rapidly  but  they  are  lees  liable  to  be  Interftoed  with  by  vehiclee  or 
pedeetrians. 

In  Coney  Island  Ave.,  Brotddyai  H.  T..  the  ear  tracks  wve  originally  located  on 
the  weat  aide  of  tho  roadway  next  to  the  curb.  TUa  was  on  aceount  at  some  old 
property  rights  that  the  railroad  company  had  to  the  atraet.  This  avenue  ts  100  ft 
wide,  and  had  been  graded  and  curbed  for  a  roadway  (rf  60  ft,  leaving  a  sidewalk  space 
of  26  ft  on  each  aide.  When  It  was  desired  to  pave  the  street  it  was  seen  that  the 
location  of  the  tracks  was  not  satisfactory,  and  it  was  much  oppoeed  by  tbe  peoirie 
owning  property  on  tbe  dde  wher*  the  trade  was  laid  next  to  the  curb.  After  con- 
siderable a^tation  and  the  passage  of  a  blU  by  the  Kew  York  State  Legiriatura  authot^ 
fslng  Ute  aaata,  tbe  tradn  wan  dunged  to  the  ocnter  of  the  avenue,  and  a  wpmea  Z4 
ft  wide  was  given  to  tiie  railroad  company,  separated  from  the  traffic  roadway  by 
cement  curbs,  and  the  cdd  euriM  set  baiek  10  ft  on  each  side.  There  was  mudi  di»- 
cuasion  by  the  property  owiten  as  to  whether  this  oentral  space  should  be  reserved  tor 
the  railroad  or  left  In  the  usual  way  for  traffic  This  arrangement  gave  two  Hde- 
walla  <rf  15  ft  each,  two  roadways  of  ZS  ft  each,  and  a  raUroU  area  in  the  eaater  of  24 
ft.  The  Uoeks  on  this  avenue  an  bdcm  700  or  800  ft  long,  but  openings  vara  left 
in  this  oentral  space,  and  paved  wHh  granite,  so  that  traffic  could  cross  at  distanoes 
of  about  400  ft. 

Uffier  Broadway,  Borough  of  Manhattan,  Kew  Toifc  City,  b  wide  and  haa  parka  in 
tbe  center;  it  also  haa  two  lines  of  street-car  tracks.  These,  however,  are  located 
adjacent  to  tlMsa  eanbral  park  q>aces,  and  this  ia  probably  the  best  location  that  could 
be  obtafated,  us  it  gins  the  greatest  possible  width  for  traSe,  and  the  truffle^  naturally 
veering  to  tbe  right  aa  It  moves,  keeps  from  rather  than  towards  tbs  tndm. 

Bsseon  St.,  Boston,  is  a  good  example  ot  the  locatioa  of  atreet-aar  trada  la  the 
center  ot  the  sLreet,  where  the  trades  are  separated  ttom  tbe  vehicular  traffic  and 
tba  eottral  area  la  sodded. 

New  Oiieaas.  The  most  extensive  example  ot  central  location  where  traffic  Is 
separated  from  the  atraet-car  tradca  is  undmibtedly  seen  In  tlte  City  of  Hew  Orleans, 
where  nearly  all  of  the  streets  are  ao  treated.  Canal  St..  for  Inatance,  which  Is  a 
bushieas  street,  120  It  6  in  wide,  is  treated  in  this  way.  The  central  portion  of  the 
■tieet.  where  the  trades  are  located,  called  there  the  neutral  strip,  is  60  ft  wide.  In 
other  and  residential  streets,  and  even  when  only  one  track  fa  located,  this  same 
method  is  uaad.   In  a  dimate  JSk»  tint  Of  New  Odaaa%  iriHTs  the  air  la  molBt  aad 
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whers  If  wiiiini  poirfUa,  «nd  «vm  suy,  to  ktep  tlib  neotral  Nrlp  nddad  aad  wril 
cnaad.  tUa  k  a  vwy  —tlrfwtery  Umtaamt  for  Taddantial  atneta.  bat  It  would  not 
Mam  aatiif aetory  for  hiiriniMi  ttraeb^  aa  tbm  H  U  dwinbia  to  hm  Irae  and  nta* 
tamvtad  trallk  from  ana  Mm  to  tha  otbar. 

4.  RaUs 

Loads  Curled  by  Rails.  When  the  actual  vork  of  cooBtnictioa  ia  taken 
Dp,  the  first  and  poaaibly  the  most  important  tbinx  to  be  considered  is  the 
type  of  rail  to  be  used,  and  in  studying  this  question  it  must  be  understood 
that  it  is  a  very  different  proposition  from  what  it  was  in  the  early  life  of 
■treet-car  oompa&ies,  aa  the  can  were  then  light  and  drawn  by  horsea, 
vhile  now  they  on  heavy  and  pn^MUed  "by  electricity.  Intenirban  can  an 
eenenUy  very  heavy,  aome  comfaiB  into  the  City  of  Pittrim^  wei^iinK  3S 
tons,  and  others  as  hi^  even  as  50  tons.  The  new  can  used  by  the 
Brooklyn  Rapid  Transit  Co.,  in  Brooklyn,  weigh  25  tons  unloaded,  and  if  it 
is  assumed  that  they  will  cany  at  times  100  passengers,  averaging  150  lb 
each,  that  will  make  an  added  weight  of  7^  tons,  or  a  total  weight  of  32H 
tons,  when  loaded,  carried  on  eight  wheels.  It  can  easily  be  seen,  ther^ 
fore,  that  track  construction  for  such  cars  must  not  only  be  properly  de- 
signed, but  also  properly  carried  out,  and  in  this  the  dasico  of  the  nil  plajs 
an  important  part. 

Devslopment  of  Kafl  Types.  Many  cfaanses  have  taltra  place  uce 
tracks  wwe  first  laid.  The  first  track  laid  was  undoubtedly  ve*y  cruda. 
pnotioaQy  » ideoe  of  flat  iron  spiked  to  a  wooden  stringer,  with  a  groon 
in  which  the  flange  of  the  wheel  ran,  but  as  traffic  in- 
creased it  icas  recognised  that  a  more  substantial  rail 
was  required,  and  that  shown  in  Fig.  1  was  adopted. 
*  This  was  spiked  to  a  stringer,  which  itself  rested  on 

cross-ties,  the  lip  on  the  left-hand  stde  ooming  down  over  the  edge  of  the 
stringer.  The  spikes  and  the  raila,  however,  soon  became  loosened,  and 
the  joint  rough  and  uneven,  but  with  the  small  can  in  use  at  that  time, 

sndtiwlowiate  of  speed,  the  discomfort  of  the  passen-    p"^     p  ,-l — 

gen  was  not  as  great  as  might  have  been  expected.    [  jiM* 
Kg.  2  represents  a  rail  of  the  same  type,  but  used  on  '—^ —  * 
a  curve  in  order  to  prevent  the  cars  from  becoming 
derailed.    The  practically  square  edge  of  Fig.  1  made  it  difficult  for  teams 
to  cross,  especially  when  the  pavement  was  fairly  good, 
so  that  eventually  it  became  modified  to  the  type  shown 

 in  ESg.  3.   This  allowed  tnieka  to  pass  over  the  rails 

J  '  ~  readily,  but  was  no  better  for  the  paaaengera  or  the 
eus  themselves,  fig.  4  shows  a  modification  of  Fig.  1, 
wiftlriTig  an  actual  groove  for  the  flange  of  the  wheel, 
but  without  modification  shown  in  fig.  3,  allowing  for 
the  easy  passage  of  trucks.  If  a  block  pavement  had 
come  up  against  the  back  of  the  rail  this  would  not  have  ^  „ 
been  necessary,  but  in  the  early  days  pavements  were  ™' 

not  often  so  laid.  Fig.  5  shows  what  waa  geowaUy 
known  as  the  center-bearing  raiL   This  was  imwtieaUr 

 Fig.  4  doubled.    It  was  claimed  by  many  that  the  matn 

Pl^^  g  object  of  this  rail  was  to  make  it  as  obnoxious  ss 

possible  to  vehiewlar  traffic,  and  anyone  who  has  seen 
this  constniotion  in  psmd  streets  knows  how  socoessfully  it  would  have 
accompUshad  this  purpose.  The  oompaniea  daimed,  however,  that  naturaUy 
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the  wear  would  be  on  the  inner  side  of  the  rail,  and  that  after  tliat  was  worn 
the  rail  cuuld  be  reversed  and  the  wear  taken  on  the  other  aide.  This 
type  of  rail  was  laid  in  duplicate,  with  both  rails  on  one  stringer,  on  14th 
St.,  New  York  City,  just  west  of  Broadway. 

Removable  Heads  and  Reversible  Rails.  At  one  time  it  was  thought 
that,  as  the  head  of  the  rail  waa  the  only  portion  that  received  any  wear, 
it  ntighi  be  possible  to  so  design 
a  rail  that  the  head  could  be  re- 
placed, leaving  the  lower  portion 
intact.  In  order  to  accomplish 
this  the  rails  were  made  io  two 
parts,  as  shown  in  Fig.  6.  Fig.  7 
shows  a  type  of  rail  designed  to 
accomplish  the  same  purpose,  but 
of  an  entirely  diffeiient  type.  It 
must  be  remembered  that  if  a  proposition  of  tiiis  kind  were  practicable,  and 
a  rail  oould  be  renewed  without  disturbing  the  ties  or  (be  base  of  the  rail 
even,  much  economy  would  be  effected.  This  type  of  rail  was  used  to  quite 
an  extent  in  the  street-car  system  of  Brooklyn  in  1895.  However,  the  de- 
velopment of  street-car  transportation  made  it  neceasory  to 
change  the  power  from  horses  to  electricity,  and  also  to  increase 
the  siie  and  weight  of  the  cars,  and  it  was  found  that  it  waa 
not  practicable  to  uie  rails  of  this  type,  as  the  support  was  not 
sufficientb''  rigid.  Fig.  8  shows  a  center-bearing  rail  of  a  de- 
sign that  could  be  reversed  after  one  side  bad  been  worn  by 
the  wheels.  This  style  of  rail  would  be  extremely  ohiectkn- 
able  to  traffic  from  both  thA  inside  and  the  outaide  of  the  rail,  and  it 
was  never  used  to  any  great  extent. 

Kde-Beaiing  Rails.  Fig.  9  shows  what  is  known  as  the  side-bearing 
rail,  and  was  undoubtedly  the  first  form  used  of  this  kind;  it  has  not  come 
into  very  general  use.  It  is  particularly  attractive  to  vehicular 
traffic,  especially  when  the  pavement  of  the  roadway  is  bad,  as 
it  generally  was  when  these  rails  were  first  adopted,  but,  on  ac- 
count of  its  sliape.  it  is  difficult  for  a  truck  to  turn  out  readily. 
Also,  on  account  of  its  wide  tram,  it  is  diffictdt  to  pave  up  to  it 
with  any  kind  of  a  block  pavement,  as  any  little  aettlenient  at 
the  end  of  the  block  will  bring  it  below  the  tram  of  the  rail, 
when  abnormal  wear  will  occur  and  a  rut  soon  form.  This  often 
took  place,  aa  at  the  time  this  rail  came  into  use  concrete  foundations  for 
pavements  were  very  rare. 

Grooved  Side-Bearing  Rails.  Fig.  10  shows  a  grooved  side-bearing 
rail  which  for  many  years  was  the  standard  rail  of  Now  York  City.  It  is 
known  as  the  Trilby  rail.  The  lip  of  this  type  extends  to  a 
conrida»tde  distance  bejrond  the  groove,  also  forming  a  con- 
venient wheel  track  for  any  vehicle  the  tires  of  which  are  so 
wide  that  they  will  bear  on  the  rim  rather  than  settle  in  the 
groove.  This  has  the  same  objection  as  that  referred  to  in 
Fig.  9,  of  being  difficult  to  pave  up  against,  on  account  of  the 
long  distance  between  the  edge  of  the  Up  and  the  gauge  line. 
This  type  is  objectionable  also  for  the  very  reason  that  it  in- 
vites traffic.  The  typical  rail  is  one  that  should  neither  invite  nor  repel 
traffic,  but  allow  it  to  pass  crosswise  or  diagonally  without  any  interference. 
Fig.  11  shows  profltieally  the  same  rail,  but  modified,  fint,  as  to  the  groove. 


Fig.  10 
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llUoh  is  dedgned  bo  aa  to  be  as  nearly  self-^leaninK  aa  poarible,  and,  aeooDd. 
by  ohanong  tbe  Up,  makms  it  narrower  and  so  reducing  the  qiaoe  betwen 
the  edge  of  the  pavement  and  the  rail, 
and  the  Up  ia  at  practically  the  same 
'elevation  as  the  head,  so  that  traffic 
ean  pass  {leely  in .  any  directicm. 
Theae  oenter-bearing  raUs  wars  de- 
signed when  granite  blocks  having  a 
deptii  of  7  or  8  in  were  laid.  It  is  not 
an  economical  type,  as,  on  accoimt  of 
its  height,  the  web  reQuiree  more  metal  than 
would  otherwise  be  necessary.  When  granite 
blocks  were  reduced  to  a  depth  of  5  in,  the  type 
of  rail  was  changed  to  that  shown  in  Fig.  12, 
weii^iing  106  lb  per.  yd,  which  has  all  the  good 
features  of  the  other  rails  and  givee  as  good  ser- 
vice to  tbe  companies,  with  Isn  metal.  This  type 
was  used  by  the  Manhattan  Bridge  Three-Cent  line,  previously  tefened  to. 

Ufa  of  Rails.  It  is  often  asked,  ss  in  all  otbex  oonstruction,  how  lot)« 
will  raUa  last  in  a  street-car  track.  This  question  is  aa  indefinite  aa  most 
questions  of  like  character,  as  the  life  of  the  rail  depends  so  much  upon 
conditions,  namely,  the  weight  of  the  car  to  be  used,  the  speed  at  which 
it  is  to  be  operated,  the  size  and  crosa-section  of  the  rail  itself,  the  founda- 
tion upon  which  the  structure  is  placed,  the  method  of  oonstruction,  whether 
the  rails  are  on  tangents  or  curves,  and  whether  there  is  much  starting  or 
stopping  on  the  line.  All  these  matters  have  a  very  important  bearing 
on  the  question,  as  can  easily  be  understood,  and  without  knowing  these 
conditions  it  is  imposwble  to  form  any  eatimate  whatever  as  to  the  life 
of  the  rail.  Some  engineers,  working  by  the  rule  of  thumb  method,  have 
estimated  that  a  rail  will  last  for  the  passage  of  6  000  000  cars.  The  above 
discussion  shows  how  general  an  estimate  this  must  be.  In  the  Borough 
of  Brooklyn,  New  York  City,  on  Pulton  St,  below  the  Borouidi  Hall,  rails 
were  renewed  in  1899  that  were  laid  in  1895.  This  would  mean  the  passace 
of  a  Uttle  over  2  500  000  cars  over  the  track  before  it  was  renewed.  It 
luB  beMi  stated  that  the  paasags  of  the  same  number  of  can  over  the  Tliiid 
Ave.  Rulroad  tracks  in  New  Yoric  City  appreciably  wore  and  hoIlDwed 
out  the  rails.  This  was  a  cable  road.  At  the  present  time  in  Brookl>'n 
it  is  estimated  that  the  present  oonstruction  on  Fulton  St,  which  has  the 
heaviest  traffic,  wiU  last  for  12  years,  while  some  track  ia  in  existenoe  iriiieh 
has  been  down  18  years  and  is  still  in  good  condition.  An  extreme  case  of 
wear  of  raUs  is  undoubtedly  shown  in  the  operation  of  the  New  York  sub- 
way. On  the  City  HaU  loop,  rails  wore  to  such  an  extent  that  some  of 
them  bad  to  be  renewed  in  5  months;  others  had  a  Ufe  of  from  7  to  8 
montiis.  This  was  on  a  curve  with  a  radius  of  147  fL  At  the  Grand 
Central  Station,  rails  were  removed  after  having  been  in  use  12  months 
and  5  days.  These  of  course  are  extreme  eases,  but  indicate  very  plainly 
the  necessity  of  having  aU  conditions  known  before  any  opinion  ean  be 
fonoed  as  to  the  length  of  time  any  track  wiU  be  used. 

6.   Constructim  of  Car  Tra^s 
Joints.   When  the  work  of  actual  construction  proceeds  afto-  the  type 
of  rail  has  been  determined  upon,  one  of  the  most  important  things  to  be 
oonridered  is  the  joint  making.   It  is  ieoa«iiiBed  by  all  lochieaB  that  the 
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joint  18  DMeasarily  the  weakoat  part  of  the  rail  unless  reinforced  with  gieat 
care.  From  the  pavement  standpoint,  too,  the  joint  question  is  important, 
as,  especially  when  a  sheet^asphalt  pavement  is  laid  up  against  the  rail, 
'the  wear  to  the  track  almost  invariably  begins  at  the  joints.  This 
causes  the  iwli  to  work  loose,  and,  with  the  motiou  under  traffic,  allows 
water  to  get  below  the  pavement,  softening  it  and  causing  undue  wear. 
Joint  trouble  has  been  eliminated  to  a  great  extent  by  the  conBtniction  of 
longer  rails.  The  old  practice  was  to  lay  rails  30  ft  in  length,  but  within 
recent  times  rails  have  been  laid  60  ft  in  length,  thus  reducing  the  joints 
one-half.  Many  experiments  have  been  made  in  joint  making  and  many 
devices  used  for  that  purpose.  This  is  important  from  a  railroad  traction 
standpoint,  as  is  shown  by  a  paper  by  Bowen  (14).  He  stated  that  when 
the  qiwation  of  renewing  the  State  St.  track,  in  Chicago  came  i^>,  a  car 
vraghinK  over  4  tons  was  run  over  it,  attached  to  a  grip  i»r  by  means  td 
a  dynamcKneter.  The  same  car  was  run  over  a  track  newly  laid  and  at  the 
same  speed  as  over  the  old  line.  The  dynamometer  diowed  that  it  took 
13.75  lb  more  pull  per  ton  to  haul  the  car  over  the  old  line  than  over  tbe 
new.  That  he  attributed  a  great  deal  of  this  extra  power  required  to  the 
condition  of  the  track  at  the  joints  can  be  seen  from  his  conclusion  that  a 
new  track  with  cast  joints  would  last  12  yesrs,  and  as  there  will  be  no  low 
joints,  ihe  draw-bar  pull  will  not  increase  much  until  the  rail  is  worn  down 
suffi<dently  to  allow  the  wheel  to  run  on  the  flange.  When  it  is  r^embered 
that  seme  engineers  figure  that  tbe 
force  required  to  haul  a  ton  on  a  well- 
constructed  track  should  not  exceed 
8  lb,  the  effect  of  the  track  being  in 
bad  condition  can  be  plainly  imder- 
stood.  This  is  especially  important 
as  the  weight  of  the  car  and  the  speed 
at  which  it  ia  run  increases.  The  orig- 
ins! method  of  making  joints  was  by 
fastening  the  rails  together  with  steel 
plates  and  bolts,  but  in  order  to  make 
jc^ts  they  have  been  formed  by 
welding  with  what  is  known  as  the 
castr-welding  process.  More  recently 
the  practice  of  welding  rails  electri- 
c»illy  has  been  in  use.  As  the  rails 
are  used  for  the  return  current  of 
electricity  it  is  important  that  the  con- 
.  nections  ahould  be  as  nearly  pofset 
as  possible.  Fig.  13  shows,  both  in 
section  and  elevation,  a  riveted  joint. 
Fig.  14  shows  a  continuous  joint,  and  Fig.  15  a  oaat-welded  Joint,  all  as 
used  by  the  Brooklyn  Rapid  Transit  Co. 

Ties.  It  is  generally  coosidered  good  practice,  where  wooden  ties  are 
used,  to  have  them  creosoted  before  being  laid,  as,  with  a  permanent  track 
construction,  if  ^e  ties  need  not  be  disturbed  when  tbe  rails  are  laid,  the 
cost  of  relsying  the  track  is  much  reduced.  Some  companies  use  steel 
.ties,  ae  will  be  shown  in  the  different  tiypee  of  paving  oonatruction  listed, 
but  many  like  Uie  wood  bearing  because  it  gives  more  renllency  to  tbe  rail. 

TUrd  An.  BaUway  Co.,  New  Toifc  Citr.  Fig.  »  sbews  ths  Inrm  af  eonstnietioB 
that  WW  adopted  irim  tiw  enapaay  soMltated  destrie  WMtnwUoa  («r  Ml4a% 
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about  18d9.  It  will  hm  noUcsd  thftt  the  nil  u  the  reguUr  Trilby  rail,  set  oe  k  woodeo. 
enoeotcd  strincer.  The  abject  of  the  atriiiKer  ia  to  get  a  entain  amount  of  iiwiIm  hi  j 
in  the  tnek  so  as  to  make  it  roore  eomtortable  for  paaeencera  and  easier  on  tbe  can 
themaelvee.  Yokee  were  placed  6  ft  apart  from  center  to  center.  Thia  oonatnictHn 
waa  uaed  on  the  aubaidiary  linea,  but  on  Third  Ave.  proper  the  lona  of  the  yoke  ma 
aomewhat  chanced,  and  inataad  of  the  ereoeoted  beam  a  heavy  ipring  waa  uaed.  teat- 

Ing  upon  tbe  yoke  and  upon  which 
the  rail  reated.  Thla  apring  ia  to  de~ 
aicned  that,  when  tbe  center  ia  de- 
praaMd,  the  enda  riae.  preaentiitg  a 
corrugated  lurf aoe  of  mch  Btraavth 
that  it  ia  aaaumed  it  will  -"-'-■'^  « 
wdght  of  10  000  to  12  000  lb.  Tbe 
apringa  are  4  in  wide,  and  Lbe  deflee- 
tlon  at  tbe  paaaage  of  a  loaded  ear 
carrying  about  6  400  lb  on  rmeb  whed 
ia  about  1/32  io  and  ia  notieettble 
from  the  vtreet.  At  the  time  then 
tncka  were  laid  the  pavement  out^de  of  tbe  traeka  waa  granite  block,  but.  aa 
be  aaen  from  the  eonatnietioD  of  the  yolte,  it  would  be  extremely  difficult  to  lay  a 
aatiafaetory  granite-block  pavement  between  the  raila  and  the  center  dot;  ao  con- 
crete waa  laid  to  within  2  in  of  the  top  of  the  rail,  when  about  1  hi  of  up  halt  wearing 
material  waa  apread  over  the  conovte,  in  which  waa  Imbedded  a  apedally  deaigned 
grillwork  of  H-lri  caat-iron  bara,  forming  aquarea  about  3  ^  in  in  «lxe.  More  sap  hall 
wu  then  filled  in  on  top  of  that  flrat  laid,  between  and  around  the  iron  bara,  and 
thonriy  rolled  and  compacted  ao  that  the  finiahed  aurfaoe  waa  in  a  atraight  line  between 
the  alot  and  the  head  of  the  rail.  Thia  form  of  pavement  did  not  prove  to  be  vefy 
ntiafactory. 

Hew  York  Railwaya  Co.  work  in  tbe  Borough  of  Manhattan,  New  York  City,  in 
1916,  la  shown  in  croaa  aecOon  in  Fig.  IT.  It  will  be  notloed  that  the  ocnatrudion  ia 
practically  the  aaroe  aa 
that  of  the  Third  Ave. 
Uoe,  except  that  the 
rail  reata  directly  on  the 
yoke  and  not  on  the 
wooden  atringer.  The 
yokea  are  placed  6  ft 
apart  and  eerve  aa  beai^ 
inga  for  the  raila. 

Coney  Island  Ave., 
Brooklyn,  N.  Y.  fn  the 
eonatruetion  on  Coney 
laland  Ave.,  the  road- 
bed waa  excavated  to 
a  Buffldcmt  depth,  and 
then  broken  atone 
apread  over  the  surface  and  rolled  to  a  depth  of  6  in.  Upon  thla  bed  of  broken  atone 
creoeoted  tiea  wero-placed  and  T-raila  laid  upon  them.  The  taOa  were  faataned  to 
the  tiea  with  a  ecrew  ipike  pneumatically  driven.    A  T-imO  waa  permitted  to  ba  uaed 


Fig.  18 

aa  the  track  was  nearly  all  laid  in  a  apace  separated  from  traffic,  while  at  tbe  inter- 
aectlona  vehicular  traffic  would  be  nearly  at  right  angles  to  tbe  track.  Thla  method 
has  been  entirely  satisfactory. 
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ftoddyn  Rapid  Tniuit  Co.  Fig.  18  khom  tbe  type  of  tndc  eonrtnietton  in  Brook- 
\yfk  M  adopted  by  the  Brooklyn  R^d  Tiaiudt  Co.  It  will  be  notlflad  that  the  Ciee 
are  laid  upon  the  natural  acril.  Id  eUs  oonnectloQ  it  should  be  said  tiiat  the  wU  of 
Brooklyn  ia  MWdy  and 
utUdal  dninage  ii  not 
neeeMary.  Thia  con^ 
pany  baa  Md  a  food 
many  mllea  ct  traek  of 
tUa  diatacter,  with  «»• 
tiemely  aatiafaetory  n- 
■ulti.  Aa  a  g^ieral 
proporitiMi,  however,  it 
would  Mem  that  aome 
Und  of  artUdal  f ounda- 
tlon  was  neesMary,  but 
this  muBt  be  determined 
by  oonditionB.  Fig.  1» 
shows  a  type  of  eoa- 
stnietioii  with  eted  tiee 
of  the  Brooldym  Rapid 
Tianrft  Co.  A  track 
laid  in  this  way  was  eon- 
atructed  on  Flatbush 
Ave.,  leading  out  towarda  Pro«pect  Park,  and  has  proved  exceeding  satisfactory. 
VaUeular  traflle  ean  pass  over  it  fredy  from  one  aide  to  the  otiter.  eltbsr  diagoDally 
or  dinetly  Hraa,  without  any  intarfetenee  whatever.   It  Is  wedhi^  plsedng  alao 

to  ride  over,  aa  the  raOa 
along  the  foundation  are 
solid  and  the  tra^  aor- 
tace  eorreapondlnidy 
smooth. 

(3evdand,OUo.  Flf. 
20  diows  a  aomewhat 
similar  construction 
used  in  Cleveland.  The 
joint  fastening  ahonld 
be  noted,  as  tbe  platea 
extend  the  full  depth 
of  the  web. 

Rochester,  .  H ,  7, 
Fig.  21  represents  a 
erosB  section  of  a  por- 
tion of  a  car  track  in 
Rocheetar  as  used  in 

1900.  It  shows  pUinly  tbe  eonerete  beam  under  the  raD  and  the  sted  tie  which 
was  used  at  that  timeL   Fig.  ZZ  shows  another  portion  of  tbe  asm*  emstruetlon.  The 
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Flf.  81 
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raOa  were  damped  to  the  concrete  beam,  aa  shown,  there  bring  three  dampa  to  a  30-ft 
nil  and  flvs  to  one  60  f t  hi  length.   A  cushion  of  asfAalt  mastle  H  in  thick  was  laid 
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on  top  of  Um  eoBOMto  boun.  "wV<"g  tlM  nmo  mora  reoOieDt.  Attsntlou  !■  nttxl  to 
tlw  provWon  (or  dnliMgs  should  an/  mter  wop  thru  the  jotnta  of  tbe  biodu  dom 
to  tha  HDd  ir**ir  aoQ  of  BoduMar  ii  d^Fay.  ki  that  provUoB  for  draiii«a» 

Is  DOMBBvy.   Fis.  23  riwm  •  eraw  ssctlop  of  stnet-ear  trmck  eoDstructioii  Id  Rocbw 
.  ,  .  .        , .  Tho  C««- 

 t^tf--    ■ — -.^  M  RilUiiK  EngtaMT  o<  thst 

dty  writes  as  foDowa: 
"Wa  an  aatialloJ.  (rata 
our  lapaiKoem,  Aat  a 
broken  atona  (oand*- 
tioa  to  batter  for  baarr 
traffic,  aapodaPy  «faan 
it  is  ditBcult  to  kaip 
tbe  Btiwt  dowd  for  a 
auAdeat  lancth  of  tims  to  let  the  eonerdo  beeoma  properly  aeL  We  hava  tried 
«««y  Und  «l  CMtamdlaa  b  nOway  bMln  and  an  aatMad  that  tha  T-nfl  «ltk 
a  iv«dal  Hsdfaw  or  frmMa  UoA,  eat  shoim  do  tha  print,  maksa  as  |oad  a  tncfc 
aa  any  other  conrtructiocv,  and  wy  mudi  better  than  any  of  the  othar  haU-pwvad 
taila   that  have  been 


Fig-  28 


-Q^-**  


LOMrrvMUL  annoM 

Fit.  « 


uaed  heretofore.  We 
have  abandoned  the  uae 
<A  the  ited  tie  and  are 
ndng  wooden  ties  en- 
tlrdy  at  the  preawit 
tbne.  Theae  tie*  are 
qwced  2  ft  apart." 

Detroit  Fig.  21 
sbtnn  tha  standard 
traA  eoMtnictloB  fai 
Detrdt  in  1912,  a  T- 
raa  being  used.  It  wQl 
be  noticed  that  the  ties 
are  bedded  in  concrete 
snd  that  tha  Jdnta  are 
eaat^wddad.  FIc.  ti 
ahowa  a  sraond  ndl 
eonstruetlan  in  tbeWB* 
dty  In  1»18. 

Kanaaa  Oty.  Mo. 
Fis.  26  ahowa  eonitruo- 

tion  In  Kanaaa  City  as  of  1912.  Attenttoa  la  particulariy  called  to  tha  type  of  nl 
and  the  reault  obtahied  whan  a  block  pavement  la  laid  up  agafaiat  it.  It  la  ettrewo- 
ly  objaettopabla^  aa  vaa  uadoubtaiUy  aaasrtained  Iqr  tha  eompnny,  as  Fit.  2^ 
ihmn  atandard  eooatendiaii  in  tha  now  dty  u  of  1918,  the  rail  bdnf  of  tha  T  type. 

Kewatfc,lf.J.  ng. 

iV?  >i<53r7"lUIl       28   abows  atandard 

eonatmction  In  New- 
ark in  1912,  and  Rg. 
29  constmctkn  in  the 
■ame  dty  fw  ISia. 
Tha  eooatnictioB  la 
pmdieally  tha  mam, 
althotbapavsMMla 
of  a  diff etentckaractar. 
PhOaddphia.  Fig.  80  ahowa  track  construction  fai  Philaddphia.  This,  m  wSl  ba 
seen,  varies  materially  from  construction  la  other  dties,  the  raila  batag  placed  m 
chairs  embedded  In  the  eoacrete.  Attention  la  oatted  to  tha  way  tha  ontdde  edge 
of  the  rail  Ig  beveOed  off  and  how  unnecessary  this  is  when  a  aqunra  block  ie  laid 
against  tbe  nS.  In  1916  it  waa  stated  that  the  concrete  ocnatnietion  had  pnetiodly 
been  abandoned  and  tha  tlaa  laid  on  tha  ntturd  ground. 
BoMw.   Fig.  SI  shows  BoatOB  flsBHtrtutlan  In  1918.  the  graonrad  raa  boiag  sM  upsn 


Fig.  26 
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tiea  in  much  the  nme  my  u  was  shown  In  ClevtlMid  mad  Brooklyn.  Fig.  82  shoira 
conatruction  In  Boaton  in  1915.  Th«  Enpneer  of  the  rokd  atalw,  in  eonneetion 
with  this,  that  the  tendency  now  is  to  do  away  with  concrete  in  foundation  for 
tneka,  on  account  of  ita 
being  too  rigid,  and  broken 
■tone  ia  cenerally  uaed  in 
Ita  place. 

The  Board  of  Snper- 
visinf  Bogineen  of  ChU 
ca(o  adopted  the  different 
types  of  eoiutruction  shown 
in  FlgB.  88  and  84,  the 
method  varying  according 
to  the  rail  and  foundation. 

Toronto,  Canada.  Fig. 
3S  ahowB  track  construction  as  used  In  1916  in  Toronto,    The  Commiaeioner  of 
Works  of  that  ritv  ststee:    "During  1913  and  1914  the  conovte  subetnicture  trf  aU 

new   track  aUowancea 
S^HH^ft:*,  in  the  city  were  16  In 

i,  ■   «\  .    tkit'  In  depth,  being  placed 

'  in  two  couisea,  the  first 

eoorse  of  9  In  being 
brought  up  level  with 
the  bottom  of  tbe  tie, 
utd  the  second  course 


Fig.  2S 


■likAipMI'-\  X  to  Oik  Lb*  i 


of  6  in  being  placed 

 „  "  later.    This  practice  is 

Bab^nA*  ui  iMi  TD*  camea   out   in  order 

Fig.  27  that  a  firm  basis  may 

be  provided  for  the  tie 

and  proviaion  made  for  shrinkage  in  the  concrete.  We  introduced,  last  year,  wooden 
COIer  stripe  to  take  the  place  of  the  mortar  casing  which  was  formeriy  used,  and  which 
was  always  a  source  of 

trouble,  and,  from  indica-  lij^;  .'t  t'iu  I'lf  OlL'I 

tiona  to  date,  we  are  led 
to  brieve  that  this  form 
of  eonatructitm  will  be 
much  more  aatlafaetory 
than  the  formw." 

Pillins     for  R«ili. 
It   u  iinportaDt.   es-  Fig.  28 

pecinlly     where  the 

pavement  ia  made  of  blocks  of  any  kind,  that  the  space  between  the  web 
and  the  lip  of  the  rail  be  filled  substantially  with  some  solid  material,  aa, 


i 


I  hitt  Euh  ••  On        Wind  DM  T  ItaO^ 


Fig  29 

if  it  is  not  so  filled,  the  blocks  are  Uable  to  settle  under  traffic  and  permit 
a  rut  to  be  formed  adjacent  to  the  rail.  Three  materials  are  used  for  this 
purpose:    Cement  mortar,  burned  clay  blocka,  and  wood.    The  cement 
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morUr  mixed  in  the  proportion  of  one  part  of  cement  to  two  or  three 
parta  of  sand  is  most  generally  used,  and  is  prol>ably  the  best.  It  can 
 ^  ^   be  easily  applied  and. 

...l  i,v        ..,..'.,4-  1-^^  y  I-''-'  *I  in  strong   and  solid. 

Bumcd  clay  brick  does 
not  fill  the  spac«  n- 
actly,  and,  in  an^ 
event,  has  to  be  burned 
specially  for  the  nuL 
The  wood  is  undesir- 
able for  the  same  m- 
son,  and,  unless  creo- 
soted,  is  liable  to  de- 
cay long  before  tbe 
pavement  or  the  rail 
itself  is  worn  out  and 
thus  lose  the  efficieDcy 
it  had  in  the  beeinninx- 
>  uh,  1  HBHii,  1  km],  t  "—fcH^^jlmiSicjiig  Paveniant  lTc3:t  to 
pig.  31  Rails.    In  tbe  laying  of 

pavement  in  a  street* 

car  street  it  ia  clamed  by  many  that  aheet-asphalt  should  not  be  Uid 

f'TIi  nltll 

CwMl  >  - 


er  tif«  lo  M  fl  rati 


Fit-  32 

directly  against  the  roils,  as  the  wear  will  be  such  that  it  will  be  neither 
economical  nor  desir- 
able. The  alternative 
is  for  the  street-car 
company  to  lay  out^ 
side  of  the  rail  a  block 
pavement  of  some 
kind:  stone,  wood  or 
brick.  While  this  prac- 
tice has  proved  satis- 
factorj'  in  many  cities, 
it  has  one  objection, 
that  is,  it  forms  a 
longitudinal  joint  be- 
tween a  hard  and  a 
comparatively  soft  ma- 
terial, which  is  in  the 
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below  hMd  af  nil 
dtj  P>T 


PkTlns  »t       U  b*  9f 
low  head  of  lUII 
ated  JolDla  1 :1 

Hi 


line  of  traffic,  and  for  that  reason  liable  to  form  a  rut  under  heavy  traffic. 
In  Brooklyn,  N.  Y.,  the  practice  has  alwaya  been  to  lay  the  aheet-asphalt 
directly  against  the  ,  „ 

,      ,  h  ^IO«~ok^Uf  


rail,  and  very  many 
miles  of  this  con- 
struction are  now 
in  uBe.  While  with 
bad  track  construe 
tion  it  is  undoubt- 
edly true  that  more 
than  ordinary  wear 
will  take  place  next 
the  rail,  yet  with 
such  tracks  as 
should  be  laid  in 


FIe.  34 


modem  times,  with  the  present  weight  of  cars,  it  seems  that  the  abeet- 
saphalt  can  be  satisfactorily  laid  up  to  the  rail  itself. 

Coaclusioiu,  Spec.  Com.  Mat.  Road  Cons.,  Am.  Soc.  C.  E.  (10).  "Uniformity  in  tha 
,  ,  roadwmy  aurfmee  bdns 

M*)*^  4.  :  H'    *'laii    fnnill  til    for  minlmniii 

wev  mad    szpenae  ot 

maintenance,  uiythins, 
nich  u  manhole  coven 
or  street-<«r  trmcka,  in- 
troduciriK  >n  element  of 
non-unifortnity  into  the 
■urf«ce,  ihould  be  coun- 
ter* cted  u  far  as  poMi- 
ble  whenever  nirlkCM 
of  different  degreei  of 
hkrdneH  adjoin  in  m 
pavement.  The  traffie 
comine  from  the  harder 


CROeS  SECTION 
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fig.  36 


|riH«J.^B*-».rw-ff*  to  the  Botter  surface 
— ■'■  ».'ft''*J"*t™i\      naturally  causes  abnor- 


Fig,  3S.  Clevdand 


t  T-  .'     i  '        mal  wear  on  the  Utter. 


In  the  case  of  car  tracks 
in  streeta,  modem  con- 
struction is  such  that 
the  tracks  are  nearly 
rield,  altho  this  condi- 
tion does  not  exiat  in  all  cities  at  prewmt.  Where  it  doea  exist,  however,  the  pave- 
ment should  be  laid  somewhat  above  the  level  ol  the  rail.  The  Committee,  bow- 
ever,  does  not  believe  that  in  any  ease  a  bituminous  pavement  should  be  laid  between 
the  tracks  or  between  the 
rails  of  the  tracks.  When 
car  tracks  are  laid  in 
roads,  the  construction  is 
not  cenerslly  as  nearly 
ri;;id  as  in  streets,  and 
the  rails  sre  usually  of  the 
T  form.  The  traeks  in 
rjch  cases  are  often  laid 
at  tbe  side  of  the  road, 
rather  than  in  the  center, 
as  is  customary  in  streets. 
In  the  cue  of  macadam  or  bituminous  roadways,  and  when  the  rails  are  in  the  oen- 
Jer,  it  wotdd  be  advisable  to  lay  stone  blocks  or  brick  lor  a  width  of  at  least  18  in 


Fig.  S7.   San  Francisco 
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sdf  Kant  to  the  i^;  wte  tha  nth  an  It  Qw  rida  nid  tfaa  ndlftaid  am  dow  wt  ton 
a  pvt  of  the  n»Aw*y  pmpw*  locw  bnrinn  wbout  or  crml  msr  bo  ■nbattUifd  far  ite 
BtoDo  blocks  or  brifk." 

Aawrican  Piacttca.   flgB.  86  to  47  show  tiypes  oC  different  IdndB  of  track 

oonstmctioQ  in  diff<r- 
ent  cities  Axncrica 
BM  (22b).  It  win  ba 
Qotioed  Ui&t  the  greater 
number  of  the  nils  an 
of  theT-type,  and  that 
the  groove  ia  formed 
in  different  ways,  aome- 
timee  by  cutting  the 
blocks  themselves,  mod 
at  other  times  fay  lao^ 


Fit.  88.  SmCOo 


IT  SMI  ~ 


ikxaoxiid 


ing  the  bboks  under  the  bead  of  the  rail,  crowning  them  to  the  oeDtcr. 

While  this  practice  might  be  aatiaftictory  from  the  railroads*  AandpoiDt. 
it    doefl    not  seem 

that  it  should  be  ac-         !■   «»^  *  

oepted  by  the  city 
authorities,  as  it  oon- 
fliota  ao  enHrely  with 
the  prindple  that 
llie  Bbeet-car  track 
should  be  part  of 
the  pavement  and 
neitlmr  invite  nor  re- 
pel tnffioL  A  pavement  would  not  be  permitted  on  a  efereet  with  a  flit  fta  H 1 
or  IH  in  deep,  even  if  the  edgea  were  bevelled  off.   By  la]ring  a  double  line 

of  T-raOa  in  a  street 
there  are  fonned 
practically  four  ruts, 
into  which  traffic  will 
naturally  go  and  to 
crooB  which  must 
prove  a  BOod  deal 
erf  fauxmvttiienae  to 
vehicular  traffic 
Buopeaa  Practtca 

in  street-car  track  construction  is  much  like  that  of  the  United  States, 
altho  as  a  whole  probably  not  as  good.  In  most  places  the  oars  an 
small  and  do  not  re- 
quire as  aoUd  con- 
struotioo.  In  the 
largerdties,  however, 
where  the  double- 
deck  cars  are  in  use, 
it  is  easential  that 
thetraoksbelaid  with 
a  great  deal  of  rare. 

U  pya  nd  Oeaors,  avftntfaad.  eoiwtnietloa  ia  ahowa  by  Fig.  48.  It  wit  ta 
■am  tbat  at  La  Haye,  iriim  tba  stmt  HmU  it  paved  wlUi  rook  aqtbstt.  wood  feloAs 
■ta  laid  up  agsliut  tba  nil,  both  oa  the  inMde  aad  tba  out^da;  atao  that,  wUa  tba 
"fl  to  art  00  «QQer*ta,  It  Is  baddad  In  amhah  In  oidsr  to  giC  man  rwOlnsy.  la 


Tig.  40.   HoustoD,  Tex. 


Fig-        T-RaD  CooatraetloD,  Dallas,  Taa. 
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Fig.  42.  GIrdar  RallCcutmetion,  DmUbm,  Tax. 


G«sneva  It  wfll  be  aoUeed  that  tlw  rail  re>U  on  m  chair,  which  in  torn  k  faatesMd  to  a 
mtAxi  tie.  Fig.  49  shows  the  method  of  laying  the  nil  on  ft  haDow  concrete  strinter  »t 
G^nevk.   It  will  be  notioed  that  there  is  m  snuU  baM  restbtg  Upon  the  concrete  striofer. 

G«niuuij.     Fig.  50 
mbunn  dlffvmt  eum-      t'taOttv^    |OMMiOnMi«,  I        ,  ■ 

pta  of  >ted  ca>tnek   *^  

<aciirtnietfaia  in  Ger- 
many: A,  wpw— ntlnt 
■aflB-rigld  eanatnietion 
In  DOMeldorf  and  Ber- 
lin;  B,  Beml-rigid  eon- 
otruction  at  Neudittd; 
C  rifid  auutruetion  at 

MeueiUUfll:  D,  vonstnietioB  irfth  nlnfomd  eonerata  Uodn  at  ISlMtfgU  and  Bnuio. 
wick.  Vlg.  61  U  aa  TTmrr'''  of  back  conatnietfim  witii  ndnforaad  concrete  In  Bariin. 
It  win  b*  notioed  from  tlia  of  tb»  rail  that  It  la  eztnmdjr  shallow.   Fig.  52 

■hows  a  croaa  ooctlfm  of 
track  in  BeiUn  with  a 
regular  ataadard  rail, 
the  pavement  being  as- 
phalt. Attention  ia 
called  to  the  method  of 
bringing  the  rail  to  ex- 
act grade  by  the  wedges 
mider  the  nil  Itself. 
Fig.  6S  ohowB  a  iMigi- 
tudinal  section  rapr». 
senting  clearly  the 
method  of  attaching  the 
rail  to  the  steel  eroea- 
tia,  and  showing  tha 
concrete  bearing  for  the  tie  itself.  Fig.  64  sliowB  track  flonstraetlon  with  mocolithle 
reinforced  concrete  at  Nnramburg. 

Vienna.  Fig.  66  diows  a  erowectfam  <rf  overhead  track  eonatrtution  la  ^^oma. 
The  raQa  an  set  direct- 
ly in  the  concrete,  and 
In  thia  particular  in- 
atance,  altbo  tbe  pave- 
ment is  rock  aaphttlt,  a 
wood  block  is  set  next 
to  the  rail.  This  eon- 
atruction  ahowa  tha  nila 
laid  in  eonerata,  ahlio 
■onwtimea  thay  an  aat  mi  broken'  stone.  It  wUl  ba  notiead  that  the  rails  are  t^ed 
together  by  a  wide  atari  bar.  Fig.  66  shows  underground  construction,  tbe  riot  rail 
bring  at  tbe  side  and  serving  aa  a  bearing  rafl  for  wbeeb  aa  well  as  Cor  tbe  riot.  The 

atreet-railway  system  of  Vien- 
na is  owned  and  operated  by 
the  dty,  and  the  enginoo  In 
charge  informed  the  writer  in 
191S  that,  while  ha  apprad- 
ated  that  the  ridcnalot  eon- 
atmcrioD  was  better  for  tbe 
pavement  and  for  the  street, 
it  was  not  as  satisfactory 
from  an  operating  standpoint. 
This  is  probably  becauae  It 
la  more  difficult  to  transmit 
the  current  thru  the  side  of 
the  car  to  tha  andarground  conduit  than  thru  the  oMiter.   Side-riot  oonstruetXoo  waa 


Fig.  48.  Capitri  TtMtkm  Cob,  WaridngtoD,  D.  C. 


Fig,  44.  MinneapoUa 


Fig.  46.  Clsdnnatl 
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Puis.  Fig.  G7  ihowa  two  types  of  cooctrucUon  in  Paria.  It  mi^tit  be  wmd  tn  tUs 
connection  that  in  1913  the  atreet-car  Byatem  of  Paris  waa  undersaing  maiy  , 
At  that  time  the  can  were  operated  by  the  overhead  and  undergrourtd  elect*ic  ayatan^ 
and  alao  by  ateam  surface  cars.    The  tracks  and  the  pavement  betweei  the  trada 

,  in  many 

PiTtaf  m'iIw*  Up  ■(  Bd  Failnf  Ji  btln  Owl  •t  U 

'      I'   M'   tW:  4r  /  ''"OyJj!!  


rtM — ■   "     •      • : .  ?  an 


Fig.  46. 


In  l>ad  condition.  TUa 
waa  said  to  be  be- 
cause the  system  «aa 
undergoing  a  diange, 
and  it  was  eipecteid  that 
1916  all  the  Um 
would  be  operated  by 
dectridty. 

Bordeaux,  Fnacc' 
Fig.  68  ahowa  a  gifdv 
rail  in  concrete  ba  Bor- 
deaux. Here,  the  lafl 
rests  directly  upon  the 


concrete,  and  the  rock  asphalt  pavement  is  separated  from  the  rail  by  qtecially  jm^ 
pared  asphalt  mastic. 

London  County  Council.  As  has  been  said  before,  the  tramways  in  London  an 
controlled  and  operated  by  the  London  County  Council.  They  operate  both  bdow 
and  above  ground,  by  overhead  and  underground  trolleys.    Fig.  G9  shows  a  <rtm- 

section  of  the  construction  for  the 
overhead  trolley.  This  Aows  tht 
welded  nil  joint.  Fig.  60  sbom 
this  joint  in  elevation,  m  wcfl  as 


KOTIONS  ACROM 
,  .  TRACK! 


■ECTIOHS  ALONO  CENTCB 
OF  TRACKS 


GnnI  and  Pllcli  t'lll.i 


Tig-  4T.  Baltimore 


Fig.  49 


the  methods  of  reinforcing  the  rails  by  what  are  termed  intermediate  anefaora  war 
the  joint.  It  will  also  be  noticed  that  there  is  sn  «xtra  connection  between  the  rab 
so  as  to  permit  free  transmission  of  the  electric  current.  The  engine«n  eridHitly 
recognise  that  the  Joint  is  the  weak  part  of  the  rail,  and  provide  for  extrm  suppoR  m 
shown.    Fig.  61  ahowa  a  croaaaecUoa  of  the  trMk  lor  underground  coutniotin 
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'by  wlut  is  known  aa  the  extended  yoke,  ahowtng  the  beaiing  of  the  rail  upon  the 
yoke  itmU.  Fie.  62  shorn  ft  cro—eoeflon  at  •  thort  yoke.  Fig.  68  ebows  a  enm- 
meetioa    batwan  tbs 


yokes.  The  extended 
yokes  are  spaced  7  ft  6 
in  center  to  center  and 
the  diort  yoka  is  mld- 
YnybetiranthBm.  Fig. 
64  ahowa  a  roMmd  of 
maUnE  the  jotnt,  which 
variae  somewhat  from 
the  joint  in  tha  tra^ 
with  overhead  con- 
atnwIioB. 

Coiutractioii  from 
Railroad  CompanieB' 
Standpoint.  What 
has  been  said  I>efore 
refera  to  track  con- 
struction from  tbe 
oity'a  standpoint.  It 


Fig.  60 


is  intetestiog  as  veil  as  instructive  to  take  up  the  matter  from  the  railroad 
companies'  standpoint,  and  the  question  has  probably  never  been  better 
presented  than  in  ^the  1014  Rep.,  Com.  on 
Way  Matters,  Am.  Electric  Ry.  Eng.  Assn. 
(9b).  As  an  introductory  to  the  report,  it  is 
atated: 

"  The  first  requirement  of  all  typea  of  strueturee  is 
permanency.  This  la  particulariy  true  in  relstion  to 
eleetrie  r^my  tracks  in  paved  streets,  where  as  a 
rule  the  types  of  pavement  found  are  costly  and 
both  the  railway  and  tbe  atreet  traffic  are  hsavy, 
na  Mutating  high  expense  for  all  atmetures  oeeunr- 
Ing  audi  atraata  when  reiadrB  are  required.  Such  repairs  then  must  be  kept  to  a 
minimum  and  trade  struetofas  shoidd  bo  dealgnad  with  that  end  In  view.  However. 


Fit.  Bl 


ng.  62 


Fig.  68 


permananee  as  applied  to  raOway  atnictarea  is  a  relative  term  and  diould  be  imder- 
atood  to  moan  a  steta  of  long  durabiU^  rather  than  one  of  final  and  abaoluto  flxednasa 
for  all  tlma.   The  permanency  of  such  atnwturea  therefore  may  be  eonndand  aa  meet- 
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tng  the  varied  requirements  if  the  state  of  durability  is  well  maintained  at  the  lowest 
oast  per  yaar  at  tbe  end  of  a  predstarniined  period  <rf  permanency." 
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IN  WOOD  BLOCK  PAVINQ 
Fig.  57 


Tha  Board  of  Superrisiiic  Bii(iiiean  <tf  lb*  Clucaio  Tnctioiu  in  1909,  ataAjiid  that. 
20  yean  wu  tbe  MHimption  for  the  eatinutad  life  of  track  aubatruetura  beiMM  erf 

tbe  lack  of  deAnite  »- 
fonaatioo  am  to  life,  ll 
waa  alao  »— "^-^l  that 
tharanawal  t— — - 
tun  at  tbe  tUM  «£  n- 
nmral  of  rmUm  would  be 
Btieaaiiry.  Tba  objact 
of  tba  Board  was  Co  paa- 
duoe  aa  neaiiy  mm  iiiim 
fig  50  bla  a  pannaant  aCnw- 

tura.    Tbe  raport  ooo- 

tfnuv:  ''Aaareaiittof tblatita board fliat adopted aaoUdconmtoatMl-tieeonainMtatB 
witbout  aub-dralaate.  but  quite  aooa  a  modification  waa  made  by  tbe  aubstitatMB 
of  wood  tlee  with  a  doaer  apadnc-  After  a  furtbar  m- 
perienee  and  partly  to  provide  (or  unflniahed  atnait  and 
aubaurfaee  ooodiUooa,  a  itooe-baUaatad  eonatnictioa.  witk 
Bubaoi)  drain*  when  neeeMry,  waa  evoJred,  and  it  ia  no* 
understood  that  thia  laat  type  of  oonatructloo  ■■  beiiic  used 
to  the  complete  exdurion  of  tbe  earlier  typea.  It  ■ppwaii. 
then,  that  deaisn  may  be  directed  with  tbe  view  to  pro- 
viding a  itnietura  which  will  be  pemuuient  only  to  tba 
extent  of  givinE  durmble  KTvioe  with  a  minimiiTw  of  main- 
tenance lor  a  period  of  from  20  to  2S  y«ara.  It  ia  Dot 
only  reasonable  but  alao  oooaiBtant  with  expenanee  to  (■- 
pert  aome  maintenance  azpe&ae  due  to  tbe  nommMi 
uncontrollable  factoca,  and  tbe  deaien  ahould  be  eantved 
upon  the  leMning  6t  flrat  coat  aa  much  aa  la  warrantMl  by 
the  uae  of  &rat-daai  materiala  and  worlonanahip  with  a 
type  of  eonatructico  wbidi  reqaiiva  tha  leaat  amount  of 
expenae  for  tapaira." 

Veisht  of  Cara  and  tba  Loada  and  Wear  to  the  TnA 
Conatmction.    Tbe  report  aaya:   "From  atatiatica  in  band 
it  ia  found  that  tbe  modem  typea  of  prapaymcnt  eara,  wbid 
are  coming  more  and  more  into  uae,  vary  in  total  ws^it, 
fully  equipped,  from  32  246  to  H  700  lb,  and  aeat  an  aw- 
age  of  46  people  per  car,  giving  an  additional  weight  ol  652S 
lb  If  145  lb  per  peraon  b  taken  aa  average  weight.  U 
standing  room  ia  oonaidered  for  an  average  of  40  people, 
or  a  weight  of  UOO  lb 
more,  tbe  total  avcraga 
beavieat  piawngM^oad 
per  car  can  be  taken  at 
12  326  lb.   Adding  thk 
to  the  min'mttm  and 
maximum  car  wei^ta 
giveaarange  of  load  fnn 
44  671  to  67  026  lb." 

BalUsl.  With  trifT- 
race  to  tbe  ballaat  wed 
bi  tba  Bubatructure,  it 
ia  sUted  that  only£0% 
of  tberoada  leportbig 
uaed  concrete  baUait. 
altho  it  waa  admitted 
that  tbe  statement 
might  be  aomewhat  mii- 
leading.  aa  it  wmj  madt 
out  on  a  road  latbv 
than  a  roiiaaga  batii. 


Fig.  68 
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Tb*  bmlluted  coiutnietioii  mu  prefflmd  by  60%,  aoUd  concrate  by  SS%,  and  eon- 
caret*  sub^Mllut  by  7  %  of  tha  com pM lea  reportliic.    The  report  turtbar  nyi: 

*'  The  praferenn  for  ckubhd)  stohb  or  okavbl  ballut  b  itated  to  bo  for  the  follow- 
Ins  fomom:  Lower  coat;  ««m  of 
izwtmlUtion  tmder  trafBc;  providM 
b«ttt«rdniiiBg»;  ehe«p«ri;nd euJer 
repair;  eoncreto  too  rigid;  cx- 
perlsnee  proved  tt  very  ntisf^c- 
Cory;  Bivea  mors  rodlency  to 
tmek;  good  repaini  more  praetJca- 
ble;  eonereto  too  oxpenaiTe  and 
Tittt  lonerally  Deeenary;  mmlcM 
iMS  notiy  tnek. 

"CoNCRBTB  !■  atatod  to  be  pnf- 
ermblo  for  the  following  raaaoiu: 

liable  to  give  trouble  on  ao-  fk.  •  th.  K»r(in,  ■i.iJ»t"*'"*»«*'«»' 
«oui>t  of  Kttlementa:  b«»uie  wo  'tl.Tsl'^?CL__e,t^ 


BMl^  iftm  Wl  otTOMi  till 


m 
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limva  no  cutting  under  our  road' 
bad;  wbeo  grade  la  fixed  and  all 
■ubatnicturea  are  in  place  con- 
crete la  preferred;  for  its  oupport- 
Ing  qualitlaa  orer  excavations; 
lower  maintenance  eoat;  with  day 
■olla." 

It  la  Intareattng  to  note  that  the 
report  statea  that  neither  head- 
way nor  apeed  haa  much  influence 
on  foundation  exeeptiag  that  where 
joints  are  poor  or  eomgation  ia 
praaeBt  In  raHa  the  apeed  undoubt- 
edly adda  to  the  damage  reaulting  from  meh  conditions.  And,  referring  again  to  the 
report  of  the  Supervlaing  Engineera  of  the  Chicago  Traction,  it  quotes:  "Only  the 

  .  actual  weight  of  the  car  seemed  to 

.    ^„  ,jr         affect  deflection,  and  no  wave  motion 

'rj_Jnfci*i  in  rsil  cilsted,  for  no  deflection  could 
be  discovered  except  when  the  car  was 
actually  over  the  point  of  reading." 

Ties.  The  report  statee  that  the 
prevailing  practice  on  electric  roads 
calla  for  6-in  by  Mn  by  S-ft  dee  on 
2-ft  eenters,  and  that  thie  eixe  and 
space  is  conndered  the  best  practice. 
It  fuither  states  that  the  proper 
spacing  of  sted  ties  is  equally  im- 
portant; that  a  sparing  of  4  ft  has 
been  customary,  but  that  It  has  been 
found  by  experiment  in  Chicago  that 
8  ft  would  be  more  deairable,  but 
that  at  this  point  the  cost  becotnee 
exceesive  and  leads  to  the  use  of 
wood. 

Rails.  "Deep  typee  of  rails  are 
a  necenity  for  work  in  paved  streets 
and  those  under  6  In  in  depth  will 
not  aatiafactorily  provide  for  most 
typee  of  permanent  pavement.  A 
minimum  depth  of  7  in  is  now  most 
preferred,  and  it  is  rapidly  becoming 
■tandard,  as  is  shown  by  Its  recent  adoption  In  Boston.  Either  girder-grooved  or  T- 
ralls  may  be  used  with  equally  good  results,  provided  a  good  joint  ia  used.  The  points 
in  favor  of  the  T-un.  may  be  given  first,  and  the  chief  ooea  are  as  follows:  (0  The  T- 
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rail  !■  poeraHy  eoiuld«red  to  bo  dedcoed  on  better  nwebanicftl  Ifaiea.  (2)  U»a  wtis- 
tMtory  macfauiical  iointa'cmn  ba  nunufkctured,  p«rUy  becMue  o(  the  «yniinetry  of  tte 
nil  outline.  (3)  The  flutgeiny  ia  more  miuble  for  wi»ble  whod  flmnceB.  (4)  TW 
Tftila  bav«  B  loDger  lite  u  &  rule,  under  equal  traffic,  with  »  iMwnlnc  ol  atreeC  opiinp 
lor  lenowals.  In  theory  the  life  of  tbe  ordinary  jointa  is  probably  lancer  with  %  )mm 
amount  of  disturbance  ol  pavement  at  the  j^t.  (5)  Uany  inatallatiaiia  ti  T-rab  ta 
psved  atreeta  in  recent  years  have  aatisfactorily  met  the  local  oondltiotta.  Smnl 

dtka  ham   required  tbt 

'"'"-""T  /:::::^77^r,y  T_AiWt«<m_  «ioption  oi  hi«h  x-nih  ii 

'i'^riWy*'«Us5?B3effiWa*3«  repUeement  of  trro  nd 
girderfrooved  rsila.  (S) 
Much  objeetien  baa  beaa 
improperly  directed  »^iaat 
T-raila  when  it  afaould  bava 
been  broucht  againHt  the 
pavamaoL  Tbia  baa  beaa 
proved  by  tbe  tiwttBatiBa 
of  modern  pavamta  with 
old  bich  T-raila.  Tbepoiaa 
agsinat  the  T<raib  an  aa 
foUowa;  (1)  It  ia  raarecK- 
penrive  per  foot  ot  flaiabed 
track  and  pavonimt.  (£> 
IacIe  of  adf-^euin(  flmcr 
way.  (8)  IncMaed  wear  of 
pavemstt  adjaeent  to  raib, 
under  estMne  Limine  oondi- 
tiona,  reaultint  ia  Uffa  pav- 
1ns maintenance.  (4)  Apt  to 
offer  wmewhat  (reatar  r»- 
■atance  to  vebieuUr  trsSc 
(6)  Ditteulty  in  prmot- 
b)g  ieepage  of  water  i> 
Sanceway." 

Rail  Jointa.  "Tbe  eld 
Baying  that  the  life  c<  the 
jtrint  is  the  life  o(  tbe  ni" 
atiU  btdds  good.  It  mi^t 
be  extendad  to  include  tbe 
life  o(  foundation  and  pan- 
ment.  as  poor  jointa  not 
only  cauae  rapid  deal  rm lieu 
of  tbe  rail  ends  but  alao  of 
the  foundmtian  and  pay- 
ment. Tbe  joint  ipaeatiaB 
has  recrived  moefa  careful 
study  vitlun  the  peat  few 
yeara,  and  it  ia  tbougtit  that 
modem  electric  and  east 
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welds,  eeveral  combinationa  of  riveted  and  welded,  and  ac  least  one  improved  type 
of  mechanical  joint  have  been  evolved  whidi  will  at  least  IcMp  joint 
down  to  a  reasonable  minimum.  The  general  adoption  of  60-ft  rail  lengtha  baa  alaa 
cut  the  troubles  in  two  by  tbe  aimple  proeeaa  of  reduction  in  numbera.  Tbe  object 
then  is  to  secure  that  type  of  joint  which  will  produce  tbe  effect  of  a  ccntinuooa  rail 
and  at  the  same  time  be  moat  available  when  cost,  application  and  poanble  repair  ar« 
considered,  sltbo  lirat  coat  should  not  entlrdy  eontrol." 

Pavements.  Regarding  the  pavement  on  tbe  street,  it  is  said  that  tbe  gr«iat«« 
aervice  to  the  atructure.  aaide  from  Ita  own  partieular  duty  of  providing  for  vehicular 
traffic,  lies  in  the  waterproofing  qualitiee,  and  every  effort  should  ba  diiaetad  toward 
the  usage  of  those  pavementa  which  wilt  beet  prevent  tbe  infiltration  of  aortaeewa 
The  report  finally  recommends  tbe  FOU»  TfTWK  or  OOWniUCTlON  shown  in  Hj.  «&. 


^tooglt 


Effect  of  Subsurface  Work  on  PaTemeats 


1301 


VIUm>  Aa  records  Oiler  for  tbe  hmA  of  the  rtJl,  the  repoK  sUtcB  that  it  ia  difficult 
<let«rmine;  that  the  fenerml  pnetiee  ■iiiimi  to  bo.  when  the  pavtos  block  flta  under 
til3«>  hesd  of  the  nH,  to  pour  a  cement  Erout,  usually  <rf  one  put  of  cement  to  three 
(>&z~ta  of  Band;,  where  a  mortar  or  plaster  is  used  the  proportion  may  be  increaaed  to 
f  o«xr  paru  of  nnd;  that  in  laolfttad  eaaea  CMt-iron  llUera  *re  oaed.  aa  well  aa  wood 
in  other  omaM;  that  the  preierenoe^  howenr,  neoM  to  be  fn  bivor  of  MA,  whi^ier 
titoe  atutdard  psTer  or  ■  entadn  tyiw  d  tpttU  briA  flUer;  that  coiwreta  blodc  ilao 
finds  aoraa  advowtes,  but  not  many,  and  that  aqihalt  aeoMBt  groat  ia  and  at  Umaa 
wliera  MOMit  irent  ia  omfttad. 


The  greatest  difficulty  that  an  rapneer  in  charge  of  street  pavement 
repain  haa  ia  tba  replaeing  of  the  pavement  over  outs  made  for  subsurface 
■work.  Repairs  necessitated  by  the  wear  and  tear  of  traffic  can  foreseen 
and  planned  for,  but  a  street  can  be  put  in  first-cIasB  condition  to-day  and 
to-morrow  it  may  have  several  openings  in  it  made  by  the  ubiquitous  and 
persistent  aubeurfaoe  companies.  This  often  happens,  too,  in  a  new  pave- 
ment, and  there  ia  nothing  that  is  more  discouraging  to  the  engineer  than, 
after  he  has  worked  hard  to  have  a  pavement  laid  in  a  firstx^Iass  manner, 
to  find  it  opened  up  in  a  abort  time  by  the  aubsuiface  compaoiee.  It  is 
true  that  this  ia  often  necessary,  but  In  many  inetances,  fay  tjw  flftmpaniaa 
using  proper  foreaigbt,  a  large  amount  of  this  could  be  avt^ed. 

Location  of  Snbsurfcce  Work.  It  is  ^  practice  in  tids  country  to 
conatnict  all  subsurface  work  between  the  curb  lines,  in  the  place  where 
it  ia  most  difficult  and  most  expensive  to  connect  with,  and  make  repairs 
to,  these  structures.  About  1890,  when  A  municipality  had  sewer,  water 
and  gas  mains  laid  previous  to  the  construction  of  a  pavement,  it  could  rest 
assured  that  not  many  openings  would  be  made  in  the  pavement  in  the 
first  few  years,  e^ieciidly  if  the  house  connections  were  also  laid;  but  when 
there  exist  in  ci^  streets,  In  addition  to  the  foregoing,  conduits  for  dectric 
li^t  and  telephones,  refrigerattng  lines,  pneumatic  tubes,  and  so  fortti,  new 
work  and  repairs  keep  the  streets  torn  up  nearly  all  the  time.  Then  in  our 
rapidly  growing  cities,  where,  as  in  New  York,  20-story  buildings  are  torn 
down  and  others  of  30  stories  erected,  and  with  such  structures  as  the 
Woolworth  Building,  with  its  55  storiea,  and  the  Equitable  Building,  with 
its  35  stories,  the  latter  covering  an  entire  block,  it  ia  necessary  in  almost 
every  case  to  enlarge  the  subsurface  structures  in  order  to  supply  the  in- 
creased demand. 

The  Amount  of  Diatarbanee  to  dty  pavements  due  to  the  voA.  of  the 
subsurface  companies  is  very  great.  For  instanoe,  in  the  City  of  Boston 
during  the  year  ending  Jan.  31,  1910,  13  597  permits  were  issued  for  the 
opening  of  streets  for  different  purposes,  and  the  length  of  the  openings 
was  151  miles;  this  was  in  a  total  street  mileage  of  487.  In  the  Borough 
of  Manhattan,  New  York  City,  in  1911  there  were  25  179  openings  made 
of  various  sisea,  in  a  total  street  mileage  of  440;  in  1914  the  area  repaved 
over  trenches  was  139  865  sq  yd,  equivalent  to  practically  8  miles  of  streets 
30  ft  wide.  In  the  Borough  of  Brooklyn,  New  York  City,  during  the  year 
1911  the  Bureau  of  Highways  relaid  pavements  over  trenches  made  by 
plumbers  and  the  difftfent  corporations  of  an  amount  equivalent  to  7  miles 
of  streets  30  ft  wide.  There  were  21  225  openinss  in  Brooklyn  in  1914, 
equivalent  to  5.83  miles  of  streets  30  ft  wide.   In  the  City  of  Ghioago,  in 
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the  downtowD  district,  in  a  total  street  mileage  of  20.8.  during  1913  per- 
mits were  given  for  4464  openings,  making  a  total  yardase  of  40  547;  while 
in  1914,  in  the  same  area,  1947  permits  were  issued,  covering  a  yardage  of 
16  866.  In  the  entire  city  in  1914, 39  430  openings  were  made,  covering  a 
total  yardage  of  197  150,  or  11.2  miles  of  streets  30  ft  wide.  The  f<veaDiiic 
quantities  are  startling,  but  it  is  undoubtedly  true  that  the  aame  rel^iw 
number  of  openings  are  made  in  the  other  cities  of  the  United  States.  Jt 
may  be  said  that  the  cost  of  these  openings  as  a  whole  is  paid  by  the  eor- 
porattoDs  and  not  by  the  city.  This  is  true,  but  at  the  same  time  it  is  a 
destruction  of  property  and  falls  upon  the  stockholders  of  the  difTerent  oor- 
poraliouB;  and  in  these  days  of  efficiency  and  economy  it  is  neceeaazy  that 
everything  poeoihle  should  be  done  to  conserve  property,  of  whatever  kind. 
It  must  be  remembered,  too,  that  the  damage  done  to  pavements  by  the 
openings  is  not  simply  the  cost  of  leliQdng  tbo  pavanmts  actually  tabs 
up,  but  damage  is  abo  done  to  adjacent  pavement,  irtiich  is  sulqected  to  an 
undue  and  abnormal  wear. 

Bnropean  Practice.  It  is  often  stud  tliat  the  queation  of  street  openinsi 
is  taken  care  of  in  a  better  way  in  Europe  than  in  the  United  States.  This 
is  undoubtedly  true,  but  it  must  be  remembered,  in  the  first  place,  that  in 
almost  every  case  the  minor  utilities  in  Europe  are  laid  in  tbe  ndewalk  area 
instead  of  in  the  roadway.  As  a  general  rule,  it  can  be  said  that  aewen 
and  large  water  and  gas  mains  are  the  only  sulwtruotures  laid  between 
the  ourfafl  in  nearly  all  European  cities.  Then,  too,  white  European  ctti« 
grow  rapidly,  lutd  some  of  them  as  rapidly  as  those  of  America,  they  grow 
in  an  entirely  different  way;  that  is,  when  a  portion  of  a  cit?  is  completed, 
it  remains  so  practically  for  all  time,  so  that  the  growth  of  the  cities  is 
from  the  center  outwards,  rather  than  an  intensified  growth  in  the  esoter, 
as  is  the  case  in  the  United  States.  It  is  very  seldom  that  builduagi  an 
torn  down  there  except  when  they  become  old. 

Vvmbat  of  OpeiUiisb  Uaay  openitigi,  however,  are  nsds  in  tha  dtr  itiesn 
of  Buiope.  The  Bn^neer  a<  Westminster,  London,  tnf(»med  the  writer  in  ISll 
that  approxbnat^  20  000  openings  were  tnade  during  the  year  !n  100  mOcs  at 
■Creeta;  about  ooe-half  of  tbeoe  openlnga  were  made  in  the  sidewalk  area  and  the 
others  in  the  roadway.  He  also  stated  that  the  cninhnum  rin  of  aewer  beteg  bolt 
in  Wesbainstw  was  SftllnbySftSbi,  so  that  a  workman  eonld  antar  ths  aamn 
when  a  bouse  oonneetlon  ma  no  wry  and  tunnri  from  the  street  to  the  bouse  with- 
out in  the  least  disturUng  the  pavement;  also  that  when  opadngi  were  concreted  jott 
previous  to  the  repladng  of  the  pavement,  the  concrete  foundatioD  was  allowed  t» 
set  7  days  before  the  pavement  itaelf  was  relaid.  This  was  true  even  on  the  Strand, 
which  Is  probabiy  the  busietit  street  in  Westminster.  In  Liverpool,  in  1912,  pavemcot 
was  ratored  over  43  mEea  of  trenches  in  a  street  mSeage  of  466,  at  a  time  wtioi  practi- 
cally no  buQdiog  was  going  on.  In  Gla^cow  the  total  number  ol  openings  In  tb*  stiMt 
pavements  for.  the  year  ending  May  31,  1912,  was  86S2,  fn  a  total  atreet  mOaagi  g( 
246.  In  Edinburgh,  with  its  184  mila  of  streetA,  about  6000  opsninff  are  made  pw 
year.  It  was  not  poesibie  to  obtain  information  on  the  Oontinent  aa  to  the  aomber  «f 
street  openinga,  but  in  Beriin  they  were  said  to  be  negligible.  A  great  deal  ol  time 
and  study  has  been  given  to  the  imiUem  of  so  constructing  euboorfaee  work  that  tts 
flare  would  not  cause  such  greet  disturbance  of  the  paTsment,  but  nothtnt  pnotl- 
eabla  has  as  yet  been  worirad  out  hi  America. 


Hew  York  Citr  Practice.  When  ra^nd  tranut  subways  were  ctntom- 
plated  in  New  York,  the  Rapid  Transit  Board  adopted  a  general  plan  ot 
oenstruction  for  pipe  galleries  in  connection  with  subway  woric,  thinUag  in 
this  way  to  obviate  some  of  the  trouble.    The  pipes  and  conduits  to  be  dealt 
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with  were  thoso  o(  the  Department  of  Water  Supply,  Gas  and  Electricity, 
the  nuuDS  of  the  New  York  Steam  Co>,  the  subways  of  the  Consolidated 
Gas  Co.,  the  tulMng  of  the  Edison  Electric  IlluminatinK  Co.,  and  the  tubing 
of  the  Western  Union  Telegraph  Co.,  as  well  aa  the  structures  of  the  Bureau 
f>f  Sewera.  During  the  year  1896  the  companies  before  mentioned  were 
consulted  aod  satisfactory  conclusions  reached  concerning  the  location 
of  their  structures  in  the  pipe  galleries.  In  1897  the  Rapid  Transit  Board 
abandoned  its  previous  work,  substituting  new  plans,  which,  except  aa 
to  enlargement  at  street  intersections,  provided  for  galleries  of  much  the 
same  type  as  the  original  plans.  According  to  the  new  plana,  an  estimate 
of  $650  000  for  2^  miles  of  construction  on  Elm  8L  and  Fourth  Ave.,  be- 
tween V/oeth  and  33rd  Sts.,  was  submitted  in  1900.  After  these  i^ans, 
speoificationa  and  details  were  prepared,  the  Sewer  Bureau  objected  to  its 
atruotures  bdoff  included  in  the  scheme.  Its  protests  were  based  on  the 
fact  that  the  location  of  the  sewers  and  the  number  of  othw  sttueturea 
above  them  not  only  rendered  the  sewers  inaccessible,  but  made  bouse  con- 
nections excessively  expenave.  At  the  same  time  the  Bureau  recommended 
that  the  pipe  galleries  as  planned  should  not  be  built. 

The  objeethms  of  tha  Sewer  Bureau  were  later  added  to  by  those  of  the  Dc^nrfc- 
meat  of  Water  Supply,  Gu  and  E3ectrieity,  which,  whila  approving  the  prindp^e  of 
pipe  galleries,  objected  to  the  tdse  as  planned  and  to  having  water  pipes  In  the  same 
eotnpartmaiit  with  gas  mains.  The  gas  company  had  at  various  times  raised  ob* 
jeetion  to  having  ita  fiptm  In  say  conflned  spac3,  claiming  that  audi  a  condition  was 
always  dangerous,  and,  whsre  electrical  wins  wara  also  present,  was  e^iedally  so. 
The  CUef  Enj^nmr  <rf  dm  Rapid  Tranrit  Board,  on  aeeoont  of  these  objeetfona,  re- 
ported that  the  restontitm  of  Bubaurfaca  structures  at  the  ^des  and  over  the  root 
of  the  aubway  would  be  possible,  and  eonse<iaently  the  construction  of  the  pipe  gallerlea 
was  abandoned.  At  the  request  of  the  Herehanta*  AasD.,  howaver,  the  question  of  pipe 
gaUecfss  for  lower  Brmtdway,  Manhattan,  was  revived  bi  1902.  After  mudi  oppori- 
tiou  bad  been  presented.  Indoding  tbst  ol  the  Rapid  Tranrit  Subway  Construction 
Co.,  whldi  objected  on  the  ground  that  the  travelling  public  would  constantly  be  in 
danger,  it  was  dedded  that  the  galleries  should  not  be  built.  In  1S06  the  Rapid  Tran- 
dt  Board  advised  its  Chief  Kogineer  to  inetuds  gallery  construction  in  all  work  than 
being  plannad,  and,  when  in  1907  the  question  of  abandoning  certain  galleries  arose, 
advised  tfadr  retention.  The  year  following,  approaimatdy  3  ■  j  mQea  ol  subway  eon- 
•tnictioD.  aQ  of  which  provided  for  pipe  gallerias,  was  contracted  tor.  Altho  the  Ra^ 
Traodt  Board  had  at  several  times  consi dared  the  combined  construction  of  subways 
and  pipe  galleries  as  ap[dled  to  various  local  eonditjoos;  the  only  gallery  eompleted  waa 
a  stretdi  of  some  2EO0  ft  on  Delaneey  St.  Owing  to  the  objection  of  the  gas  company 
to  galleries  in  general,  sod  tha  objection  of  the  Department  of  Water  Supply  to  having 
Its  stnwtursa  In  the  same  compartment  with  gas  mains,  these  galleries  have  never  been 
used.  The  PubUe  Service  Comm.,  vUdi  sueoeeded  the  Bupid  Trandt  Board  In 
1907,  early  took  np  the  question  of  pipe  galleries.  On  tiie  Foorth  Ave.  subway, 
Brooklyn,  63  blocka  of  eubway,  including  33  000  ft  of  pipe  galleries,  were  contracted 
for,  and  the  excavation  of  the  subway  prism  was  started  in  such  a  manner  that  the 
galleriea  would  be  accommodated.  However,  befons  the  time  to  begin  tha  eonstni^ 
tkn  of  the  Series,  it  was  dedded  that  they  should  be  omitted,  and  in  the  idans  for 
other  portiona  of  the  dual  system  of  r^Id  trsndt  the  Poblie  Servlee  Comm.  did  not 
provide  for  pipe  galleriea. 

Chicago  Practice.  The  question  of  pipe  galleries  is  a  matter  that  has 
been  given  a  great  deal  of  consideration  in  Chicago,  and  on  Dec.  31,  1914, 
Alvord  A  Burdick,  civil  engineers,  of  Chicago,  made  a  progress  report 
to  the  Commiaaion  on  Downtown  Municipal  Improvements  on  improved 
means  for  accommodating  pipe  utilities  in  the  downtown  Chicago  streets. 
In  the  report  it  is  stated  tbat.  as  far  as  the  downtown  district  is  concerned, 
the  street  congestion  below  the  surface  is  now  comparable  with  that  above 
the  surface,  and  that  it  is  not  sufBcient  to  provide  for  a  greater  occupancy 
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of  the  buBiaeas  district  by  improved  traDsportation  facilities  without  jmrvid* 
ins  the  means  for  the  convenience  of  the  greater  population  as  provided  tor 
tiie  utilities  of  water,  aeweraee,  gaa.  electricity  and  telephone.  It  is  abo 
stated  that  naturally  each  utility  company,  seeing  more  dearly  tbe  coat 
to  which  it  would  be  subjected  by  a  change,  and  less  clearly  the  costs  thai 
might  be  incurred  by  combination  with  other  utilitiee,  should  incline  towaid 
solving  its  own  problem  for  itself,  but  that  for  each  utility  to  solve  its  own 
problem  independently  will  not  work  to  the  beat  interests  of  tbe  public,  for 
tbe  public  is  composed  of  individuals  who  to  a  great  extent  ate  rate- 
payers to  all  the  private  corporations  and  tax-payers  as  well.  So  that  it 
was  considered  the  investigation  so  far  made  was  not  suffici^t  to  ansva 
the  fundamental  gueatitnu  of  practicalHlity  and  cost,  but  that  the  aulveei 
should  be  pursued  without  delay  until  these  questions  are  settled. 

Flasadsl  Problems.  In  tbe  put  o(  the  dty  studlMl,  that  la,  north  of  12th  St.  ad 
Bonth  ind  emst  of  tbe  River,  tbers  were  20.8  mOea  of  psvenunta,  and  beoMtta  tfacai 
pavements  220  milea  of  utfllty  pipes  and  oondutt  Unee,  not  eouideriDf  ■erviee  eonace- 
tkns.  It  would  mera,  th— low,  that  tbsra  was  sn  aversgs  of  10  m3M  vi  wihiii  Iwn 
itruetorai  of  bo  me  Idnd  to  eadi  mDe  of  street.  The  report  ays  thst  the  utility  gil- 
kries,  to  be  flnancUUy  practieeble,  mtut  permit  of  e  nving  eufBdent  to  warrant  thifr 
cost,  and  further:  "The  aavinKs  will  indude:  (1)  Cost  of  street  opcsiiags  aino«mtiBf 
to  ^00  000  to  ^00  000  annually;  (2)  a  reduction  in  the  eomt  of  pavement  maiD- 
tcnanee;  (3)  a  lonfer  life  (or  pavonemta;  (4)  a  reduction  in  the  opentiBg  eoac  of 
uUlltiea;  (5)  a  aaving  in  coat  of  future  extenaiona;  (6)  a  reduced  leakage  of  wstv 
and  2«s:  (7)  the  value  to  the  public  of  good  atreets  aad  decreased  intecfwenee  wfth 
travd.  The  coete  will  include  the  fixed  charsea  on:  (1)  The  expraiditurea  for  tal- 
leriee;  (2)  the  cost  of  movins  the  utilities  to  the  galleriea,  taking  into  oonaderataaa 
that  the  greater  part  o(  the  present  Investment  would  be  economically  alMndcaiad: 
(3)  the  coot  of  cutting  and  reconnecting  the  service  llnea.  Tbe  costs  and  aavingi 
involved  can  lie  determined  only  by  further  invertlgation,  and  preferably  thru  eoSpen- 
tion  with  tbe  public  aerviee  companies.  A  rough  estimate  indiestes  that  the  repro- 
duction eoet  <tf  the  BUb-abeet  utllitiea,  public  and  private,  now eristing,  lice  telwiM 
10  and  18  mHIlon  doUars."  Tliis  rqiort  was  made  beoause  of  the  fsefrthat  a  greet 
many  of  the  streets  in  this  aeetioD  of  CUeago  are  to  be  torn  up  for  constraetioti  ef 
traneportatioD  subways. 

Chaiacter  of  Public  Utilities.  Tbe  220  miles  of  pipes  and  eoBduhs  in  this  MCtian 
srs  mtde  op  as  follows:  Water  pipes,  84.6;  sewers,  £8.6:  day  wires,  6.8;  gas  enei- 
pany  mains,  94.9.  Conduits  of :  Commonwealtb-EdisonCo.,2S.3;  Chicago  TelqiboBe 
Co.,  24.2;  Western  Union  Telegraph  Co.,  6.7;  Postal  Telegraph  Co.,  6.S. 

Housiag  of  All  or  Part  of  Public  UtilttlM.  The  report  further  states  ^t  in  coa- 
siderlng  the  pUaa  for  hou^g  tbe  public  utQities  within  a  subway  or  undetgrouad 
gallery  tbe  question  of  providing  for  all  or  only  part  of  the  utilitieB  should  be  takes 
into  aceouat.  The  eross-seetlonal  areas  of  the  utilities  in  certain  streets  are  given, 
the  greatest  being  on  TwcUth  St.,  east  of  State  St.,  31.6  sq  ft,  and  a  taUe  ia  given 
Showing  how  much  these  diOerent  areas  would  be  reduced  by  esduding  the  sewccs 
or  gsa  mains,  or  both.  It  ia  conduded  that  a  space  4  ft  wide  by  7  (t  high  wouM  be 
neeeassry  for  inspecUon  and  repairs:  that,  even  on  straight  runs  whoe  IB  ft  would 
Iw  neeeaary  to  house  all  the  utilitiea,  and  where  S  eq  ft  only  would  be  aeeessaiy  for 
the  same  purpose  with  the  gas  mains  and  sewers  exduded,  means  of  scetsa  woaM 
require  cross  sections  not  lees  than  4(1  aq  ft  in  the  lint  ease  and  SS  sq  ft  In  the  secood 
esse,  BO  that,  bo  far  as  straight  runs  of  conduit  are  concerned,  the  saving  in  cost  by 
the  exdusion  of  certKin  utilities  would  not  be  very  great.  It  is  also  stated  that: 
"There  are  other  reasons,  however,  why  careful  consideration  should  be  given  ta 
tbe  exclusion  or  induston  of  certain  utilitiea.  The  sewers,  except  for  ocoadonal  new 
oonnectfons  from  premises  served,  leqnire  very  iafrequeot  teaitag  up  of  Om  stmts,  snd 
the  other  utilities  differ  In  the  gain  tliat  woidd  eoeae  from  endoeure  witUn  a  gsBerr, 
except  in  so  far  as  concerns  future  enlargementa.  It  is  questionable  whether  a  plan 
could  be  worked  out  whereby  the  deetrie  cables  could  be  seoommodatad  othenriae 
than  within  ducts  within  tbe  gillery  with  spedal  tsdHtiea  tor  ■^*ftlnliig  tlw  eahta 
at  certain  Intervals.   It  might  be  practleaUe  to  seeommodste  the  td<yh4)at  edta 
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apon  ^mIvc*  or  in  troo^  wo  that  a  man  eonld  make  repalre  by  removing  the  cable 
and  laying  it  upon  the  floor  of  the  Eallery." 

Sabmy  CongestioB-  The  ftdlovrtng  condualon  is  given  for  tlw  relief  of  mbnirfaee 
eongeaticm,  and  is  diaeuned  in  the  report  in  detail:  "Tba  most  obvious  remedy  for 
the  relief  ot  subsurface  congestion  in  the  Chicago  streets,  and  the  manner  most 
frequently  diseased,  is  the  conslruetion  of  underground  subways  or  galleries  permit* 
ting  of  the  orderly  accommodation  <rf  the  necessary  diatributkn  fdpea,  conduits  and 
wlras.  This  remedy  has  been  frequently  discussed  in  a  number  ot  American  dties, 
mnd  the  matter  hss  been  given  quite  m  thoro  consideration  in  the  mora  eongMted  cities 
of  Europe.  So  Ear  as  this  cmmtiy  Is  ameamsd,  no  actual  axporience  in  the  natter 
baa  been  gained;  no  such  subways  have  Iwen  built  except  for  one  short  street  in  New 
York,  and,  for  some  reason  not  ftiUy  apparoit,  this  subway  is  not  occupied." 

Sidewalk  Space.  The  followtng  is  taken  from  thdr  discussioD  as  regards  sub- 
tfdowalk  spaee:  "It  is  believed  that  there  is  ample  space  between  the  curb  and  the 
property  Una  for  the  accommodation  of  utilities  on  nearly  all  streets.  The  utilization 
ol  this  spMe  for  the  accommodation  of  public  otOitto  has  several  important  advan- 
tages. It  surrounds  each  Mock,  and  therefme  1nt«iaeeta  the  service  connection  for 
each  utility  at  the  place  where  new  connections  can  be  made  with  the  minimum  of 
flspense  and  with  le««t  disturbsnoe  to  cootinuoas  service.  ■  This  applies  to  tb»  private 
eonnnacn  and  also  to  the  public  In  forming  a  ready  mens  of  connection  to  existing 
fira  hydrants,  street  drainage  inlets,  street  llghtfaif  wid  Um  p<riiee  and  fire  alarm  bona. 
It  is  also  the  location  witere  a  continuous  pasngeway,  except  tai  street  crosdngs, 
oould  be  formed  at  a  minimum  of  expense,  for  at  least  one  side,  and  tlie  roof  of  tlie 
neoessary  passageways  is  already  built  on  two-thirds  of  the  street  frontage  in  the  down* 
town  district,  and  a  greater  percentage  hi  that  portion  of  it  moat  needing  utility  galleries. 
The  neceaaary  construction  could  be  eanied  on  in  this  place  with  less  interference  to 
tbe  public  than  in  any  location  except  bi  the  alleys.  All  atilities  except  tbe  sanitary 
■ewers  may  bo  readily  accommodated  at  or  above  the  level  of  the  eeUar  floors.  If 
the  separate  system  of  sewers  la  adopted,  the  storm  water  drains  at  the  upper  ends  of 
tbe  brandue  may  lie  doee  to  the  level  of  the  gutters,  and  even  at  thdr  outiets  need 
not  be  much,  if  any,  bdow  the  basement  floor  levd.  Tbe  very  great  majority  ot  the 
■aaitary  sewage  will  be  intercepted  at  or  above  the  levd  of  the  first  baannent  floors. 
Id  the  ninttl-«tary  basementi  ot  the  most  modem  buildings  the  sewage  mart  be 
pumped  with  any  praetieable  location  of  sewers." 

Eoropean  Practice.  Id  1910,  Nelson  P.  Lewis,  Chief  En^neer,  Board  of 
Estimate  and  Apportionment.  New  York  City,  made  a  report  (6a)  on  the 
subject  of  subways  in  European  cities,  and  the  following  information  is 
taken  from  that  report; 

London.  In  1861  a  pipe  subway  was  constructed  in  Garrick  St.,  300  ft  long.  This 
subway  was  Tl^itia  height  and  12  ft  in  width,  in  addition  to  which  there  were  14  arched 
side  passagea  for  house  service  pipes.  In  the  creation  ot  Southwark  St.,  on  the  south 
side  ot  the  Thames,  In  1864,  Commercial  Road  in  1868,  Queen  Victoria  St.  in  1870, 
Northumberland  Ave.  in  1876,  and  otlier  aubeequent  improvements,  provision  was 
made  for  the  indusion  of  pipe  subways  in  the  original  construction  of  tbe  streets. 
The  cost  was  therefore  reduoed  to  a  minimtun,  that  of  subways  approximately  12  it 
in  width  and  7  ft  in  height  having  varied  from  (17.08  a  Un  ft  In  the  ease  ot  Gairidc 
St..  to  $40.00  a  ft  in  the  eaee  of  Roeebery  Ave. 

Tbs  pipe  subways  in  the  City  of  London  ore  partly  under  the  control  ot  the  London 
County  Council  and  partly  under  tliat  of  the  Corporation  of  the  City  ot  London. 
The  length  of  the  subways  under  tbe  contrtri  of  the  London  County  Council  is  35  940 
ft.  Tlte  rates  ctiarged  for  the  use  ot  theee  subways  are  arbitrary  and  not  always  in 
propwtion  to  the  length  of  tbe  subways.  This  is  particularly  true  in  the  case  of 
small  pipes,  tbs  annual  charge  for  those  under  8  In  in  diameter  being  96  for  the  suit- 
way  fai  Garriek  St..  800  ft  long,  as  well  as  for  that  in  the  Victoria  Embankment,  which 
is  6690  ft  long.  For  pipes  8  hi  and  under  6  hi  in  diameter  the  rate  Is  $10  for  the  Garrick 
St.  subway,  and  (25  for  the  Victoria  Embankment,  so  that,  altho  the  latter  is  22  >^ 
times  as  long  as  the  farmer,  the  charge  for  its  use  is  but  2!^  times  as  much.  As  the 
■lies  of  the  pipes  increase,  however,  this  discrepancy  In  great  measure  disappears. 
For  instance,  tor  pipes  over  36  in  in  diameter  the  annual  charge  for  the  Garriek  St. 
subway  is  $16,  wUIe  for  tlw  Vie(««te  Embaakment  It  is  |2S0.   The  loregoing  rates 
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■rathe  "annual  chu-sefor  water  and  gas  companks  having  power  to  break  op  : 
A  aharp  distinetion  is  drawn  between  eompanlsa  havinf  this  power  and  cttlMr  "an- 
paniea,  bodies  or  peraons,"  for  which  latter  the  charxe  for  occupying  tb«  entirv  Hb- 
way  appears  to  bear  some  relation  to  its  lanKtb  and  is  alao  at  a  hither  rate.  For  Ais 
dass  of  pipes  the  annual  charge  for  those  under  3  in  In  diametsr  for  the  Ganiek  St.  mk- 
way  is  (10  and  for  that  under  the  Victoria  Embankment  1160,  irtiUe  for  pipea  betwM 
12  in  and  18  in  in  diamet«r  the  annual  charge  for  the  Ganidc  St.  subway  la  $zs  md 
for  the  Victoria  Embankment  it  is  $420. 

The  subways  under  the  control  of  the  CoitP(»ATiON  OF  tbm  Citt  of  London  eenpy 
IG  different  streeU  and  have  a  total  length  of  8124  ft.  In  theae  subways  tbsre  «« 
10  194  ft  of  water  mains,  12  639  ft  of  gaa  maina.  5  049  ft  of  hydraulic  powM  pipM. 
and  9  339  ft  of  pneumatic  tubes.  In  addition  to  then  |Hpes  there  are  S4  416  fl  cf 
electric  conduits,  varying  from  amall  single  cables  to  trougha,  or  boxea,  6  by  K  in, 
and  including  168  ft  ol  conduit  in  trenches  beneath  the  bottom  of  the  aubwaja. 
The  schedule  of  ehargea  for  the  oocupation  of  subways  under  the  control  of  tfae  C«r- 
poraUon  of  the  City  of  London  is  the  same  as  that  Bxed  by  the  London  County  Cooad 
for  water  and  gas  companies  having  power  to  break  up  the  atraeta.  There  m  as 
schedule  for  other  companies.  The  report  nys:  "From  the  data  already  given  It  w9 
be  seen  that  the  total  length  of  pipe  subways  now  in  use  In  tbe  City  of  f  ifimltsi  ii 
8.34S  miles,  altho  London  began  building  theae  subways  in  about  1861.  la  czplaa- 
ation  of  the  very  limited  mileage  which  had  been  eoastruct«d,  I  was  informed  that  it 
Is  only  when  a  new  street  is  created  or  an  old  street  is  widened  or  atnlgfatefMd  that 
any  attempt  is  made  to  build  pipe  subways,  and  that  the  expense  of  eonatiucti^ 
tbem  in  existing  streets  simidy  for  the  aooommodation  of  undeigrouiid  struetom 
would  be  so  great  as  to  be  out  of  proportion  to  the  benefits  to  be  derived." 

Comparing  the  SPACE  oocurao  by  the  Loodoe 
subways  with  the  cross-sectional  area  of  tbe  pipes 
and  conduits  in  New  York.  Lewis  aaya  that  hs 
selected  three  typical  eubwaya  in  tbe  IiimiI 
stieets  of  London,  all  being  12  ft  in  width  and 
7  H  ft  bi  height.  The  subway  under  Holbora 
Circus  contains  pipes  and  coaduita  with  a  see- 
tional  area  of  6.59  ft.  In  Uanumsnt  St.,  tbs 
total  Bectlonsl  area  is  3.1  aq  ft.  In  the  ocoduit 
under  Shoe  I^ute  the  total  sectiotial  arse  occupied 
b  9.83  ft.  In  Broadway,  New  York,  betweB 
Walker  and  Uspenard  Sts.,  there  are  pipe  sub- 
ways having  a  total  sectional  area  of  45.3  aq  ft. 
In  Brt)adway,  between  6th  and  9th  Sts.,  there  are  pipes  and  conduits  having  a  sec- 
tional area  of  12.7B  sq  ft.  In  Canal  St.,  east  of  Mulberry  St.,  there  are  pipea  and 
conduits  having  a  sectional  area  of  28.S8  sq  ft.  In  Canal  St.,  between  Greene  a&d 
Wooster  Sts.,  there  sre  pipes  and  subways  having  a  sectional  area  of  42.S8  aq  ft.  lo 
Lexington  Ave.,  between  23rd  and  24th  Sts.,  there  are  pipes  and  conduits  having  a 
sections!  area  of  12.94  sq  ft.  In  Lexington 
Ave.,  between  78th  and  ?9th  SU..  there  are 
pipes  and  conduits  having  a  sectional  area 
of  17.86  sq  ft. 

Pig.  66  abowB  a  cross-section  of  cme  sub- 
way constructed  by  tbe  London  County 
Coimcil,  snd  Fig-  67  the  one  constructed  in 
the  Victoria  Embankment.  Theae  cut*  are 
taken  from  the  report  of  L.  A.  Dumond,  of 
Chicago,  made  to  the  Commission  on  Down- 
town Municipal  Improvements- 
Nottingham,  England.  This  city  in  1910 
had  a  population  of  about  260  000  and  had 
constructed  pipe  subways  in  new  streets 
since  1861  aggregating  about  H  mile. 
Gaa  and  electric  ctmductora,  as  well  as  other  pipea  and  malna,  are  |daeed  in  tbe  sub- 
ways, and  the  sewer  ctHUtructed  beneath  the  oenter  of  tbe  subway,  which  ia  10  ft 
in  width  and  8  ft  6  In  in  hdght.   This  subway  coat,  not  tndudlng  tbe  aawer,  aobw^ 


Fig.  66 
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Fig.  67 


^Google 


Art.  7 


Pipe  Galleries 


1307 


vaults,  or  eoniwctioDi,  about  |17  par  lia  It,  tbe  work  lutvins  been  done  In  conneeUon 
with  tbe  coMtniction  of  a  new  street.  In  the  report  a  quotation  {a  made  from  a 
paper  presented  by  the  Borough  Engineer,  which  reads  aa  follows:  "To  show  the 
value  of  such  works  in  the  street  called  Victoria  St.,  in  which  is  situated  the  leDeral 
post  ofllM,  tbm  are^  besidea  tiw  cas  and  water  frfpea  and  conneetlaDB,  no  Urn  than 
■ix  pipes  contahiinc  telegraph  wires  la  this  subway,  and  not  one  rfn^  stone  was 
disturbed  in  this  carriageway  for  26  years,  and  In  that  period  not  <HW  sln^  penny  was 
spent  in  rep^ra  on  the  street." 

St.  Helens,  Bn^and.  In  1910  it  had  a  population  of  about  96  000  peoide.  It  has 
constnietad  a  subway  6  ft  «  in  in  height,  6  ft  6  in  In  width,  and  2040  ft  b»f .  It  ta 
coostructed  sctiraly  of  concrete,  with  the  exception  ot  one  ring  of  brick  on  the  tmnir 
side  (rf  tbe  areb,  the  upper  paK  of  the  eoncrete  forming  a  foundation  for  tlie  paTemeot 
of  tbe  street.  It  is  provided  with  6-in  earthenware  pipes,  running  beyond  the  curb 
line  at  frequent  intervals,  in  which  the  gas  and  water  service  pipes  are  placed.  The 
coet  of  tbe  work,  induding  lateral  connections  and  electric  light,  Is  said  to  have  bean 
leas  than  f  12  pw  Un  ft,  but  the  work  was  done  in  connection  with  the  entire  reont- 
struction  of  the  street-  The  Engineer  stated  in  a  personal  interview  that  so  far  as 
he  knew  not  a  paving  stone  in  the  roadway  of  the  streets  occupied  by  the  subway  had 
been  disturbed  since  its  construction  11  years  before.  He  regarded  it  as  a  succeaa, 
but  as  expensive,  and  stated  that  there  was  no  present  likelihood  of  the  coBstmetfan 
erf  any  more  subways  unless  it  might  be  under  simHar  dreumstanees  and  In  eonneetlon 
with  the  building  of  a  new  or  the  widening  of  an  existing  street. 

Olaagow.  This  dty  haa  a  subway  Ufi  tt  long,  9H  ft  ^iride  and  7  tt  eon- 
■tnwted  in  1906.  Seventy-three  eroaaHxnneetiiMia,  consistint  of  12^  fir»^y  ptpe, 
were  laid  from  tbe  auliway  to  the  curb  line,  and  tina  eost  complete,  Induding  the  con- 
nections tor  the  Bwice  pipes  and  dectric  lighting,  was  somewhat  less  than  916  a  ft. 
Thia  subway  was  not  buat  in  eomeetJon  with  street  reconstruction,  which  probaUy 
aoeounta  for  Us  Inereased  cost  over  the  subway  ot  praetieaUy  the  anme  die  at  SL 
Helens. 

UHan.  This  dty  has  one  street,  the  Via  Dante,  where  subways  have  been  con- 
structed on  each  side  6  ft  high  by  4  or  6  ft  wide.  These  subways  are  laid  adjacent  to 
the  foundation  walls.  .  Lewis  states  tbat  when  he  vUted  the  dty  in  1910  one  side 
of  thastnet  was  open  for  a  condderable  potion  of  the  Isngth  occupied  by  the  subway 
for  the  purpose  id  laying  a  new  gas  main,  but  be  was  unable  to  iscwrtsln  whether 
this  was  on  account  of  the  lack  of  room  in  the  subway  or  doubt  as  to  the  safety  of 
plaring  a  gas  main  therein. 

These  are  all  of  the  European  dtles  that  have  spedally  constructed  pipe  subway^ 
and  the  total  laigtb.  exdudve  of  Milan,  which  is  not  given,  is  practically  10  miles. 
They  have  required  more  than  60  years  for  thdr  eoastmetioD,  and  they  have  been 
eonstructed,  witii  the  exception  of  Glasgow,  only  in  eonnectiim  with  the  laying  out 
of  new  streets  or  the  reconstructing  of  old. 

Pbytical  and  Financial  Problems.  In  considering  the  general  subject  of 
pladng  all  underground  oonduita  in  aubways  it  must  be  remembered  that 
there  are  two  problems  to  be  studied,  physical  and  finaadal.  In  all  of  our 
large  cities  undersrouod  structures  have  already  been  laid,  and  the  problem 
of  dealing  with  them  is  very  different  from  what  it  would  be  were  one 
about  to  plan  a  new  city;  and  even  then  the  experiences  in  New  York, 
in  attempting  to  combine  them  all  in  one  subway,  would  indicate  that 
the  problem  is  not  a  simple  one.  The  different  corporations  are  jealous 
of  their  own  intereets,  and  it  is  extremely  difficult  to  harmonise  them  so 
that  they  can  be  treated  as  a  whole.  If  all  underground  construction 
work  were  owned  by  the  city,  then  the  problem  would  be  simply  a  question 
of  finance,  as,  if  it  were  deemed  advisable,  the  different  departments  could 
be  directed  to  lay  their  pipes  as  the  authcMrities  deemed  best.  It  seems  ex- 
tremely improbal)le  that  it  will  be  possible  to  arrange  in  a  practical  way  foi' 
the  grouping  of  all  subsurface  work  in  one  or  more  subwaya  in  the  same 
street.  Admitting,  then,  this  to  be  so,  the  question  is  to  handle  the  making 
of  rqiain  and  the  work  of  new  construction  in  such  a  way  aa  to  inconve- 
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□ience  the  public  and  damage  the  pavemtoto  as  little  as  possible.  That 
can  be  done  by  requiring  that  all  subsurface  work  sbali  be  carried  out  in 
accordance  with  certain  rules  and  regulations.  It  should  be  understood  that 
the  streets  are  for  the  use  of  the  public  and  that  if  it  is  neceesazy  for  any 
corporation  to  obstruct  them  such  corporation  should  be  wiUinc  to  bnr 
con^eraUe  expense  and  inconvenience  bo  as  to  protect  the  publio.  Bnki 
can  be  made  that  a  pavement  shall  not  be  opened  for  a  certain  length  of 
time  after  it  has  been  laid,  but  when  leaks  occur  in  aswar,  gas  or  tnitr 
mains  they  must  be  repaired  or  the  pavamenta  will  b«  damaged  man  than 
if  left  alone. 

8.  Prevention  and  Restontion  of  Pavement  Openings 

Admitting  that  pavements  must  be  opened  frequently,  the  problem  is 
to  reduce  the  number  id  openinBs  to  a  mioimum  and  so  safe^iaid  then 
that  there  will  be  as  little  obstruction  to  traffic  as  poasible.  Preoaotiaas 
relative  to  the  prevention  and  restoration  <rf  opening  are  abardutelr 
necessary  in  the  buUt-up  eectiona  of  dties  where  mains  of  various  kinds 
have  been  laid  and  no  records  kept  of  th«r  location,  but  in  the  growing 
sections  of  a  city  there  is  do  necessity  of  new  construction  being  placed 
between  the  curbs.  The  city  owns  the  street  from  property  line  to  property 
line,  and  the  sidewalk  area  can  be  utilized  to  a  great  extent  for  many  sub- 
surface conduits.  It  is  particularly  dearable,  even  in  the  suburban  dis- 
tricts, to  have  the  streets  free  from  poles  and  the  wires  placed  imder* 
RTound,  but  when  this  means  that  an  (^>ening  'shall  be  made  in  the  stnet 
for  every  house  comiection  and  for  neceasary  repairs,  the  gain  is  attended 
with  considerate  loss.  It  would  seem  that  it  would  be  perfectly  feaafate 
for  the  different  subsurface  companies  to  construct  service  mains  in  the 
sidewalk  apace,  connecting  at  the  end  of  the  block  with  their  mains,  so 
that  house  connections  could  he  made  without  interfering  at  all  with  the 
roadw^  surface.  In  Brussels  electric  lines  are  nm  to  tall -poles  and  from 
there  to  the  different  buildings,  so  that  street  openings  are  not  often  necessary. 
One  sewer  connection  could  be  made  to  a  main  in  the  centra:  of  a  block, 
and  then  Uie  different  housea  could  be  connected  with  this  sub^naiiL  If 
objection  were  made  to  Uw  fact  that  these  different  oonnectiona  are  main- 
tained  by  the  property  owners,  it  could  be  said  that  thMr  maintenance 
m^t  be  taken  over  by  the  city  at  less  expense  than  the  coat  of  the  extra 
repair  to  the  pavements  due  to  openings  for  the  oonnectiona.  In  some 
cases  in  the  outlying  districts  at  the  present  time  the  telephone  wires  are 
erected  on  poles  placed  in  the  rear  lots  on  the  property  line  and  from  there 
connected  with  the  different  houses.  It  would  seem  to  be  entirely  prafr- 
ticable,  if  the  matter  were  taken  up  by  the  city  authorities  and  the  diffefeot 
utili^  oompanies  in  the  outlying  districts,  to  eonstniot  their  v>t«ns  so  that 
openings  in  the  pavements  could  be  reduced  very  much  below  what  thqr  are 
at  the  present  time.  Objection  might  be  made  by  the  companies  that  laying 
the  pipes  under  the  sidewalks  would  require  two  linee,  but  in  each  case 
they  would  be  smaller  and  the  exyenae  of  opening  the  stxeet  done  away 
with,  so  that  it  is  questionable  if  the  ultimate  expeiwe  would  be  any  greatw. 

In  Cincinnati,  Ohio,  an  ordinance  prohibits  the  tearing  up  of  new  stieeta 
within  3  years  after  the  time  of  their  construction,  macadam  roadways 
being  excepted.  The  ordinance  provides  for  90  days'  notice  ooa tem- 
pi* ted  street  construction  to  property  owners  and  to  publio  swviee  oqid* 
missions  and  also  to  the  director  of  public  snviee,  who  is  required  to  eoespri 
the  laying  of  sewer  and  water  pipes  b^ore  streets  am  oonstructad.  Faihin 
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of  the  property  ownen  to  get  notioe  of  the  proposed  improvements  or 
fiUlure  to  put  in  the  underground  acceflBOries  in  advance  will  not  be  ac- 
cepted as  an  excuse  for  permitting  them  to  tear  up  the  streets  after  they 
have  been  built.  The  ordinance  applies  to  all  streets  to  be  improved  after 
its  passage  which  are  not  already  under  construction.  The  measure  als* 
provides  that  if  proi>erty  owners  do  not  have  service  connections  laid 
from  the  sewer  and  water  mains  to  the  curb  the  dty  will  have  this  done  and 
collect  the  cost  from  the  property  owners  in  the  same  wi^  that  sidewalk 
assessments  are  collected. 

Hew  Tork  dtj.  Probably  no  otimr  city  in.  Urn  worid  has  a  greater  mase 
of  lubstructuree  in  its  streets  than  the  City  of  New  York.  These  sub- 
Btnictmes  consist  of  bbwWs;  water  mains;  gas  mains;  elevated  column 
foundatimis;  cfmduits,  conveying  electric  current  for  light  and  power; 
telephone  eonduite;  conduits  conveying  electric  power  for  the  operation 
of  the  various  surface  railroads ;  mail  tubes  thru  which  maO  is  distributed 
by  compressed  air  to  the  various  railroad  terminals  and  the  substations  of 
the  general  poat-office;  police  and  fire  alarm  conduits;  conduits  conveying 
the  inshore  ends  of  Uie  transatlantic  cable  lines;  steam  pipes  of  the  New 
York  Steam  Co.,  oonveying  steam  for  heat  and  power;  refrigeration  pipes; 
IMpe  lines  of  the  <h1  companies;  vaults  under  the  sidewalks;  K^^vate  tunnels, 
connecting  propertifls  on  opposite  sidea  of  the  streets,  conv^ing  Ught, 
heat  and  t>owcr,  etc.  Substructures  of  this  character  have  been  accumulat- 
ing for  years  in  the  principal  thorofares  in  this  city,  and,  unfortunately, 
little  is  known  relative  to  their  location  or  size.  In  consequence,  it  has 
become  a  fixed  practice,  preliminary  to  the  installation  of  new  structures, 
to  resort  to  pavement  mutilation  by  digging  test  pits  in  order  to  determine 
a  feasible  locntion.  These  test  pits  are  dug  at  intervals  of  about  100  ft, 
and  frequently  pavements  on  several  thorofares  are  mutilated  hi  this 
manner  before  a  satisfactory  route  is  determined.  This  mode  of  procedure 
is  at  beat  only  a  makeshift  as  long  as  the  intervening  space  remains  a 
mystery.  When  the  work  is  in  progress  and  this  apaoa  is  uncovered  it  is 
not  unusual  to  find  unlooked-for  structures  of  such  importance  that  to 
avoid  them  special  construction  must  be  resorted  to.  This  practice  delays 
the  work,  keeps  the  thorofare  obstructed  for  a  greater  length  of  time, 
results  in  additional  pavement  mutilation  and  increases  the  cost.  The 
most  important  subsurface  work  ever  carried  on  in  this  city  was  the  con- 
struction of  the  elaborate  system  of  passenger-canying  subways,  which 
in  many  instances  occupy  the  entire  width  of  the  streets.  Provision  had 
to  be  made  for  practically  all  subetmctures  encountered;  in  consequence, 
it  was  necessary  to  prepare  subsurface  record  maps  in  advance  of  the  work. 
These  subsurface  records  were  used  in  connection  with  the  actual  designing 
of  the  structures  and  were  made  a  port  of  the  contract  draninga,  giving 
the  prospective  contractor  much  valuable  information  as  to  the  type  and 
character  of  the  substructures  to  be  cared  for  during  construction.  This, 
without  doubt,  resulted  in  a  material  saving  in  the  cost  of  the  work.  In 
New  York  City  the  Board  of  I-^timate  and  Apportionment  will  not  authorise 
the  paving  of  any  street  unless  water  and  gas  mains  and  sewers  have  been 
constructed-  In  the  Borough  of  Brooklyn,  the  Sewtat  Bureau  includes  is 
Its  work  for  the  sewer  proper  the  laying  of  house  connections  within  the 
curb  line  in  front  of  each  lot. 

Borough  of  Manhattan.  The  following  rules  have  been  adopted  to  be 
observed  by  parties  making  opening  in  the  pavemente,  it  being  recognised 
that  when  openinga  are  made  they  must  be  repaired  as  soon  as  possible. 
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"Tlw  Afptiatat  Acmm  to  eoDtply  with  aU  th»  ndw  tad  nfnIatloM  printed  npa 
Um  back  of  or  referred  to  in  thk  spplication,  aa  wcU  u  all  otbar  lam  and  «■«■■-■>■— 
ralating  to  aueb  work;  and  the  aeceptanee  of  the  pennit  thall  be  deemed  an  acne- 
BMnt  to  abide  by  all  ol  iM  twins  and  conditioni  aa  herein  aet  forth. 

"  DepoaiL  A  public  awice  corporation  may  malre  a  eaih  d^wait  or  siva  a  bead 
and  make  an  additional  amaller  caah  depoiit  in  advance,  an  amoant  ^rtdcfa  in  tbi 
opiniMi  td  the  CommlMiofier  o<  Public  Worka  iftaU  at  ail  timm  be  auAeient  to  cow 
all  expenaea  to  the  dty  aa  above  aet  forth;  provided,  howerer,  that  the  CooniariaMr 
id  Pubile  Works  may  diaeontinua  mich  arranfemait  at  any  tinte  and  nqnin  n  ^ariftii! 
eharie  for  such  openioc-  The  City  at  New  York  shall  not  b*  lintak  for  any  luft 
on  depodu  autda  aa  provided  in  any  part  of  tUa  pwmit. 

**  Tardace  Bnta.  The  Aaxwo  dull  ba  baaad  upon  an  nibltiwy  nta  pw  aqoara  ywA 
Should  a  BBttlement  oeeor  in  the  reatoced  an*  or  other  defect  dmiop  thmin  wftUa 
6  montha  from  the  date  of  reatoratloD.  vhldi  in  the  oplnJoo  of  the  Chief  TTihIimiii 
in  cbarfe,  after  proper  notification  ol  and  eonfanoee  with  the  permittee,  wm  des 
to  imprapw  workmanship  behiw  the  pavistit  itssU ,  the  Borough  n  aaiiliail.  m 
babaU  of  the  CUy  of  Nnr  York,  wID  again  ia|daea  ttaa  nalond  pnvsBMBt,  tiM  «aat 
such  lestcratlon  to  be  diarged  agatnat  the  permittee. 

"  Time  Llnut  In  case  the  work  has  not  been  eompleted  before  the  day  ol  cxpfm- 
tion  SB  shown  in  the  permit,  the  Borough  Preddent  may,  if  he  deems  neeesaary,  taka 
steps  to  t>aelcBU  the  trench  and  rejdaoe  a  pennanent  pavement  over  the  opcBing 
tor  which  the  permit  has  been  isaued;  and  if  an  tataoAm  at  time  beyond  nid  data  is 
needed  for  the  completion  of  the  work,  a  new  at^lcation  must  be  filed. 

"  Subeurfsce  Plans.  Upon  the  oompletka  of  the  wcrk  the  permittee  ahell  funuA 
to  the  Commissioner  of  Public  Works  ^ana  of  audi  diaimcter  aa  he  may  direct,  ahow- 
Ing  aceuratdy  and  distinctly  the  location,  siae  and  type  of  conatraction  and  fomplrta 
dimmsloDs  of  the  atructute  inatslled.  The  depth  bdow  the  street  anrface  of  the 
new  strucCurea  must  be  shown;  alao  thdr  location  with  reference  to  the  nonroat  curb 
line  and  curb  Interseetiob.  No  mfmds  will  be  aDoml  by  the  Commlsrtoaat  ontfl 
such  plans  have  ba«>  aubmlttad. 

"  KnavaBon.  The  work  riiall  bo  m>  oondnatad  that  the  vatar  mdaa  or  aarvloi 
eonneetitma,  the  sewers  or  house  eimneetlons,  diaD  not  be  interfered  with.  AS  nA 
within  6  ft  ol  a  water  shall  be  removed  without  Uaatlng.    No  ezeavntion  diaD 

be  made  within  4  ft  erf  the  trunk  of  any  taoe  without  the  qqmnral  of  the  Park  Coa- 
ndarimv. 

"  BadcfilUnc.  The  applicant  further  agraaa  to  replaea,  as  fsr  aa  po^Me,  all 
material  excavated,  making  use  of  flushing,  tampEng  or  other  means  to  accomplish 
this  end,  and  supplying  any  deficiency;  and  that  In  caae  the  inspector  shall  deem 
the  material  unsatlrfactory  for  badcfill,  and  this  decision  shall  be  etmcuned  in  by 
the  Chief  Engineer  of  the  Bureau  of  Highwaya  or  duly  authorised  asiiatant,  thest  the 
applicant  shall  backfill  the  trench  with  sand,  hard-ooal  dndeia  or  other  proper  material, 
removing  all  exceas  of  original  material  from  the  iwemiaes.  If  tamping  ahaa  is 
employed,  the  material  shall  be  replaced  in  layers  not  to  exceed  S  in  in  thipkiis^ 
each  layer  bdng  tamped  so  as  to  be  as  thin  as  poaribia. 

"  Planking.  Upon  completion  of  the  backfill,  the  appUcaat  further  agreca  to  lay 
In  the  cut  in  the  pavement  temporary  planks  of  suit^le  thickness  snd  quality,  aH 
aecur^  fastened  together,  or,  if  permitted  in  writing,  other  material  aatiafactory  to 
the  Commiadoner  ol  Public  Worlca,  such  aa  hard-coal  dnden  vetted  and  haavBy 
tamped,  all  properiy  supported  so  as  to  bring  ita  top  Audi  with  the  pavamant  wmtam. 

"  Final  Restoration.  At  the  time  of  making  the  r^tair  the  concrete  base  shaD  be 
removed  for  a  space  at  least  6  in  larger  on  all  ddes  than  the  dimraisians  of  the  tresieb 
excavated,  all  (dd  concrete  work  to  be  iHTOperiy  grouted,  and  treah  concrete  laid  ao 
as  to  secure  a  good  bond  with  the  old  concrete  and  a  firm  foundatkm  on  the  untoudted 
•tdea  of  the  trench.  The  portion  of  the  pavement  which  rests  upon  the  new  foun- 
datkm shall  be  replaced  by  the  dty  over  an  area  6  hi  l«iw  on  aU  ddaa  than  tha  area 
of  the  new  concrete  above  described;  all  of  such  work  betag  done  in  order  to  aaeara 
a  t»^pM-  bond  and  to  prevent  improper  settlement. 

"  Notice  to  Bureau  of  Highways.  The  Bureau  of  Highways  shall  be  notified  4 
working  hr  before  the  time  when  the  opening  of  the  pavement  is  to  be  made,  so  that 
an  inspector  of  the  Bureau  may  be  preeent,  and  untfl  aueh  prtqter  notlAeation  has 
been  made  bo  opsaiwc  la  the  pavement  dwD  ba  undaftakn  iinlsi  niidil  |iiaiiilssli». 
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in  writing,  is  flvBO  by  the  Borou^  Pmidcnt  to  make  bucIi  withoat  the  prMwm  of 
as  bMpaetor.  Tbe  Buroau  ot  Hiihwaya  aball  mlao  be  notified  4  hi  before  completion 
of  baddill  eo  that  prOfMr  orden  may  ba  lauad  for  penaanent  ptivemttit  npUnoMnt. 
If,  after  proper  nottaa  bM  twas  (Inn  tha  Bmaau  ttt  Hlgbways  and  a«knowlad|ad  by 
H,  «n  '"T***^  Ihm  not  vUtad  Aa  work,  the  pwaittaa  may  proceed  therewith." 

Th«  BontaglL  of  BroaJdyn  is  one  <d  the  largeet  boroughs  in  the  Greater 
City  of  New  Yoric,  irith  an  area  of  77  square  milea,  a  population  rapidly 
approaching  the  2  000  000  mark,  a  highway  syutem  of  practically  1200 
jniles  and  900  miles  of  sewers.  Municipal  authorities  for  years  have 
reoognised  the  necessity  of  a  more  Byertematic  control  of  subsurface  con- 
ditions, and  during  the  latter  part  of  the  year  1906  a  moderate  appropria- 
tion was  obtained  by  the  President  of  the  Borough  of  Brooklyn,  to  be 
used  in.estaUiehing  a  Division  of  Substructures,  to  be  attadied  to  his 
office. 

Work  of  the  Diiisloa  of  SnbatructiU'ea.  Tbe  work  was  put  In  diaise  of  a  com- 
petent en^neer,  with  the  ftdlowinf  objecta  in  view: 

1.  Aeeumulatlng  all  intoimatlon  obtaluaUe  «a  to  tbe  tlxt,  locatkm  and  ii<iTtnwttir 
of  etrueturea  under  the  atneta  and  avennea  of  the  Borougfa,  and  recordinc  the  aama 
on  durable  maps. 

2.  AsilKniaK  d^nlte  loeationa  for  new  subatructuies. 
8.  Redudng  pavement  mutilatitm  to  a  piiniwiiim 

4.  CotuNrvlmf  aa  far  as  poasiMe  for  future  utilization  anbeuif  aea  epaeee  which  an 
rmpUly  boaamfng  oat  of  the  aUy'a  moat  valuable  aaeta,  and  from  which  aobstantlal 
teveauaa  wOl  ba  derived  thru  tutun  trancUae  (nuits. 

6.  Fumiahing  to  appUeanta  aeeklns  subsurface  space  for  *^mniil«,  pipe  lines,  etc, 
.information  aa  to  the  location  and  slxe  of  existing  subetructures.  Such  information 
ia  required  by  the  Board  ot  Estimate  and  Apportionment  when  apjdicatlims  are  filed 
for  franc hlaaa 

6.  ISimiahIng  other  dty  departments  with  Information  to  be  used  fai  oooneetioD 

with  the  location  and  construction  of  subways,  eewen,  water  mains,  etc 

Details  of  Record  Haps.  Prdiminary  to  preparing  the  subsurface  record  maps 
it  was  decided  to  adopt  a  system  whereby  tbe  maps  could  be  prepared  in  any  section 
of  tbe  Borough  without  consequent  confutdon  and  duplication.  Tlie  large  area  to 
be  covered  was  divided  into  twenty  sections  and  each  sectioa  treated  separatdy. 
Tbe  sections  are  numbered  1  to  20.  Record  maps  are  plotted  on  a  durable  cloth- 
mounted  paper  in  sheet  form,  32  in  wide  and  42  in  long,  to  a  scale  of  20  ft  to  the  fn. 
These  dimensionB  provide  amply  for  a  dty  block  length  ot  800  ft  and  are  the  maximum 
aisBe  Aeet  that  can  be  readily  bandied.  The  next  step  was  a  systematic  arrangement 
of  record  maps  so  as  to  cover  economically  a  section  or  part  of  a  section.  In  otbw 
words,  the  preparation  td  m  record  map  layout.  This  was  acoompUshad  by  udng 
tvopMs  ot  tradng  doth  and  awljring  theia  to  a  largo  scale  dty  map.  Tba  dty 
atlas  drawn  to  a  scale  of  100  ft  to  tbe  in  was  used.  Tracing-doth  templets  cot  to 
a  scale  of  100  ft  to  the  in  correspond  in  size  to  the  record  maps  which  are  plotted  to 
a  scale  of  20  It  to  the  in.  Consequently,  the  area  covered  by  a  templet  on  the  city 
map  is  the  same  aa  tbe  area  covered  by  a  record  map  on  tbe  ground-  With  ears  and 
ingenuity  excellent  results  are  obtained  and  a  record  map  layout  la  prepared,  using 
tbe  minimum  number  of  m^M  to  cover  a  given  area.  llM  outline  of  the  streets  fn 
tlie  area  to  be  covered  by  the  record  maps  is  inked  In  on  the  templets  and  they  are 
laid  aade  lor  futtue  use,  which  shsU  be  described  later.  With  ibia  method  it  is  pas- 
sible to  make  subsurface  inveatigsUons,  prepare  record  maps  in  any  locality,  and 
obtain  a  systematic  record  of  such  operations.  The  record  maps  are  numbered  con- 
seeutively  In  accordance  with  the  section  in  which  they  are  located,  that  is,  a  record 
map  numbered  1-25  would  mean  that  it  is  a  record  of  subsurface  investigations  talcui 
In  section  No.  1,  over  an  area  covered  by  record  map  No.  25.  This  system  of  section 
and  record  map  numbering  pennits  of  a  comprehensive  filing  system,  as  all  information 
is  filed  in  accordsnce  with  its  section  number  and  record  map  number.  In  sections  of 
the  Borough  where  the  street  system  is  extremely  Irregular  and  made  up  ol  two  or 
three  rectangular  ayitema  cut  thru  by  an  impntant  dlagfHial  thorofare,  a  record  map 
layout  is  dstermloed,  covering  tbe  important  thorofare.   The  problem  presented  in 
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Sect.  23 


nwldiig  this  layout  is  to  cover  by  not  mora  thaa  on«  raeord  mnp  eomplieatad  ttiwa 
intcnoctiona,  thereby  avoiding  ^tlltting  up  thess  intersections,  which  would  bccm- 
dtat«  plottinc  put  on  one  record  map  and  part  on  another.  Wtb  a  determmatitMi  tf 
a  ^Etematic  layout  covering  this  thorofaie,  a  layout  is  next  detamUiMd  for  the  ad- 
joining rectangular  aystenu,  which  usuatly  prearats  but  few  difficulties. 

Surr^  and  Inreatigatiiwis.  UpoD  the  eompletion  of  a  raeord  map  layout,  sarv^ 
andlnveaUgaUonBareinadeonUMCroand.  Hie  surreya  are  made  from  the  aatablMlied 
bue  ItMS  and  Indude  the  location  of  curb  llnea,  buQdhig  lines,  ear  traelo,  bydranti^ 
manhole  covers,  comer  basins,  gas  drips,  elevated  railway  eotumna^  ptdee  and,  in 
Caet)  any  object  on  the  surface  that  will  aem  as  a  guide  in  detominlng  tbe  mae  and 
locatiau  (rf  tbe  underiytng  structure.  Tbaae  locations  are  obtained  by  liiMHUgle 
offnta  from  tba  base  littea.  The  stationing  ot  the  oOnt  poiatB  od  the  baa*  line  is 
determined  by  the  use  d  an  optical  square.  This  email  tautnunait  has  prow  to 
be  a  great  time-saver.  Upon  tiie  ccnnidetion  of  the  survey  within  the  area  eoTweJ 
by  the  record  map  or  maps  to  be  prepared,  investigationa  an  made  of  all  tnanhtriea. 
Tbe  usual  procedure  Is  to  investigate  sewer  manholes  and  appurtenances  first.  Uang 
a  specially  designed  sewer  rod,  the  depth  and  size  of  the  emw  b  dattnniiMd  fron 
the  street  surface  and  tbe  type  of  consCructiom  and  eondltioa  noted.  Ttm  eontt 
barine  an  surveyed  in  a  rimiUr  manner.  It  is  often  necessary  to  flush  comer  hMiine 
from  the  near-by  hydrants  to  determine,  parti cul  arty  H.t  street  interaections,  into 
which  sewer  they  empty  and  obtain  an  appnudraate  location  of  the  connectian.  Un- 
fortunately, the  records  of  sewrara  eonstructed  in  tbe  older  neUpa  of  BmridyB  yean 
ago  are  in  some  instaneee  missing  and  in  other  Instances  ao  incomplete  aa  to  bo  o<  no 
praetieal  use.  The  manhtdea  oi  other  structures  are  talnn  tip  In  torn,  the  frOD  esvan 
removed,  and  full  measuremants  taken,  showing  tbe  location  and  rise  of  tbe  caodnit 
Una  or  pipe  line  entering  and  leaving  the  manhole.  In  tbe  ease  of  the  large  TiifinhiiTt 
or  iunetlon  boxes  of  the  deetrie  companies  a  special  exUnsion  rod  is  used  for  taking 
the  various  measurementa.  By  use  of  this  rod  it  ia  ponible  to  obtain  practically  all 
tbe  meaaurementa  from  one  position  in  the  eenter  ot  the  manhole.  Tbaao  inTMfl 
gatiotui  afford  a  fimd  of  aeeunte  inforraatkra  aa  to  tbe  atae,  dvth  below  the  aortaeak 
and  loeatkm  of  aubetnirturea  at  freqiuDt  Intarvals  In  the  thorotere  under  faiTeatt- 
gatlOB.  The  direction  taken  by  pipes,  conduits,  etc,  between  manholes  is  oftai  ds- 
doaed  by  the  outline  of  a  strip  of  pavement  rdaid  after  the  Installation  of  a  new 
atmeture  or  repairs  to  an  existing  structure.  Locating  tfaeae  traces  of  pavciMot  cuts 
ia  part  of  the  work  of  tbe  survey  party.  AH  inegularitiee,  such  as  broken  T"thfllt 
eovera,  dogged  sewers  or  comer  baaina,  broken-  hydrants,  gaa-ladcs  jonctiim  bon^ 
etc,  are  noted  and  brought  promptly  to  the  attention  of  the  dty  dqwrtaeBt  or 
public  service  corporation  responsible.  While  these  surveys  are  under  way  a  rep- 
reeentative  is  sent  to  the  offloee  of  the  different  publie  service  eorpontians  and 
dty  departments  for  all  information  obtainable  relative  to  subatruetur«a  maintained 
by  tbem  in  the  dty  tborofarea.  This  information  Isdudea  test-pit  recorda,  gencsal 
loeation  of  atnidurea,  atandarda  of  eonstruetlon  and  plana  of  qiedal  work  installed 
over,  the  area  tmder  eonalderatkn.  The  record  mapa  are  than  plotted.  The  main 
are  laid  out  In  strict  aeeordanee  wHh  tbe  outline  ti  tbe  area  to  be  cowed  as  d>owB 
on  the  tampteta  previously  referred  to.  The  survey  notea  an  accurately  plotted 
and  checked,  induding  all  information  from  the  oflioes  of  tbe  puUie  so-vice  corpora- 
tions and  city  departments.  Tbe  idotttng  at  tbeae  mapa  Is  the  moat  traportaat  part 
of  the  work,  as  it  involves  so  miufa  tronblesome  detail.  All  surface  loeatlow^  mxh 
as  buOdlttg  and  curb  lines,  trdley  trseka,  manbola  coven,  etc,  are  shown  in  bladi, 
whQe  the  various  substructures  are  shown  in  dtotlnctive  odors;  dectrfe  light  and 
power  conduits  are  shown  ia  red,  gas  pipea  in  green,  water  pipea  in  Uue,  tdephooe 
conduits  In  brown,  etc  In  consequence,  ft  is  not  a  difficult  matter  to  trace  out  a  run 
of  any  particular  pipe  or  eondult  line.  Wato-  colors  are  used  for  the  i  ■■iiii  that  h  k 
nicaaiary  from  time  to  time  to  make  corrections  to  confimn  with  changes  eonatantly 
taUne  place,  and  erasures  can  be  made  with  but  slight  injury  to  the  paper. 

An  Applications  tor  Permits  to  make  new  bistallationa  and  repaba  to  exhting  struc- 
tures are  referred  to  the  IHvldon  of  Subatructurea  for  eritidsm,  prior  to  tbe  issuaiiev 
of  permits.  In  this  way  the  en^eer  in  charge  ia  kept  in  dose  touch  with  such  werfc, 
and  pavement  mutilation  and  interfwenee  with  oaiating  stnwturas  to  nuteriaBy 
r«lucod.  rhiring  the  progreaa  of  the  work  meaaumiMnts  are  tskfa  on  tbe  graand. 
rriaUva  to  the  loeatlcm  ol  the  asw  atrecturea,  «ad  iB  atnwtiiwi  ■iwiuifwl.  Tb 
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Infonnatbn  h  fllad  in  •enrdum  with  tba  nmnbar  of  the  Metlon  and  nimtbw  of  the 
reeord  map  covartaif  tb»  *tw  Id  vUdi  tbe  mn-k  la  located.  If  a  i«eanl  jomp  haa 
been  prepared  coraing  the  area,  the  informatioa  i>  [dotted  by  a  draftaman  ■n'r*H 
to  the  apecial  work  of  eorreetiiig  record  maps,  thereby  keepinc  them  up  to  date. 

Location*  and  Drawtnga  for  New  Inatallatioaa.  WUIe  deAnite  loeatioiu  are 
frequently  tamlahed  tor  new  hutallatlotu,  ranch  work  haa  been  d<HW  in  connection 
with  the  preparation  of  subauiface  drawinga  to  advanee  (rf  publie  work  of  importance, 
eueh  aa  the  eonatruetion  of  panengei^^arrying  Bui>wayB,  trunk  aewen  and  the  Itw 
atallatkm  of  large  watw  maina.  The  aubaurfaee  information  accumulated  ia  oaed 
in  preparing  the  eonatruetion  plana  and  ia  alao  made  part  of  tbe  contract  diawlnci. 
Probably  the  moat  extend ve  invaattgatlone  were  made  in  advanee  of  the  fnatalistlon 
of  the  large  water  tUatrfbotkm  maina,  a  part  td  what  la  known  aa  tbe  CatddQ  Water 
8up|dy  System. 

TahM  of  Dhiakm.  While  it  b  a  difflcalt  mattw  to  calculate  dollar  by  dollar  tbe 
aavfng  tnvrfred  by  thia  ayatematie  procedure,  it  la  cooeervatlvely  eetimated  that  the 
aavtng  ia  at  least  equivalent  to  the  entire  eoet  of  tbe  Divirion  of  Subatructuree  to  date. 
Excellent  progreaa  haa  been  made.  In  the  fllea  of  the  department  thwe  haa  been 
■eeumulated  a  maaa  of  Information  relative  to  other  aeetiena  of  the  Borou^  audi 
aa  gemnl  locationa  of  ptftaa  and  eondnit  linea,  prirate  tunnela,  teet-plt  reeorda  and 
eolHtnictlon  Anwinga.  Thla  InfOnnatlaa  wOl  be  oaed  iriMo  tbe  final  anrveya  of  theoa 
aeetlona  are  taken  up.  Sin^ar  departmemta  have  been  eetabUabad  in  the  other  bor- 
oogbs  ot  the  Greater  City,  uabig  the  Brooldyn  metboda  aa  a  baaia  of  operation. 

Philadelphia.  Undoubtedly,  however,  the  most  elaborate  and  effective 
stepe  in  the  direction  of  pavement  protection  have  been  taken  hy  the 
City  of  Philadelphia. 

Board  ft  Sghway  Sttpenieora.  In  1884  there  waa  orgai^ied  in  that  dty  what 
ia  known  aa  the  Board  of  Highway  Superviaora  under  an  ordinance  paaaed  in  Mardli 
of  that  year  "for  the  purpoae  of  preventing  frequent  and  unnecnauary  openinga  in 
abeeta  and  atreet  pavementa;  to  promote  ayatem  and  economy  in  repaying  over 
breafca  made  for  underground  work."  Tbe  Board  la  oompoeed  of  tbe  Director  of 
Public  Worka,  tba  Chief  of  the  Bureau  o(  Highways^  the  Chief  Engineer  of  Surreya, 
the  Chief  of  the  Bureau  of  Water,  the  Chief  of  the  Electrical  Bureau  and  the  ChM 
ot  the  Bureau  at  City  Property.  TiM  Board  ia  vested  with  full  power,  not  only  to 
grant  original  locatkna  to  canpaniaa  aaUMriaod  by  law  to  lay  plpee  and  eonduita,  but 
alao  to  direct  thdr  removal  and  relocatloB  lAenever  tbe  publie  good  may  demand  It. 

RsxmiM  AND  Plans.  For  the  purpoae  of  enabling  the  Board  to  act  int^igently 
on  appUcationa.  a  recording  and  drafting  department  ia  maintained  where  all  undei^ 
ground  atrueturea  are  plotted  and  tlieir  ataea,  deptha,  diatanoe  from  the  curb  or  buil^ 
big  Uiiea  ahown  upoa  plana  d  unUonn  aiae  drawn  to  a  aeale  ot  20  ft  to  the  fn.  Eadi 
atnieUite  b  eolond  with  a  eonTentlonal  tint  ao  that  It  may  be  followed  on  the  plana. 
The  ever-tncreeiinE  demand  for  apace  under  the  atreet  surface  makea  it  naceoaary 
that  the  avafiable  eroea  anetfam  be  utilized  to  the  beet  poeeible  advantage.  Thia,  in 
a  mnamim.  ia  aceompUabed  by  grouping  the  atrueturea  aa  doady  together  aa  poasible. 
They  are  required  to  be  laid  in  locationa  parallel  with  tbe  atreet  line  and  any  con- 
ttaniatioB  of  exlating  work  muat  be  laid  in  the  line  of  the  original  aubetrueture.  Tbeae 
extenMona  are  home  in  mind  when  locationa  are  given  for  new  atmcturee.  The  ac- 
curacy of  the  recofda  in  the  drafting  room  of  the  Board  of  Highway  Superviaora  ia  ao 
to  be  depended  uptm  that  when  aewera,  water  pipes  or  other  underground  structuree 
are  to  be  laid  in  the  atreete  their  location  can  be  determined  with  auffldent  exact- 
nem  to  admit  of  tbe  perfection  of  the  plana  fc»r  the  work  without  the  ncoeaaity  of 
».«ir«ny  advanoa  excavation.  All  qtplicaata  for  permtta  to  locate  i^pea,  eonduita  and 
other  aubaurfaee  atniatarea  are  required  to  obtain  plana  from  the  Department  reeorda, 
ahowfaig  by  eroM  aeetlona  all  edattng  atrueturea  in  the  atieet.  TheM  plana  are  uaed 
by  the  Board  in  ctmaidering  the  applicationa  and  In  fixing  the  locationa.  By  thia 
meana  an  intdllgent  superviakm  b  constantly  kept  of  every  daaa  of  eonatruetion  placed 
under  the  auHace  of  the  atreeti^  and  the  dty,  by  reacrving  apace  whidi  may  be  re- 
quired in  the  future,  obtyna  a  maximum  degree  of  utilization  of  the  width  of  tbe 
atreet  avaOable  for  oaea  of  thia  kind. 

Chakobb  for  Plakb.  a  charge  per  lin  ft  ia  made  by  tbe  dty  to  partiaa  obtaining 
plana  and  Information  and  the  caafa  reodpu  are  coodderably  more  than  auffteUmt 
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to  buIbMa  tiis  font  bi  tlw  dnfUnc  moBi  ntd  tlw  Arid  In^webma  vlMt  sn  hu  to 
ne  that  tlw  lonUoU  gnated  an  followed  and  to  make  yitematkal  maaannmali 
and  daily  report*  ooverinj  ttnicture*  of  evwy  duraetw  met  with  In  the  cowavatka. 
From  theae  retunu  the  jAmat  are  oonataatly  baliii  checked,  and,  wbara  neeawr, 
ew reeled.  In  addition,  upon  tbe  eom^etion  of  the  laying  of  any  imdefgromid  mk, 
litlMr  tha  Buraau  of  the  dty  or  tha  private  eorporatl«Q  havinf  diarxa  of  aamc  ii 
ToquiTOd  to  nturn  to  tbe  Board  ci  Highway  Soperviaora  a  complete  plan  gfvinc  thi 
axaot  loeatlon  oocupied  and  the  riaaa  and  poaitkma  td  every  kind  of  coMatruetion  net 
with  during  the  program  at  the  work.  Thia  givea  a  complete  and  valuable  reeord  fw 
future  reference.  Tbe  charge  for  the  iufOTmation  b  aa  foUowi:  For  timUtiiw  ptaa 
indicating  all  undwground  struct um  &  eenU  par  lin  ft  for  any  eontiauous  Icagth  n 
tbe  one  atraet  up  to  2500  ft,  6  btoeke,  and  S  oenU  for  each  additional  foot.  Whoe 
loeatloos  are  glvon  on  unpaved  and  macadamised  highwaya  a  atnl^t  charBa  at  1  eat 
per  Ud  ft  ii  made  on  aaooimt  of  the  tact  that  theae  hlghwajFa  are  fBienlly  located  b 
the  mborban  aaeUona  and  contain  but  tew  underground  ■tnieturea.  Upon  the  eom- 
plattoQ  of  the  work,  tbe  Bureau  Muda  an  oAdal  to  main  a  nirvey  and  record  tbeemet 
loeatlon  In  which  the  atnicture  la  placed,  and  for  thla  a  charge  of  Z  eenta  per  lin  ft 
ia  made  on  every  daa  of  atieet,  but  in  no  caae  la  thia  charge  leae  than  $&  That 
la,  If  a  telavlwM  eompeDy  tpfUm  to  tha  Board  of  HlgMhiy  Snparvlaow  far  a  pl» 
■bowing  the  nndergrmuid  atnieturee  In  a  atieet,  eowfaiK  a  leagth  of  1000  ft,  tkar 
would  be  charged  at  the  rate  of  6  oenta  per  Un  ft,  or  (60  for  the  plan,  and  nptm  tha 
eompletioa  of  the  work  the  Bureau  raakea  a  complete  aurvey  of  the  location  of  the 
atruetuie  and  all  raanholea,  apurs,  etc,  tor  which  the  company  is  cfaarced  an  ad- 
ditional 2  centa  pw  lin  It,  or  $20,  so  that  the  total  coat  te  the  ctMnpany  for  tbe  gtntA 
tA  1000  ft  amounta  to  $70;  oo  the  other  hand,  for  a  length  of  6O0O  ft,  tbe  dtarge  te 
the  plan  would  be  at  the  rate  of  5  centa  per  Un  ft  for  the  flnt  £600  ft.  or  IISS,  a^ 
at  the  rate  of  8  oenta  per  itn  ft  for  the  remaining  S600  ft,  or  |76,  makinc  tbe  total 
idan  charge  $200,  while  the  charge  for  the  survey  would  be  at  the  rate  of  S  e»ta  per 
lin  ft  for  tbe  entire  dlstanDe,  or  $100,  ao  that  the  total  coat  to  the  eompsny  for  the 
•tretcb  of  &000  ft  would  amount  to  $800. 

PSBSBNT  STATUa  OF  THs  BOABD.  The  Board  has  been  workfng  for  ao  long  a  thae  a»d 
In  inch  detail  that  it  hM  practically  all  of  the  subeurface  eonatraetkm  In  FUaMphk 
Moutatety  {dotted,  ao  that  it  can  readily  aadgn  to  any  applicant  the  beet  locetia«  far 
any  new  work.  In  thia  way  the  space  in  the  stieeta  ia  moat  eeonoafeally  oaed.  aa 
by  this  system  nothing  la  done  in  haphaxard  way,  tnit  all  etnictures  an  located  ao- 
eofding  to  a  deOnito  idan.  The  fees  referred  to  at  tbe  prasent  ttana  create  a  food 
■uflldant  to  pay  all  the  Bxpeoaes  of  the  Board,  eo  that  It  la  wtf  watalnlni  TliibaM 
phia  Is  honored  by  b«dac  the  ptonew  in  this  work  as  well  aa  for  tbe  reanlta  that  have 
been  aecomplidted. 

Roles  and  Regulations  ot  the  Board  o(  Highway  Snpenrison  Ooveming  Applica- 
tums  tia  the  Laying  of  nectrical  Conduits,  Tubes  and  Manholes,  adopted  Now.  S, 
IMS,  and  now  (lOlS)  In  use: 

Applications,    Corapaniea,  corporations,  Anna  or  individuals  apidying  under  tht 
fonnal  ordinance  of  Aug.  6, 1886,  "regulating  the  laying  and  eenatnietloB  of  iiudiw 
ground  wires,  electrical  conduetora,  conduits,  cables  and  tubes  in  tbe  CtV  of  PU- 
addldila,"  ahall  file  with  the  Board  (rf  Highway  Supervison: 

1.  (a)  An  application,  in  writing,  giving  full  name  of  company,  corporation,  fina  or 
individual,  together  with  amount  of  capital,  buainees  addrcs,  the  namia  of  oOem 
and  direeton  with  address;  (b)  the  purpoees  tor  which  they  wish  to  use  tbe  etieant 
(e)  dtaraeter  of  eoodulta,  nuudi61ea,  tubes,  ete. 

2.  At  least  two  oopke  on  Lloaura  of  plana,  showing  all  existing  uDdei ground  stnae- 
tores  aad  complete  detaOa  of  proposed  eonatrnetloa. 

S.  SaA  other  information  a*  may  be  reqnirad  to  tBable  tbe  Board  to  rmth  a  dmt 
aadwstandlng  of  the  whole  aubjeet. 

AtBuniHBNTB.  Betoe  any  street  eorfaee  shall  be  ImAea,  or  a  parmh  Issasd.  ocept 
as  hereinafter  provided,  the  foQowing  rules  and  regulations,  and  snefa  additional  rtim 
and  regulations  aa  the  Board  of  Highway  Supervboia  may  from  time  te  time  adopt, 
shall  be  binding  on  the  applicant  or  ap^canta; 

1.  (a)  The  execution  of  hood,  etc,  to  comply  with  genenl  ordinance:   (b)  eea- 


tXtUM  with  the  ordinance  gnntlng  spedd  privBsgsa;  ((d  nrnnplianno  wttb  tb*  ntm 
9t  tha  Board  of  BI|^way  SoparvlHrti, 
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2.  A  ontUtcate  bom  tha  Cl^  SoUcttor  tbMt  tlie  memaary  bond  and  acnanant 
havabantflled. 

3.  A  cartHleate  ham  the  City  Traaaurer  tbat  the  requUte  payments  bava  ban 
mada^ 

4.  An  Bcreement  from  the  Contnetor,  who  Ig  under  liabilitj  for  tba  naintanaaca 
of  any  itreet  dealnd  to  be  broken,  itattaic  that  tha  gnarantaa  wU  In  no  way  ba  af- 
fected by  the  bnaJdng  of  the  Mune. 

SpacUL  AaRKnUBNTS.  After  the  approval  of  the  Board  of  Highway  Superrleon 
•ad  tha  Imuanwi  of  the  penntt,  the  terma  and  eondltloDB  of  the  application  and  the 
aeeompanyinf  plana  ihall  not  thereafter  be  altered  or  departed  from  without  the 
'MNuant  ot  tha  Board  prevfoiulr  obtafatad;  meapt  that  in  eaam  of  amaneney.  tha 
Chief  of  tha  EUctrieal  Bureau  may  authorise  modiflcatlooa  when  namnary,  reporting 
hi*  action  to  the  Board  at  ita  next  meeting. 

Z.  Where  a  conduit  eromea  a  bridge,  a  ■hall  be  nibmlttad  to  the  Chief  of  the 
Bureau  of  Uighwmym,  and  no  eoadiilt  laid  thataoa  uotil  audi  plan  Is  approved. 

a.  On  undadloatad  atmata  tha  eoaMit  at  tha  owner  «  ownara  ihaU  ba  flrat  obtained, 
•nd  aOdavha  to  that  eOeet  IBad  with  tha  Board  of  Hi^way  SvfMrviaara. 

NOTtcn.  Befm  any  ftiuet  auibee  dwll  be  brolian,  under  a  permit  aa  above, 
notlae  muat  be  given,  in  writing,  by  the  reedver  of  the  pennit,  to  the  ChM  of  the 
Bureau  of  Highwaya  and  the  Chief  of  tha  EBeetrieal  Bnnau,  of  the  time,  plaea  and 
•xtant  of  the  propowd  braaUnc  and  iriiera  a  eondntt  la  loaatad  on  tha  ridawalk,  tba 
Diatriet  Surveyor  dull  ba  notified  of  tha  loaadon  and  tlte  data  al  eommanabiff 
the  work. 

CoisraucnoN.  1.  No  portion  of  any  new  atruetuie,  when  In  plaoe  in  the  atnet, 
except  Mich  aa  ii  designed  to  form  a  part  of  the  atreet  pavement,  ihall  be  Ua*  than 
2  ft  bilow  the  surface  erf  mid  paveaMot,  aaeept  wl^  the  written  ap|Mt>val  of  tha  Chief 
of  the  Bureau  of  Highwaya;  end  the  tope  of  iron  atructurea  forming  parts  of  tb«  street 
pavanant  shall  have  a  roagboied  surface  with  projections  rising  not  lees  than  H  ln< 
mad  «Mad  art  more  than  2  M  la  apart,  as  aptwoved  by  tha  Board  of  ffi^way  Super- 
visors. All  manbote  covers  upon  streets  paved  with  asphalt,  vitrified  bridt  or  wooden 
bloeka  shall  be  filled  with  asphaltum  or  other  material  to  the  aatisfactlon  of  the 
Department  of  Public  Worka. 

2.  New  work  and  new  atnirturm  shall  Dot  interfere  with  existing  pi  pee,  sewers. 
eoDdolta,  or  other  atneturei^  «r  their  aauiBetiona,  esaept  iriim  abaotntely  aaeeaaary, 
and  Aen  only  with  tha  imvfouB  oonasat.  In  writing,  of  tha  ChW  of  tha  Bureau  having 
charge  of  sueh  stmetnrea.  Any  modifiaitI(w  at  ***'*'"g  struetuies  found  to  be  peem 
aary  muat  be  made  by  or  under  the  direction  <rf  the  Bureau  concerned  end  at  the 
mtpeoat  ot  the  party  having  the  permit.  All  necessary  supports  and  protections  to 
aaiating  ■truetores  must  be  promptly  supplied  by,  or  at  tlia  expense  of,  the  party  having 
the  permit,  and  to  the  satisfaction  of  the  Bureau  cooeemed.  The  said  party  shall  erect 
Kod  maintain  and  bear  the  eapenae  of  all  necessary  gnarda  and  danger  -'f"'-.  furnish 
all  neoeasary  watdimen  to  i»t>taet  the  public  and  the  work  during  its  progress,  assam- 
ing  aU  UabOity  for  accident  or  damage  to  persons  or  property  that  shall  ocour  in  the 
aoiuae  o(  or  by  reason  of  said  work,  and  agree  to  mve  barmlem  tlie  City,  its  oflteetai 
agents  and  servants  In  all  sueh  cases. 

8.  Whan,  in  the  judgment  oi  the  Board,  il  riiall  be  deemed  deairabla  to  employ 
ooa  or  mora  spaelal  hiipaitOffB  to  Bupwviso  the  worit,  aneh  In^Mctor  or  *-^f^f<^ 
»han  be  appointed  by  tbe  Director  of  tba  Department  having  auparvUon  over  the 
same,  and  a  sufBdant  sum  deposited  by  the  party  receiving  the  permit,  with  the  Chid 
of  the  Bureau,  for  the  payment  of  such  service. 

iNTiRnuNCB  WITH  TaAVTic  1.  Openings  In  atiaau  diall  be  made  at  sueh  times 
and  itlafia.  and  ba  snpportad  and  guarded  in  siwh  mannnr  aa.  In  the  Judgment  of 
the  Chief  of  tbe  Bureau  <rf  Highways,  wHI  least  interfere  with  the  rights  and  convenience 
ot  othen.  and  Interrupt  tbe  traffic  of  the  streeU  no  more  than  is  absolutely  nseimary. 

2.  Haterial  and  tools  for  eonatruetion  iquat  not  ha  dellvared  In  the  street  tUI  needed 
for  Immediate  use,  and  then  must  be  so  placed  aa  to  cauae  the  least  interruption  to 
traSe.  Not  mora  than  SOD  ft  in  length  shall  ba  ohatmetad  or  oeeuidad  at  the  same 
time  without  special  authority  ot  the  Board. 

PtLUKG  or  OPBNiNaa.  1.  All  openings  in  streets  must  be  ^mmptly  filled  with 
suitable  material,  free  from  rubbish  and  perishable  matter,  and  thoroly  and  evenly 
eompactad  thruout,  by  ramming  in  thin  layers  while  being  put  in,  or  by  puddling. 
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The  pavement  of  <treet  or  foot  waUa  must  then  be  at  once  reetored  witli  the  mw 
chanicter  of  material,  equal  in  compoaition  and  color  to  match  old  work,  in  aeeordaan 
with  the  standard  qMciflcationR  of  the  Department  of  P\J>Ue  Worka.  Butms  of  HW»- 
ways,  for  such  clan  of  work,  and  maintained  In  good  condition,  satiafactofy  to  the 
DepwtBMDt  ot  PubU«  Wodca,  durinc  the  time  of  any  exiatinx  Kuarantee,  or  mm  raqoiRd 
by  Ordinance  of  Coonefla,  but  in  no  caae  for  a  leae  period  than  6  years.  AH  p«mitf 
are  lamed  oubjeet  to  Ordlnaaeea  of  Cotmeila  regulating  the  paving  and  repaviag  of 
■treeta. 

2.  Surpliu  and  condemned  material  miat  be  nmorad,  and  tha  atnat  deaaed  nd 
entirdy  reatved,  without  delay. 

UuMTBUHCB  or  SuBBUWAca  SnccTDBBi.  1.  AO  anbirlaea  Mmetnrea  and  ■■ 
■ortaoe  atnietnree  lofndng  part  of  the  atiwet  nniat  at  aO  tiiM  ba  kapt  In  tood  npA. 
All  work  and  material  oned  In  reatorlng  or  tepalrlng  the  treat  ahall  ba  aatlrfaetary 
to  the  Department  of  Publie  Worka,  and  when  notioe  caUfttg  attention  to  needed 
repaira  ia  givm.  it  must  receive  attention  within  24  hr. 

2.  All  work  and  material  used  in  the  construction  of  eleetzteal  eOadolta  and  mn- 
holea  must  be  eatisfactory  to  the  Chief  of  the  Electrical  Bureau,  and  any  woric  cr 
material  condemned  by  him  most  be  at  once  made  sati^aetory. 

PiUNG  Plans.  Immediately  after  the  oompletion  of  the  work,  tbe  party  to  wfaon 
the  permit  ia  iasued  ahall  file  eom|deta  plana  in  detail  to  a  scale  satiafaetory  to  the 
Board,  showing  tbe  work  as  eonstrueted,  with  all  previously  ozisUng  otmeturM  m- 
eountsred  during  tbe  oonstruetion  ol  the  work. 

PiOTBcmoN  or  Pubuc.  Should  work  neoenary  to  protect  the  puUie  fn  the  use  c< 
the  street  be  omitted  or  Imperfectly  performed  by  the  party  holding  the  pendt.  tin 
after  notJee  tbe  Chief  at  Bunau  of  Highw^  may  cause  the  worit  to  bo  done  at 
tbe  expense  of  tbe  party  reedvlng  the  permit.  Failure  at  any  time  u>  fully  and  faitb- 
(ully  comply  with  tbeee  regulatiana,  and  such  further  regulations  as  the  Board  mar 
from  tiine  to  time  preaeribe,  ot  promptly  pay  such  ezpenae  as  hminbetoe  or  berria- 
aftor  authoriaad,  iball  at  once  work  a  focfUtare  ot  pecmtta  Joauad,  mad  dobar  tha  pvtr 
tram  reerivlng  any  farther  penults  until  rdleved  by  aetlan  ot  tin  Board  of  m^way 
Suponriaim. 

Pbrhits  fob  ELBcnticAii  HousB  CoNNiXTnoNB  for  tbe  oonstnictitm  of  manhidie 
on  lines  of  undarground  conduits  already  constrtteted,  where  eudi  eonetjnutMa  is 
of  advantage  to  the  City  or  the  bettarment  of  the  system,  may  be  iMued  by  the  Bnrcaa 
ot  Highway*  after  apiH«vaI  by  tiie  Chief  of  the  Eleetiical  Bureau,  without  retenM 
to  the  Board  of  Highway  Supervisors.  House  eonnectiona  shall  follow  tbe  Una  o( 
conduit  and  not  eroes  streets  diagonally. 

If,  in  the  laying  op  Watb  or  Oas  PIfbb,  sbwhrb,  or  any  Other  municipal  wort^  it 
shall  become  neceaaary  to  change  tbe  location  of  any  of  tbe  eonduita.  manhalaa  or 
other  structures,  tbey  shall  be  sltlfted  or  altered  at  the  eoet  or  expense  of  the  swatf^ 
to  tucfa  pJaoM  as  shall  be  directed  by  tbe  Board  ot  Highway  Supervfaoro. 

2.  Wbere  the  City  canatmeta  or  lauuuaUimla  sanan,  or  laya  or  niaya  waMr  ftpm, 
the  Company  ■ball  maintain  its  eonduita. 

DuBATioN  OF  PBBltns.  No  permit  win  be  valid  for  more  than  tbe  number  ol  daya 
speciAed  therein,  which  shall  be  determinad  by  the  Board  of  Highway  Sopervisan 
at  the  time  the  peamit  is  authoriaad:  for  any  aubeequent  wora  a  new  permit  maat 
be  obtainad.  PaiBona  bi  Aarga  of  any  work  on  the  sCraeCa  muot  hav*  in  their  paa- 
oeaalon,  at  all  times  while  so  engaged,  the  permit  Issued  by  tha  Popart  emit.  Al 
parmlta  shall  expire  on  Dee.  81  of  the  year  in  which  they  are  laaiJ. 
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GENERAL  DATA 

1.  Biatorical  Derelopnent  of  Roads  and  Favementi 

Variety  of  Pavements.  Pavements  have  been  laid  of  a  great  many  dif- 
ferent materials,  both  in  their  natural  state  and  also  combined  so  aa  to  make 
an  artificial  product.  There  have  undoubtedly  been  more  variations  in 
the  forms  of  bituminous  pavements  than  of  any  other  kind,  as  many  hun- 
^«dB  of  patents  have  been  taken  out  for  pavements  compoeed  of  ■^>halt 
or  ooal  tar  used  in  some  peculiar  or  particular  way.    As  has  been  stated 
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in  Sect.  19.  stone  was  the  oiiginid  paving  material  and  used  in  many  dif- 
ferent ways.  Tliia  was  natural  on  account  of  ita  general  availability  and 
the  knowledge  of  its  durability.  But  so  many  experiments  have  been 
made  that  it  is  not  possible  or  profitable  to  describe  them  aSL  Some  of 
the  unusual  types,  however,  will  be  mentioned. 

Untiswd  TypsB.  laoN  Blocks  and  Puna.  Oa  XJatm  dm  linden,  la  Berta, 
in  187T,  an  Iron  pavuMat  was  laid.  TUi  rMaalned  on  the  stnet  until  1890,  ^rin 
It  wsfl  takM  np.  and  nw«r  OMd  abewhsra.  Tha  nma  oontimeton  raedved  jii  mil^m. 
In  1888,  to  Uy  imprasnatsd  wooden  blodn  capped  with  ste^  The  blodn  were  Ud 
OB  eoncreU  and  tha  Jolnti  filM  with  loiaB  Idnd  of  bitumhiooa  matcsiaL  TUs  pan- 
BWBt  Isated  tntU  1897,  iriun  It  was  talM  up  by  tlw  eontiacUHs  and  rsplaced  irtlh 
rodt  aqihaH.  The  pavenent  wai  wld  to  have  bean  fairly  duiabls  at  ttiit,  hot  after 
bdng  In  uas  8  yean  tha  steel  CKpjiint  was  worn  out  la  oonseqneaca  of  tha  tnAc  Ttm 
eoat  of  this  pavamant  was  about  twice  as  much  as  tot  rock  asphalt,  and,  aa  the  price 
ef  stad  Incnaaed  oMislderably  after  the  pavement  waa  laid.  Its  eoatinoed  um  would 
have  involved  atlll  freatv  axpMwe.  Iron  blo^  wm  laid  on.  Cortlandt  St..  New 
Ywk  Cl^,  about  186S.  They  were  rouchened  on  the  surface  by  bexaconal  projefr- 
tii»B  about  1  In  In  alsa,  leparatad  by  almllar  rtajiUMliiin  Thla  made  a  rough  and 
noisy  pavitneat,  aad  horses  tore  oB  thdr  shoos  and  slipped  and  fdl  frequently,  so 
that  after  a  short  trial  it  was  taken  up  and  replaced  with  shme  bloda.  In  1885  a 
hollow  Ima  block  about  the  shape  of  the  ordinary  granite  blodc  waa  suggceted,  the 
htdlow  space  to  be  filled  with  any  material  that  the  officials,  might  deem  suitablch 
Another  plan  was  to  set  hollow  in«  cylinden  doeely  togathor  on  a  Ann  base  and  fill 
tha  btersttflM  as  wril  as  the  eyUndere  with  concrete^  the  Idea  1n1i«  that  the  boa  wmdd 
preveBt  tha  wear  and  the  eoacrate  give  a  general  smoothness.  It  is  doubtiBl,  Imw- 
aver,  if  this  Idea  was  ever  canied  out  to  any  extmt.  In  Columbus,  Ohio,  in  1890, 
an  entrance  to  a  railroad  freight  yard  was  paved  with  iron  plates  cast  with  poctots 

5  Vm  la  square  on  the  upper  side.  Ead  plate  contained  6  full.  4  half,  and  4  qiiait« 
podcets,  so  ananged  that  whan  set  on  the  street  the  ^ates  wwe  square  aad  the  pedwti 
at  an  aDfle  of  4S<*wiai  the  length  of  tha  street.  The  plates  wwe  bsdcUd  cn  the  foon^ 
tloD,  and  Into  the  pockets  were  driven  oak  spikes  6  in  hi^  and  projecting  2  In  above 
the  pockets.  At  the  end  of  16  months  tha  blocks  showed  a  wear  of  about  ^  te.  It 
t>  said  that  macadam  within  the  freight  yard  was  renewed  In  90  days  and  Sheet«mbalt 
outside  was  replaced  in  4  m<mths.  This  pavemntt,  however,  would  not  be  practiGabk 
on  a  large  scale  and  was  used  to  a  very  ^Ight  extent. 

Cwirn— IP  Uabbh  Gbabb.  In  1898  an  ezperinMotal  pavement  of  comprened 
marah  grass  waa  tried  In  Richmond,  Va.  The  grass  was  first  treated  with  a  prqiara* 
tlon  ot  oil,  tar  and  rosin,  aad  then  cnnpressed  ^  hydraulic  pressure  into  blocka  about 

6  in  square  and  bound  together  with  wire.  The  bloda  wwe  laid  in  the  usual  way 
on  a  street  where  they  wen  aubjected  to  very  heavy  tiulBe.  The  paveraents  hated 
but  a  very  few  "tMH*^ 

Gum.  In  1898  an  eiperiawntal  pavamant  was  hdd  in  I^oits,  Frsnes,  the  blods 
being  made  al  devltrlfled  glam;  tb^  were  8  la  square,  each  one  being  cut  on  top  Into 
16  smaller  squares  so  that  the  finished  pavement  looked  very  much  like  a  huge  checker- 
board. The  treatment  consieted  of  heating  brokm  glass  to  a  temperature  of  677*  C 
(1260°  F),  and  compreashig  It  into  molds  by  hydraulic  force.  Ilia  phyiical  tnuw- 
f ormation  at  the  glass  Is  said  to  be  due  to  deviuUeatlon  under  the  Qai^iy  prnriMi 
TUs  action,  however.  Is  mora  apparent  than  real,  as  a  diemlcal  analyds  shows  that 
after  devitrification  the  glass  has  the  same  compoaftion  as  before.  It  poMean  all 
intrinsic  qualities  of  glass  except  tmupsrency.  It  is  said  to  resist  crushing  and  heavy 
frosts  very  much  better  than  before  being  treated.  No  psvnnait  of  this  character 
has  been  used  to  any  great  extent. 

Clatdficatioa  ot  Pavementi.  During  many  yean  of  experimentation 
roodwt^s  have  been  paved  with  stone  in  its  various  forms  and  shapes; 
wood,  treated  and  untreated ;  rock  and  sheet-asphalt,  bituminous  macadam, 
bituminous  concrete,  cement-concrete,  iron,  brick,  slag,  India  rubber, 
shells,  earth,  sand-clay,  burnt  clay,  gravel  and  even  glass,  leather  and  bay. 
As  a  result  of  all  this  experimental  work  it  is  generally  accepted  that  there 
■re  five  standard  pavements,  namdy,  those  formed  of  stooe  Uocks,  (i«at«d 
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wood  Uocka,  brick,  sheet-asphalt  and  bituminous  concrete.  Forty  yeara 
ago  not  1  mile  of  pavement  existed  in  this  coimtry  that  would  be  considered 
standard  in  1918. 

The  Value  of  Pavements  to  a  city  or  any  particular  locality  is  positive 
and  immediate.  In  actual  money,  the  value  of  city  pavements  is 
very  lai^.  In  New  York  City  alone  there  were  ou  January  1.  igi5,  2  394 
miles  of  pavemoBt.  Aasuming  the  coat  of  a  pavement  to  be  S2.60 
per  sq  yd  and  the  aTeraae  vidth  of  street  to  be  30  ft  betweAk  oorbs, 
the  east  per  mile,  indudlng  the  curbing,  will  be  about  %55  000,  maldniE 
a  total  of  S131  670  000  that  New  York  City  would  have  invested  in  her 
streets  if  the  pavement  were  of  good  character  and  in  good  condition.  Or, 
assuming  that  each  street  must  be  repaved  every  20  years,  to  keep  the 
above  mileaee  renewed  when  worn  out  would  require  the  laying  of  120 
miles  of  pavement  each  year.  Assuming  further  that  thc'average  cost  of 
repairs  to  these  pavements  will  be  nothing  for  the  first  5  years,  and  only 
fi  oents  per  sq  yd  f or  the  remainder  of  tbedti  life,  the  total  anmul  expeDse 
for  the  maintenance  and  repur  of  the  191S  mileage  of  New  York  City's 
pavements  would  be  $880  per  mile,  or  tl  580  480  for  repairs  and  $4  224  000 
for  renewals,  assuming  renewals  to  cost  S2  per  sq  yd,  or  a  siun  tottd  of 
S&  805  480  per  annum  to  keep  the  paved  stroeta  of  New  York  City  in  good 
condition.  As  a  matter  of  fact,  according  to  the  report  of  the  Chief  Engi- 
gioeer  of  the  Board  of  Elstimate  and  Apportionment,  New  York  City,  in 
1912  the  city  appropriated  $14  600  000  for  repairs,  renewals  and  original 
pavementa.  Other  cities  will  have  smaller  expenses  than  these,  but  this 
Ulustration  shows  the  necessi^  for  careful  study  and  investigatioii.  An 
invMitory  iras  made  of  the  pavementa  in  the  City  of  New  York  in  1B12. 
They  were  supposed  at  that  time  to  be  worth  $58  000  000. 

Rial  estate  owun,  than  whom  ao  men  dinwd  or  ssgadoos  msn  m  in  bniinw^ 
Kcognke  the  value  d  pavemeBts,  aad,  when  tbay  wish  to  pot  a  piece  of  proper^  on 
the  DMrint  at  onee  and  at  good  prices,  always  pave  tlie  streets  with  the  taost  popnlar 
material.  The  pavenMot  improvn  the  appeanuee  oC  the  streeta  ao  ninch  that  the 
lots  not  only  aell  man  rmpidly  but  the  owner  can  add  to  Ub  price  man  than  enoush  to 
reUaburse  1^  for  bla  outbv- 

lUs  was  flluatrmtad  very  forcibly  in  a  section  in  Brooklyn,  N.  Y.,  where  a 
large  tract  was  put  upon  tbe  market  at  one  time,  but  first  the  streets  were  all  fan* 
proved  aad  the  subsnrface  woric  oonstmeted,  so  that  property  owners  not  only 
knew  the  condition  of  the  pavement  In  front  of  thati  own  property  but  ako  in  the 
entire  BBCtioa.  This  was  a  partJeularly  suceemful  enterprise.  In  the  Borooih  at 
Manhattan,  New  Ywk  City,  builden  will  not  becln  operatlona  on  an  nnpaved 
■treet,  knowtng  the  difllculty  of  making  aalw  or  obtaining  denrable  tenants  unleet 
tbe  street  b  well  paved. 

Increaae  in  Mileage  and  Change  in  Character  of  Pavementa,  Table  I 
shows  the  total  mileage  and  the  mileage  of  the  difTerent  kinds  of  pavements 
in  use  in  the  cities  of  Brooklyn,  Boston,  Buffalo,  Chicago,  New  York, 
Philadelphia,  St.  Louis  and  Washington,  D.  C,  in  1890  and  also  in  1915. 
Brooklyn  is  considered  by  itself,  as  it  was  a  separate  city  in  1890,  and  New 
York  represents  only  the  Boroughs  of  Muihattan  and  The  Bronx,  ae  in 
1890  they  oonstituted  one  city.  It  will  be  noted  ^t,  not  only  has  the 
amount  of  pavement  increased  from  3146  miles  in  1890  to  6986  miles  in 
1915,  but  that  the  modem  pavements,  like  sheet-asphalt,  brick  and  wood 
block  have  increased  much  more  rapidly.  Creosoted  wood  block  pavement, 
for  instance,  was  not  in  use  anywhere  in  1890,  and  brick  only  in  Boston, 
Buffalo  and  Philadelphia,  and  then  to  so  small  an  extent  as  to  be  almost 
negligible.  If  the  cities  of  the  Central  West  were  taken  into  consideration 
the  increase  in  brick  would  be  a  much  greater  proportion.    The  increase 
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in  flheetr«BphAlt  showB  its  wooderful  popularity,  and  it  has  oome  into  almost 
eeneral  uae  aa  (he  moat  popular  pav«ment. 


Table  I 


BaOOKLYN 

BonoN 

BUTPALO 

CmcAOo 

1890 

191S 

1891 

1914 

1890 

191G 

1890 

1916 

SbMt-aq>halt  

10.86 
88.90 
289.21 

666.99 
161.20 
4.04 

4. 66 

69.27 
6.96 

22.13 
124.24 

106.03 
140.69 

269.78 
28.69 

9.24 
28.10 

710.46 
111.28 

RobUa  

60.64 
87.06 
14.03 

Bridt  

l.BO 
114.78 

0.8S 
204.67 

6.26 
888.82 

0.07 
8.28 

269 .87 
561.88 
214.56 

S.81 

227.01 
410.29 

Cracwotod  wood  block. . . 

7.28 
4.26 
0.02 

6.61 

53.91 
7.18 
40  .OS 
66.11 

Slag  Uodt  

BftuUthk  

8.02 

2.N 
32.16 

886.77 

849.07 

284.79 

664.67 

260.07 

895. 2C 

569.64 

2069.81 

Naw  Yoke 

FaiLUMtUHU 

Sr.  LouB 

Washington 

1890 

1916 

1891 

~  1914 

1890 

1916 

1890 

1914 

16.84 

278.76 
8.88 

416.68 
160.78 

48.40 

119.60 

375 . 10 
115.60 
19.80 
88.80 

611.96 
848.32 
7. IS 
4.63 
171.67 
248.10 

8.96 
42.46 

69.82 

68.67 

61.80 
23.50 
11. BO 

182.96 
26.68 
4.U 

Cobbla  

Brfdt  

0.04 
127.49 

162.21 
262.06 

1.84 
122.12 

24.28 

290.08 
6.26 

8.00 
0.80 
88.21 

OdarHodi  

88.80 
1,66 

8.16 
8.13 
11.08 
60.96 

18.94 

Slacblocfc  

1.66 

47.06 
8.74 

17.00 

6.16 

817.66 

761.69 

762.20 

1879.99 

841.76 

642.39 

183 .81 

S4S.M 

Totala:  1800,  8146.18;  1916,  6986.17 


2.  Prindplea  Underlying  the  Sdection  of  a  Road  or  Parement  for  a 
Specific  Highway 

In  ordar  that  the  highway  official  or  legislative  body  ordering  roads  or 
pavements  may  do  it  intelligently,  it  is  necessary  that  they  should  know, 
not  only  the  properties  of  the  different  kinds  of  paving  material,  but  also 
ihe  Tequirementa  of  the  highways  to  be  paved.  This  is  not  generally 
understood  or  recognised.   If  on  architect,  or  an  engineer  in  any  other  line. 
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is  about  to  make  plans  and  Bpecifications  for  a  new  etructure,  he  first  leama 
to  what  purpose  the  proposed  structure  is  to  be  put,  and  then,  and  not 
till  then,  can  he  intelligently  decide  upon  the  proper  materials  for  the  differ- 
ent portioDS  of  the  structure.  This  is  just  as  important  in  a  pavsmeot  as 
in  any  other  structure,  but  not  so  easy  to  obtain.  Different  officials  apeak 
of  different  kinda  of  traffic  aa  heavy,  medium  and  li^t,  but  them  terms  have 
no  pontive  or  d^nite  "*«»"'"c  They  are  relativs  wlwlly,  aa  what  la  heavy 
traffio  for  Bodiester,  N.  Y.,  might  be  medium  traffic  for  New  York  Citr, 
and  at  that  the  terms  would  be  used  only  according  to  the  individual  judg- 
ment of  the  persona  using  them.  Different  achemea  have  been  iu  use 
for  determining  the  kind  of  traffic  upon  different  streets.  This  is  done  by 
counting  the  number  of  vehicles  passing  a  given  point  during  a  specified 
time  and  fixing  a  certain  weight  for  the  different  vehicles,  and  in  this  way 
obtaining  the  suppoeed  amoimt  of  tonnage  paasinK  over  any  atreet  during 
this  specified  time.  While  thia  method  ia  of  aome  value,  aa  giving  approz- 
itnately  the  wear  on  the  pavement,  it  ia  not  definite,  as  no  rating  is  given 
to  the  eonditionB  under  which  the  tonnage  ia  carried.  It  will  be  easily 
understood  Uiat  two  loads  weighing  10  tona  each  will  have  a  different 
effect  upon  a  pavement  than  20  tona  carried  over  the  same  pavement  in 
ten  different  vehicles.  It  will  make  a  difference  whether  the  vehicles  are 
horse-drawn  or  motor<]riven,  whether  the  tires  are  of  rubber  or  of  steel, 
and  whether  of  1  or  4-in  in  width,  and  whether  the  vehicle  is  moving  at  a 
speed  of  4  miles  or  20  miles  an  hr.  All  theee  conditions  must  be  takei.  into 
consideration  in  order  to  get  a  fair  and  oomjutraUe  teault  of  different  trai- 
nages  borne  over  different  pavonents.  It  ^irWi  be  aeen,  therefore,  that  the 
proUem  is  not  a  simple  one,  bat  one  that  requiree  much  careful  abidy. 
Only  a  few  highwi^r  departments  in  the  United  States,  and  not  many  in 
foreign  countries,  have  any  census  statiatics  of  their  highways  that  are 
of  value,  and,  until  they  have  auch  data,  it  is  not  possible  to  determine  from 
s  scientific  standpoint  the  proper  roads  or  pavements  for  different  local 
conditions.    See  Sect.  4,  thaffic  coKsmsBATioNS. 

Bnii'Th  Road  Board  I^etemiinatoi.  It  would  seem,  however,  that  by  proper  expert* 
men  tint  a  tiaOle  unit  could  be  arrived  at  and  so  standardind  that  a  more  definite 
remit  could  be  reached  than  b  ponlbla  at  the  preent  time.  The  EngUab  Road  Board 
has  constructed  a  machine  far  ezperiMiental  wfirk  to  determbm  just  what  will  be  the 
wear  tm  certahi  pavements  by  dlffereat  weights  movljif  oa  wbeeti  at  different  latea 
of  speed.  The  machine  conaiats  of  an  apparatus  formed  by  spokes  radiating  from 
the  center,  on  the  under  side  of  which,  near  the  end,  are  attached  wheels  with  proper 
contrivances  so  that  different  preosurea  can  be  exNted  by  qtrlngs  correqrondlng  to 
certain  wdgbta.  These  wheels  are  stasgered  aa  tlie  spotas  in  sndi  a  way  that  hi 
revolving  they  eover  the  roadway  on  wfaieh  they  run  an  even  number  of  thnes.  Thass 
wheels  can  be  arrangad  with  tires  of  any  Und  or  of  any  width,  with  which  it  b  desirad 
'to  e9q>erimeot,  and  the  roadway  paved  with  any  material  that  Is  desired.  By  the 
arrangement  of  qiringa  a  given  preaaure  can  be  obtained  npaa  the  wheela  and  the 
entire  machine  rotated  at  an  even  speed,  so  that  with  a  oertain  number  of  revohitians 
the  amount  of  wear  en  the  pavement  can  be  observed.  Tfala  arrangement  probably 
eonfonna  more  doedy  to  actual  wear  on  the  atreet  than  any  other  that  has  yet  been 
devUed.  Of  couim,  the  action  of  horses'  boofa  cannot  be  determined.  It  would  seem 
that,  by  a  suffldait  amount  of  experimenting  with  a  machine  of  thia  character,  a 
traffic  tmit  could  be  evolved,  to  which  different  Uuda  of  traffic  could  be  referred,  so 
that  If  the  traffic  on  any  atreet  In  any  dty  could  be  aaid  to  be  a  certain  number  of 
traffic  units  per  yard  of  roadway  per  day  It  would  be  known  quite  definitely  what  was 
meant.  For  instance.  If  it  was  discovered  that  the  pasdng  wheels  under  a  gtva 
load  with  2-ln  tiree.  at  a  certain  speed  and  with  a  certoin  wdght  per  Inch  tire,  would 
wear  a  standard  pavement  a  certain  amount,  that  amount  td  traffic  could  be  taken 
aa  100  trsffle  miita.    Than  the  amount  al  wear  irith  dUfsmt  loads,  at  diSarent  speeds 
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and  with  dlffmnt  ttret,  necCHuy  to  produce  the  nine  amount  ol  mw  eoold  b*  n- 
fMTed  to  the  muh  aUnilard  and  its  vmhie  in  tralBe  units  be  determined  by  refeRnn 
to  the  original  standard.  But  even  if  this  could  be  determined  positively  there  woold 
still  be  the  dJfflculty  of  detemlnini  the  exact  amount  of  tralBc  on  any  street,  but 
with  experienced  observers  the  results  would  be  fairly  accurate.  It  would  —em  that 
baton  traflic  eonditioDB  can  be  flgured  aeeuntcly  and  seieBtUcany  sane  audi  sdwBa 
as  the  tdretoliit  most  ba  yssd. 

Hsoabac  et  VeUdaa  oo  Ewvpeaa  Otf  Stfaata.  A  fenowlsdia  o(  tiha  Bombar  al 
vehidei  usIbk  streeta  in  dUferent  dties  is  of  vahie.  It  la  stated  in  the  rapwrt  tjt  the 
Chief  Euf^eer  of  Paris  that  on  the  Rue  de  Rivcdi  42  OSe  vehicles  paned  in  24  hr. 
Tbe  following  statement  shows  the  daily  traffic  on  some  of  the  piindpal  atiaeta  el 
Ibralv  dtfn:  Paris,  Roe  de  RivoU,  42  086,  Avnus  de  I'Opera.  29  GOO.  Rw  Crab 
das  PMit  Chanps,  20  WO,  Roe  St.  Honor*.  19  072;  Loidoa.  mng  WlUan  St.,  M  791, 
GraaschuTch  St.,  IS  586,  Queen  Victoria  St.,  1<  SSI.  Cheaprfde,  IS  206;  Sydney,  Aus- 
tralia, Oeorge  St.,  11  »60. 

number  of  Vehicles  on  Ci^  Streets  in  ttie  United  States.  In  I88fi  a  seriea  of  obasr- 
ntiona  wwe  made  under  the  direction  of  Gen.  F.  V.  Greme  to  dettfmlne  the  iiitifiwt 
at  traffic  In  several  American  dtica.  The  figurea  r^reeeot  the  number  of  vcUdts 
of  all  ktaids  paosing  between  7  A.U.  and  7  P.M.:  Brxiadway,  New  Yorit  City,  7811; 
Broad  St.  Philadelphia,  6081;  Devonshire  St.,  Boston,  £362;  Douglan  St.,  Omaha, 
4762;  ISth  St.,  (^poaite  Trasuiy,  Washington,  D.  C,  4620;  Claris  St.,  Chiago. 
48S9.  tn  1914  obsttrvationa  in  the  Borough  of  Brooklyn,  New  York  City,  showed 
the  greateat  number  of  vehides  in  8  hr  to  be  2816,  on  Flushing  Ave.  Tht  traffic  cm 
Uila  atraat,  howavar,  is  made  op  of  heavy  nalla,  aa  it  la  a  atieat  whm  thwa  ia  m  peat 
dsal  of  trudii«.  Obssnratfom  tahsD  in  the  BonH«fa  ol  Hanhattaa.  New  Yorii,  la 
1914,  riMiw  that  on  Fifth  Ave.,  between  SSrd  and  S4th  Sta.,  7&20  vdldaa  pwaad  faa- 
tween  8  A.U.  and  6  P.M.,  and  between  41st  and  42nd  Sts.,  6803  vehidea.  It  mi^ 
be  of  interest  to  know  that  only  16%  of  this  total  number  of  vehicles  Was  hmaa  Jiawu 
between  88rd  and  34tb  Sts.,  and  16%  batwasn  4Ut  and  42ad  Sla. 

It  may  aaam  atranga  tiut  the  traffiv  In  Kaw  York  ahonld  be  ao  modi  laaa  In  amoant 
than  that  of  Paria  or  LmdoB.  but  it  nort  be  rancnbatad  that  tfaa  Naw  Yoiili  Otr 
flgurea  are  given  only  between  8  A.U.  and  6  P.U.  If  these  flgurea  were  oonttave^ 
oo  Broadway,  for  Instance,  from  6  P.U.  to  12  midnight,  they  would  undoubtMlly  ba 
very  much  incnaasd,  if  not  doubled,  aa  the  automobile  traffic  between  42nd  and  44th 
Sta.  k  without  doubt  greater  during  that  time  than  at  any  other  time  of  tfaa  day. 

Reqnlrementi  nS  PaTemanta.  After  a  highway  official  ascertaina  the 
requirementa  of  a  highway,  in  order  to  fulfill  those  requirements  fuUy.  the 
properties  of  the  different  materials  to  be  used  ia  pavioK  must  be  under- 
stood thoroly;  and  after  that  is  known,  and  when  it  is  practicable  from  a 
Boientifio  standpoint,  to  determine  the  proper  material,  it  will  be  found 
even  then  that  common  sense  and  good  judgment  must  be  used  to  a  grvai 
extent,  as  many  conditions  must  be  taken  into  consideration.  It  will 
be  found  also  that  the  wishes  of  the  people  doing  business  or  living  on  the 
highway  will  not  always  coiDcide  with  the  wishes  of  travel  on  the  road* 
my,  whether  it  be  heavy  business  traffic,  or  li^t  automobile  trafie. 
The  property  owner  wishes  a  quiet,  smooth  pavement,  and  one  that  m 
pleasing  in  appearance;  the  automobile  owner  wishes  one  that  is  smooth, 
and  the  truckman,  one  that  will  be  durable,  present  light  resistanoe  to  draw- 
ing a  load,  and  give  a  good  foothold  for  his  horses,  with  no  regard  for  noise; 
ao  that  all  the  difTcrent  property  interests  must  be  taken  into  consideration 
in  addition  to  the  scientific  requirements  and  needs  of  the  street.  But  the 
highway  official  must  make  a  study  of  the  different  characteristics  of  th» 
paving  materials  in  order  to  have  an  intelUoeot  idea  aa  to  bow  they  should 
be  used.  The  oflScial,  who  deeidea  on  the  material  after  the  most  cwrfiA 
investigation,  will  often  find  that  the  decirion  is  displeasing  to  many  pecvla. 
litis  eften  must  be  the  case,  as  the  w^es  of  the  users  of  a  atieet  aianr 
times  conflict  with  the  wishes  of  the  people  who  do  buaines  oa  «  Mmt. 
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The  mers  of  a  street  desire  a  pavnnent  that  is  most  conducive  to  ease  of 
truoldag,  and,  if  that  be  satisfactory,  care  little  for  the  noise  or  other  incon- 
venience, while  the  people  who  do  buriness  on  a  street,  or  occupy  residenoes 
thereon,  wish  a  quiet  pavement  and  are  not  so  much  interested  in  its  adapta* 
biUty  to  traffic.  The  decision  must  be  made  after  taking  all  things  into 
cx>nnderation  and  adhered  to,  altho  it  will  not  always  prove  satisfactory 
to  all.  The  appropriation  is  generally  inadequate  for  the  work,  and  careful 
study  is  necessary  to  bring  about  the  beat  results.  An  eminent  authority 
has  said  that  if  one^ias  but  5  mln  in  which  to  perform  a  difficult  task, 
3  min  shoold  be  consumed  in  ascertaining  how  to  do  it. 

3.  Charactexistics  of  an  Ideal  Road  or  Pavement 

While  no  road  or  pavement  that  has  ever  been  laid  is  perfect,  in  consider- 
ing the  subject  it  is  necessary  to  take  a  perfect  road  or  pavement  as  a  stand- 
ard. Such  a  road  or  pavement  should  be  cheap,  durable,  easily  cleaned, 
present  light  resistance  to  traffic,  be  not  sUppery,  be  easily  maintained, 
be  favorable  to  travel,  and  sanitary.  Admitting  that  a  perfect  road  or 
pavement  should  have  these  properties,  it  must  be  understood  that  tbey  are 
not  all  of  the  same  importance;  but  by  discussing  these  different  properties, 
and  fwwi"*'"g  that  a  perfect  road  or  pavement  has  a  value  of  100,  it  will  be 
poesiUe  to  assigD  a  percentage  value  to  each  one  of  these  properties,  and 
then,  by  referring  these  values  to  the  different  kinds  of  paving  material, 
fletermine  a  percentage  value  for  each  type. 

Cheapness.  It  may  be  said  that  cheapness  is  not  a  phyacal  character- 
istic of  any  material.  This  is  undoubtedly  true.  It  must  be  admitted  that 
it  is  an  important  factor.  No  matter  how  desirable,  or  bow  economical 
ultimately,  any  material  may  be,  its  first  cost  is  a  question  of  importance 
in  deciding  upon  ita  availability.  If  a  property  owner  or  a  highway  depart- 
ment cumot  p^  for  it,  the  question  is  settled  at  once;  there  is  no  chance  for 
argument.  A  recommendation  is  often  rejected,  when  its  wisdom  is  not  ques- 
tioned, simply  on  account  of  the  cost.  When  the  best  cannot  be  taken  Hob 
phase  is  developed:  with  the  money  available,  how  can  the  beat  results  be 
obtained?  A  person  presenting  a  new  plan  or  a  new  material  will  first  be  asked 
as  to  its  cost,  and,  if  it  be  expensive,  it  will  be  a  hard  task  to  have  it  receive 
a  fair  trial,  except  at  the  expense  of  the  party  oommercially  interested. 
Cheapness  depends  to  a  great  extent  upon  locality.  Thus  a  cheap  material 
in  one  locality  might  not  be  a  cheap  material  in  another.  For  instance,  paving 
briek  is  manufactured  to  a  great  extent  in  the  Cratral  West  and  can  be 
fiiniiflhed  to  nearly  cities  at  a  reasonable  price,  while  the  same  material  in 
New  York  or  New  England  might  cost  so  much,  on  account  of  the  freight 
rates,  as  to  be  prohibitive.  At  the  same  time  granite  blocks,  which  can 
be  cheaply  supplied  to  all  cities  on  the  coast,  would  be  expensive  in  the 
interior  cities.  Asphalt,  on  the  other  hand,  forming  bo  small  a  proportion 
of  the  weight  of  the  entire  pavement,  is  not  affected  to  so  great  an  extent 
by  cost  of  transportation.  So  that,  while  cheapness  as  a  property  may  have 
a  ceortun  value,  the  different  materials  will  vary  greatly  in  this  respect. 
Cheapness,  therefore,  has  been  given  a  value  of  Ifi. 

Durability.  This  is  also  an  economic  proper^.  Upon  this  depends 
ulUmate  cost,  and  in  this  connection  must  be  considered  to  a  certain  eX' 
tent  first  with  cost.  If  a  pavement  be  cheap,  and  pleanng  even,  it  can 
never  be  a  complete  success  if  it  has  not  durabiUty.  Americans  expect 
any  construction  to  care  for  itself  largely;  they  are  not  given  to  economics 
in  repairs.    Durability  is  affected  by  so  many  varied  conditions  that  it 


1826 


Compariaon  <d  Roads  and  Pavementa 


Sect  24 


is  diflcuBsed  -with  difficulty.  Paving  materials  have  a  phyrical  life  as  well 
an  a  traffic  life;  that  is,  stone  and  brick  are  not  affected  by  the  actjou  of 
'  the  atmosphere  and  will  last  in  a  roadway  until  they  are  worn  out  by  tba 
tr^e.  Asphalt  and  luticated  wood,  howevw,  have  a  limited  life,  even 
without  traffic;  in  fact,  it  is  probable  that  the  life  of  both  of  these  materials 
in  a  pavwnent  is  increased  by  a  cotain  amount  of  traffic.  The  influence 
of  traffic  is  modified  by  five  principal  conditions,  namely,  width  of  roadway, 
character  of  road  or  pavement,  presence  or  absence  of  slieet-car  tracks, 
state  of  repairs,  and  how  well  the  pavement  is  cleaned. 

Width  of  RoAnWAT.  The  distance  between  curbs  or  shoulders  affects 
traffic,  aa  it  tends  to  scatter  or  congest  it.  The  wider  a  roadway  is,  the  more 
even  will  be  its  wear.  If  several  lines  of  traffic  can  be  maintained  iir^u- 
larly  over  the  surfaoe  of  the  roadway,  the  wear  will  be  more  uniform  ud 
a  better  service  reosived  from  the  road  or  pavement.  When  vehiclea  am 
restricted  to  direct  lines,  the  wheels  move  in  practically  the  same  place 
from  day  to  day,  and  the  result  is  a  rough  and  uneven  surface  in  a  compar- 
atively short  space  of  time.  Then,  too,  there  is  a  certain  part  of  the  road- 
way adjacent  to  the  curb  or  car  track  that  cannot  be  efficiently  used. 
TMs  width  is  positive,  and,  in  a  narrow  roadw^,  proportionately  reduces 
the  available  roadway  for  traffic  much  more  than  in  a  wide  roadway.  If, 
for  instance,  this  unavailable  spaoe  is  2  ft  on  each  side,  on  a  30-f t  roadway 
then  would  be  left  20  ft  toe  traffio,  vdiile  on  a  60^t  roadway  thne  would 
be  56  ft  left  for  traffic;  so  that,  while  the  actual  roadway  would  be  doubled, 
the  available  roadway  for  traffic  would  be  more  than  doubled. 

CHARAcmB  or  TSB  RoAi>  osPAVsmrr.  By  this  is  meant,  not  the  matoial 
that  is  used,  but  the  detailed  method  adopted  in  constructing  the  roadway. 
Sheet-asphalt  pavements,  for  instance,  have  been  standardised,  slight  vwi- 
atlons  being  made  sometimes  to  meet  special  traffic  conditions,  but  with 
stone,  brick  and  wood  it  is  different.  While  concrete  as  a  rule  is  used  tot 
foundations  for  these  different  materials,  it  is  not  alws^  so  used.  The 
joint  filling  vaiiea  aooording  to  the  expeimm  or  the  inclination  trf  the  pav- 
tioular  engjneer  in  charge.  Wood  of  one  variety  is  naed  in  one  locdSty 
and  of  a  different  kind  in  another,  and  while  at  present  it  is  treated  cfaemi* 
cally  in  neariy  all  cities,  the  material  used  and  iiiB  amount  of  the  preeerra* 
tive  are  generally  different.  So  that  wof>d,  stone,  or  brick,  aa  referred  to 
pavements,  are  somewhat  indefinite  unless  it  is  known  juat  how  they  have 
been  used. 

pRKBSNca  OR  Absemcb  OF  Strxet-Car  Tbacks.  All  foreign  conatrue- 
tiona  in  the  surface  of  a  roadway  have  a  very  material  iofiuence  on  its  wear. 
Manhole  heads  are  of  iron,  and  must  neoeaiarily  be  of  a  different  desree  of 
hardneas  from  the  road  or  pavement,  no  matter  viuit  its  character.  Aa  H  ii 
imposriUe  to  keep  the  surface  of  the  roadway  always  levd  with  the  mnnhffl* 
head,  when  the  wheel  leaves  the  iron  it  pounds  upon  the  roadwqr  with 
greater  severity,  inducing  greater  wear  than  would  occur  if  the  surface  were 
smooth  and  even.  While  manhole  heads  are  objectionable,  they  are  not 
as  great  a  detriment  to  the  pavement  as  the  car  tracks.  It  is  recognised 
by  all  engineers  that  car  tracks  must  eodst  in  city  streets,  but  it  is  also  recog- 
nised that  they  cause  extra  wear  of  the  pavement.  This  is  not  only 
because  it  is  difficult  to  keep  the  tzaehs  at  the  same  levd  with  the 
pavement,  but  because  if  the  tracks  are  in  fairly  constant  use,  the  ttaffio 
is  concentrated  on  the  siden  ttf  the  streeta  and  in  practically  legular  Unes. 
Vfitb  a  sheet  pavement  like  asphalt  the  honem'  shoes,  especidly  in  warn 
weather,  often  mark  the  pavement  very  materiaJly.   If  the  street  is  fies 
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from  oar  t^ks  the  wheels  of  the  different  vehicles  are  likely  to  iron 
and  smooth  out  tiie  inequities  caused  by  the  horses*  shoes,  vhich  cannot 
often  be  done  on  car-track  streets,  because  the  traffic  is  restricted  to  di»- 
tiuot  lines.  In  19i;i  it  cost  6.5  cents  per  sq  yd  to  keep  in  repair  the  sheet- 
asphalt  pavement  on  street-car  streets  in  the  Borough  of  Brooklyn,  Nev 
York  City,  and  2.9  cents  per  sq  yd  on-  streets  where  there  were  no  car  bBcks. 
In  1914  it  oost  3.4  cents  per  sq  yd  on  streets-car  streets,  and  1.9  cents  per 
■q  yd  on  streets  where  thn«  were  no  tracks.  In  a  r^K»t  of  tiie  DepartmMit 
of  Publio  Works  of  Buffalo  for  1910.  it  is  stated  tiuit  the  presence  of  street- 
car tracks  in  streets  reduces  the  life  of  the  pavement  about  2  years. 

Btatb  op  Rxpaib.  This  is  of  vital  importance  in  the  maintenance  of  road- 
ways. The  old  saying,  "  A  stitch  in  time  saves  nine,"  can  be  appUed  with 
as  much  force  to  roads  and  pavements  as  to  any  other  form  of  construction. 
If  holes,  depressions,  ruts  or  any  other  defect  in  the  surface  are  allowed  to 
remain  for  any  length  of  time,  the  material  is  displaced  and  consequently  is 
worn  abnormally.  It  is  poesiUe  to  permit  a  street  to  get  into  such  condition 
that  traffic  will  avoid  it,  so  that  it  wUl  not  be  worn  extensively,  but  all  streets 
should  be  kept  in  as  nearly  perfect  condition  as  possible  at  all  times,  and  in 
any  i&auBsion  of  this  character  the  assumption  is  made  that  such  is  done. 
This  fact  impresses  itself  if  the  action  of  traffic  upon  stone  blocks  that  have 
been  relaid  temporarily  in  a  trench  awaiting  final  reconstruction  is  observed. 
The  unevenneas  of  the  surface  and  the  looseness  of  the  blocks  allow  the 
corners  to  be  worn  off  and  the  blocks  damaged  very  much  more  than  if  the 
pavement  were  smooth  and  even.  It  is  very  noticeable  in  any  large  city 
that  the  pavement  in  front  of  a  park  and  large  public  buildings,  where  the 
Borfaoe  is  not  disturbed  for  any  subsurface  work,  is  alwajrB  more  duraUe 
and  in.  better  condition  than  where  it  is  regularly  built  up  on  both  sides. 
No  matter  how  well  the  pavement  may  be  replaced  temporarily,  there  is 
alw^rs  an  undue  amount  of  wear  upon  the  edges  of  the  excavations.  It  often 
happens  that  in  large  cities  in  the  construction  of  business  blocks  the  base- 
ment excavation  is  carried  out  to  the  ctu'b  line,  which  always  causes  a  set- 
tiement  in  the  pavement  proper;  and  when  building  material  is  stored  on  the 
street,  the  traffic  is  diverted  to  one  side,  causing  an  undue  wear,  especially 
if  the  pavement  be  sbeetr^phalt.  While  it  is  difficult  to  figure  upon  the 
eiact  effect  of  the  openings  in  pavements,  as  it  depends  so  much  upon  the 
number  of  openings  and  the  character  of  Uie  traffic,  it  is  probably  true  that* 
if  no  openingi  of  any  kind  were  made  in  a  pavement  its  life  would  be  increased 
IS  to  20%. 

Cldanunsss.  The  effect  of  refuse  on  a  roadway  varies  with  its  char- 
acter. Any  imperishable  material  is  benefited  by  having  a  cushion  of 
detritus  upon  it;  it  serves  as  a  carpet  to  protect  the  road  or  pavement, 
which,  when  the  cushion  is  heavy  enough,  becomes  really  the  foundation. 
This  fact  will  often  explain  why  certain  materials  are  much  more  durable 
in  a  small  city  than  in  a  large  one.  A  poor  brick  pavement,  (or  instance, 
will  often  ffve  good  results  in  a  small  place,  where  the  pavements  are  cleaned 
only  at  long  intervals,  when  it  would  rapidly  fail  if  kept  clean  under  the 
same  traffic.  This,  however,  will  not  hold  good  with  wood  or  sheet-asphalt 
pavements.  Any  street  debris  collects  and  retains  moisture,  which  hastens 
the  action  of  disintegration  and  decay  in  any  perishable  material.  A  case 
was  cited  where  the  contractor  refused  to  repair  a  sheet-asphalt  pavement, 
where  the  guarantee  required  that  the  pavement  should  be  kept  in  repair 
from  the  effects  of  ti'affic,  because  the  pavement  was  not  kept  normally 
clean,  and  for  that  reason  it  wore  much  more  rapidly  than  it  would  normaUy, 
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aod  that  the  guarantee  could  not,  therefore,  be  enforced.  While  this  toiiit 
was  argued  to  a  considerable  extent,  the  court  decided  that  the  contract 
required  repaira  to  be  made  when  ordered  by  the  City  Engineer,  and  that 
the  question  of  proper  cleaoing  was  not  matwial. 

All  of  the  oonditions  referred  to  modify  the  action  of  traffic,  ani  thus 
affaot  the  durability  of  any  material.  Durability  has  been  oonsidend  to 
have  a  value  of  21. 

Eaiinesi  of  Cleaning.  The  experience  of  the  larger  cities,  and  in  more 
recent  yeara  of  all  cities  that  have  pavements,  has  demonstrated  that  it  is 
not  only  feasible  but  extremely  desirable  to  have  pavements  kept  free  from 
natural  street  refuse.  In  fact,  it  is  generally  accepted  that  it  is  not  only 
desirable  but  absolutely  necessary,  and,  while  all  cities  reeogai>ed  this, 
the  d^ree  of  cleanliness  must  be  governed  by  the  amount  of  the  appropri- 
ation. The  appropriation  for  the  Street  Cleaning  Dept.,  New  York  CSty, 
for  1916,  was  S7  646  186.74.  The  benefit  of  smooth  pavementa  as  related  to 
street  cleaning  will  be  appreciated  from  a  statement  made  by  Waring  (29), 
at  a  meeting  of  the  Am.  Soc.  C.  K.,  who  said  that  if  all  the  streets  of  New 
York,  meaning  at  that  time  Manhattan  and  The  Bronx,  were  paved  with 
sheet-asphalt,  where  the  grades  would  permit,  and  the  street-car  bwJcs 
constructed  with  grooved  rails,  the  cost  of  sweeping  the  entire  city  would 
be  reduced  from  SI  200  000  per  «.Tiniim  tn.a7nn  ncinpftr  annum;  that  is,  tbne 
w9uld  be  a  saving  annually  of  WOO  000  in  New  York,  which  then  had  » 
pavement  mileage  of  431,  of  whioh  96  miles  only  were  paved  with  sheet- 
asphalt.  While  this  statement  was  made  in  1896,  the  principle  is  as  good 
to-day  as  then,  and  is  one  of  the  very  few  statemeata  that  can  be  quoted 
definitely  on  this  subject.   A  value  of  15  is  given  to  easiness  of  deaoiag. 

Resistance  to  Trafflc.  This  is  a  very  important  item.  One  of  the  cUef 
provinces  of  abroad  or  pavement  is  to  reduce  resistance  to  traffic,  and  con- 
sequently any  road  or  pavement  that  can  bring  it  to  a  minimum  is  of  special 
value.  Any  mechanical  device  that  would  reduce  tba  friction  of  a  machine 
25  or  60%  would  be  recognised  at  once  as  of  great  benefit.  There  is  moie 
than  this  difference  in  various  roads  and  pavements,  aod  this  differenoe 
must  be  fully  considered  and  carefully  weighed  before  deciding  tm  any  par- 
tloular  material.  If  one  horse  can  draw  on  one  road  or  pavement  a  load  that 
would  require  two  horses  on  another,  the  truckman  at  once  sees  the  impor- 
tance of  a  proper  selection.  Of  course,  all  highways  are  not  heavy  traffic 
streets,  but  the  a^idication  in  this  respect  will  be  taken  up  in  detail  later. 
Light  resistance  to  traffic  is  valued  at  16. 

Hon-SUpparinesB.  The  slipperinoss  of  a  pavement  depends  upon  its 
material,  also  upon  its  condition  aod  how  constructed.  The  efficieney 
of  a  draft  horse  varies  with  foothold.  If  that  be  good,  the  entire  strength 
of  the  horse  can  be  used  to  draw  the  load;  while  if  th««  be  constant  danger 
of  slipping  and  falling,  very  little  will  be  accomplished.  Instead  of  using 
all  power  to  overcome  the  resistance  of  the  load  it  is  used  only  to  the  slip- 
ping point,  and  often  a  horse  has  difficulty  in  maintaining  a  foothold  even 
if  there  is  no  load  to  draw.  The  condition  of  the  weather  and  the  climate 
modifies  this.  An  illustration  of  this  was  shown  in  a  case  where  obser- 
vations were  being  taken  on  several  sheet-asphalt  paved  streets  in  extreme 
winter  weather.  On  the  first  day  the  hourly  traffic  was  225  tons  Iwtweeti 
11  and  12  o'clock,  reaching  270  tons  between  3  and  4  P.  M.  On  the  fol- 
lowing day  the  traffic  between  11  and  12  o'dock  was  305  tons.  About  2 
P.  M.  snow  began  to  fall,  the  mercury  being  about  -IS"  CdBPTi,  making 
the  pavement  so  slippery  that  the  traffic  was  reduced  to  40  tons  betweon 
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3  and  4  P.  M.,  and  the  street  was  soon  practically  deeerted.  The  Bame 
reauKa  were  obtained  on  all  other  streets  where  obttervations  were  being 
taken.  Non-slipperineas  is  assigned  a  value  of  7.  In  the  light  of  the  fore- 
going statement  thie  value  may  seem  small,  but  it  must  be  remembered 
that  these  special  conditioiu  seldom  arise,  and,  altho  effective  while  they 
exist,  do  not  have  as  much  influence  as  a  smaller  foroe  acting  oontiiiually. 
For  instance,  if  a  street  is  uaed  a  continuoiu  traffic,  without  ngard  to 
weather,  slipperiness  is  extremely  important,  but  then  only  on  the  dagra 
when  weatlwT  conditions  materially  affect  the  surface.  If,  on  the  other 
band,  the  street  is  in  auch  a  locality  that  the  traffic  can  be  easily  diverted 
on  days  when  the  pavement  is  especially  slippery,  the  slippery  quality  is 
not  of  such  great  importance. 

Ease  of  Mtintenanc*.  Maintenance  is  closely  allied  to  first  coat,  and 
many  engineers  think  that  they  should  be  taken  togeliiw.  To  a  certain 
extent  this  is  true,  but  mainly  when  the  question  of  ultimate  economy  is 
bring  considered.  The  cost  erf  repairs  should  be  ascertained  as  accurately 
as  possible  in  advance.  No  material  can  be  intelligently  adopted  without 
it.  What  often  seems  a  wise  and  soimd  selection  ia  ruled  out  simply 
1:^  the  oost  of  repairs.  All  works  constructed  by  man  require  constant 
attention,  and  a  pavement  is  no  exception  to  the  general  rule;  but  Uiat 
material  which  needs  the  least,  and  allows  that  to  be  done  at  the  least  ex- 
pense as  well  as  convenience  to  the  public,  is  the  best,  other  things  being 
equal.  By  ease  of  maintenance  is  meant,  not  simply  the  cost,  but  whether 
the  niaterial  ia  of  such  a  character  that  repairs  for  pavement  openings  of 
whatever  kind  can  be  eanly  made  and  the  original  ooudition  approximated. 
It  is  probably  absolutely  impossiUe  to  reidaee  a  pavement  over  a  cut  in 
general  practice  so  that  it  irill  be  as  good  as  before  it  was  opened,  but  it 
can  be  more  nearly  approached  with  some  materials  than  with  others; 
and  as  it  must  be  recognized  that  openings  will  be  made  in  pavements  de- 
spite all  precautions,  the  material  that  can  be  easily  and  properly  replaced 
has  a  distinct  advantage.    This  property  is  given  a  value  of  10. 

Favorablcness  to  TtbtsL  By  this  is  meant  the  ease  and  oomfort  that  are 
enjoyed  in  driving  over  a  smooth  pavement,  and  also  the  dsorease  in  the 
wear  and  tear  of  vehicles  as  compared  witii  one  that  is  rough  and  xmevra. 
It  is  difficult  to  estimate  this  exactly,  but  some  approximations  have  been 
made. 

Fi«Lch  eo|iDeera  make  the  general  Btatement  that  60%  is  saved  in  the  wear  and 
tear  cd  v^iides  by  havtaig  smooth  pavements.  A  Loiidcm  cs^^Bcar  In  1827  auted 
that  good  psvemeats  in  Londoi,  Westminster  snd  Boutbwark  would  save  £140  000 
(9681  OOO)  per  annum  la  wear  snd  tear  of  veUelea  and  horses.  The  area  Included 
In  the  above  was  8S18  acres.  It  roust  be  remembered,  however,  that  the  streets  of 
London  at  that  time  were  in  capedslly  bad  condition.  In  1871,  Deacon  (14)  stated 
that  since  the  new  Liverpool  pavements  had  been  constructed,  without  giving  credit 
Tor  the  great  reduction  of  wear  and  tear  at  horses  and  vshidea,  there  was  a  Mviag 
ol  £10  000  ($48  700)  per  year  (or  every  mile  of  the  new  psvonents  now  laid  on  the 
jock  line  of  the  streets  of  LiverpooL 

Smooth  pavements  are  a  luxury  also.  It  is  a  pleasure  to  drive  on  some 
jtreeta  and  positively  painful  on  others.  Wheeled  vehicles  are  equipped 
Evith  pneumatic  tires  to  make  the  pleasure  as  great  as  possible,  but  much 
;an  be  done  to  aid  it  in  the  pavement  itself.  With  the  introduction  of  the 
tutomofaile  and  the  motor-trudi,  with  tiieir  rubber  Urea,  and  the  possibility 
>f  their  extenaon,  this  property  of  favorableness  to  travel  is  bound  to  receive 
nore  attuktion.   At  the  present  time,  1B18,  it  is  valued  at  fi. 

Sanitariness.   Anotiier  important  requinte  of  a  road  or  pavunent  is 
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that  it  should  b«  saaitaiy.  A  great  amount  of  dscqrinf  otganie  martcr. 
houw  garbage,  hoise-droppinv,  and  various  kuub  of  filth  mart  be  depoated 
in  the  highways  despite  tiie  utmost  care.  Altho  tiie  gimb  introduetAm  <rf 
automobiles,  both  for  pleasure  and  business,  has  teduoed  thia  amount  vwy 
materially,  the  matter  still  is  of  great  importanoe.  Any  road  or  pavement 
that  will  ailow  any  of  thia  filth  to  ooUeat  in  joints  or  soak  down  to  the  sur- 
face of  the  underlying  soil  or  foundation,  must  be  deleterious  to  the  public 
health.  Any  material  that  will  readily  absorb  moisture  and  give  it  forth 
in  dry  seasoDs  must  be  considered  as  unsanitary.  This  fact  is  geaersUy 
understood  by  municipal  eogineere,  and  it  is  reoognised  that  all  pavements 
should  be  praoUcally  waterproof.  Therefore  a  road  or  pavement  with  a 
smooth  suriaoe  impervious  to  water  and  not  made  up  of  organic  matter 
subjactt  to  decay  wiU  be  desiraUe  from  the  standpmnt  of  the  ■nnitairrr 
Noise,  too,  is  ui  important  factor.  A  noisy  materia  prevents  sleep,  ib^h 
on  the  nerves,  of  both  the  sick  aud  the  well.  This  fact  is  considered  of  9«at 
importance  in  large  cities,  where  in  selecting  a  material  for  repaving  any 
street  special  care  is  taken  that  noiseless  pavements  be  laid  in  front  of 
churches,  schools  and  hospitals.  This  is  reoognised  to  such  an  ntent  that 
noiseless  pavements  are  laid  on  many  streets  despite  the  fact  that  it  is 
understood  that  it  is  not  proper  from  an  economic  standpunt.  In  the 
great  improvement  that  has  taken  place  in  sanitary  otmditions  in  dties 
sinoe  1890  the  improvement  in  the  character  of  pavements  has  bam  an  nn-  .  I 
portant  factor.    Sanitarinees  is  rated  at  13. 


History  Cards  often  supply  the  most  valuable  data  that  «an  be  obtained 
in  connection  with  the  selection  and  design  of  highways.  They  oorrelate 
actual  results  of  the  use  of  methods  and  materials  under  known  otmditiuis 
Such  results  are  of  inestimable  value  in  the  preliminary  investigaticms 
of  other  highways  and  the  comparison  of  the  relative  suitability  of  the 
various  types  of  roads  and  pavements  for  given  local  conditions. 

Watatf  Cuim  Recommended  for  Os  Use  of  ttio  H.  T.  Hlgbway  Comm.  (9).  There 
are  submitted  herowith  fomts  embodying  autlfaMo  ol  the  data  wfaid  histofy  tmnk 
riiould  contain.  "Form  No.  1  akooM  be  couddered  as  the  main  hlstocy  fonn*  printed 
upon  6  by  6  in  whito  eardboanL  Upon  the  back  of  this  sard  ths  msliilaiaaiii  and 
r^air  record,  ahowa  Ml  form  No.  2,  ■boold  be  printed.  A  material  teeord  cftrd. 
■faown  in  form  No.  8,  printed  upon  light  crmn  cardboard;  a  traffic  ncord  card,  aton 
by  form  No.  4,  printed  upon  U^t  pink  card  board;  and  a  hktory  cf  idiyrieal  cnnditioa 
record,  shown  by  f  onn  No.  K,  printed  upon  light  boff  cardboard,  ahonld  acvm^iany 
sadi  hietory  card.  Under  ordtaary  eondltloBa  the  tour  cards,  wfami  flOad  out.  wiB 
eonatitute  ttia  complete  Matoiy  of  a  flven  b^way. 

"Material  record  form  No.  S  ahould  be  of  great  aariatance  la  een^tiag  ■arvite 
results  with  the  actual  quality  of  the  materfala  of  conatruetion;  and  irtiile  the  card 
itadf  does  not  obtain  a  complete  record  of  teata,  all  ol  the  Infonaatton  Beeemaiy 
to  quickly  secure  audi  reeorda  ia  kIthi.  Tbe  laat  column  beaded  Phyirieal  Character- 
latica  would  contain  the  reaulta  <rf  some  of  the  most  hnportaat  phyaleal  tests  audi  as 
abraaicm  and  absorption  for  bridt,  loaa  on  abraaloo  and  t<MighneH  for  atcoa,  peaatmtiae 
for  asphalt,  etc 

"Traffic  record  form  No.  4  and  tbe  tally  fonn  are  «(  coome  two  dlettnct  raconk, 
the  former  bdng  a  aummary  ot  a  number  <d  tbe  latter. 

"  History  of  phyueal  oondltimi,  fonn  No.  6,  ahouU  eoostltvte  a  dated  leeotd  wUch 
would  cover  such  Information  as  dfarfntegtrntlMi,  nature  and  probable  caoaa,  dtaplsee- 
mnt  ot  Burfaes.  ruts,  potbolm,  wsvee,  etc;  condition  In  somaier.  soft  or  othwwist; 
eondltloa  In  winter  or  when  wet,  slippery  or  otiterwke;  nature  of  wear,  eaaOttea 
adJaesBt  to  curba,  ed^nga,  ahonlden  and  mfla;  wsar  oa  onrvsi  snd  stsv  gndas;  sad 
snetof  varioua  efauBSs  of  traffic 
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Form  Ho.  l.  -OaoenJ  D«tm  and  OtigiiMl  Coiutnicdaa 

Hlghwmy  No  Type  , 

SpedOcatloDi^  ymt  TIU*,  Type  No.  or  It«m  No  

Mum   .Cooii^.  

iMCth  Ddlw.  (Mt  (Mt  width  aqydB. 

Crown  Max.  gnd*  TrmlBo  , 

PopuUtton  \  Total  

ConttMt  awardad  WoA  started  

Contnet  data  eoqdatioa  Contract  eradiated  

Coatraetar  Addna  , 

Nature  anb-grada  Natural  drainage  


Depth, 
locbea 

Total 

Coat 

Coat,  Squju^-Y&rd 

Conerata  looBdaticn  coorae. . 

Orif.  eont.  coet  Bnc'Taeet  State  ahare. . 

Supplel  eont.  cost  Eng^eat  Coun^  rfiare 

Enf.  A  adv.  chn»  Eng'ra  Mt  Town  \ 

VUlage  ; 

Total  highway  coat  Eng^  eat  Total  eost. 


■hare. 


Non. — This  form  should  be  printed  on  white  cardboard.  For  reeonBtniction  this 
form  ahall  be  printed  <m  ydlow  cardboard  and  the  beading  dianged  to  read  OBNrauL 

DATA  AND  KBconaTBUCTioN.   Bunk  qMWB  abould  be 

flOed  in  wtth  tint,  Seeond,  Third,  ate.  aa  the  sue  may  be. 

Vena  No.  t> — KalstaaanM  and  Repaha 


Data 

Ag- 
Hifhway 

Charaetar  of  Work  and  Bamarka 

Total 
Coat 

Coat 
Square 
Vara 

Non.  Thia  form  abould  be  printed  on  the  back  of  form  No.  1,  both  on  white  and 
yellow  cardboard. 

Vonn  Ho.  3.— Hatariala:  Oii^nal  Construction,  Reconstruction  and  Maintenance 
Highway  No  


Tear 

Ma- 
terial 

Geolog- 
ical or 
Trade 
Name 

Spedfl- 
eation 
Number 

Name 

or  Num- 
ber of 
Item 

Sample 
Number 

Date 

Coat 

Re- 
sults 

Phyrieal 
Char. 
aeter- 
titita 

Horn   TUa  form  abould  be  printed  on  front  and  back  of  Ugbt  green  carAoard. 
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Higbmy  No. 


....... . 



— ^ 

No™.   This  tana  (hxmld  ba  printed  on  trant  mad  bade  of  light  pink  nrdboaid. 


Font  Ifo.  5.— mtoff  of  Fkrrinl  Condition  of  HUtanr 
m^w«y  No  


Dsto 

Qflunl  Dooeriptlm 

NOTH.   Thia  form  should  be  printed  on  front  and  bock  of  Ucht  boS  cudboird. 


Rflcords  of  Cost  DaU  are  essential  if  an  intelligent  comparison  is  to  be 
made  of  the  relative  value  of  different  types  of  roads  and  pavmnents. 

Lowia  <21)  itatea  that  "Cort  fororda  of  highw^  work  ohouU  ladkata  at  alaarli'' 
aa  poMible  the  proportion  of  the  expense  chargeable  to: 

1.  Permanient  bettenoents,  such  as  land  purcbaaeo,  fradtng,  the  improvement  of 
Unea  and  gradea,  masonry  and  ateel  bridges  and  culverta.  This  part  of  the  work  once 
done  may  be  crairidwed  pennanent  or  auffldently  durable  to  outlast  more  than  a  mncle 
graeralion* 

2.  Curbing,  gutter  pavement,  fendng,  putrd  nOa,  wooden  bridBoa.  eoocrete  founda- 
tion, i^snting,  etc,  all  of  which  may  need  perio^cal  repairs,  but  will  probably  last  £0 
yean  at  least. 

3.  The  roadway  surface,  which  will  be^  to  deteriorate  at  onoe,  and  will  oead  con- 
stant attention  and  periodical  renewal. 

"For  each  piece  of  work  the  records  should  include; 

1.  The  charaeter  and  first  coat  of  the  matariala. 

2.  Coat  of  deUvary  on  the  work,  with  kind  <4  kranaportatlcn  and  distance  haulad. 
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5.  Cott  of  labor  of  all  elnwai  and  tlw  qoall^  at  mm. 

4.  C<»t  of  present  value  oi  plant  and  equlpmoit,  with  allowance  for  depndatloa 
due  to  the  woric  under  conatrueUoD  and  not  inevioudy  markad  off. 

6.  All  overhead  charKw,  including  englnewiBc  and  bupMtkm. 

6.  Coat  of  bonds,  permitai,  etc 

7.  AH  detaya  due  to  weather,  failure  to  reedve  materials,  eMkea,  or  other  o&usea. 

8.  A  predn  deacriptkm  of  the  matiiodi  emphqred  and  of  the  eurfaoe  tieatnuBt  at 
die  road. 

9.  A  itatement  as  to  the  results  obtained,  the  probable  causea  of  teiluroa  or  un- 
Mtfabctory  work,  and  the  means  employed  to  OHrect  or  remedy  them. 

10.  The  manner  in  wUeh  die  fuada  to  par  for  the  work  are  ralecd,  wfaethw  by  eaeh 
evproprlatloni,  by  the  Imue  of  bonds,  with  loigth  of  term  and  rate  of  fntereet,  or  hy 

mcatey  advanced  In  antidpatlon  of  tlM  collection  of  iiiimiimiit  i  for  benefit." 

Form  of  Record  for  Data  Concerning  the  Use  of  Highway  Hateiials,  as  . 
recommended  by  the  Spec.  Com.  Mat.  Road  Cons.,  Am.  Soc.  C.  £.,  in  its 
1918  Kep.  (6g).  "  The  following  forme  of  records  are  recomlnended  for  the 
use  of  ^gbway  Ei^ineeiB.  They  cover  both  bituminous  and  non-bitumi* 
jwuB  materiais.  Altbo  oombined  in  a  ringle  table,  it  is  believed  that  the 
data  lor  different  Idnda  of  road  surfaces  can  advantageously  be  placed  on 
separate  sbeets  or  cards  for  convenient  filing  and  reference." 


Oeaeral  Informitloa 

State  County  Town  or  CKy. 

Road  or  street  limits  of  fanprovement  

I^mgth  of  improvement.  In  feet  

Width  of  crust  or  pavement,  in  feet,  average  

Area  of  crust  or  pavement,  in  acjuare  yards  

Kind  of  surface  and  foundation  

Pereenti«e  of  grade,  maximum  paronit  Mtnlmvm  peroent  

Amount  of  eiown,  maximum  Nature  of  sabgrad»  

\raximum  and  minimum  air  temperature  during  year  

Hours  of  working  day  Labor  wage  per  hour  

i^ontractor  

Omtm  of  beginning  and  eompletloa  of  Improvement  

Zimam  of  highway  or  nature  of  traffie  , 


Trafflc  Census 

For  hours,  being  the  average  of. . .  .observations  tak«i  between  the  hours  of 

 and  on  

Iioaation  of  point  of  otiservation  


taw-lKwee  vcUdee  

Nro-  or  ihree-bMse  vdddes. 
"our-  or  more  horse  vebidea. 


fotor-cyclea  

1  otor-ru  nabouta  

lotor-touring  eara,  open  <x  doaed. , . 

(frtor-buaas  

loCor- trades  


COKVKKCIAL  Xtmcus 

Weight* 

Paaaense' 

Empty 

Loaded 

Vehides 

*  EathnatB,  in  pounds,  of  marimum  load  par  inch  of  tire. 
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'Coiutraction  and  Cott  D«taili 

A.  PoCNDATtoN.    (1)  Mftterial;  (2)  thidmen;  (3)  coat  per  aqoue  yud;  (4) 
mated  Ufe,  In  yau& 

B.  WHABINO  CODBSB.  (1)  Uatsrial;  <2)  thjekiM«:  (8)  rfn  trf  block  «r  brick; 
(4)  kind  and  amount  of  bltuminoua  cement;  (fi)  kind  of  Jotnt;  (6}  proportlong  of 
aggregate;  (7)  cuahlcm  or  binder  course;  (8)  flnt  Mat  per  aquare  yard;  (9)  life,  in 
years;  (10)  average  annual  maintenance  coat  per  aquare  yard  during  Ufe  trf  vcarinc 
cmrae* 

C.  TeaffIC  Data,  (l)  Tom  per  year,  2000  lb.;  (2)  amace  tona  per  yard  of  wUXibi 
9)  propntUm  of  tonnage  <m  metal  tirea;  proportfam  of  C-8  «n  tiraa  3  in  or  hm 
in  width. 

ITBHB  or  CoBT  KH  EACH  Squau  Yabd.  PflMiriathm:  lutMiala;  labor,  mv^- 
Intsndenee;  overbead,  Indudlng  Intareat  on  plant.  depioBiaUon,  ate.  Waarioc  Caaiw: 
materials;  labor;  aiqierlntaDdanea;  overhead,  iwrfn^tm  intareat  on  plant*  dafnci- 

atlon,  etc 

Data  ns  Sqdabb  Tabd 

A-&.   Flrat  eoat  of  foondaHon  

Annual  Intereet  and  ainldng  fund  tor  foondatfon  

A-6.   Total  annual  coat  of  f  oondatiaa  

B-10.  Annual  malntenanee  coat  of  wearing  couiaa  

B-11.  Annual  intereet  and  dnldng  fund  for  waailns eotme  

B-12.  Total  annual  eoat  of  wear  inceonne    

A-9+B-a 

YiABLToonnBlOMTimHavtBAmo-  1000  «  


Non-ntiiiiiliiotis  Uataiiata 

Tba  foDovbii  data  or  audi  parte  aa  apply  to  a  partiealar  road  cr  afaeat  eookl  be 
IncOTporatod  mi  tlie  aheet  or  card  eontalidng  the  data  immediatdy  preoedinc  or  could 
be  placed  on  a  separate  sheet  or  card  containing  the  reeulta  of  teata  and  analjaie 

Bbokbn  Stonb  and  BnoneN  Slao.  Name  and  origin;  ipedflc  gravity;  afaaarptlaa 
of  water  per  ouUe  foot;  abradon,  paroaBtaee  of  loaa;  toogluHae;  ocmenlMioB;  Limb 
ing  attength  per  atpm*  indi;  andyiia:  pewetttaia  at  v6Um,  loaa*  and 

omnpaetad. 

GitAVBi.  Location;  apedflc  gravity;  abnudoa,  pereaBtage  of  loea;  eeawntatiaa; 
mechanical  analyria;  percentage  of  voida,  loose  and  compacted. 

Sand.  Location;  qMdfic  gimvity;  mechanical  analyria;  xiiaiiiiilage  el  veMk 
looae  and  flonpaeted;  tan^  atrength  in  cement  briquette^  aaeampatadirfthatBadvl 
Ottawa  aaad. 

MixTUEEs  OP  Sans  ob  Othb  Fna  HioBWAy  UAunoAi*  wm  Baom  Simb. 
Broken  Slao,  or  Gravbu   Spedfie  gravity;  w^'**^''— '  analyd^  paraanlafla  of 

voida,  loose  and  compacted. 

PAvmo  Bbick.  Composition;  name  of  manufacturer;  rattler  taet^  panaataga 
ot  loaa. 

Stonb  Buxx.  Mama  and  origini  qieeifle  gravity;  abaorptlon  ot  water  tm  eoUt 
foot;  abraaion,  poroaotage  nt  loaa;  tooghneaa;  hanli—a,   erndUng  atnacCh  par 

square  inch. 

Wood  Block.  Charaetw  of  wood;  wdght  ot  blocks;  soundnea;  riaga  ps  radial 
inch;  quantity  of  preservative;  abac»ption  of  water  aftar  treatment.  Cbaraetar 
of  ^eeervatlve:  SpsdAc  gravis  at  26°  C  (77"  F);  apedfic  gravitr  at  SS*  C  (IM*  F): 
aohiUlity  in  benaol  or  chloroform;  water  oontent,  UatillatioB  U  pe«airv«tlve:  Vp 
tolTCC;  170" to 200" C;  200"to210»C;  210"to285*C;  23B*to270'C:  t?0"to 
800"  C;  800"  to  SIB"  C;  818"  to  856"  C. 

PffliTLANii  Cboibnt.  Losb  on  ignition,  percentage;  inaoluble  reeidae,  rm  rMitata: 
specific  gravity,  retained  on  20<^4iMeh  deve,  percentage;  retained  on  ITHl  iiieali  dm^ 
pvcentago;  ateam  teat;  itdtial  eat,  time  In  minutaa;  final  eat,  ttana  in  atMrtaa;  tamla 
Btrength,  neat,  24  hr;  ttfaOe  strength,  nent,  7  days;  tidla  atranctt,  1:S  Ottaw 
aand,  7  daya;  tendle  atrangth,  1:8  Ottawa  aand,  8S  daye;  enmpeaadia  alrength.  p« 
■qnara  indi;  eooataney  of  volmne. 
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Percentaeea  by 


Pasring 

pMSiQK 

E*aaaiitE 
Paaring 
PHcdng 


20(MiMah  neve. 

lOO-mnh  dere, 
60-meih  deve, 
6&-ii)Mh  aiave, 
404iieah  siave, 
SO-meab  iwve, 
20-me«h  rieve, 
10-meah  neve, 

^4n  abraen 
1  -In  screen 
1  Ji-in  screen 

1  ^i-in  screen 

2  -in  flcreen 

2  i^-in  screen 

3  -in  screen 
8H4n 


retained  on 
retained  on 
retuoed  on 
retained  on 
retained  on 
retained  on 
retained  on 
retained  on 
retained  on 
retained  on 
retained  on 
retained  on 
retained  on 
retained  on 
retained  on 
retained  on 
retained  on 


200-ineBh  sieve., 
lOO-mesb  sieve.. 
80-meeh  sieve. . 
SO-meah  sieve , . 
40-meeh  sieve. . 
S(V-niesh  neve. , 
20-niea)t  neve. . 
KMnesh  sieve. . 
ii-in  screen. 
J^in  screen. 
!^-in  screen. 
1    -in  screen. 

1  >^-In  screen . 
l)4-in  screen. 

2  -in  screen. 
2M-in  screen. 
S  "in  Hvsen. 


Bltnffliiiom  Hateiiali 
The  following  forms  are  given  as  Qlastnitioaa  of  tboae  to  be  naod  for  Noordlng  the 

properties  of  bituminous  matoriala.  ' 

Asphalt  Cbmxhts  pok  bituhinous  Macadah,  BiTumNoua  Concsbtb,  Asphalt 
Block  and  SaaBmAspaALT  Pavbubmis  and  Fnlns  vtm  Bbick  and  Stonb  Block 
Favhontb.  TndiB  name;  manufietunr;  general  etumcteristiee;  ipedflo  gmvity 
■t  25°  C  (77"  F);  fladi  p<rfnt.  SduUIUy  In  CSi.  carbon  disulphide:  Organic  matter 
inadubk;  Inorganic  matter  insoluble.  S<^bility  of  bitumen  in  CCI4,  carbon  tetra- 
chloride; solubility  of  bitumen  in  petroleum  naphtha;  penetration  4°  C  (39"  F),  200 
g,  1  min;  penetration  2S°  C  (77°  F)  100  g,  6  mc;  pen»tratioo  46°  C  (116°  F),  60  ft 
6  ne;  Boat  tert;  melting  point  by  ring  and  ball  method;  dnetlli^  at  4°  C  ^9°  F); 
doetlit^  at  2S<'  C  (77°  F) ;  fixed  carbon  oontmt;  parafflne  content.  Loss  on  evapor- 
ation at  163"  C  (S26°  F),  5  hr;  penetration  of  rnidue  4°  C  (39°  F),  200  g,  1  min; 
penetration  of  residue  25°  C  (77°  F),  100  g,  Ssec;  penetration  of  reddue  46°  C  (116°  F), 
60  g,  5  see;  melting  point  of  residue  by  ring  and  ball  method;  float  test  on  residue; 
doetili^  of  reridiw  at  4°  C  (89°  p);  duetiUty  of  reddue  at  25°  C  (77°  F). 

Tab  Cbhbnts  rat  Bituminous  Macaqah  and  Bituhinous  Concrbtb  Pavb- 
UBNTB  AND  FaUBs  FOR  Bricx  AND  StONB  BLOCK  PAVBUEMts.  Trade  name;  manu- 
facturer; general  eharaeteriatics;  water;  spedfio  gravity  at  26°  C  (77°  F);  flash 
point;  solubility  in  CSi,  carbon  disulphide;  specifle  viseodfy,  Engler;  melting  point, 
by  cube  method;  float  teat.  Distillation  by  weight  and  by  volume:  Up  to  110°  C; 
110°  to  170°  Ci  170°  to  236°  C;  236°  to  270°  C;  270°  to  800°  C;  specific  gravity 
of  total  distiUata  at  25°  C  (77°  F);  melting  point  of  reeidue,  by  cube  method;  float 
test  on  teddneu 

PROPERTIES  OF  PAVEMENTS 
S.  Tint  Cost  of  PiiTementB 

The  pavements  that  will  bo  conridered,  for  iUustrative  porpoaes,  are  the 
regular  oblong  gpranite  btocks,  with  Intumincnu  and  gravel,  and  cemeDt- 
grouted  joints;  sheet-asphalt,  with  a  wearing  surface  2  in  thick  and  binder 
1  in  thick;  vitrified  brick,  the  joints  being  filled  with  bituminous  m&tenal 
or  Portland  cement  grout;  treated  wood  blocks,  and  BLtulithic,  all  laid  on 
6  in  of  Portland  cement-concrete.  The  discussion  is  too  general  to  take 
up  in  detail  the  different  methods  of  laying  the  various  kinds  of  pavement, 
altho  of  eourse  in  actual  wear  that  would  be  very  material. 

The  Bnt  ooet  of  pavements  will  vary  very  materially  in  every  locali^ 
and  a  different  apportionment  must  accordingly  be  made  for  every  change 
in  price,   llie  coat  will  vary,  too,  In  addition  to  this,  in  accordance  witii 
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general  oooditioiui  as  well  as  competition  or  variation  in  price  of  the  mate- 
rials.  The  foUowiog  figures  are  based  upon  what  would  be  oonsidered  avenss 
prices,  per  sq  yd  in  New  York  City  under  ordinary  conditions,  altho  they 
are  somewhat  higher  than  bids  received  in  1915:  Granite  Idook,  93.50; 
wood  blook,  $3.50;  sheetraqihalt,  S2.00;  brick.  S3J25;  Bitulithic,  SS^ 
Note:  The  price  of  tho  brick  and  the  Bitulithic  is  estimated,  as  neitbar  of 
these  materials  is  laid  to  arty  extent  in  New  York  City. 

BHuDinoas  FavMnests.  Blaacfaard  (S),  givM  the  sTenc«  cost  of  oonstziKtav 
m  Utamfnous  nrfaoc^  miog  H  lal  pv  sq  yd  with  either  an  sqthaltic  or  a  tar  pradnett 
or  a  oomUnatfam  of  the  two,  is  T  ovts  pv  aq  yd,  bat  dtat  tb*  eost  of  UtomfaiMi 
eimerate  paramatts  varfaa  vKb  the  kind  and  quanti^  of  UbuntaioDa  mctsriil 
tued.  the  chantcto'  of  the  acB'^cate,  and  the  ^pe  of  conatructioii  employed.  As 
an  illuBtratjon  of  that  he  giw  the  oast  of  one  type,  which  be  deseribeB  In  deCaS. 
as  being  from  26  to  36  centB  in  tauem  of  water-bmind  macadam,  and  for  two  otte 
types,  vdtit  mhunl  aggragates  of  braksn  stone  and  nad,  with  or  vlthont  oUmt  fas 
material,  at  $1  to  $8m£6  par  sq  yd,  Indn^ng  the  fo«iiidatian  comse  and  li^t  gradfag. 

Crosby  (8)  atatea  tlut  the  eoet  of  building  a  bitundnous  macadam  pavemeat. 
luing  IH  to  m  gai  of  bituminous  material  per  >q  yd,  averages  between  IS  and  25 
cents  per  aq  yd  ow  and  above  the  ooat  of  watet^^ound  macadam  under  the  aama 


There  are  a  great  many  different  lands  of  bituminous  pavements  and  the  caste 
vary  very  materially.  On  a  large  contract  for  a  bituminous  concrete  pavemnt  con- 
Stnicted  around  the  Aahokan  Reaervotr  in  New  York  State,  where  the  road  cruet  was 
formed  of  atone  pasBing  over  »  Hin  screen  and  thru  a  IH  la  acrecB,  the  atooe  beiag 
properly  heated,  and  mixed  with  an  aaphaltic  cement  so  that  the  resuMag  nixton 
contained  between  5  and  T>^%  of  bitumen,  the  surface  after  rolling  being  eoTCrad 
with  a  seal  coat  of  hot  asphalttc  cement  at  the  mte  a  Uttle  Uaa  than  1  gal  pw  sq  yd. 
tha  coat  was  gl.Ol  per  sq  yd  for  a  surface  2  in  thick. 

In  the  Borouch  of  Queens,  New  York  City,  lOO  mDa*  of  roads  ware  amfagsd  whh  a 
bituminous  concrete  pavement,  known  in  that  locality  aa  the  Topdca  mixture,  the  mineral 
aggregate  ranging  from  lev  than  10%  pasdng  a  2-meeh  sieve  to  from  6  to  11%  paaiiBg 
a  2OO-0WBh  sieve,  the  finished  pavement  containing  between  7  and  11%  of  bitamcB, 
and  oosdng  from  $1  to  91J2&  ptf  sq  yd  f or  2  la  of  IhlAnMS,  In  19U  mada  ol  tfck 
daractw  wne  laid  In  N«w  Yvtk  State  1^  the  Stats  Highway  Dspartmsnt  at  a  cost 
of  S6  to  95  centa  per  sq  yd. 

In  New  York  State  in  1914  bituminous  maj^am  pavemoits  8  in  thick  constructed 
by  the  penetration  method  were  laid  ata  coat  of  50  to  60  cants  per  sq  yd.  Breed  (10) 
states  that  In  1916  ths  average  cost  of  wattr^NWnd  macadam,  oa  484  hlgbwaya,  was 
$0,648  pereqyd;  and  (rf  bituminous  macadam,  oa  184  highways,  was  |0.871. 

In  Massachusetts,  in  1914,  using  Zii  gsl  per  sq  yd  <rf  B<nBudec  aaphalt,  the 
cost  of  bituminous  macadam  waa  from  66  to  80  cMits  per  sq  yd  for  a  24n  thkk- 
neaa.  A  road  cruat  compoeed  of  oil  asphalt  and  gravel,  using  18  gal  of  asphalt  to 
1  cu  yd  ot  gravel  and  spreading  so  as  to  have  a  thidmess  of  Z  In  aft«-  rolling,  was 
laid  at  a  cost  of  80  to  36  cents  per  sq  yd;  while  with  oU  asphalt  and  sand,  mixed  and 
spread  to  a  depth  (rf  4  in  after  roUittg,  the  eost  was  from  64  to  60  centa  per  aq  yd. 
Udng  the  penetration  method,  with  tar  instead  of  asphalt,  and  with  2K  gal  per  sq 
yd  of  surface,  2  In  thidc  after  roIUng,  the  eost  waa  46  to  S6  centa  per  sq  yd.  -  In  ex- 
planation of  these  variations  of  cost  it  can  be  said  that  gimvel  cost  80  enta  per  ca 
yd  and  trap  rock  $2.60  per  ton. 

Cement-Concrete  Parements.  When  the  traiBc  of  a  road  la  so  heavy  that  a  faltumi- 
nous  qpuvsta  crust  does  sot  seem  to  be  pnver.  reeouia  Is  had  to  mora  darabis  Ma- 
terials, sad  avhalt  blodis.  brick,  and  even  granite  block  are  used.  It  sosarttow 
oeaua  too  that,  even  if  under  ordinary  conditions  a  bitumlnoaa  concrete  would  be 
auitsble,  the  local  ccmditions  are  auch  that  Portland  cement-eoncrste  or  bride  iril 
be  more  economical  in  the  long  run.  Portland  eemaBt-coacrate  has  eoose  into  wy 
general  use  ainos  1910,  and  is  now  used  to  a  large  ntsat  In  aSl  statss  lAsrs  good  nadi 
are  being  built.  While  their  flixt  cost  ia  aanwwfaat  greater  than  for  sons  typta  at 
trftumlnous  road  cruate.  their  durability  makes  eamsat-coneiato  pavements  an  eooMB- 
Jad  material,  when  ultimate  eost  b  coaridered.  The  flnt  eost  variea  a  good  dsal  In 
Athrent  localitim. 
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In   Wayne  County,  Mkfa.,  where  oement-caooote  paTemanU  flrat  nwrfvad 

genenl  racogniticNi  and  when  they  are  beine  naed  almost  mtiniy  In  road  cod- 
■tructlon,  all  materials  have  to  be  brought  from  out  of  the  coun^,  even  the  water 
with  which  the  concrete  is  mixed  ie  piped  long  diatancea,  eo  that  the  coat  (■  neoea- 
M4-iiy  great.  Then  ro^di  coat  on  an  average  about  $1.85  per  nq  yd.  On  Michigan 
AvKt  wlian  Q»  oooeraU  ma  laid  an  amaga  depth  of  T  m  and  ndaad  in  the  pro- 
portloD  of  1  part  of  cnnent  to  paita  of  nnd  and  8  paitn  of  graval,  the  coat  mm 
$IA7  per  aq  yd. 

In  MaaMchuaetts  cement-«oncrete  roada  laid  in  1914,  with  an  average  depth  of 
7  K  iBt  OMt  from  91.40  to  $1.66  per  aq  yd;  while  In  New  York  State,  in  the  aama  year, 
with  a  nixture  of  1  part  of  cement  to  iH  parte  of  sand  and  8  parte  ot  brokcd  Btona, 
tbaeoatwas  $1  pv  aq  yd,  for  a  depth  of  6  in.  Breed  (10)  atataa  that.  In  1916,  the 
average  eoat,  on  20  highwaya,  waa  $1,121  per  aq  yd. 

Brick  PtTenMBts.  Vitrified  biidc  baa  bean  uaed  extensively  in  the  Central  Weat, 
particnlarly  In  localities  where  it  ie  manufactured  and  espedally  in  the  vicinity  of 
Cleveland.  Brick  roade  vary  in  coat  according  to  the  tranaportation  chargea,  aa  the 
bride  ia  exceedingly  heavy,  and  freight  chargea  make  a  material  diarge  against  the  coat 
of  tbe  road.  In  tlie  vicinity  of  Cleveland  the  eoat  has  bean  trann  %l  to  11.10  per  aq 
yd,  not  iadndlBg  foundation. 

Condoaion.  Aggigning,  then,  values  to  these  differmt  materials  in- 
versely B8  the  cost,  granite  Uock  has  a  value  of  2,  wood  block  4,  sheet- 
asphalt  4,  brick  3,  and  Bitulithio  8.  These  values  are  local  and  must  be 
changed  for  each  city. 

6.   Cost  of  Maintenance  of  Pavements 

The  oost  of  repairs  to  pavements  varies  greatly  in  different  cities.  It  is 
governed  principally  by  the  character  of  the  material,  nature  and  amount 
of  trafBc,  and  tbe  condition  in  which  the  streets  are  kept.  In  America 
very  few  satisfactory  records  are  availaUe  on  this  subject.  Few  cities 
keep  their  accounts  in  such  a  maoner  that  it  is  possible  to  tell  how  much 
money  has  been  spent  on  different  pavements.  Then,  too,  officials  of 
different  cities  have  different  standards  of  repur.  One  city  will  not  tolerate 
what  ia  considered  good  in  another.  Then  some  cities  have  only  a  certain 
amount  of  money  and  the  figures  given  would  show  that  sum  rather  than 
what  was  necessary  to  keep  the  pavements  in  repair. 

Stone  Block  Pavementa.  Enoland.  Brodie,  City  Engineer  ot  Liverpool,  eati- 
matea  that  6-in  atone  blocks  will  sustain  a  traffic  of  9  482  OOO  tons  per  yard  of  width 
before  being  worn  out,  and  that  the  life  of  the  pavement  will  be  govoned  by  the  amount 
of  traffic  each  year. 

The  itone  blodc  pavemraita  of  Paris  in  1911  oost  13  ceuta  per  aq  yd. 

Tood  Block  PavMnenta.  Wood  <4)  gives  the  coet  of  repaira  to  wood  blodc  pave, 
mmt  ai  2  eenta  per  aq  yd.  TUa,  however,  ia  very  much  len  than  the  oost  In  London 
proper,  where  it  is  given  as  20  cents  per  sq  yd  <m  the  average,  altho  some  streets  coet 
aa  high  as  48  cents. 

In  Lbifsic,  Gbbmany,  the  cost  of  keeping  the  wood  block  pavements  in  repair  for 
15  years  after  a  guarantee  period  of  6  yean  waa  6  cents  per  sq  yd  for  hard  wood  btodc 
and  10  eenta  for  ao(t  wood  blodm. 

In  PAsn,  In  1911,  tite  r^ialn  to  wood  block  paveraoita  cost  26  cents  per  sq  yd. 

In  Vienna  the  coat  of  repairs  to  soft  wood  block  pavementa  ia  given  as  11  cents 
persq  yd. 

UNinD  Statib.  In  America,  treated  wood  block  pavementa  have  not  been  laid 
Img  enough  to  get  information  as  to  tiie  cost  of  repairs,  but  in  1912,  from  reporta  ot 
the  principal  dttes  using  wood  blocks  to  any  great  extent  in  this  country,  it  waa  found 
that  at  that  time  almost  nothing  had  been  expended  for  repaira  due  to  actual  wear 
and  tear  of  pavement.  For  instance,  the  first  creosoted  wood  block  pavement,  on 
Tromoot  St.,  Boaton,  had  been  in  use,  1912, 12  yeara  and  had  cost  nothing  for  repairs, 
and  it  waa  stated  by  tlw  engineer  of  the  Boaton  pavements  that  the  same  was  true  of 
1<  OOOsq  yd  U  ottav  wood  block  psvprnfot  laid  about  the  wn^  tim,  ravements 
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bid  In  BrooUyn.  N.  Y.,  Aa  Matt  of  vlildi  alt  tint  tfan*  ted  bMB  la  10  ym^ 
hid  oott  OB  ma  mwrti^  0.06  eest  par  wi  yd  par  yaar,  altbo  it  waa  atatad  by  tba  caataeo- 
la  chftTte  t^t  pnedcally  aQ  of  ibtat  repalra  were  due  to  cauaca  otbar  than  iMar  aad 
taar.  In  Brooklyn  in  1914  the  ooat  cf  r^iaira  doe  to  wear  and  taar  only  cm  S7  lot 
aq  yd  of  wood  block  pavemant  waa  0.7  eeat  per  aq  yd.  In  the^oroo^  of  MaBhattaa, 
Naw  York  City,  there  three  itreeta  in  1912  that  had  ben  out  at  fuamit«aS  yav^ 
havbw  baeo  kept  in  rq>air  6  yeara  without  ooat  to  the  dty.  One  <rf  theae  atraala  wh 
of  heavy,  one  of  madium,  and  one  of  li^t  tralBc    The  heavy  baffle  atraat  bad  coat 

7  eeata  per  aq  yd  per  year,  and  the  average  of  all  had  been  6  oenU  per  aq  yd  per  yaar; 
but  the  cost  of  repairs  due  to  wear  and  tear  waa  oa  the  heavy  traffic  street  anly,  aiatft 
b  a  wholesale  street  in  the  bueineH  eectioR.  MioDeapolis,  Ulnn.,  reported  that  m 
1  000  000  sq  yd  of  wood  blodc  pavementa.  all  laid  by  the  dty  and  the  flnt  Id  19<^ 
the  greater  part  of  the  material  baiuf  Norway  pfoe  and  tamamdE,  the  east  in  ItU 
wm  Um  than  0.1  cant  par  aq  yd.  In  St.  Loda,  In  1900,  rqiaiia  to  SO  000  aq  yd  4 
wood  block  pavmnent,  laU  in  1908,  cost  $2.10,  and  to  1911  the  anna  80  000  ^ 
yd  cost  leaa  than  0.2  cent  per  sq  yd,  eo  that  the  total  ooat  of  rapairinc  the  EO  ON 
aq  yd  of  wood  blodi  pavement  the  flrrt  9  yeara  tliey  wwt  laid  waa  OS  eaat  pv  aq  yd. 
^laat  pavemeola  ware  all  on  li^t  traOlc  atreeta. 

Sock  Aaphalt  Panmanta.  Londoh.  Tha  avecafa  eo*  <d  kMviBK  fat  npafr  A* 
rode  aqihalt  pavamaata  of  London  la  80  cents  par  aq  yd  par  yaar,  bat  oaa  oontiMt  «aa 
made  for  repairinc  the  rock  asphalt  pavement  on  Cheapaide  for  16  yaaia,  after  k 
bad  been  laid  2  yeara,  at  a  price  of  66  ccnta  per  sq  yd  per  year. 

In  Glasgow,  Scotland,  the  ooat  of  repairing  rock  aqihalt  pavvnanta  lainin  bam 

8  to  SO  cents  per  aq  yd  per  year. 

In  Paru  in  1911,  tha  ooat  at  tapdiias  rode  aa|Aalt  paMMnta  wh  19.8  amtm  pv 
sqyd. 

Sheet-As pfaalt  Pavameata.  UNnxD  Statv.  In  Brotridyn,  N.  Y.,  in  1914,  the  coat 
on  6  875  000  sq  yd  waa  2  cents  per  sq  yd,  but  0.4  cent  of  this  waa  due  to  cauaea  other 
than  wear  and  tear.  On  railroad  atreeta  the  coat  was  3.4  oents  and  on  atreeta,  whm 
there  were  no  trades,  1.9  cents  per  sq  yd.  In  Buffalo,  the  coat  of  nptSn  in  1918  for 
aheet-aqphalt  was  8.17  cents  pw  aq  yd,  but  In  a  aariea  of  yean  the  coat  bad  bean  8.78 
cenU  for  48  000  000  aq  yd. 

BitaminooB  Macadam  and  Bituminous  Coocrate  Pavamenta.  In  TliTsmailwIlB  la 
1914  the  cost  of  repairs  to  460  000  sq  yd  of  bituminous  msfartam,  heavy  hot  oU  baiac 
used  in  the  construction,  the  work  having  been  done  between  1911  and  1914,  wm 
$0.01 19  pw  sq  yd.  The  lowest  coat  on  any  me  of  theae  roada  watf  $0.0048  par  aq  yd, 
on  a  road  wben  the  traffic  conibted  of  about  200  automoUlaa  and  75  vaUdaa  wtik 
atad  thw  per  day.  The  hlgheet  coat  waa  $0.0884  par  aq  yd,  on  a  road  where  tka 
average  traffic  was  about  the  aame  as  on  the  above,  but  the  material  used  waa  aot 
supposed  to  be  of  80  good  a  quality.  On  the  same  kind  of  a  mad,  but  ^lere  aephalt 
was  used  inatead  of  oU,  the  ooat  on  80  000  aq  yd  was  $0.0044  per  aq  yd.  The  highaat 
cost  on  thne  roads  was  $0.0233  per  sq  yd,  on  a  road  which  had  been  down  but  I  year 
and  where  the  averag*  d^  traOe  coaahted  of  860  aatomobUaa  and  90  vehfdaa  with 
steel  tiree.  On  the  same  type  of  road  as  the  above,  but  where  tar  waa  used  and  where 
the  work  bad  been  completed  2  years,  the  coat  on  42  000  sq  yd  was  $0.0064  per  aq  yd. 
On  a  bituminmis  gravel  concrete  road  crust,  where  asphalt  waa  used,  tha  ooat  on 
20  000  aq  yd  built  in  1913  waa  $0.0098  per  sq  yd.  On  a  tar  eonoata  road  crant  esB> 
stiueted  in  1910  the  yearly  coat  had  been  $0.0040  per  sq  yd,  faulndinf  a  aeal  enK  of 
tar  oil  applied  after  the  pavement  had  been  down  2  yean. 

Brick  and  Cement-Concrete  Pavementa.  It  ia  eitremriy  difficult  to  obtain  math 
data  regardiBg  repaln  to  brick  and  concrate  pavements.  See  Secta.  20  and  81.  Maln- 
tananca  coata  per  square  yard  on  twelve  different  brick  pavesaenta  in  New  York  State 
faaa  varied  from  $0,000  to  $0,062:  oa\y  one,  however,  coat  notUng.  The  loweat  eeat 
of  any  irtiere  a  Agure  Is  ^ven  k  $0.0014.  The  average,  not  flguring  yardnca,  ma 
10.0158.   ^Mat  roada  have  bean  in  use  iram      to  S  yaan. 

On  13  oonoete  pavements  that  had  been  laid  from  1  to  2  years,  and  aartaead 
with  a  preparation  of  tar,  the  cost  ranged  from  $0,000  to  $0.0691  per  sq  yd.  On  one 
pavement,  however,  that  bad  been  laid  2  years  and  had  received  a  aurfaee  tiaatmant 
of  hot  oil,  the  cost  of  repairs  waa  $0.0644  pw  aq  yd.  Tha  avenge  tor  the  IS  ran* 
waa  $0.0262. 

Ob  a  eooenta  pavamnt  is  Wayoa  Cmatr,  MUb^  H  nO*  ><>>b  *  ft  'Ma,  tmlf 
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iifg  southerly  from  the  town  of  Wayne,  thfl  east  of  repilrB  in  6  yean  wsa  but  $26, 
and  the  road  In  19U  wma  in  good  conditioD.  The  Chminnnn  of  the  Boud  of  Rond 
Cnmmlinimnf  of  tbnt  county  stntw  that  it  ii  expneted  that  thair  pavonenti  will 
coat  on  an  avmge  not  more  than  ISO  par  nOe  per  year  tor  repairs. 

Comparisoa  of  Malntenanco  Coata.  Table  II  showa  the  coat  of  repairs  to  different 
kinds  of  pavements  and  road  crusts  in  the  City  of  Uverpool  as  worked  oat  by  Brodie, 
the  coat  being,  aa  will  be  seen,  not  only  per  yard  of  aurfaee,  but  also  In  tmis 
at  timflle  per  nlla.  Tbeae  flguiaa  are  Tahiable  and  probably  ttw  only  omb  of  the 
Idiid  that  an  aY^ble. 

Table  n 


PavanMut 


Tcna 

Width 
A*i"Vin 


Life 
Tonnage 

Width 


Cost 

Square 
Yard 
of  Surfaei 


Annual  Cost 
Including 
Proportion 
of  Capital 

and  Mainte- 
nanee  per 

Bqoaie  Yard 


SI 


Cost  in 
Pence 
P« 
Traffle 

Soa 


6-  in  Seta  

4-in  Seta  

Hardwood  

Strftwood  

4-in  Pitch  M^«— ii«wi 

7-  te  Wato^^mnnd 

macadam  

Water-bound 
macadam,  tar 
sprayed  


624  000 
160  000 

162  000 
204  000 
120  000 

120  000 


120  000 


9  482  000 
7  600  000 

2  754  000 

3  672  000 
1 820  000 

120  000 


240  000 


10/— «2.«) 
7/6d(fl.83J 

18/6d 
8/6d 
8/— C(O.TS) 


1/— (10.24) 


8?4'd  (»0.18) 
8|^(»0.07) 

12  4d  (tO.26) 
9d  (10.18) 


6d  ((0.12) 


34.0 
24.0 

7.4 

16.6 
20.6 

7.6 


11.4 


(oant) 
.029  (0.06) 
.040  (0.08) 

.186  (0.27) 
.064  (0.18) 
.048  (0.10) 

.182(0.27) 


.090(0.18) 


NoTB.  Tonnages  on  Roads  Board  baolB,  except  that  exceptionally  heavy  traffic  Is 
baaed  on  estimated  total  actual  weights. 

Condn^on.  The  values  assigned,  therefore,  (or  maintenance,  are:  Granite 
block  10,  wood  block  8,  sheet-asphalt  6,  brick  6,  and  Bitulithio  6. 


7.  Amtital  Coat  of  Pavementa 

An  engineer  who  has  charge  of  the  ooostructioo,  maintenance  and  re- 
newal of  a  large  amount  of  pavenwnt  will  be  governed  more  by  ultimate 
economy  than  first  cost.  He  must  take  into  consideration,  too,  the 
interruption  to  travel  by  too  frequent  repairs.  A  materi&l  tliat  might  be 
figured  out  as  economical,  even  if  shortlived,  by  reason  of  its  cheapneas 
both  of  first  oost  and  renewal,  might  require  so  much  attention  as  to  be 
an  actual  nuisance. 

AT^rtt^  Cost  Vormnla.  Taking  the  eoatfl  and  lives  of  the  different  pava- 
mants  as  stated  in  Sects.  5,  6  and  8,  the  actual  annual  expense  of  each  for  a 
period  as  near  60  years  aa  will  be  convenient  for  each  material  can  be  eaaily 
maintained  and  compared  by  the  formula: 

R 

il  +  C/  +  —       ANNUAL  KXPBNBK. 

in  which  A  represents  the  sinldtfg  fund  to  be  paid  each  year  to  equal  C 
at  the  end  of  years;  C,  the  first  cost  per  square  yard;  /,  the  rate  of  interest; 
R,  the  estimated  total  coat  of  repairs  if  distributed  over  the  entire  life  of 
the  pavement;  and  JV,  the  life  in  years  of  the  proposed  pavement. 
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For  OnoUa  BlMk  Stnautl  C  -  •8.60;  /  -  OM;  R  -  tM;  A  -  OOH:  iV- 
25  jPMra. 

2  00 

Subrtitutbic  In  the  eqiMtkm.  fOMi  +  0.14  +         -  fOJM  FOB  fust  pbuoo. 

For  tbtt  SBOOND  PBUOD,  aMuming  the  velue  of  the  concrete  to  ba  tO>70  pw  yd, 
nuUdng  the  cost  of  nl&ying  92.60  per  eq  yd.  the  unual  expwtae  ii  f«iind  mm  biAm  to 
be  10^612,  or  for  60  yean  ma  avsnce  of  90^6. 

For  Wood  Uock  pRTenaat:  C  -  $3.60;  /  »  OM;  B  -  1J»;  A  -  0.1179;  S  - 
20  yomtn. 

1  00 

SulaUtatliic  10.1178+0.14+-^     fltTTTTTlt nil  IIMI  rMliir.  fill  ■■liillli  IMILB 

I0JU604,  and  for  SO  yean  an  awage  of  t0.270e. 

For  Sheet^phalt  Pavement:  C  -  $2X0;  /  -  0.04;  ft  >  0.72;  A  -  *Jmi; 
N  -  ISyeara. 

72 

Subrtltuting.  $0,078  +  0.08  +  ^  -  $0,198  rom  nan  muOD. 

For  any  8ub8wjuknt  pkuod.  nnmiiig  the  coat  at  npavtac  to  be  $1.26  per  wq  yd. 
the  eipenae  will  be  $0.18876  per  aq  yd,  and  for  64  yaaia  an  avenfe  of  $0.1686. 

For  Biick  Panment:  C  -  $2.26;  /  »  OM;  ft  -  0.60;  A  «  0.112$;  If- U 
yeara. 

SidMtftutiaK,  $0.1128  +  0.09  +  0.O4  -  $0.2128  roa  Piaor  mOD. 

For  any  bubsbquent  feuod,  aieuming  coet  of  repeviiic  to  be  $1.65  per  aq  yd,  the 
annual  eapanae  will  be  $0.1793,  or  an  average  for  46  yean  of  $0.20  per  year. 

For  KtaUGUe  Pavamaat:   C-$S.S6;  I -OM;  £-0.78;  A  -  OiOOlCi: 
18yaaia. 

Snbetttutlnc,  $0JW16S  +  0.094  +  OJM  -  $0.20866  rai  riMr  moo. 
For  any  atiSBK)timT  nooOD,  the  ooat  will  be  $0.17081^  or  an  avawn  ol  $0l19 
64  yeata. 

Table  III  ihowB  the  above  reauhi  eoodUHd. 


TkUo  m 


Uaterial 

Firrt  Coat  par 

SxpaBMpwSqTil 

Sqoan  Yard 

for  FInt  Period 

$8.60 

$0.8040 

$0.27X6 

Wood  Mock  

8.60 

0.8076 

0.270* 

Sheet^aaphalt  

E.OO 

.0.1980 

0.168S* 

2.26 

0.8488 

O.200Ot 

Bitullthic  

2.86 

0.2267 

O.I90O* 

*64  years.    t46  yeata. 


Condiuion.  Theao  eatimatee  give  to  BraoitA  block  a  value  of  21,  creoootsd 
wood  block  16,  brick  12,  sheet-aspbalt  15,  and  Bitulithie  16  which  ate,  of 
ODune,  the  aame  as  K>van  for  DuaaBiurr.  mo  Art.  8. 


8.  Dnnbm^  <rf  PsTemeiitt 

The  life  of  these  pavementa  vaiiea  icreatly  according  to  eiMiditioiM,  n 
that  aoy  conclusion  must  be  extremely  general.  For  inManoe,  a  gran't* 
block  pavement  could  be  laid  upon  a  residential  street  wherv  the  traffie 
waa  light  and  where  it  would  last  almost  indefinitely.  On  the  other  haad, 
sheet-asphalt  pavement  could  be  laid  on  a  street  where  the  traffic  waa  heavy 
and  where  its  life  would  be  measured  by  moDthi)  almost  rather  than  by  yean. 
It  ia  stated  hy  the  engineer  in  charge  of  the  pavomanta  of  Paris  that  oo 
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certain  streeta  rock  asphalt  p&vementa  would  not  last  inore  than  2  yean 
while  on  others  it  would  last  13  or  14  years.  In  considering  the  durability 
of  different  kinds  of  paving  material  as  a  whole  it  must  be  assumed  that 
all  of  the  streets  of  the  city  are  paved  with  such  material  as  is  particu- 
larly adapted  to  the  needs  of  each  street,  and  that  a  heavy  traffic  street 
.  is  paved  with  a  material  suitable  for  heavy  traffic,  aud  a  light  traffic 
street  with  a  material  tiiat  is  inexpenaive  but  is  mifficient  for  the  needs  of 
the  street.  There  are  two  ends  to  all  pavements,  a  physical  and  an  eco- 
nomic end.  The  former  comes  when  the  material  is  so  worn  out  that  it 
cannot  be  repaired  and  must  be  relaid;  the  latter  when  the  cost  of  repairs' 
is  so  great  that  it  will  be  economy  in  the  end  to  relay  at  once.  The  former 
test  will  generally  be  applied  to  atone,  block,  l»iok,  or  wood  block  pave- 
ments, and  the  latter  to  sheet-asphalt. 

When  a  pavement  is  made  of  moderately  sized  parts  of  practically  the 
same  character,  the  wear  on  the  parts  is  about  the  same  over  the  greater 
part  of  the  surface,  and  to  repair  it  requires  taking  up  the  old  material  and 
rBi>lacing  it  with  new  rather  than  adding  to  the  material  itself  on  the  street. 
The  necessity  of  these  repairs,  and  their  extent,  can  generally  be  determined 
by  an  inspection,  but  when  a  pavement  is  made  up  of  parts  so  small  that 
they  must  be  consolidated  into  a  continuous  whole  it  is  different.  Sheet 
•  pavements,  like  sheet-asphalt  and  Bitulithic,  wear  away  by  degrees  and  can- 
be  added  to  in  whatever  quantity  it  may  be  desired  and  their  physical 
life  prolonged  indefinitely. 

The  Economic  Teat  to  Ascertain  When  Repairs  Must  be  Stopped  and  a 
Hew  Pavflment  Laid  is  as  follows:  Assume  a  street  to  be  paved  and  to 
have  arrived  at  such  a  oondiUon  that  the  expense  of  keeping  it  ill  repair 
is  BO  great  that  the  question  arises,  shall  it  be  repaved  or  repurs  continuedT 
This  question  can  be  settled  by  the  following  formula  diaouflsed  in  Art.  7; 
R 

A  +  C/  +  —  ~  ANKOAL  BXPENea  OF  NBW  FAVBHINT.   Take,  for  instance, 
N 

a  sheet-asphalt  pavement,  and  let  7^  =  18  years,  C  »  S2,  /  =>  4,  and  R 
—  S0.72.  Then  A  will  equal  $0.0702  and  the  equation  becomes  $0.0702  -f- 
0.08  +  0.04  **  to.  1902,  or  if  the  street  be  repaved,  it  will  cost  annually 
to.  19  till  it  is  renewed.  Consequently  if  the  life  of  sheet-asphalt  be  cor- 
rectly assumed  at  IS  years,  it  should  not  be  repaved  until  the  annual  cost 
approaches  tO-lO  per  sq  yd.  Assuming  the  Ufe  to  be  20  instead  of  18  years . 
and  applying  the  formula  as  before,  the  annual  cost  will  be  reduced  to 
t0.1872  per  sq  yd.  This  is  the  scientific,  the  engineering,  and  the  only  true 
way  of  telling  when  a  sheet-asphalt  pavement  should  be  relaid.  The  only 
element  to  modify  this  principle  is  the  inconvenience  to  traffic  and  proper^ 
owners  on  the  street  are  put  to  while  repairs  are  being  made.  The  deter- 
mination of  this  must  be  made  in  each  case.  But  the  principle  of  the  for- 
mula is  correct,  and  when  cities  have  had  a  larger  experience  with  sheet- 
asphalt  pavements,  and  repair  accounts  are  kept  in  a  more  intelligent 
way,  there  will  be  no  difficulty  in  determining  the  variables. 

life  of  Pnements.  The  lives  of  dUfercnt  pai4iig  materials  are  governed  hy  many 
different  ecmdltfoas  sa  Is  illustrated  by  aUtements  relative  to  how  long  the  dllTerent 
pevemants  laat  in  various  cities. 

Wood  Block  PavemeDtB.  EnqianD.  Iq  London,  a  wood  block  pavement  on  the 
Strand,  from  Tniaigkt  Square  to  Charing  Croas,  waa  relaid  tn  1913  after  it  had  been 
In  uaa  for  12  yean.  It  is  extremely  doubtful  if  there  la  another  street  In  the  world 
that  suataltts  as  great  a  traffle  as  tUa  atreet  per  yard  of  width,  altho  the  Ufm  ot  the 
vahlctea  are  moatly  of  rubber  and  the  wear  and  tear  on  the  bloekB  ara  probably  not 
aa  great  as  in  other  ddes  with  laaa  tratBc  but  where  tlte  vehicles  are  steeUtlred. 
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Tbs  Ufe  irf  anothnr  wood  block  pAVcmant  in  Londcnt,  on  Graeechardti  St,  Ud  In 
1918.  wu  evUnuited  by  tbe  udstuit  engliwar  erf  the  dly  at  5  ytmia,  altho  the  con- 
timctor  Mtinwtod  it  »t  16  yaan.  Wood  (4)  sUtes  that  the  Local  Gorcmntat 
Bomid  at  Lcaulon  hu  d^asd  the  life  <rf  nft  wood  Uoek  pawMot  at  7  yean  and 
of  hard  wood  bloA  at  10  yaan.  Wood,  however,  statM  that  If  Ae  aetoal  Ufe  of  tha 
wood  pavementa  Id  London  had  been  e«Miaider«d,  it  would  ba  faand  that  there  would 
be  a  very  snoall  amount  that  had  been  removed  within  10  yean,  and  that  the  awaie 
life  would  more  probably  be  12  to  IS  yaaia.  But  referring  to  actual  wear  be  atttm 
that,  from  Ui  otaarvatlaBB,  It  hu  beoi  tauad  that  tba  Hfo  of  tin  b«t  SwadlBh  aolt 
wood  Kotk,  with  a  traflle  ol  100  toaa  par  ft  effaetiTa  width  of  roadwar  day,  voald 
be  0.061  In  per  annum.  Thb  b  a  positive  and  deflnita  atatoMBt,  and  If  a  daAnlta  stand- 
ard  of  traffic  oould  be  obtained,  nicfa  a  statemmt  would  be  of  greater  and  very  po^tiva 
vahia.  Brodie,  Ci^  Engiiieer  ot  liverpool.  eattntatea  that  a  aoft  wood  blodc  pa*»- 
mmt  upHI  fluataiB  a  tralBo  cf  S  C7S  000  tona  par  yd  of  iridtli,  and  in  that  i^  ba  Oguna 
out  the  Ufe  of  a  pavenMot  irith  ita  known  tnlBe.  Thaw  atataaenu  aMuma  that  the 
pavemoit  wUt  wear  out  rathw  than  rot  out,  and  if  the  amount  of  traffle  notPM  datmf 
tha  pliyiical  life  of  the  pavement,  thla  may  be  true,  but  if  It  la  diatributad  over  a  koi 
term  of  years,  it  ia  queationabia  whether  Che  aaaui^ptitni  would  hold  good.  In  SbeOeld. 
Eogiaad,  the  average  life  wood  blodc  pavement  ia  about  13  yeaia.  It  ia  said  that 
on  the  Edgeware  Road,  ^mpetead,  En^and,  where  the  traffic  amounta  to  about 
10  000  vahidea  of  all  Idnda  hi  12  hr,  the  actual  wear  on  Jartah  paving  blodca  ia  t 
years  amounted  to  only  >i  bi.  In  Birmingham,  England,  the  wear  oa  tb«  oaoaoted 
Swedish  wood  blocka  in  the  buahien  streeU  was  aald  to  ba  alMut  K  ia  par  annom. 

Gmmant.   Id  Berlin  it  is  coaiidared  that  the  soft  wood  block  pavcateat  will  Imt  # 
IS  yian  and  the  herd  wood  two  or  three  times  as  IcHig,  altho  the  latter  haa  not  beea 
laid  to  uy  great  extant.    In  Bnslau,  oa  light  traflle  atrosts,  wood  blod  pavauHBt  is 
aaid  to  hava  lasted  2S  yean. 

In  Pabis  the  Ufa  of  the  wood  Mock  pamaeat  aa  tiie  Champs  Dlyaeea  ta  aboot  T 
years,  while  the  average  over  the  entire  city  is  8  yean.  It  must  ba  remembered,  bow- 
aver,  that  in  Paris  aa  a  rule  the  heavy  traffic  atreeta  are  paved  with  wood  l>kxka. 

In  MaLBOUaNB,  Aubtkalu,  it  is  said  that  red  gum  blocks,  on  fairly  bMvy  traffic 
•tteetig  Ib  some  laataaflsa  laatad  M  yaan;  and  in  Soutt  Uabaama,  oa  a  fairly  laavy 
traffle  street,  with  annual  tar  painting,  the  blocks  had  lasted  St  yaan  and  are  stiB 
tn  use.  On  anotiur  street  tha  blocks  had  been  Uld  and  In  use  12  years  with  no  appar«at 
wear;  the  surface,  howavar,  had  been  tarred  and  sanded  eadi  year. 

OB  CUnton  Ave.,  Brooklyn,  N.  Y.,  a  portion  of  a  wood  pavement  was  talna 
after  it  bad  been  In  on  10  yMua,  wh«i  tha  wear  was  bund  to  be  M  Ib-  Haffiii 
on  this  •  venue  is  fairly  heavy.   The  blocka  ware  of  kmg  leaf  yaOow  pine,  treated  with 
creoaota  and  roain. 

Rock  As^ialt  Pavements.  England.  With  a  rode  asphalt  pavement.  Wood 
oatfanatea  that  a  traffic  of  100  toaa  per  day  per  ft  of  width  erf  pavement  vili  wear  the 
pavement  0.02  in  per  annum.  Knowing  the  amount  of  traffic,  tiM  Ufe  of  tlie  pavement 
CBB  readily  be  dedueed.  It  Is  difficult  to  aaeertain  what  Is  considered  as  the  life  of 
lodc  aaidtalt  pavaauats  in  many  foreign  dUas,  as  long  mafatanance  coatracti  are  mads 
whldi  aover  uMe  than  almpla  npaln. 

Shaet-Aiphah  Paveouata.  UNiriD  Staibb.  In  Amaika  very  Uttla  data  has  bs« 
lupt  which  will  give  information  of  much  value.  In  the  report  ol  the  Bureau  of 
EngineeTing  of  Buffalo  for  the  year  ending  Jime  SO,  151S,  when  over  1  000  000  sq  yd 
of  pavement  had  been  rephused,  the  average  age  ot  the  pavements  relaid  on  sttaHs 
«he»>tbere  ware  no  ear  tiada  was  18.20  yaan,  aad  oa  stmsls  adth  ear  tnidn  1C8$ 
years,  aad  the  average  age  ot  all  was  17.48  yean,  bt  tits  City  of  WadrfBftoi,  D.  C 
the  life  of  a  sheet-asphalt  pavemmt  is  taken  as  20  yaara. 

Stone  Stock  Pavements.  Eusopb.  What  haa  been  said  of  dtaet-aephalt  la  true 
as  to  the  Ufe  of  stone  blo^  pavamenta,  altho  in  gsneral  the  oOidals  of  dUarsnt  fonign 
dtias  give  the  average  life  of  granite  blodc  pavanwBts  m  folknm:  filMgiia.  U  yean; 
Edbiburgh.  30  yean;  Iiverpo<d,  80  yaan;  Paris,  SO  yaan.  Tkm»  flgnraa,  anwa  if 
correct,  oould  not  be  applied  to  this  coontiy,  as  many  roaideotial  streets  in  Baropesa 
dties  are  paved  with  atone,  ao  that  the  life  of  the  pavwnenta  k  unduly  hng. 

Unitbd  Statbb.  Prom  data  eoUactad  from  Ameelesn  dtles  tha  estbnatad  Ufa  «f 
granfta  bkMic  Is  taken  at  SS  yean,  ereoeoted  wood  block  at  SO  yaan,  brick  at  IS  yaai^ 
Bhaat«q>hah  at  18  yaan,  and  HtaHtUe  at  18  ywua.  • 
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TbMi  ITi.— Anmal  SatM  of  W«ar  ol  9tcnmmt  TJndv  Kbqws  W«lEhta  of  Trtfllc  (17) 


Kind  of 
PKVHbMt 


Tons 

in 
24 
Houn 


Road'y 

is 
F«et 


Tana 

per 
24 
Hr. 


Annual 
We*r 

In 
InehM 


Rata  of 
Wear 


100  Tons 


Brooklyn  Bridfe  

Pwiii.  K.  R.  Ferry  at  foot 

Cortland  St  roadway. . . . 
D.  L.  &  W.  Ry.  Entrance  at 

Wart  23rd  St  

Atlande  Ave.  Ferry  at  foot 

WUtehaUSt  

ISth  St.  and  7tb  Ave.  to 

Green wieh  St  

14tb  St.  from  Av&  A  to  B . . . 
Slat  Sb  from  l^nmtjtm  to 

8rd  Am  


Granite 
Wood 
Grmnit* 
Wood 

Sbeet-wqibalt 
SlMet«^>balt 

Rodtaaphalt 


4172 
2301 
6609 
1004 

lese 

2000 
1600 


8 

10 

21 

14 

80 
40 

80 


622 

280 

SOS 

72 

G6 
60 

60 


0.2600 

0.4870 

0.0202 

0.0601 

0.1000 
0.1470 

0.1108 


0.04M 

0.2117 

0.0066 

0.0696 

0.1S20 
0.2940 

0.2209 


TaUa  T.— CoBMMoa  of  OplnloB  ti  Canadton  SngfaiMn  u  to  DmaMBtr  (11a) 


Complete 

Pavcanent 

Small 

Extenaive 

Recoil 

Bepaira 

Repaira 

atnietion 

Ymn 

Tom 

Yaara 

5  to  10 

lOtoU 

12  to  16 

4to  6 

Sto  S* 

Sto  10* 

KtuUthfe  

Sto  8 

10  to  IS 

16  to  20 

StolO 

10  to  IS 

16  to  18 

Sto  8 

10  to  IX 

16  to  IS* 

10  to  IB 

IS  to  20 

SOtoSO 

4to  8 

10  to  16 

16  to  18 

Sto  B 

StolO 

10  to  18 

Sto  10 

12  to  16 

16  to  18* 

*niaaa  pavemento  have  not  attained  an  age  In  Canada  auflldent  to  plaae  the  flpirea 

bflQTOnd  oonjeeturea 

Opinions  of  Canadian  Englneera  aa  to  Nature  of  Deterioratiom  (lU). 

"Asphalt  Buock:  £dse^w«ar  forminf  holee  and  cobbtaa;  worn  pavement  noiay  and 
bard  to  keep  deani  dtaintwratlan  of  bottom  of  Uodm. 

"AvHALTic  CoNcnan:  Wean  In  haitm;  ntaoaiittUo  to  narUng  Ib  l>ot>  annny 
weather. 

"BiTUUTHic:  Weara  evenly,  with  a  t«odeacy  to  bolea  oadar  heavier  trafie;  sus- 
ceptible to  surfaoe  marka  in  hot  weather. 

"Brick:  Edge-wear  and  cobbliof  under  heavy  tnttc;  Increaaed  ntdae  and  un- 
sanitarineea  aa  wear  increaacaj  when  worn  badly  it  slows  down  traffic 

"  Sum^AflPHAliT:  Weara  alowly  into  large  hiim  or  patdiea;  heavy  traAe  catMes 
futa;  ondoB  haatan  deterioration. 

"Wow  Block:  Rote  rapidly  It  untreated,  retarding  traffic;  treated  Uoek  weara 
■lowly  and  evenly;  fraat  Intradcn  eansae  budUlng. 

"  Stonb  and  Sooku  Blocs:  Wean  gradual^  Into  holee  and  cobblea;  unaaaltaiy 
when  roughened. 

"CBONT'COHCBBn:  Wear  Is  alow  and  even  If  well  ^aead;  emeking  and  dilpping 
danli9  otharwlsa." 

Condualou.  In  view  of  (he  d»ta  at  huu],  granite  bloek  is  given  a  value 
of  21,  wood  lilock  16,  brick  12,  sheet-asphalt  15,  and  BituUtbw  15r 
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9.  Easiness  of  Cleaning  Pavements 
Some  Bgures  have  already  been  given  a  ho  wing  the  benefits  of  smooth 
pavements  when  they  are  to  be  cleaned.  How  neeesaary  this  ia  can  be 
recognized  from  a  statement  made  by  a  committee  of  Society  of  Art*. 
London,  in  1875,  to  the  effect  that  at  that  time  it  waa  eatimated  that  1000 
tons  of  horse  manure  was  being  dropped  daily  upon  the  streets  of  handon. 
This  had  to  be  taken  up  and  romoved,to  avoid  being  incorporated  into  the 
human  system  thru  the  respiratory  organs.  These  figures,  too.  would  be 
revised  as  applied  to  1918  on  account  of  the  use  of  the  automobile  both  for 
pleasure  and  for  business.  Other  refuse  of  all  kinds,  however,  collects  upon 
the  streets,  and  the  pavement  that  uniformly  presents  a  hard,  smooth  and  even 
surface  is  cleaned  at  much  teas  expense  than  one  that  is  rough  and  uneven. 

XnlWffaCommissknlnlfewTorkCi&appaiiitedby  tfaeMayor  toinvestiiate  tkesD* 
tire  matter  of  street  cleatilng  made  a  report  from  which  the  f  oIIokIbc  quotatiot)  is  taken. 

"There  is  a  very  marked  diffMence  between  the  qoatitity  of  duat  left  npoo  the 
pavements  of  various  kinds.  Thus,  if  the  average  vohune  and  wdght  oollected  bum 
the  dieet4q>halt  pavemeBt  is  caHad  100,  the  rdatlva  qoandtlea  from  aOttt  kfads  of 
pavements  were: 


Volume 

100 
ISO 
882 
1081 

100 
181 
1<5 
912 

*It  ■hould  be  said  that  the  wood  block  pavement  oo  which  the  examinatioti  wai 
made  is  «te  of  the  oldest  of  its  kind  in  the  dty,  and  Ita  surface,  being  unevan,  caught 
and  heid  an  unusual  quantity  of  duat.  Wood  block  pavement,  when  eompKatt^r 
new,  should  eompaie  tevoniUy  with  aqihalt  bloek  panmest  ia  Its  freedon  Cram  dmt 

retaining  qualltiea. 


"After-  careful  consideration  of  all  the  facts  av^lable,  the  avange  relatiive  coat  of 
deaniag,  equally  well,  the  various  Unds  ol  pavement  In  uae  In  the  dtjr  unds  ifaiilar 


conditions  of  repair,  is  eetimated  as  folknn: 

Sheet-aaphalt  pavement   100 

Wood  Uodi  pavement,  new   106 

Asphalt  blodi  pavement  ,   116 

Brick  pavement   120 

Wood  bk>dc  pavement,  old   126 

Medbia  blodt  pavement     ISO 

Qnaita  block  pavement.   IW 

Belgian  block  pavement   160 

Cobbleetone  pavement   8000 

"On  the  assumption  of  100  deanings  per  year  it  may  be  ehown  that  the  annual 
cost  of  cleaning  equally  well  a  mUe  of  each  of  tbe  pavements  named,  ovw  what  it 
would  be  If  sheet>4aphalt  were  substituted,  would  be  aa  foDows: 

Wood  block  pavement,  new   $26.40 

Asphalt  blodt  pavement,  average  OHidltiM   79.20 

Brick  pavement   106.60 

Wood  block  pavement,  old   IS2 .  SO 

Medina  block  pavement   168.40 

Onudte  block  pavement   211 .20 

Bdglan  bkxk  pavement   264.00 

Cobbkatonepavsmoit   1684.00" 


FUtaddphia.  Connell  (12)  ^vea  the  average  coat  of  ^if  nif  dUacnt  Undi  of 
pavsmant  par  1000  sq  yd  in  1914  aa  tdlowa:  GnuHa  blod^,  I0JH6;  brfe^  «0JU7: 
wood  block,  yoJlT;  sbeet^halt.  |0.187. 
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Conclusions.  Taking  all  things  into  consideration,  granite  block  is 
given  a  value  of  10,  wood  block  14,  sbeet-aspluUt  14,  brick  16,  and  Bitulithic 
14,  alwajv  upon  the  aammption  iba,t  the  pavements  are  kept  in  good  con- 
dition. 

10.   Resistance  to  Traffic  on  Pavements 

Many  experiments  have  been  made  to  determine  the  force  neoessary  to 
draw  a  given  load  over  roads  and  pavements  of  different  character.  The  most 
of  them,  however,  were  made  many  years  ago,  and,  while  doubtless  correct 
at  the  time,  were  made  upon  pavements  so  entirely  different  in  character 
and  construction  that  they  are  not  of  much  value  at  the  in«eent  time. 
The  tractive  force,  or  the  power  necessary  to  move  vehicles  or  loads,  is 
measured  generally  in  pounds  per  ton.  In  order  to  start  a  load  that  is 
stationary  the  power  must  be  strong  enough  first  to  overcome  the  inertia 
of  the  load,  then  the  rise  in  the  grade,  if  it  be  up-grade,  and  then  to  over- 
come the  friction  of  the  moving  load.  The  amount  of  power  necessary 
to  draw  a  load  up  a  given  grade  can  be  figured  theoretically,  but  so  many 
different  coadilioos  must  be  taken  into  consideration  that  figures  are  not 
of  much  value.  A  great  many  experiments  have  been  made  at  different 
times  to  ascertain  the  resistance  to  traffic  on  the  different  pavements,  but 
the  results  have  differed  greatly.  This  can  easily  be  understood  when  it  is 
remembered  how  different  the  tractive  force  necessary  to  move  a  load 
on  any  pavement  varies  according  to  the  condition  of  the  pavement.  The 
tractive  force  required  to  move  a  load  on  a  sheet-asphalt  pavement  in  per- 
fect condition  would  vary  according  to  the  temperature  of  the  pavement 
and  the  weight  of  the  load.  If  it  were  so  light  as  not  to  sink  into  the  sheet- 
asphalt,  no  matter  how  soft  it  might  be,  there  would  be  no  particular  dif- 
ference, but  in  the  summer  time,  under  the  heat  of  the  sun,  as  a  rule  all 
sheet-asphalt  pavements  soften  so  that  the  tractive  force  is  greatly  increased. 
On  a  block  pavement,  whether  stone,  wood,  or  brick,  the  relative  smoothness 
of  the  pavement  has  everything  to  do  with  the  tractive  force  required  to 
move  a  load.  The  general  surface  of  a  stone  pavement  can  be  smooth, 
but  if  the  blocks  themselves  are  bunchy,  it  will  often  be  necessary  to  lift 
the  wheel  possibly  }i-ixi  over  a  bunch,  when  on  a  dressed  block  the  surface 
would  be  smooth  and  the  tractive  force  required  much  less. 

Experiments  can  be  made,  of  couree,  under  condltiona  that  will  give  comparative 
results.  At  the  Atlanta  Exposition,  In  1896,  the  U.  S.  Dept.  A^r.  made  sorae 
experiments  which  resulted  in  ^ving  a  traction  of  26  lb  for  poor  sheet-asphalt, 
64  lb  tor  cobblestone,  42  lb  for  poor  block  pavemeDti&S  ib  for  the  beat  nutcadam,  and 
820 lb  tor  loose  sand.  Haupt  (18),  In  1889,  B«ve  results  vmryinj  from  10  lb  Cor  Iroa 
trams  to  400  lb  for  sand,  the  pavements  being:  ■heet-«q>halt  16,  good  Belgian  block 
S3,  Btoae  block  80,  French  macadam  40,  good  cobble  133  to  66.  Certain  other  exper- 
iments for  aheet-aaphalt  under  difFerent  conditions  ranged  from  15  to  26.  The  opinion 
among  engineers  is  that  tho  tcactiTe  force  varies  Inveiaely  as  the  dlametw  td  the  wheda. 
but  some  ny  Inversdy  as  tbs  square  root  of  the  diamater.  W.  Hewitt,  at  EnglaBd, 
says;  "Prom  experimoits  made  wHb  Eastnn  mad  Anderson's  boise  djmauium- 
eter  at  tite  Royal  Afrricultural  Show  In  1874,  a  sU^tly  greatar  ratio  than  tovsrssly 
as  the  diameter  was  given,  and  henet  Invsrssly  as  the  diameter  Is  the  mora  correct 
view  of  the  two."    See  Sect.  4. 

Test  With  Hotor-Tmck  by  Kennedy  snd  Shorlc  (20).  "By  tractive  radstanee 
is  mesnt  the  horixontal  force  necessary  to  apply  to  the  trade  in  order  to 
keep  It  at  a  constant  speed  in  still  air  after  deducting  axle  fricUone  and  intenial- 
mechaniam  losses.  It  is,  therefore,  the  reactive  force  offered  by  the  truck, 
assumed  internally  frictionless,  in  overcoming  the  road,  tire  and  stUlrair  rasIstaBceB 
an  a  level  surfaes.  It  amy  be  sipwsri  either  fai  pounds  w^ht  per  short  ton  of  total 
moving  mass,  or  in  hUograma  par  metric  ton,  or  In  percent  equlnlsnt  grade.  Thus 
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Sect.  24 


a  1%  Aquivaleot  (ntde  tractive  re>i>tuo«  mwiM  tiiat  a  ear  without  axl«  frictiaB  or 
iottnial  mechanlam  Iomm  would  require  to  be  pulled  od  a  level  road  at  a  cooatant 

■tated  speed  a  force  of  ZO  lb 
per  short  ton  of  2000  lb,  in  order 
to  overcome  the  reaktance  of 
the  tine,  road-bed  and  atall-air 
diaplatemenL 

"The  truck  toted  waaa  1000- 
Ib  (450  kg)  electrieaUy-propeOed 
delivery  wacon  equipped  with 
solid  rubber  tirea,  ooe  on 
each  of  the  four  wheela,  the  tire 
rating  bong  36  by  2H  In  (91S 
by  «3.S  nun),  llic  taeu  were 
made  by  ninniDg  the  car  at.  aa 
nearly  as  poenble,  coaatant 
measured  qteed,  in  alternate  dl- 
Tectiooa,  over  sriected  lengtha 
of  standard  rqads  in  and  near 
Boatoo. 

"The  following  urban  pave- 
mnts  are  enumerated  in  the 
order  of  their  deslrabitity  for 
vah'de  operatloD  from  the  point 
of  view  <rf  tractive  radatance  at 
12.4  milea  per  hr,  aa  found  in 
thla  lBv«atl(atiaD.  (1)  Aaphalt,  (2)  wood  block.  (3)  hard  smooth  macadam,  (4)  brick. 
(G).  granite  block  with  cemeat-flUed  joints.  (6)  dnder,  (7)  gravel,  (8)  granite  block  with 
sand-fUled  jolnta  (see  Fig.  1).  The  preeenee  of  a  layer  of  dust,  say  1  cm  thick,  on 
a  fair  macadam  rcwd,  was  found  to  Inerease  the  equinlaiit  grade  of  tractive  raaistanee, 
at  a  qteed  of  20  mllee  (12.4  km). " 

Coaclaaioiis.  From  atl  these  figurea  it  is  believed,  taldng  into  ooonder- 
atioD  the  varyisg  coDditioos  under  which  all  tests  were  made,  as  well  as  the 
improved  character  of  pavements  at  present,  and  remembering  that  the 
resistance  to  traffic  increaaee  very  much  on  tiie  bituminous  pavements  in 
hot  weather,  that  the  following  values  should  be  assigned :  Granite  block  13, 
wood  block  14,  brick  IS,  sheet^asphalt  11,  and  BituUthic  12. 

IL   Slipperiness  of  Pavements 

A  great  many  conditions  affect  this  property,  such  ai^cleanlineas,  tempera- 
ture, condition  of  the  pavement,  whether  wet,  damp,  or  dry,  etc.  Wood 
block  pavement,  for  instance,  while  dry,  is  not  slippery,  but  while  wet  is 
exceedingly  so,  especially  if  not  dtian.  Then,  too,  materials  can  be  laid  in 
such  a  way  aa  to  modify  materially  the  normal  alipperinese  of  the  pavement. 
It  is.  however,  an  important  quality,  as  it  affects  directly  the  efficieocr 
of  the  boraes,  if  the  vehicles  are  hone-drawn;  and  if  motor  vehicles,  a  pave- 
ment may  often  become  so  slippery  as  to  be  impassable. 

Haywood  made  some  very  extended  observatjons  as  to  slipperirtcaa  in  Loadoa  ia 
1873.  Without  atteraptlac  to  dte  in  detail  the  axperimenta  made,  the  eandwMa* 
can  be  given.  The  true  order  of  slipperinem  Is  that  a  horse  would  travd  132  miks 
on  granite  bloc^  191  miles  on  rodt  asphalt,  and  446  milsa  on  wood  bloA  without 
aecidMit.  It  must  be  understood,  however,  that  the  asphalt  referred  to  was  die  Euro- 
pean rock  asphalt,  which  is  more  slippery  than  the  American  sheet-asphalt,  and  thai 
thesoftwoodsusedinEuropearemuchleesalipparythaathoMlnAnaerKa.  TUsisiDv- 
tntwl  la  Berlin,  where  the  busiaen  section  Is  almost  ontli^  pavsd  with  rock  Mphalt. 
but  on  the  approaches  to  the  bridges  over  railratd  trades  and  the  River  Sprae,  when 
there  m  a  grade  possibly  of  2%,  wood  bloA  pavnsat  b  ahfays  laid.  In  •nuaiag 
op  Haywood  said:   "Taking  the  whole  group  of  eonditioDS  into  aeeout,  the  ntk 

Google 
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Fig.  1.  Sununary  of  Tractive  Reristanee  Tests 
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■qihalt  TO  th*  moit  advutifmiHlr  pluad,  a»  wood  Mock  wu  the  next  so,  nod.  the 
Cruito  wu  the  wotst  placed.  On  the  averaga  of  the  whole  50  days'  ofaaervatfoiis, 
the  p«iilte  blodc  was  found  to  be  most  sHppeiy,  the  asphalt,  next  so,  and  the  wood 
the  least.  Separatisf  the  accidraita  under  ttuee  cuiditlons  of  surface  as  nsaids 
moisture.  It  appears  that  rock  asphalt  was  most  slippery  when  merely  damp,  and  safwt 
when  dry;  that  granite  Uoek  was  moat  slippery  when  dry,  and  safeat  when  wet;  that 
wood  block  was  most  slippery  when  damp,  sod  safest  when  dry." 

Greene,  tn  1885,  had  a  series  of  observations  made  in  ten  of  the  prindpal  dtiea  of 
the  United  States  to  determine  the  relative  tBppniaem  of  pavements,  nom  these 
leaultsitwasdecidedthaton  pavemenlain 

American  citiee  a  horse  would  tnvri  272  Tawe  VI  

miles  on  wood  block,  418  on  granite  block, 
and  583  on  sheet-asphalt  without  an  acci- 
dent.   The  acddents  were  divided  also 
Into  falla  upon  the  knees,  falls  upon  the  Qi^^ 
haunches,  and  complete  falls.    Onarough  Broken  stone  ! 
pavement  falla  upon  the  knees  ahould  not  Bitumincma  surface ' 

be  whoDy  charged  to  sUpperineas,  as  a  Bitumlnoua  mm«j<«m  

great  many  must  be  caused  by  stumbling.  Bituminous  concrete  

Greene  found  that,  of  a  total  of  84  falla,  68  l?'*®'^'^^:^  

Tu^'T^'^^  B^^^^^"i  «>i^"'^ 

half  of  the  latter  were  stumblee  only,  the  Brfcg  bitumiiwuB  flOer 

deduction  would  be  that  a  hone  would  gtone  blodc,OKiMnt  groat  filler 

travel  698  miles  on  granite  hloA  without  Stone  blodi,  bltaimliiKnia  flilar. . 

an  accident  due  to  sUpperineas.   These  Wood  Uoek  

results,  of  course,  are  general. 


Kind  of  Roadway 


Gnula 

12.0% 

12.0% 

6.0% 

8.0% 

8. 

0% 

6. 

0% 

8. 

a% 

6. 

D% 

12. 

9. 

15. 

4. 

The  Spec.  Com.  Mat.  Road  Cons.,  Am.  Soc.  C.  E.  (6c)  recommend,  in  1918,  the  max- 
imum limits  for  grades  for  different  Idnda  of  roada  and  pavements  as  given  in  Table  VI. 

Table  TIL — Hnmber  ot  CMet  Uainc  Haziaium  Grades  Given  (7) 


Percent 


20   

16  

15   

14   

12   

11   

10   

9   

8   

7   

6.6....:  

6   

6   

4.6  

4  

8.6  

3   

2.6  

2   

1.6  

I  

0.6  

0.4  

Total  number  of 
dties  


Wood 
Block 


24 


Grouted 
Brick 


Sbeet- 
Asphalt 


21 


Cemmt- 
Concrete 


19 


Bitu- 
minous 
Concrete 


20 


Bitu- 
minous 
Mac- 
adam 


17 


Water- 
bound 
Mac- 
adam 


19 


ConclngioiM.  From  these  nnd  personsl  obBervations,  granite  Uoek  is 
given  n  value  of  7,  wood  block  4.  sheet-iuphalt  S,  Iwick  6.  and  Bidilithic  6. 
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13.   Favorableness  to  Travel  on  Pavements 


This  is  B  difficult  property  to  reduce  to  a  cash  basis.  Some  engineen 
say  that  the  amount  of  noise  made  by  driving  a  wagOD  over  different  kinds 
of  pavements  shows  the  relative  amount  of  damage  caused  to  the  wagon. 
While  this  may  seem  a  strange  standard,  it  is  a  logical  one,  as  It  la  well 
known  that  the  smoother  the  pavement  the  less  noisy  it  is. 

InvMticatloas  in  the  ITnitad  StatM.  In  napoime  to  an  inquiry  aa  to  tha  difiereace 
In  wear  and  tear  to  delivery  WMgona  and  honea  when  the  aheet-aiphalt  pavementa  of 
Brooklyn,  N.  Y..  wate  Increaaad  from  IS  to  miles  in  a  total  pavement  mQeaga  o( 
about  600,  two  o(  the  largert  dry  goods  flma  said:  (1)  "WadeairBtoaay  that  thanii 
a  very  appreciable  dlffwenee  in  our  wear  and  tear  account  dnce  the  fatcreaae  of  aaphah 
pavementa.  No  more  damage  has  been  done  to  our  honea,  and  of  ooune  it  pwa 
without  saying  that  the  saving  to  wagons  must  be  very  great;"  (2)  "We  beg  to  state 
that  Ute  effect  of  the  pavements  of  this  Bwougfa  baa  been  of  saeh  a  character  as  to 
save  as  eondderable  wear  and  tear  on  our  wagona.  and  lamcnaw  to  oar  boia— ." 

In  1886  the  Pougbkeeptfe  Cab  and  Transfer  Co.  ol  Pootfikeepale,  N.  Y.,  said  in 
answer  to  an  inquiry:  "We  would  say  that  our  repair  MU  tor  1896  was  60%  leas  than 
in  1894,  and  our  shodng  bill  42%  1m  In  1896  than  in  1894.  We  attribute  thfa  in 
a  great  meaauie  to  the  introduction  of  smooth  pavements  in  our  dty."  P«igfakee|aie 
at  U>at  time  had  about  38  000  aq  yd  of  a^halt  block  pavement. 

bivastigitiona  ia  Leadco.  In  1SS9  the  following  two  questions  were  put  to  tlie  omal- 
ous  drivers  of  London:  1st.  Which  do  you  eonidder  the  beat  form  of  roadway  to 
drive  overT  2nd.  Which  the  worst?  The  answen  were:  1st;  760  wood  block; 
219  macadam;  197  granite  block;  51  rock-asphalt.  2nd.  122  wood  block;  1  macadam; 
18  granite  block;  1046  rock-aaphalL  It  must  be  reoiembwed,  however,  titat  the  as- 
phalt pavement  ia  that  laid  of  natural  rock  and  probably  subjected  to  as  bad  a  climate 
for  sHpperinesB  as  that  of  any  dty  In  the  world.  The  eonditlai  In  vbiA  a  pavemant 
Is  kcftt  affects  different  pavansBts  -differently.  An  editorial  note  in  Engineering  in 
1876  says:  "Comhill  waa  bloekad  tor  nearly  an  hour  thru  tbe  lalliiv  <^  home,  and 
the  Bcenee  in  Cheapside,  Eastduap,  Howgate  St.,  are  shnply  diairaoetnl,  not  from  the 
fault  of  the  paving  of  tha  roadwayt  but  ainqily  baeause  It  ia  not  kept  rlsan  "  ndi 
referred  to  rock  asphalt. 

Condnsioaa.  Tbe  values  given  to  different  pavements  are:  granite 
l^k  2,  wood  Uock  5,  sheet-a^halt  4,  brick  3,  and  Bitulithic  4. 


There  ia  a  great  difference  in  the  aanitaiy  value  of  the  pavementa  under 

oonsiderataon. 

A  Committao  of  die  Sodetr  «C  Arta  in  Loadon,  pnvfanaly  tefened  to,  made  Oe  fol> 
lowing  statement  on  this  pdnt:  "In  urban  dtstrista  a4i^  have  been  wtU  drained 
with  proper  sdf-deatudng  sewers  and  freed  from  emanations  from  tb«n,  fever  baa  been 
found  to  lurk  in  thoee  quarters  where  {ite  aurface  paving  and  surface  cleaning  are  bad. 
On  the  other  hand,  the  extcndon  ot  impermeable  pavementa  has  beaa  attended  with 
a  mariiad  reduction  of  malarious  disease." 

b  the  Old  City  of  New  York  the  number  of  deaths  in  1892  waa  44  329.  and  in  1914. 
in  the  same  area,  the  deaths  were  4S  Z5S,  altho  tha  populatjon  had  incieaeed  from  ap> 
proximately  1  630  ODD  In  1892  to  3  296  197  as  estimated  by  the  Departmnt  of  Hetitfa 
for  July  1,  1915.  This  is  a  remarkable  record,  and  while  of  oonrae  it  is  accounted  for 
by  the  Increase  in  sanitary  measures  as  a  whole,  the  reault  liaa  bean  attained  to  quite 
an  extent  by  the  hiying  of  smooth  and  sanitary  pavemsnia  on  tiie  East  Side  and  in  the 
tenement  districts,  where  the  population  is  denser  than  in  any  other  in  the  wmU. 
It  has  bsea  possible  to  keep  the  streeta  dean,  and  ttiey  aanre  larHy  at  racnatka 
grounds  for  tbe  people  in  tbe  evenings  and  on  Sundays. 

The  principles  given  above  are  unquestionably  ooneot,  and  eonaequently 
any  pavement  with  a  smooth,  impervious  surface  ranks  hish.  Granite 
block  and  brick  come  under  that  h«ui,  but  they  are  Doiayt  and  noiae  must 
be  eonaidered  in  tliia  connection.   Kaiay  atreeta  affect  one's  nervous  ayetem. 
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aod  a  noiseless  pavement  should  be  laid  in  front  of  hoapitala,  schoobi, 
churches,  etc.  If  the  joints  of  a  pavement  are  open,  they  allow  moisture 
to  collect  and  street  refuse  in  general  to  accumulate.  This  latter  decays 
and  gives  off  not  only  offensive  but  dangerous  odors. 

CondusionB.  As  a  sanitary  pavement,  then,  granite  block  is  given  a 
value  of  9,  wood  block  13,  sheet-asphalt  12,  brick  10,  and  Bitulitfaic  12. 


The  construction  of  roads  in  America  did  not  receive  much 'attention 
until  about  1890,  when  the  question  of  good  roads  has  been  brou^  into 
prominence  by  the  advent  of  the  bicycle,  followed  by  the  introduction  of 
the  automobile  and  its  rapid  increase  both  for  pleasure  and  business  purposes. 
The  study  of  the  different  kinds  of  roads  is  more  difficult  tlian  that  of  pave- 
ments, because  the  different  forms  of  road  construction  have  not  been 
standardized,  even  when  the  same  materials  have  been  used,  and  not 
enough  data  has  been  collected  to  form  a  positive  and  deSnite  idea  of  the 
durability  of  the  different  kinds  or  the  cost  of  maintenance.  The  principles 
laid  down  in  the  selection  of  materials  for  pavements  are  applicable  to  a 
certain  extent  to  the  selection  of  materials  for  roads,  but,  if  possible,  the 
study  is  even  more  important,  as  in  the  question  of  pavements  a  street  that 
is  w^  built  up  requires  a  pavement,  even  if  the  traffic  upon  it  is  not  great, 
for  sanitary  as  w^  as  esthetic  reasons,  while  a  road  is  improved  simply 
on  account  of  its  traffic.  The  principles  proposed  for  road  materials  are 
that  they  shall  be  cheap,  durable,  easily  maintained,  present  light  resistance 
to  traffic,  and  be  not  slippery.  Sanitariness,  easiness  of  cleaning,  and 
favorableness  to  travel  are  not  of  great  importance,  as  the  roads  are  in  the 
country  and  built  up  to  a  very  slight  extent' 

Vmt  of  Roads.  The  Oibiun  aNGiNBna  reported  to  the  8rd  btt.  Road  C<Hig.  that 
the  wear  of  road  mifaceB  produced  by  fast  ruunlnK  ptmmtet  motor-can  b  due  to  the 
folloving  cauBM;  The  abstraction  of  fine  and  fineat  binding  and  filling  material! 
from  the  roadway  by  th«  Miction  and  propolrioB  pnxUiced  by  fast  reviving  wheria, 
whUb  fa  the  eatue  (rf  tint  wril  known  duat  nuisance  in  dry  weather  and  objsedoaabla 
mud  allnglng  In  wet  weather.  The  mechanical  cnisUnt  tA  the  road  matoial  by  the 
heavy  blom  at  very  high  apeeda  from  the  ateel  rivet  heada  or  atuda  of  the  varioua  anti- 
alipping  devlcee  with  which  the  majority  of  motor-can  are  now  fitted.  The  loosening 
of  the  top  lay»8  of  the  roadway  at  sharp  bends,  generally  on  the  inaide,  by  the  gliding 
motitm  of  the  tires  producing  abrasion  and  dislocation  of  the  road  material,  the  moti<ni 
being  due  partly  to  the  centrifugal  force  and  partly  to  the  rigid  connection  betwem 
wheels  and  axle.  Another  cause  which  they  h^  req>ondb)e  ior  the  abnormal,  violent 
dflstruetitn  of  road  crusts  by  heavy  motor  traffic  are  the  iron  tires  with  which  some 
moton  and  moat  of  the  traiten  are  fitted.  It  waa  said  that  all  engineen  are  aaldng 
for  regulationa  specifying  that  heavy  moton  and  trailers  should  only  be  allowed  to 
be  built  with  rubber  tires;  that  it  is  a  fact  proved  by  experience  that,  owing  to  the  very 
much  Uglier  gpeeds  of  mechanically  propelled  wagoua,  and  their  wrighta  being  usually 
heavier  than  those  of  wagons  drawn  by  anlniala,  tliey  abaohitaly  ruin  macadamiaad 
roads  with  thair  Iron  tires,  and  even  roads  paved  with  smaU  setts  are  damaged  by  them 
everywhere,  because  the  Urea  chip  off  the  edgea  of  the  stones.  It  was  stated  in  this 
paper  that  after  all  these  experiences,  which  extend  over  many  yean  and  an  the 
same  everywhere,  one  la  bound  to  arrive  at  the  conclusion  that  hMvily  laden  motor 
wagons  no  (onger  wear  out  ordinary  macadamised  roada,  but  wy  quickly  destroy 
than.  This  leads  to  the  following  verdict,  which  will  hold  good  everywhere:  Ordinary 
macadam  roads  are  not  suitable  for  the  regular  traffic  of  motor-wagona  or  motor- 
omnibuses. 

The  determination  of  the  wear  oi  roada  Is  aometlmea  made  by  the  amount  of  material 
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Compadsou  of  Roads  and  Pav^enta 


Sect.  24 


bnM  to  ranrf ae«  tiM  nadi  and  KnBediM  by  ttw  aelnal  smoont  the  ra^ 
down.  Hawn,  in  raportinf  to  the  Srd  bit.  Road  Cooc-,  stAtcd  that  by  raecoda  vUd 
have  been  kept  by  the  Mmb.  Hicfaway  Comm.  on  56  eepkrate  netiona  of  mafHrnra 
road  for  the  6  yean  endini  in  1907,  where  the  amount  of  etooe  requind  for  rcaurfadng 
was  accurately  recorded,  it  was  showD  that  the  annual  coefflaent  ol  wmt  mrnm  0.023 
tons  per  aq  yd.  but  that  the  traffic  upon  the  roads  during  that  period  was  not  kaowa, 
uid  that  the  only  information  to  be  derived  from  these  flgurea  mm  that  mter-booid 
macadam  roads  wore  out  duiioc  an  Interval  of  between  6  and  T  yaata  as  that  ther 
required  resurfadnf.   Thaae  roads  were  large^  surfaced  with  trap  rock. 

SuitabiU^  (tf  Roadi  tor  Dlfferant  Local  Conditioaa.  TIm  fdlowiuc 
opinions  were  presented  by  official  reporters  to  the  Srd  Int.  Bosd  Cong,  held 
in  London  in  1013. 

Th^  Engineer  of  Alexandria,  Egypt,  stated  that  the  Ideal  road  may  be  reused 
by  the  coBstructlon  of  «  eoncrational  mam  of  carefully  calculated  tWctaiese,  baead  on 
the  factors  of  velodty  and  weight  of  the  load  and  the  solidity  of  the  sobaoU,  protected 
by  an  das  tic  and  easily  NMwaMe  wMilrn  surface  of  Just  aoAdant  tWchni  to  give 
a  reasonable  number  of  yeara'  wear,  and  to  rariat  '«™***  and  vibratcay  mMonm.  lUs 
elastic  akin  will  possibly  be  much  thfauHT  and  hanlar  whsft  hone-diawn  vahldaa  have 
been  altogether  abandoned. 

The  French  En^een  in  thdr  summary  state  that  superficial  taniag,  wUA  has 
proved  its  efficacy  in  preventing  In  summer  the  superficial  dislntsgratkm  id  roada  vndw 
light  and  fsst  traffic,  has  developed  greatly,  so  that  it  is  now  impartant  to  co&sd« 
practical  means  of  preeerving  the  coating  by  repairing  the  small  cracks.  When  heavy 
traffic,  motor  or  otherwise,  is  added  to  the  light  traffic,  the  superficial  tarring  Is  no 
longer  sufficient,  eapedally  In  winter,  or  on  roads  iU-«q>oeed,  iU-aflt«ted,  and  constantly 
damp.  Therefore,  it  is  not  only  necsssary  to  ctmaoUdate  the  surface,  but  also  the  body 
of  the  roadway.  The  tar  concrete,  the  bituminous  macadam,  and  the  ayatema  related 
to  or  dsrived  frotn  them  tend  to  this  end,  each  offering  to  different  dsgmaa  these  two 
eminmtly  dertrable  qualities,  the  compaotneas  of  the  mass  and  the  oohealoa  of  the 
coastituent  parts.  With  reference  to  the  economic  study  of  the  different  road 
crusts,  the  report  concluded  by  saying  that  in  the  very  frequent  ease  of  en  average 
trafBe,  induding,  however,  a  pr<q»ortioB  relatively  Important  of  touring  aatomobOca, 
ft  will  often  aufflce,  la  ordw  to  avoid  the  iqiacial  damage  done  by  autOBoUleit  to 
coastituta  the  matalUng  of  relatively  soft  but  Undlng  material,  and  to  adopt  limeatoaa 
aggregates,  as  these  give  roads  more  compact  and  out  of  which  the  detritus  caeapes 
with  dilBculty.  Also  that  if  the  Importance  and  the  nature  of  the  traffic  require 
hard  metalUng,  and  if  tbe.daraagea  are  mainly  attributable  to  fast  automobOai^  every- 
thing pdnta  to  the  need  of  surface  tarring;  that  this  tarring  hi  these  eases  givea  excd- 
Int  results,  aa  much  from  the  pi^t  of  view  of  convmlenoe  to  the  traffic  as  from  Aa 
economic  point  of  view:  It  allows,  notably,  to  get  the  maximum  life  oat  of  the  metalHng 
compatible  with  its  reeistatioe  to  crushing,  so  that  tb««  Is  every  advantage  In  csnploying 
very  strong  materials  in  surface  tarred  metalling:  that  this  surface  tarring  does  not 
give  good  results  unless  it  is  maintained,  and  that  likewise,  on  lengths  where  automo- 
bile traffic  is  heavy,  it  may  be  advisable  to  give  up  the  tarring  by  reaeon  of  Its  too 
rapid  wear  and  <it  the  difficulty  of  renewing  it  at  convodent  times.  It  was  stated  that 
supM^fidal  tarring  does  not  sensibly  Improve  the  metalUng  aa  regards  its  rcaistanee 
to  pressure  and  cannot,  therdore,  be  recommended  in  the  ease  of  heavy  traffic  The 
results  obtained  from  the  few  eases  of  eonsoUdated  metalling  laid  down  In  France  lead 
one  to  hope  that  these  kinds  of  roads  may  be  suitable  in  these  cases  and  that,  notably, 
metalUng  made  up  of  previously  tar-coated  materials  are  Ukely  to  provide  aa  eeowMnkal 
solution  of  this  question. 

The  English  Engineers  reporting  on  construction  In  speaking  of  the  relative  advan- 
tages  and  use  of  the  different  bituminous  materials  say  that  the  quesdm  Is  too  complex 
to  express  a  definite  opinion  as  to  the  relative  advantages,  discuaeed  apart  from  nu- 
merous variations  in  first  cost  and  durability  under  dlfferrat  votumee  and  daaew  of 
traffic,  as  these  advantages  cannot  be  ascertained  with  suffldent  aeeuraey  to  mvvMs 
reliable  data;  that  when  roads  have  more  than  average  traffic  and  of  a-heavier  type, 
the  more  expendvefdtdi,  tar,  (dls,  and  sand  matrix  are  largely  emF4<qred  by  the  grouting 
method  with  satistactory  results. 

Woop,  £nginew  of  the  Borough  of  Fulham,  London,  arguad,  that  the  material 
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oompoiiaf  the  onUnsry  mtor-booiul  nuquUin  rowl  is  in  Itarif  a  much  grevtv  mar- 
nnlilliH  lamt  than  tba  wood  Uoek  pavnaaat,  but  if  the  quantity  of  detritus  ramovod 
8Bch  yaw,  oxdudvB  of  honodnqtpbip,  ii  ttikm  as  aa  Indication  of  the  wear,  an  avsng* 
macadam  road  In  hb  dlitriet  wmild  wear  at  the  rata  ot  0^  Id  per  annum,  that  h,  83% 
higher  than  on  the  wood  paVInc  with  only  40%  of  the  trafBc  If  the  wear  on  the  mac- 
adam road  had  been  at  the  aame  rate  aa  on  the  wood  paving  In  proportion  to  the  traffic, 
the  actual  wear  abould  have  beeo  miljr  0.0125  la.  It  to  therefore  Infwred  that  tha 
aettva  fona  la  tlM  Marioratkm  of  watar-beimd  loada  la  diMljr  the  waathar.  The 
an^neera  atao  atata  that  iriun  the  road  la  froat-booad  the  wear  of  a  macadam  cniat 
la  very  licht,  and  consequently  draw  the  conduirioD  that  the  Unding  agent  vidA  will 
aocceMfully  reelst  the  effocta  of  the  weather  Is  the  great  deaideiatum.  TIk^  also  ooa- 
tend  that  a  tar>«prayed  macadam  crust  is  much  presOTrad  during  the  sunaMr,  but 
coaridsr  that  tar  te  detrimental  la  the  winter  as  tt  assists  ia  ratalaiac  raoiatnra,  and  II 
tha  tar  i™**^  is  worn  thin  the  road  loosens  more  readily  tlMn  an  nntreatfld  eoe. 
This  ocnduslon  was  disagreed  with  by  Cboufton  erf  the  En^Ui  Road  Board. 

Dryland,  County  En^eer,  Surrey,  consideia  that  the  effldeacy  of  surface  tarrins 
la  relative  to  the  intensity  of  the  traffic,  and  when  this  exceeds  about  20  OOO  tons  per 
yd  wMUi  per  annum  a  Utumlnoua-bouad  road  crust  is  necessary.  It  was  alao  foand 
that  slag  tar  concrete  satlafaetoiily  carried  a  traffic  of  80  000  tons  per  yd  width  per 
■nanm.  and  TriaUad  aq>halt  eoBOMa  200  000  tons  per  yd  width  par  aaamn. 

Baona,  dtr  Engiaaer  of  liTarpool,  haa  pnAably  glvaa  the  aioat  atteailoa  to  the 
actual  wear  ol  the  road  cmafc  Itadf  by  actual  laaaauranmrta.  aad  than,  iqr  kaowing 


Fir  2-  Method  with  Wire 
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the  traflck  ia  able  to  laam  the  eSM  tt  tfai  diffaraat  Idada  of  traflle.  Tt^  2  and  < 
show  two  devices  used  by  Brodie  for  this  purpose,  cm  being  a  wire  stretched  tightly, 
and  the  other  a  aoUd  t«nplat«. 

The  Italian  ""t"*"^  conchidss  Us  p^mt  on  the  eoaooaite  atody  of  tba  road  croaia 
by  saying  that  ia  the  actual  candltloa  of  the  studiae  aad  of  ptadiea  it  fs  coaaUered 
that  ttte  paving  entirely  with  granite  blocks  as  a  road  covering  gives  the  best  guarantee 
from  the  traffic  Btandpobit  and  from  that  of  a  covering  on  roads  with  intense  and  heavy 
VtMci  that  siVMrilcial  tarring  ia  conridered  q>propriate  to  roads  reosntty  roUad  and 
not  bearing  heavy  traffic,  bat  pibjeet  to  an  intense  paadng  of  light  vahielM  and  auto- 
mobiles. 

The  Swiss  Baglnear  says  that  oa  wheel  ways  within  the  dty  other  than  thoae  In 
atreels  with  the  smallest  traffic,  surface  tarrings  have  not  proved  satisfactory,  but  for 
country  roads  the  application  erf  surface  tarring  is,  on  account  erf  the  lenened  forma- 
tloa  of  dust,  very  mudi  to  be  recommended,  even  tho  a  certain  fiuantity  of  rqiairs 
has  to  be  made  every  year. 

The  Oerman  Bngiaeera  say  that,  according  to  all  ofaeervatiaos  made,  the  wear  ot 
macadam  roads  by  light  passoager  motor-cars  still  keeps  within  the  Hndts  already 
reached  hitherto  on  roads  where  the  traffic  of  animal-drawn  vehidaa  has  basn  brisk 
aad  heavy,  but  that  the  wear  of  tar  roads  causad  by  U^t  faat  ruaaing  aaotor-cata 
is  not  so  great  ss  that  caused  by  vehidee  drawn  Iqr  animal  pornr,  baeausa  tba  hiJufauB 
effect  of  the  animals'  shoes  is  done  away  with. 

From  the  discussion  it  will  be  aeea  how  diiBcuIt  it  is  to  put  a  pontive 
value  on  the  differeot  kinds  of  nMtds,  and  alao  how  necessary  it  is,  in  order 
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to  determine  the  proper  material  for  a  road  crust,  to  know,  not  only  the 
quantity,  but  the  quality  of  thetraffic.  A  country  road  ia  improved  aim  ply 
on  account  of  the  demands  of  traffic,  and  just  how  it  shall  be  improved 
will  depend  upon  that  traffic  as  well  as  the  financial  abiUty  of  the  local 
authorities.  Funds  are  not  always  available  for  the  road  cmst  that  will  be 
the  most  eoonomic^  ultimately,  but  even  theo  the  principles  underiying 
road  oonstruotion  should  be  known  and  applied  as  much  u  poarible. 


The  cheapeet  fonn  of  road  constnictwn  is  eimply  the  shaping  up  of  the 
natural  earth  and  keeping  it  eo  riiaped  thruout  the  year.  This,  howavw, 
cannot  be  called  really  good  road  oonetruation,  nor  can  any  ooat  be  givai 
for  original  work  or  for  maintenance.  It  often  happens,  however,  that 
financi^  conditions  are  such,  that  only  such  treatment  is  possible.  Another 
cheap  form  of  construction  is  what  ia  known  as  the  sand-clay  road.  This 
is  of  two  kinds,  one  where  the  original  soil  is  sand  and  day  has  to  be  brought 
for  some  distance,  and  the  other,  where  the  original  soil  ia  clay  and  the  aand 
is  the  material  to  be  brought  in.  This  has  been  used  to  quite  an  extent  where 
traffic  is  light,  and  with  good  results.  Its  cost  varies  greatly  according  to 
conditions,  but  Pntt  (23)  gives  the  oosts  of  constructing  2503  sq  yd  of  mrfao- 
tngatS.21centspersqyd,includinggradine.  Here  the  orifljiul  soil  waasaiidy 
and  both  the  clay  and  sand  were  hauled  in  to  a  certain  extent.  On  another 
road,  where  the  area  was  35  590  sq  yd,  the  cost  is  given  at  5.06  cents  per 
sq  yd,  the  original  soil  being  clay  and  the  sand  being  haxiled.  On  another 
road,  where  the  area  was  10  000  sq  yd  and  tiie  area  surfaced  was  6000  sq 
yd,  the  cost  was  19.6  cents  per  sq  yd.  The  earth  excavation  amounted  to 
3975  cu  yd,  and  the  sand  used  in  surfacing  was  815  cu  yd.  It  aometimee 
happens  that  good  gravel  can  be  obtained  locally,  and  consequently  a  road 
crust  constructed  that  will  ^ve  sattofaotoiy  ranlta,  all  things  eonridmd, 
when  theoretically  gravel  would  not  be  a  propw  material  to  be  used.  The 
cost  of  this  will  vary  under  different  conditions,  but  in  general  an  eetimate 
of  50  to  60  cents  per  sq  yd  for  a  road  crust  6  in  deep  will  be  a  fair  average. 
The  cost  of  repairs  will  depend,  other  things  being  equal,  upm  the  amount 
and  character  of  traffic.  See  Sects.  9,  10  and  11  ior  cost  of  oonstnieting 
earth,  sand-ol^,  gravel  and  broken  stone  roads. 


In  Sects.  9,  10,  II,  13  and  14  will  be  found  data  covering  the  cost  of 
maintenance  of  earth  and  sand-clay  roads,  water-bound  gravel  and  broken 
stone  roads,  and  gravel  and  tvoken  stone  roads  maintained  with  the  aid  of 
dust  palliatives  and  bituminous  surfaces  respectively. 

Bzamples  of  Qie  Cost  Data  oa  Maintenance  of  Roads.  One  of  theettchieerfl  teportfag 
to  the  3rd  Int.  Road  Coos,  gives  the  coat  of  maintaksnce  on  ten  different  roads  for 
8  years  Mors  motor^mnibus  tralRe  was  begun  as  12.8  cents  per  sq  ytl  par  year,  wUls 
in  the  year  toSomiat  the  adrant  of  motor^Mass  Ute  oast  was  2B.ft  cents  per  aq  yd. 
WhDe  the  tonnage  was  undoubtedly  very  muefa  Increased,  there  can  also  be  noted  that 
a  KTMt  portion  of  this  cost  wai  caused  by  the  diameter  of  the  traffic  Itaetf.  The 
figures  given  for  costs  by  the  English  engineers  show  that  It  costs  1.4  cents  to  caTTy 
a  ton  a  mile  on  one  macadam  road  and  on  another  one  in  the  Hune  eoun^  O.tX  eents 
only.  Indicating  plainly  that  the  road  was  not  conttnietsd  to  aidt  the  tnOe.  Thm 
Engliah  flgurea  would  seam  to  indJcata  that  when  the  cost  of  mdntsnaaes  srrssilsa 
0.S7  cents  a  ton  a  mile  it  was  more  economical  to  use  itooe  pavement. 

HASSACBUsnrs  PaAcnca.  The  coat  of  maintaining  macadam  surfaeea  with  cold  oOt 
average  of  S  yean  OB  ^xwt  SO  miles,  has  been  fO.0804  per  sq  yd  per  year.  ThecestoC 
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maintftininc  mufuas  eompond  ot  mixed  sand  and  oil  asphalt,  on  about  10  miles,  waa 
$0.0848  peTKijrd  per  y«ar.  TUa  coat,  however,  includes  cost  o(  additional  ae*]  coata  in  a 
tvw  Instances.  The  cost,  not  indudint  these  seal  eoata,  waa  t0.026  per  sq  yd  per  year. 
Sohier  (24)  ^vea  the  coat  per  ton  per  mile  per  year  on  ten  different  roada  in  Maaaachuaetta. 
the  cost  varyine  from  Q.06  to  044  cents.  Tbs  road  costing  the  least  was  16  years  old, 
built  of  trap  rock  macadam  on  a  main  routs.  When  this  road  was  8  years  old  It  was 
resurfaced,  and  in  1907  )^  |al  ot  the  heavleat  aaphaldc  oil  that  could  be  applied  oold 
was  iprssd  upon  the  road  and  properly  covered  with  pea  stone  and  gravel.  This 
treatment  waa  repeated  for  2  years,  when  H  g>)  heavy  hot  asphaltic  o&  waa 
spread  upon  the  road  and  properly  covered.  The  treatment  was  rspaated 
once,  and  the  road  waa  said  to  be  In  better  condition  in  1914  than  in  IMT. 
The  most  expendve  road  for  repaira,  both  per  ton  and  per  mile,  was  a  trap  rode  BiMid> 
am  with  heavy  teaming.  The  stones  wore  down  over  H  in  in  a  year.  It  naeded 
constant  patching  and  was  never  in  excellent  condition  except  when  recoitly  reeur- 
faced.  It  bad  2  to  S  In  irf  new  sttme  every  4  or  S  yean,  and  in  1910  it  ma  r«urfaasd 
^th  S  la  ol  a^ihaHle  at «  eoat  ot  $1  par  sq  yid.   This  mad  was  reportad  to 

be  In  good  ccndltkn  la  1914,  but  It  nssdsd  aimw  patdUng. 

17.  Amnul  Coit  of  Roads 

Coowarison  of  Annual  Coats  ot  Roads  Under  Different  Traflc  Coadifioaa,  bjr 
Thooua  (Z7). 

"A  table  (eee  Fig.  4)  ahowing  the  annual  cost  and  curves  (or  tlie  coat  per  vehicle-mils 
of  severml  different  typee  of  roads  has  been  prepared  and  t*  reproduced  herewith, 
ns  eonstnlcdoB  and  mala- 
tatance  casta  repreaent  aver- 
age values  from  the  expori- 
•Dce  of  the  Hlch.  SUta 
O^way  Dept.  during  1915 
and  191$.  with  amaU 
amounta  added  to  provide 
for  future  bettennents. 
Money  is  taken  aswDrthB%. 
The  sinking  fund  eama  S%, 
and  since  most  of  the  roada 
ot  Michigan  are  built  with 
money  derived  from  direct 
taxattoD  rather  than  from 
bond  lasuea  It  Is  aaaoroed 
that  the  funds  will  be  used 
lor  febuUding  or  rcBur> 
ladng  as  follows:  Gravel 
and  water-bound 
roads  resurfaced  at  the  end 
of  5  years  far  one-half  the  original  cost;  bituminous  macadam  resurfaced  at  the  end 
of  10  years  for  one-half  the  original  eoat;  concrete  resurfaced  with  bituminous  con- 
crata  or  otherwise  rebuilt  at  the  end  of  16  yean  at  a  cost  td  (10000  psr  i^;  brick 
rsbtdhattheendof  26yeanBtacostof  $18  OOOparmHe. 

"The  curves  for  the  coat  per  vehlde-mile  are  discontinued  at  the  pt^ts  shown 
because  experience  has  proved  that  in  general  the  type  would  not  be  satisfactary 
beyond  the  traffic  limits  ^own.  Thus  the  limit  of  a  d-tt  gravel  road  is  200  vehicles  per 
dmr,  that  of  al6-ft  gravel  road,  600  vehidca  per  day,  etc  In  case  a  road  should  be  con- 
structed or  Is  serving  for  a  greater  number  of  vehfdes  per  day  than  the  limits  giveOi 
the  m^tenanoe  would  probably  cost  more  than  the  values  assumed.  As  the  upper 
Umit  for  concrete  and  brick  is  approached  a  Ift-tt  road  would  scarcely  be  able  to  care 
for  the  traffic,  and  It  might  be  wise  to  build  an  IS-ft  road  at  a  slightly  greater  cost 
Hnoe  the  upper  portion  of  the  curve  for  brick  is  dotted. 

"CorroB  Aid  Selection  of  Road  Types.  A  number  of  interesting  conclusions  ore 
apparent  irom  a  study  of  tite  curves.  With  the  exception  of  concrete  and  brick,  which 
coat  Dearly  tho  sams  per  vebide-mile  because  of  the  probable  longer  life  and  lower 
maintewaBW  east  ot  tlie  latter,  a  type  of  road  may  be  selected  which  may  be  expected 


Com  per  Vefalrle  Mile  In  OsU 

Fl^  i.  Coat  pv  VaUde-Mae  for  Roaft  ot  DtSomt 

Typea 
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III  iiiiim  fill  111  ■iiiiiiMlililji  liiwii  mm  Uwii  iitlwii  wllMi  iwlifci  BiiiH  Cimen/Lt, 
tor  «mnpto,  ahouU  tw  rUs  to  oany  tba  mwffinm  «l  hmwr  InnI  Id  ""''g—i 
ny  2000  vshldoa  per  d«y,  at  0^  cent  per  T»hiel»-mDB.  But  if  it'wen  bnOt  for  SCO 
veUdM  per  day,  Um  oast  to  the  eonn^  would  be  2  ents  for  tmry  mbide  that  peMd 
over  the  road.  Evidently  ■  16-ft  gravel  road  which  would  carry  this  traffic  f«r  tmb- 
half  the  eoat  would  be  far  more  eocKtondcaL 

"It  Is  almoat  an  estabUahed  fact  that  untraated  water4>0und  »Mr»Hnt«  not  ataDd 
op  any  better  than  (imvel  under  a  traffic  that  is  oompoaed  largely  of  autoBK^A^ 
and,  aa  the  curve  ahowa,  it  is  much  more  expenalve.  When  oonatnieted  and  nai^ 
taliMd  with  a  bltuminoua  carpet,  however,  tlie  life  and  the  traffic  Umit  are  raiwi^ 
and  the  coat  la  lowered.  Thna  treated,  macadam  forma  aa  exeeUtnt  inf  mdiaiy 
between  pavd  and  the  hi(her  ^pea. 

"It  wiU  be  notad  that  vriun  the  tiaOc  la  near  200  vidddaa  per  daj.  tita  coat  of  a 
IMt  sravri  road  ia  about  eMt  Usher  than  that  aC  a  Mt  fraval  raad,  but  the  aa- 
eaari^  of  proving  tor  fatnra  incraaaa  would  make  it  advlMble  to  coaatmet  the  for- 
mer, aindlarly,  whan  the  traffic  Is  too  heavy  for  gravd  and  it  Is  neeeasary  to  eonettuet 
aurfaee  treated  macadam  or  eonciete  the  latter  beinc  more  trften  buQt,  alDae  Um 
former  baa  not  yet  attabwd  a  wMe  uae  in  the  atata  tlim  is  a  great  fneteaaa  In  flw 
seat  par  Tridda-mOa.  IttadsrimdaCcounatoMdneatUawfattanaBdhaapawflort 
aa  low  aa  poariUe. 

"  Coats  Compared.  Befmace  to  the  currea  show  that  for  Um  practical  Hmit  of  a 
IG-tt  gravel  road,  600  vtilicles  per  day,  the  ccat  per  vehicle-mile  is  0^0  cent,  and  that 
on  a  UtumlnouMorfacad  maoulani  for  800  vehicles  per  d^  the  coat  m  the  mam. 
Tba  dUeranea  between  the  total  aimual  casta  given  in  the  taUe  k  946G.  Thaoi«tiealIyt 
tiiaefore>lf  the  traffic  does  not  exoeed  BOO  vddclea  pw  day,  |4«  plus  nso,  the  Marnnwi 
maintenance  for  the  gravel  road  below  600  vehielea  pw  day,  or  about  9$00  pat  nnla 
per  year  could  be  expended  in  the  maintenance  of  the  gravel  road  brfore  it  would  be 
coonondcal  to  build  bituminoua^uifaoed  macadam,  provided  that  foc  that  anm  the 
road  could  be  kept  in  a  aatitfaetory  eonditkm.  Rracticallr,  howavat,  a  gravat  loail 
carrying  800  vaUdea  pw  day  would  be  la  a  oontinval  itata  at  n^ab  and  ilai  iilaillj 
unaatWactory. 

"Dspanding  on  local  oonditiana  entinly,  the  gap  betwaan  a  gmMl  and  a  U^w- 
dam  road  may  be  bridged  to  a  certain  extant  by  paying  mora  for  malnliaiaaia 
Whan  a  coun^  Is  financially  able  to  build  a  betta  road  lor  Inffle  la  axeam  ti  MH>  i» 
hides  per  day  it  should  do  so  by  all  means.  Without  doubt  futnia  incaeana  wiD  la 
timeaaafce  the  road  econoaaically  suited  to  the  trafBcpa^ngowrlL" 

METHODS  OF  COMPABISOH 
18.   ClassiflcatioiiB  of  Roads  and  Parements  Based  on  TtalBc 

In  the  li^ht  of  the  foregoing  diacuaaion  and  the  general  practice  in  both 
Europe  aod  America  it  aeema  fair  to  ooooluda : 

That  earth  roada,  ah^ied  up  and  kqit  ia.  wood  eondition.  as  well  aa  aand- 
clay  roada,  while  aervisg  a  good  porpoee  where  a  oomnuiaity'a  fii^yntttf 
eondition  or  the  traffic  will  not  justi^  much  expasditure.  cannot  be  cor* 
sidered  as  improved  road  cnieta. 

That  where  there  ia  light  horse-drawn  vehicle  and  small  automobile 
traffic,  water-bound  macadam  will  be  fairly  sucoeasful,  and  a  gravel  road 
even  will  often  be  satiafoctoty. 

That  where  the  traffic  coosista  of  large  touring  automobiles  in  conaideaaUe 
numbna  and  larie  horse-drawn  vehictca,  a  bituminous  """'■'f^n  abould 
be  used. 

That  where  the  automobile  and  vehieolar  traffic  is  heavy  and  intei^ 
aperaed  with  a  considerable  number  of  automobOe  tnwka,  a  bituminoui 
concrete  road  cnist,  or  possibly  concrete  <v  brick,  aa  govvnied  by  loc^ 
conditiona,  will  be  most  desirable. 
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That  wliere  the  traffic  consiata  of  a  large  amomit  of  motor  trucks,  large 
touring  cars  or  motor-bus^,  as  well  as  heavy  horse-drawn  violas,  con- 
crete or  brick  road  crusts  will  be  absolutely  necessary  from  an  economic 
standpoint,  and  often  retnilar  heavy  trafSc  street  pavements. 

Assume,  for  instance,  that  a  road  will  run  from  a  sparsely  settled  section 
to  a  large  and  prosperous  city.  Beicinninff  at  the  farther  end  the  road  will 
be  simply  of  earth  shaped  up  and  kept  in  condition  with  wooden  drags  or 
other  means,  followed  by  a  road  crust  of  water-bound  macadam,  biiilt 
possibly  of  local  material,  even  if  it  be  not  capaUe  of  sustaining  much  wear. 
As  the  road  approaches  the  city  and  receivea  increasing  traffic,  the  water- 
bound  macadam  should  receive  a  bituminous  treatment,  which  in  turn, 
as  required,  should  be  changed  to  bituminous  concrete,  Portland  cement- 
concrete,  brick,  or  other  permanent  material,  and,  in  the  vicinity  of  the 
city,  to  as  substantial  and  permanent  a  street  pavement  as  the  particular 
traffio  demands. 


Table  VIII.— Stinduda  of  American  Road  BvUden*  Anodatlon  (9) 


Hatertab 


MulmatD  Trafflc 


Type 


Remarits 


Sud. 


Oravri. 


Brokan  stone,  soft 
Brakwi  stooe,  solt 

Broken  itone,  soft 

Broken  stone,  soft 

Gravel  


Broken  stone, 
hard  


CMwrtte. 


Vitrified  brick, 
stone  satts  and 
wood  block  


Al-Bl-Cl 

A2-B2-C3-B1 

A2~B2-<:2-DI-El 
A2-B2-C2-D1-E1 

A2-B2-C3-D1-E1 

A2-B2-CS-D1-B1 

A2-B2-C3-D1-E1 

A3-B3-C»-D2-E2 

A2-B8-C8-D2 

A8-B8-C8-DS-E8 


Aspbaltie  oil,  hot 
4>ldication 

Caldnm  Chloride 

Aaphaltlc  oQ, 
cold  spplim- 
tioo. 


on.  paraffin  base 

Aq>haltfe  baae, 
eold. 

Arohaltk  hue, 
hot. 

Tar,  eidd. 


Bftuadaous  pene- 
tration ornix. 


Bituminous  eon- 
erete  or  peiie- 
tmtioii. 


A  temporary  form  of  im- 
provement, U  sand  beoane 
and  other  duraUa  mate- 
rial not  available. 

Should  have  earefnl 
maintenance  proportion- 
ate to  traCBc;  uangthelog 
drag  weddy— temporary. 

TBmporarjr  treatnanL 

TraatOHnt  more  last- 
ing. 

Treatnunt  more  lasting 
than  preceding. 

TieatnMDt  mora  lasting 
than  preceding. 

Jjem  eonatant  m*lntc- 
nanea  required  and  more 
durable.  life  eS  sartaoa 
5  to  10  yeara  with 
aUei 


Subject  to  treatmonta 
riven  under  Broken  Stone, 
Soft,  but  whh  greater  dur> 

ability. 

Usually  duatleaa  in  open 
country  requiriDg  oeea- 
■ional  aweeidng  or  aerapinK 
hi  idaoM. 
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Tabla  IZ.— CiMMfleatioa  of  Traflc,  Anerican  Road  Builders*  AssocUtioii  (I) 


!•  Hons  diBWDi  itMl  tins 


A.  Ui^tvihidn^ 


B.  HMnriraUdM^iraBOU, 


U^U  op  to  iOO. 
ModfaOD,  100  to  MO. 
Hmry,  tOO  up. 

Licht,  to  76. 
Medium.  76  to  160l 
Heavy,  160  up. 


2.  Srif-propdM.  rubber  Uiw 


C.  PiMengcr  witomobDM. 


D.  Motor4nuki  utd 


m  light,  up  to  100. 

m  Medhim,  100  to  400. 

(S)  HMTy.400ap. 

<1)  Ucbt,  up  to  10. 

(2)  Medium,  10  to  20, 

(8)  Heavy,  20  up. 


8.  Sdf-pKipelM,at«dtini. 


E.  Stwn  loiriw  and 
tnetOTL 


(1)  Licht.  1. 

8)  MedhnuiStoC. 
)  Bmry,  6  np. 


"Optalou  of  Camdku  dty  BoiJiMon  (11a)  coneendBc  the  BuitaUli^  of  varum 
pavements  b>  tbey  have  been  naed  for  different  eondittoiH  at  traffic,  amtifed  ia 

deeoeBdliig  order  of  preaent  popularity; 

LiGBT  Residbntiai.  TO  SBMi-BUBiNBas:  Sbeet-aaphalt,  ntuHtUe,  aqihaltic  eon- 
crete,  asphalt  blodc,  wood  Mode,  cerorat-concrete. 

SBHt-BcwMHB  TO  UnHlw  BuvT  Tuvnc:  BitoHtUc,  ahwt  aapbaUp  Mphaltie 
concrete,  wood  blodi,  eaphaH  blodt,  cement-coD Crete. 

Heavy  Trappic:  Bridi,  wood  blodc,  stone  block,  and  scoria  Uodc. 

Alono  Strbbt  Railway  Tracks:  Wood  block,  bridi. 

Quiet  Strbbts:  Wood  hloA,  BituUthlc,  sboetnuphalt,  aq>ha!Uc  concrete. 

Graded  Streets:  Bride" 

The  Mass.  Highway  Comm.  and  the  engloeere  of  MaBsadmsstt*  are  prmcticAlIy 

unanimously  of  the  optnlon; 

"  1.  That  some  bituminous  binder,  either  tar,  asphaltic  oil  or  asphalt,  must  be  used 
on  highways  that  have  much  motor  vriiiele  traffic,  to  lay  the  dust  and  prevent  the 
road  from  bdug  destrtqred,  unless  a  pavement  is  used. 

2.  That  some  form  of  bituminous  or  cemNtt-concrete  roadway  is  the  best  surfaeo 
to  use  oo  main  roftds  where  the  traffic  is  not  heavy  enough  to  naln  a  stone  bloclcf  wood 
block,  sheet^nphalt,  or  biidc  pMvMOfBt  on  u  concrete  base  necsssaqr,  or  iriten  money 
cannot  bo  obtained  to  eonstruet  sodi  a  pavement 

3.  That  horses  become  accustomed  to  audi  surfaces  and  can  be  much  helped  by 
proper  shoeing. 

4.  That  s^wrate  roadwwi  for  motor  vehicles  and  borae-drawn  vehicles  cannot 
he  built  wlthbi  most  of  the  present  highway  locatitms,  and  that  tlM  wpeoae  of  odb- 
structing  such  roadways  Is  absohitely  prohlUtive.   That  sudi  sinuate  roadways  arc 

only  practical  in  parlcways  and  posribly  in  a  few  cases  in  or  near  large  dties." 

Different  Types  of  Pavements  as  Recommended  by  a  Committee  of  Engineers  for 
the  Repsvtng  of  Boston  (26).  "Class  I.  Heavy  Trafrc  Strbbts.  Granit«  blocks 
laid  on  Portland  cement>«oncrete  base  not  less  tlisn  6  in  in  thidmess,  the  joiota  to  ba 
Mled  with  Portland  cement-grout;  in  the  case  of  excessive  grades,  tar  pitdi  to  be 
substituted  for  grout  in  the  upper  inch  or  so  of  the  joints  Id  order  to  provide  better 
tcothoM  for  hones. 

"CtAas  2.  Main  ARXnuBS.  The  same  typo  of  pavement  as  Class  1,  witb  a  few 
enceptlons  where  the  surroundings  require  a  smoother  snd  less  noisy  surface,  sudi  as 
wood  blocks  or  the  best  grades  of  bituminous  pavements. 

"Class  S.  Rvtail  SflOPriNU  and  Opticb  Buildinq  Dbtkicib.  Treated  wood- 
block pavements,  the  beet  grades  of  UtumlniMiB  pavaments  on  a  Portland  oemeat- 
concrete  base.  At  the  preaent  time  the  only  wood  recommended  for  wood-block  pave- 
menta  Is  long  leaf  yellow  plzte. 
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"Cum  4.  RiBOwnui.  DawaiOM  m  thb  Citt  Pbopbb.  TimM  wood-block 
INmnMnti,  the  bartsnde  of  Mtnmlnww  pavamenta  or  Portland  eemoit-^oBerBta  paw 
tnenti,  the  dioiee  to  be  datennlud  by  the  intouity  and  character  of  the  traOc 

"CLAfls  6.  Suburb  akd  HMratnuL  Dlsnucns.  Cbe^w  typm  of  UtumiiKm 
pavemrats,  uunc  old  macadam  mutaam  tor  the  baaa  iriiiva  nltabla,  or  PortlMtd 
cwMnt-ooaerete  pavemnta. 

"Cum  6.  Pabk  Roub  CAnynfQ  mlt  PtMauu  TBAvna  Bttmiliuna  pave- 
maati,  ndof  M  macadatn  for  the  base  wbrn  aoitable.  or  Portland  oerocat-conereU 
pavementa." 

Pock,  Street  ComnUMioner  of  Hartford,  Comi,,  (22)  aadpu  the  followinc  valuae 
to  maalmwp  and  mlnliMUm  traffle  for  which  each  material  la  auitebia,  baahig  ^  traffic 
on  the  number  of  uniti  par  24  hr  and  ■""-'-n  a  l-^waa  vehide  aa  eqnivalent  to 
2  units: 


HatMrtal 

Maximum 

Mtnimiwn 

Wood  Block  

38  000 
26  000 
18  000 
16  000 
8  000 
2  600 
ISOO 

4000 

2600 
2600 
2S00 
SOO 
SOO 
200 

Brodie,  white  Borough  EnglneeT  and  Surveyor  of  Blackpool,  England,  divided  the 
■treetB  within  his  diatrict  Into  Ave  clawce  and  determined  the  amount  of  traffic  for 
which  each  class  was  suitable.    ConclusionB  were  as  follows: 

"Class  No.  1.  Foundation  of  Portland  cement-concrete  7  in  thick,  covered  with 
granite  aetta  6  In  to  6  in  bi  lotgth,  8  In  in  width,  and  6  in  depth;  jointed  with  fine,  dry 
gravel  and  boiling  pitch  and  owoaota  oiL 

"This  daae  la  aoitable  tar  main  suburban  roads  with  trafBe  up  to  ZOO  000  tons  per 
yd  width  of  carriageway  per  annum;  impervious  to  moisture;  noisy,  but  dean; 
gradients  up  to  1  in  40. 

"CLAsa  No.  2.  Foundations  of  Portland  cement-concrete  <  in  in  depth,  covered  by 
■pedally  sdeetsd  Karri  or  Jarrah  Uodn  6  in  to  8  In  length,  8  ta  In  width,  4K  fn  in 
d^>th,  laid  done,  diraet  aa  concrete,  and  groutad  with  boiling  pitch  and  eraoaote  dL 

"Suitable  tot  flratdaaa  ahop  atrert^  with  tmffic  of  about  100  000  totH  per  yd  width 
per  annum;  practically  Invwrioua,  nrfaoleai,  dean,  and  duatleai;  gradloitB  np  to  1 
in  40. 

"ClASB  No.  3.  Foundations  of  hand-padced  rubble  8  in  In  depth  covered  with  6  in, 
of  tar^maeadam. 

"Suitable  for  reddendal  streets  having  a  light  traffic  of  20  000  tons  per  yd  width 
per  annum;  impervloua,  naiaeleas,  clean,  and  duatless;  gradients  up  to  1  in  24. 

"CLAflB  No.  4.  Foundation  simDar  to  No.  8,  but  7  in  deep,  with  2}^-in  gauge  water- 
bound  granite,  to  a  flnialied  depth  of  6  in,  blinded  with  fine  ^auite  chlppinga. 

'.'Suitable  for  ordinary  reaidential  frtmt  streets  with  a  light  tmffic  of  about  6000 
tons  per  yd  width  per  annum;  pervious,  comparatively  noiseless,  dua^,  and  tlappy; 
(radlenta  up  to  1  in  12. 

"Club  Na  6.  Foundations  aliidlaT  to  Nob.  8  and  4,  7  in  in  depth,  eovered  with 
Haslingden  aetta,  6  to  8  in  In  length,  4  to  8  In  in  width,  and  6  in  in  depth;  jointed  with 
dry  gravel  and  bdling  idtdi  wad  ereoaote  oO;  bdd  with  a  concave  croaa  aection  and 
channel  in  center. 

"Suitable  f<a-  badi,  or  aecondaiy  accew,  atreeto  9  to  IS  ft  bi  width,  with  a  traffle 
of  60  000  tona  per  yd  width  per  annum;  impervious,  elean,  and  duatleaa;  very  nolqr; 
gradients  up  to  1  in  12." 

Opinion  of  British  Bngineera  (28).  Table  X  ahows  the  preferences  of  engineers  in 
various  parte  of  England  for  different  kinds  of  road  crusts  for  differwt  traffics,  aa  a^ven 

tb»  report  of  tiie  Britlah  ani^neaa  to  the  8d  laL  Road  Cong.: 
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19.   TabalatkHU  d  TahiatMl  ftopertlM  d  Bmda  and  Pmrnanli 

Tbe  properties  which  are  poaaesBed  by  a  pavement,  the  tMigmiTnt  to 
each  its  proper  percentage  value,  and  tbe  consideration  of  each  pavement 
in  relation  to  these  different  values  were  covered  in  Arts.  6  to  13  inc.  It 
will  now  be  possible  to  construct  a  table  that  will  show  in  detaS  bow  each 
material  stands  relative  to  any  other  and  also  what  proportion  of  the  prop- 
erties of  a  perfect  pavement  is  possessed  by  each  one  under  eeaaideration. 
Table  XI  has  thua  been  formed. 


Table  XI 


Percen- 
t^e 

Granite 
Block 

Wood 
Block 

Brick 

Sheets 

Bito- 
lithic 

Dursbillty  

14 

8 

8 

18 

14 

12 

21 

21 

16 

12 

15 

16 

16 

10 

14 

16 

14 

14 

liEbt  raaiatance  to  traffic.  . 

15 

13 

14 

1ft 

11 

12 

Non-flUpperiness  

7 

7 

4 

6 

6 

6 

10 

10 

8 

6 

6 

« 

FavonLblenesB  to  travd .... 

2 

6 

8 

4 

4 

18 

9 

18 

10 

12 

12 

100 

SO 

82 

80 

81 

81 

72 

74 

67 

67 

«9 

It  may  be  said  that  cheapness  is  not  a  physical  characteiisUc,  and  that 
in  discussing  such  characteristics  of  a  pavement  that  item  should  be  omitted. 
This  is  true  to  a  obtain  extent,  but  as  in  all  cdtiea  the  coot  most  be  taken 
into  consideration,  it  has  been  faidioated  in  the  taUe.  EUminatins  thia 
item,  however,  and  making  wood  block,  which  has  the  highest  value,  the 
standard  at  100,  the  values  of  tbe  other  pavemente  will  be:  Granite 
block,  97;  Bitulithic,  93;  brick,  91;  sheet-asphalt,  91.  It  must  be  undei^ 
stood,  of  course,  that  this  table  is  a  very  general  onp,  that  much  of  it 
is  based  on  personal  judgment,  and  that  it  will  vary  in  different  localities 
even  If  the  conclusions  are  agreed  to.  The  important  point,  however, 
id  not  that  in  this  particular  case  each  figure  is  correct,  but  that  theee 
principles  must  be  studied  and  applied  in  ocmsideiing  paving  materials. 
Understanding  such  principles,  it  will  be  possible  for  an  engineer  in  any 
locality  to  construct  a  table  in  accordance  with  personal  views  and  in 
accordance  with  local  conditions. 

Tbe  Use  of  Table  XI  can  be  illustrated  in  several  ways.  Assume,  for 
instance,  a  street  over  which  the  traffic  must  be  heavy  and  continuous. 
Ultimate  cost  is  of  great  importance.  It  overrules  first  cost.  Light  re- 
sistance to  traffic  and  foothold  for  horses  are  nilinR  elements,  so  that  a  (Qven 
power  may  move  its  maximum  load.  The  items  first  to  be  studied  are, 
then:  Durability,  maintenance,  traction,  and  the  non-4lippery  property. 
Consulting  the  table  and  oomUnlng  the  valuee  for  these  items,  grazdto 
block  has  a  value  of  51,  wood  block  42,  sheet-asphalt  37,  brick  39,  and  Bitu- 
lithic 39.  But  when  the  figures  are  as  close  as  the  last  three,  ranging  from 
37  to  39,  a  careful  examination  of  the  remaining  properties  would  be  re- 
quired. In  this  particular  instance  granite  block  ranks  so  hi^  in  the  totals, 
and  so  far  ahead  in  the  general  requisites,  that  it  would  seem  that  so  nif- 
talra  could  be  made  in  selecting  it  for  tbe  material  to  be  used. 
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Consider  next  a  residential  street,  built  up  with  homee,  whose  owaers 
have  meaDs  sufficient  to  afford  the  best  of  anything  they  desire,  and,  while 
not  vishiog  to  be  extravagant,  do  want  and  expeot  the  best  pavement  that 
can  be  laid  without  regard  to  expense.  Thia  ia  an  entirely  different 
propofliti<»i.  Coet,  durability,  and  mainteoanoe,  so  important  before,  can 
be  left  out  of  consideration  altogether.  Easiness  of  deaning,  non-alQ)- 
periness,  favorableness  to  travel,  and  sanitariness  are  the  governing  ehxt- 
aoteriflticfl.  Working  as  before,  granite  block  has  2S,  wood  block  36,  sheet- 
asphalt  35,  brick  34,  and  Bitulithic  36.  In  this  instance  wood  block  and 
Bitulithic  have  ttie  same  values,  according  to  the  table,  but  sheet-asphalt  ia 
very  close,  so  that  the  special  qualities  of  each  one  should  be  conndered 
before  making  a  final  decision.  It  may  be  said  that  durability  and  mainte- 
nance are  too  hastily  disposed  and  that  by  considering  them  the  results 
would  be  changed.  But  the  basis  of  selection  is  that  the  property  owners 
oan  afford  the  beet.  The  problem  is  to  select  the  best  material  undcv 
existing  conditions.  The  above  concIusionB  would  generally  hold  good 
for  the  best  retail  streets. 

Next  consider  a  residence  street  with  very  light  traffic,  where  the  abutters 
wish  a  good  but  economical  pavement,  one  that  will  be  durable  and  aa  near 
the  best  that  their  financial  condition  will  admit.  This  requires  careful 
consideration.  The  destructive  action  of  travel  is  almost  wholly  eliminated. 
Durability  will  be  governed  by  the  action  of  the  elements.  Every 
quality  but  sUi^t  resistance  to  traffic  must  be  taken  into  account.  This 
gives:  Gnuiite  block  67,  wood  block  68,  sheet^phalt  70,  brick  65,  and 
Bitulithic  69.  Sheet-asphalt  leads  Bitulithic  by  one  point.  It  is,  however, 
a  somewhat  cheaper  pavement,  and  as  its  characteristics  are  practically 
the  same,  for  the  conditions  specified,  a  property  owner  would,  undoubtedly 
select  it. 

The  above  examples  illustrate  the  use  of  the  table,  showing  how  it  is 
possible  to  analyse  the  conditions  that  may  arise  in  any  case,  and  how 
easy  it  is  to  arrive  at  an  intelligent  and  logical  result  when  a  systematic 
investigation  is  undertaken. 

Crosby  (18),  Id  atudyinf  the  different  Idnds  of  road  cnuts,  givM  nhiM,  u  shown 
In  Table  XII,  inula-  the  haadings  of  V,  W  and  X,  when  the  flcuras  under  V  are  to  be 
uoed  on  nuin  country  roads,  such  aa  state  roads  carrytng  fairly  heavy  mixed  travel; 
those  under  W  to  be  used  on  Mcondary  country  roads  carrying  moderate  travel;  and 
tboee  under  X  to  be  used  on  minor  country  roads  carrying  farm  travel  alraoet  wholly. 


Table  Zn.— Showing  the  Vahios  for  Components  ol  Ideal  for  Different  Tables 


Companants 

V 

w 

X 

16 

15 

IK 

26 

26 

20 

7 

7 

7 

8 

10 

10 

6 

6 

K 

10 

5 

6 

10 

10 

10 

6 

6 

6 

6 

5 

K 

fi 

6 

8 

6 

8 

10 

too 

100 

100 
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VattMB  for  four  dUTuent  road  cruata  for  secondaiy  eouBtry  iwtdi  an  ■bmm  in 
Tidila  XIII. 

Table  Zm 


Valubbfob 


QualitlM 

IdMl 

Plain 

Wimp 

noiu 

ooQiia 

(W) 

Concrato 

HaoduB 

15 

8 

10 

10 

16 

26 

26 

20 

20 

10 

7 

7 

6 

S 

10 

7 

8 

8 

10 

6 

3 

3 

6 

6 

6 

4 

4 

10 

4 

7 

6 

10 

6 

4 

4 

8 

6 

8 

8 

S 

6 

2 

8 

4 

8 

S 

6 

6 

100 

71 

72 

77 

74 

BUncbard  (2)  Btates  that  "the  primary  object  of  a  detailed  oompariami  ot  the 
relative  nteiita  of  various  roada  and  pavemeiita  is  to  raable  the  fatcineer  to  determiiw 
withiti  certain  limits  the  method  of  conatnictiMi  and,  in  aome  cases,  the  method  «f 
maintenance  which  are  adaptable  to  local  condition*  from  the  atandpiriBta  of  ecooomr 
and  efficiency.  As  an  aid  in  comparison  it  Is  advisable  to  have  at  hand  a  table  covec- 
ing  numerical  values  of  certain  factors  which  are  auaeeptible  to  such  form  of  cooo- 
parison.  Table  XIV,  which  illuatratea  the  treatment  of  the  problem  alone  tbene  Una 
ot  inveatiKStjon,  eives  aaaigned  values  tor  sonte  of  these  diaracteristicx  of  the  dlffennC 
types  of  roads  and  pavements  on  the  basis  of  ten  for  (he  value  of  the  diaracteriatk  in 

an  ideal  pavement   

Table  XIV 


Ideal 

t'avement 

■s 

I< 

ta 

Brick  on 
Concrete 

Stone  Block 

on  Concrete  | 

Wood  Block 
on  Concrete 

Cement- 
Concrete 

0^ 
a  c 

h 

CD 

9 

£ 

Bituminou.i  Surface 
1      on  Broken  Stone 

1  Broken  Stone  with 
1      DuMt  Palliative 

1  Broken 
1  Stone 

1 
S 

Fi^^I  cost   

10 

3 

5 

1 

1 

6 

7 

7 

8 

9 

9 

9 

10 

K-Atti!  lyf  traction . . . 

10 

HI 

B 

3 

9 

9 

9 

8 

S 

6 

6 

6 

1 

Non-Blipperinefia .  

10 

4 

8 

7 

4 

6 

7 

7 

7 

8 

It 

10 

10 

Ease  of  cleaning  

10 

10 

R 

7 

9 

8 

9 

9 

9 

8 

8 

1 

1 

10 

6 

3 

a 

6 

» 

9 

9 

10 

Nm-productive  o(  dust. . . 

10 

10 

B 

8 

7 

7 

• 

Ai 

"Tt  is  necessary  for  each  engineer  to  modify  tabtilar  information  of  this  character 
in  order  that  the  valtiea  shall  be  based  upon  local  condlttoos.  For  instance,  it  is  obvioua 
that  the  numerical  values  aairiBned  to  'Pint  Cost'  will  vary  materially  in  diSereat 
sections.  It  ia  likewiae  apparent  that  it  ia  impracticable  to  blindly  add  up  aumcrkal 
values  with  the  expectation  that  the  type  having  the  blchcst  value  Is  the  pavenent 
to  be  employed.  In  the  great  majority  of  cues  one  or  mora  taeton  will  ^ao  have  a 
greater  wdght  than  certain  other  propertleB.    Of  course  it  is  poaaible  to  weigh  the 
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nhuUH  of  a  tobk  and  Umd  obtain  totab  for  eompariHa.  Tht  totab  obtaliMd  hr 
the  mmmatioa  of  nomeiieal  valuM  of  propeitfaa  re(«rrad  to  ia  the  abova  tabia  must, 
however,  be  aumilemented  by  values  attributed  to  facton  which  are  aot  covered  in 
the  teble,  doe  to  tbeir  complex  and  variable  character.  Am  example!  of  nich  factoiB 
may  be  dted  cost  of  maintenance,  durability,  etc.  which  properUei  are  lotinately 
related  to  local  oooditioDs  pertaininc  to  a  given  highway." 


Tal>le  XV. — Foreat  Swvice,  D.  S.  Dept.  Agr.,  Valuatlou 


Pavement 
QnaBtiae 

Per- 
centage 

Granite 
Blodi 

Sheet- 
Asphalt 

Bride 

Hae- 
adara 

Wood 
Block 

Low  rerirtanoB  to  traflle. . . 
F^vofabbneBa  to  travol  

14 
20 
10 
14 
14 
7 
4 
4 
18 

4  ' 
20 

9H 
10 
BH 
6'A 
Z'A 
2 
9 

SH 
10 

IH 
14 
14 

8W 

4 

SH 

18 

7 

12  M 

8H 
12  H 

12  a 

2M 
10  M 

14 
6 

iH 

6 
8 

2W 
*H 

14 
4 

5« 

100 

71 

78 

74  M 

66 

80 

Tiblo  Zn.— Caaadias  Ki^iiaen'  Talnation  of  IXSereat  PavMamts  (11a) 


PavesMBt 

Pareentage 

Granite 
Block 

Sandatone 
Blodc 

Slwet- 
Asphalt 

14 

4.0 

4.0 

6.6 

20 

30.0 

17.6 

10.0 

10 

9.6 

10.0 

7.6 

14 

10.0 

11.0 

14.0 

14 

8.6 

9.S 

14.0 

Freedom  from  riipperlneH,  avenge  of 

7 

6.5 

7.0 

8.6 

4 

2.6 

3.6 

4.0 

4 

2.0 

2,6 

8.6 

13 

9.0 

8.6 

13.0 

Totals  

100 

71.0 

7S.6 

76.0 

Pavement 


.  flrrtcoat. 


CbeapneH, 

DuiaUlltv  

Ems  of  maiDtananoe.  

Tiaim  of  rViaiiiin  

Low  traetkm  ndatanoe  

Freedom  from  dippetlacH,  averaga  of 

conditioiu  

nvorablenen  to  travd*  

AoeqitabUi^  

Saaitarr  qnali^  

Totale  


Asphalt 
Block 


6.8 
14.0 

8.0 
14.0 
18.6 

4.5 
8.5 
8.6 
12.0 


79.6 


Brick 


7.0 
12.5 

8.6 
12.6 
12.5 

6.6 
S.O 
2.6 
10.5 


74.6 


Macadam 


14.0 
6.0 
4.6 
6.0 
8.0 

•.6 

S.O 
2.6 
4.6 


66.0 


CreoMited 

Wood 
Block 


^^vorablaiwai  to  travel  ii  dependent  chiefly  upon  imootbneee  and  freedom  from 
duit  and  mud;  eecondarily  npon  the  qualitiee  compoeing  acchptabiuty. 

tAeeeptabOity  indodea  noise,  rafleetloD  of  Jight,  radiation  of  heat,  amlMioB  «t  va- 
pWMUt  odor^  et&   It  chiefly  ooaowna  tho  paoeatrlan  and  the  adjomlBg  reddtnt." 
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PsTemetits  Sect.  24 


Jlji 


a>?»X  ^   M  M  t>-  H  H 


80 
(25) 
10-20 
20 

(20) 
20 

15 
12 

(10) 
(8) 
)  (HO) 

IP 

8  in  Conerat« 
6  in  Concrete 
6  in  Concrete 
6  in  Concrete 
6  in  Concrete 
4  in  Cona«te 

)  6  in  Concrete 

5  to  6  in 
Concrete 

6  in  Concrete 

7  in  AvBrace  | 

8  in  Stone 

10  in  Stone  | 

il! 

Kind  of 

^SS^SSt-nnnH  |  h  h 

.9.S.S.9.S£.S.S3.5-3 

ioSucqSS  m 


£  £  s  *  u  s 

?ta£  js  J3  -a 


^Google 


Artao 
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SIDBWALKS 
1.    General  Data  Relative  to  Walks 

A  Sidewalk  Is  a  pavement  designed  solely  for  pedestrian  traffic.  The 
same  qualities  that  go  to  make  up  a  good  pavement  for  vehicular  traffic 
are  necessary  for  sidewalks.  Foot  pavements  are  not  subjected  to  such 
beavy  loads  as  roadway  pavemmts,  but  the  destructive  action  of  water 
and  frost  is  the  same  In  both  cases  and  the  various  factors  that  enter  into 
the  construction  of  roadways  must  also  be  conudered  in  the  construction 
of  a  sidewalk. 

The  Essential  Qoalitiei  of  a  good  sidewalk  are:  Smoothnees  without 
slipperiness;  noo-absorption;  durability;  oleanliness;  uniformity  of  wear; 
low  first  coat;  ease  of  repair. 

Materials  generally  used  for  sidewalks  are  cement'-concrete,  brick,  stone 
flags,  tar  and  asphaltio  concrete,  sheet-asphalt,  asphaltio  mastic,  cinders, 
brdcen  sttme,  gravel  and  wood  planks.  By  far  the  greater  iiroportion  of 
sidew^  construction  consists  of  cement-concrete,  brick  and  flag^ng. 
Cement-concrete  is  rapidly  displacing  all  other  materials  fo.r  sidewalk  work. 

The  '^dth  of  sidewalks  should  be  proportioned  with  reference  to  the 
vdume  of  pedestrian  traffic  and  the  tot^  width  of  the  street.    The  general 
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practice  u  to  maks  each  ndewalk  from  H  to  H  the  total  width  of  th0 
street  between  property  lines.  On  suburban  streets,  widths  of  from  4  to 
6  ft  are  generally  sufficient.  For  solidly  built  up  residential  stieeta,  the 
walks  should  be  from  8  to  12  ft  and  on  important  thorofarea  aa  much  as 

15  ft  in  width. 

Location  of  Pared  Sidewalk.  On  business  streets  the  sidewalks  generally 
extend  from  building  line  to  curb.  On  residential  streets  it  is  usual  to  pave 
only  a  portion  of  the  space  between  the  curb  and  buUding  hue.  The  walk 
joay  be  laid  nsxt  to  the  building  or  adjacent  to  the  curb.  The  Utter  loc*- 
tion  has  the  advantafe  that  the  unpaved  paridng  back  of  the  widk  practically 
becomes  part  of  the  front  yard  and  will  be  cared  for  by  the  householder. 
To  provide  for  trees,  un paved  pockets  from  3  to  4  ft  in  width  and  from 
5  to  8  ft  in  length  should  be  left  at  euitablo  intervals  along  the  curb,  or  % 
continuous  unpaved  strip  may  be  left  between  the  curb  and  sidewalks 

Rdation  of  Sidawalka  to  Shade  Trees  (21).  "The  posltjciii  of  a  itdmralk  effects 
fundamentally  the  succeMful  accotnpIiBfameat  d  itreet  tree  plantiii|.  There  an  tot 
three  places  whwe  a  walk  may  be  placed:  About  tin  center  oi  the  alknrad  Mgrnm, 
against  the  curb,  or  against  the  properly.  On  account  of  a  iride-aprmd  igDotaaea  ol 
the  iaporta&oe  ot  the  matter,  the  general  method  la  to  place  It  directly  in  the  ctate, 
or  within  2  ft  of  tba  curb.  A  60-tt  straet  hsa  a  aldewaUc  space  12  ft  in  width.  wUlt 
a  B04t  street  haa  ow  of  10.  Allowfng  for  a  Mt  flagBttme,  the  qiaee  ronainiag  Ug 
parking  is  7  or  fi  ft  respectively.  Thia  space,  if  kept  intact,  providee  aiiiBd«nt  roam 
for  the  aueceMhil  planthig  of  any  q>ed«  of  shade  treca.  If,  howevw,  the  walk  ii  pot 
down  in  the  teatur,  the  7-ft  and  6-ft  tpaem  are  aplit  in  two  aeetfane,  both  gf  wUdi 
are  inadequate  for  the  proper  growth  of  a  good  tree.  The  habit  of  r'lr'rg  waiha  la 
the  center,  therafors,  allows  a  pertectiy  good  strip  of  land  botiwwa  dte  cub  anl  wal^ 
or  between  the  walk  and  property,  to  be  wasted,  and  the  custon  should  be  ^''■'Wwl 
There  remains  a  dtotea  betmni  tint  two  otiMr  locatiaiia,  eonoHBlag  wUeh  opinKai  ta 
divided. 

"The  POsmoN  or  trseb  must  now  be  dtber  inalde  or  outaide  the  walk.  It  is  agreed 
that  Inside  planting  improves  the  appeannoe  ot  the  prt^rty,  l>ut  adds  Uttia  to  the 
appearance  of  the  street;  that  out^de  pbnting  improvea  directly  the  aLaet  akns. 
Tlie  advocatee  of  curb  sidewalks  and  in^de  planting  state  the  following  advantaasai 
The  trees  require  no  guards,  and  the  roota  have  more  room;  the  trees  an  out  ot  dang* 
from  veUdea;  it  does  away  with  the  keeping  up  <rf  the  outaide  parking  qmce;  men 
moisture  is  supplied  the  young  trees,  and  there  is  Icm  injury  inffictad  by  wires,  laaUac 
gas  and  sewer  mains.  Most  of  thaw  claims  are  logkal,  but  the  street  stni  ritows  a 
barren  look,  and  an  exoessive  width  of  paving  without  a  break.  Therefore,  if  the  street 
is  to  be  eomrfdered  tbvt,  the  proper  poaitlan  tm  the  sidewalk  t«  Sflidnat  Um  property, 
while  the  trees  are  placed  near  the  outaide  line  of  the  walk.  The  advantages  of  p*— *t 
the  sidewalk  as  far  away  from  the  curb  as  possible  are  as  folknn:  The  saBessiva 
expanse  of  bare  asphalt  is  hnAm,  thereby  beautifying  the  street;  pedestrfaaa  an  mot 
subject  to  being  ^ilaahed  by  automoUtas  and  tntdcs.  tba  moat  ssriooa  iudlLtasnt 
ag^nat  eurb-idacad  ridewalka:  the  diade  treea  hSda^  to  a  veiy  great  cztait,  the  faideois 
poles  lining  the  curb;  the  roota  of  trees  are  not  so  liable  to  Injure  the  lawns  of  properly 
holders  by  growing  too  close  to  the  surface." 

Slope.  Sidewalks  must  have  sufficient  transverse  dope  to  shed  water 
quickly.  Whenever  practicable,  the  slope  should  be  toward  the  curb. 
When  necessary  to  slope  away  from  the  curb,  a  shallow  gutter  should  ba  i 
constructed  at  the  book  of  the  walk  leading  to  aewer  tapa  or  eroaa-dmina 
und«-  the  walk.  The  slope  should  be  from  ^  to  H  hi  per  ft,  depending 
on  the  smoothness  of  the  surface  of  the  walk.  Cement-concrete  walks 
should  have  a  slope  of  about  H  in,  flag  and  brick  walks  from  }j[  to  H  in 
per  ft.  Greater  slopes  than  ^  in  are  noticeably  uncomfortaUe  and  am 
apt  to  cause  slipperiness. 

Keport,  Com.  Am.  Soc.  Man.  Imp.  (9).  "A  slopeot  K in pw  ft  from  back  totnat 
tt  walk,  dn^qilng  towards  tlie  curb.  Is  reoomnanded  for  the  pavhig.  A  slope  ef  1  la 
per  ft  shonM  be  allowed  tiie  parkways  to  provide  sulBdsnt  draiasfs  from  llw  walk.**  I 


D>qiti;M  Ciy 


Art.3 


Cement-Concrete  Walks 


1366 


"  Sidewalk  Stops  (14<i)  ara  ottm  neeenuy  on  ■teep-crmde  etrMts  In  bUIy  towiUL 
Am  pvople  walk  faster  oat  of  doors,  tba  stepa  should  ba  eonaidaraUy  wider  than  Uwaa 
in  buUdingsi  and  the  writer  advocates  15-Jn  treada  and  6-in  riawa.  In  on*  Mhrnaanta 
town  thwe  fa  a  long  Oicht  of  steps  with  4(Mn  treada.  St^M  with  IS-in  trvada,  in  aerin 
aeparated  by  landinKS,  would  have  been  better." 

Park  Walki.  The  same  principles  and  methods  of  construction  used  for 
street  walks  should  be  applied  to  the  constructioti  of  park  walks.  Being 
subjected  to  less  severe  usage  by  traffic  but  to  greater  exposure  to  the 
action  of  water,  they  are  usually  made  of  lighter  construction  and  provided 
with  better  drainage  fadliUM  than  street  wallES.  Park  walks  ore  usually 
buQt  with  a  crown  of  from  }i  to  H  in  per  ft  to  shed  the  water  to  both 
aides,  and  are  lined  on  one  or  both  sides  with  shallow  gutters  oS  briok  or 
small  cobbles.  Cement-coacrete,  asphalt  tiles  and  gravel  are  the  materials 
most  commonly  used  in  their  construction.  CemeDtr-concrete,  on  account 
of  its  stiff  and  artificial  appearance,  is  generally  limited  in  use  to  the  walks 
of  heaviest  traffic. 

Table  I. — Character  and  Cost  of  Sidewalks  In  1915  in  Several  Cities 

From  AfunicipaZ  Journal,  Feb.  3,  1916 


City 


Uatarial 

TUefcBM 
In  Indiea 

8q  Yd 

Priee  par 

Sq  Yd 

Broken  atOM 

10  812 

$0.69 

Cameob-eoDereto 

119  060 

0.96 

Toe 

2  600 

1.40 

CemaBt-einetete 

i" 

86  020 

1.69 

Brick 

420 

0.72 

TarcoDCTat* 

990 

0.60 

BiUk 

S  86S 

1.26 

Tar  eoncrete 

4  102 

0.28 

Granolithic 

4" ' 

1  699 

1.66 

Cement-eanerete 

4 

17  000 

1.20 

Tar  eoDCrete 

4 

90  000 

0.60 

Stone 

26  000 

0.68 

Cemeot-otmerete 

22  420 

1.62 

Stone 

8  770 

1.80 

Briek 

10  086 

0.90 

Stone 

14  444 

2.26  ' 

Cement-eonoeto 

4H 

24  846 

1.00 

Stone 

13  840 

1.06 

Brick 

2«  400 

0.60 

Wood 

4  090 

0.88 

Cemmt-conerete 

17  484 

1.26 

Tar  eoncrete 

897 

0.76 

Wood 

624 

0.66 

San  Ftandaeo,  CaL  . . 

Denver.  Colo.  

Uve  Otk,  ViM.  

IndlanapMlatltid.  

Manhattan,  Kan. .... 

WaterriUe^  Me.  

Sverett,  Iwaaa.  

North  Adama,  Haaa.  . 

Wobom,  Man.  

Puluth,  Minn.  

iMonia,  K.  H  

EUtabeth,  N.  J  

Albany,  N.  Y.  

Albany,  N.  Y  

Albany,  N.  Y.  

lUduwrnd,  N.  Y  

Clevdand,  Ohio  

Toledo,  Ohio  

Oklahoma  City,  Okla. 
UarahOeld,  Ore. . . . 
Ptttaburgh,  Fa. ... . 
Benoiuxton,  VL  . . . 
Port  Townaend,  Waah. 


2.   Cement-Concrete  Walks 

Cement-concrete  aidewalks,  also  tmmed  granolithic  and  cement  walks, 
more  nearly  meet  the  requirements  of  a  Ecood  walk  than  any  other  type 
of  sidewalk  construction.  WhUe  requiring  some  skill  and  careful  attention 
to  details  in  constniotion,  they  are  of  moderate  cost  and,  when  properly  laid, 
are  amooth,  durable  and  attractive  in  appearance.  They  possess  the 
further  advantage  that  the  materials  for  their  oonstruetion  and  repair  are 
readily  available  in  practically  all  localities. 

A  OnaoUtUe  Walk  la  one  in  wUch  tba  agsracate  <rf  the  mortsr  weaibg  surface  la 
eonipoMd  la  whole  or  part  of  stem  senaninp. 
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Tbm  Bssential  Peatnns  in  the  eonstruetioa  of  a  oaoiMit-eoiiBnte  walk 
ate:  A  firm,  but  porous  fotmdatioD;  a  baae  of  mil  made,  stnHiK  ettosab- 
concrete;  a  wealing  ooat  of  rich  mortar  finished  to  a  amooth  dense  surtue 
and  the  diviaion  of  the  walks  into  blocks  with  lines  <rf  weakness  between 

them  along  which  all  cracks  will  occur. 

The  Foniulation  or  froat  base  is  desigiied  primarily  as  a  means  for  dis- 
pooing  of  water  which  would  otherwise  accumulate  under  the  walk  and 
result  in  its  being  moved  by  frost.  When  drainage  of  the  natural  schI  ia 
gotxl,  no  base  is  necessary.  In  soil  where  the  base  and  natund  drainage 
can  not  take  care  of  the  water,  drains  of  stone  or  tile  leading  mto  avaflaUe 
sewera  shoidd  be  provided  to  prevent  the  accumulation  of  water  in  the 
base.  In  gnding  fta  the  foundation  aU  loose  or  spongy  places  duniU  be 
cut  out  and  th«r  place  filled  with  suitable  material.  Tbe  subgrade  riioald 
be  trimmed  to  a  transverse  elope  of  about  ^  in  per  ft  and  well  compacted 
by  ranuning  or  rolling.  Fills  should  be  made  in  layers  not  over  6  in  in 
thickness  and  well  consolidated.  The  fill  should  be  carried  at  least  1  ft 
beyond  tbe  edge  of  the  walk  to  protect  the  foundation  from  beinc  under- 
mined by  wash. 

Materials  generally  used  for  foundattons  arc  sand,  broken  stone,  brick, 
gravel  or  cinders,  the  latter  bdng  the  most  common.  Only  steam  or 
Uack  cinders  should  be  used;  bonsehold  ashes  are  not  suitable. 

The  DKPTH  of  foundations  varies  fnan  S  to  12  in.  As  a  rule  a  depth  of 
6  in  is  sufficient.  The  foundation  should  be  thoroly  compacted  by  taminng 
or  rolling.  Cinders  should  be  wetted  to  assist  in  oonaolidation.  The 
finished  suriace  of  the  foundation  should  be  parallel  to  the  top  of  the  walk. 

Cement-Concrete.  The  concrete  base  is  generally  made  from  3  to  4 
in  thick.  A  thickness  of  4.  in  is  recommended.  Proportions  of  1:3:6, 
1  :  2H  :  6i  1:2:5,  and  1:2:4  are  commonly  \ised.  Proportions  of 
about  1:2:5  are  recommended.  Excerpts  from  the  1912  4>eGification8  of 
the  Assn.  Standardising  Paving  Specifications  follow: 

"  The  nne  Agireists  sliaD  eonnst  o(  any  matolal  of  dHdoos,  gtstf  tk.  or  Imcaas 
origiii,  free  from  mica  ia  ezeeae  erf  B%,  sad  other  tn^riliee,  and  ahaU  be  id  gnded 
dxea  nuiging  from  }^-ln  down  to  that  which  ■hall  be  retained  ou  a  100-meeb  eieTB. 
not  more  then  20%  of  which  wfl]  peae  a  60.4neBfa  deve  for  the  beee;  and  Cron  ii'ia 
down  to  that  whidi  will  be  retained  im  a  SO^aeah  aieve,  nor  mora  than  20%  of  wUdi 
aball  paaa  a  SO-mesh  dave  for  the  top  or  wearing  nirfacs. 

"  Tbe  Coane  AgKragate  ehell  be  sound  sravel,  broken  stone  or  bU(  ba^^  a  Tt^ll'y 
gravity  of  not  leas  than  2.S.  It  ahall  be  free  from  foreign  matter,  uniferBily  grailid 
and  of  niee  that  will  paaa  a  l-in  screm  and  be  retained  on  a  HAa  acrean. 

"  In  ftepsiing  the  Concrete  fw  the  Base,  tbe  cero^it  and  aaTcgate  ahall  bs  naa** 
ured  aqiaratdy,  and  then  mixed  In  sndi  pnqwrtiuta  that  the  reanltfaig  ecttate  shaD 
Goatsin  flas  aggNsete  anonating  to  one^ialf  of  tbe  vcdnma  of  the  eoaraa  aggregsle: 
and  that  SHI  cu  ft  of  eoDcreta  in  plaee  coatafat  M  lb  of  eement.  Tbe  top  or  veartag 
aurfaee  shall  he  composed  of  1  part  Portland  oemmt  and  2  parte  One  afgieiate,  adaad 
with  anffidmt  water  to  produce  a  mortar  of  a  oooBlBtency  wU<^  will  not  reqidra  tamp- 
inc,  and  which  can  be  easily  ^>read  into  position  with  a  atrai^t-edge." 

Forms.  The  concrete  is  laid  between  side  forms,  usually  made  <^  wood. 
The  upper  edges  of  the  forms  should  be  in  the  plane  of  the  top  suriace  of 
the  walk  and  the  forms  should  be  securely  staked  so  as  to  hold  to  line  and 
grade.  When  the  walk  abuta  a  curb  which  is  on  line  and  grade,  the  curb 
may  be  utilised  as  a  form.  If  the  walk  is  laid  solid  from  «a*b  to  bnildina. 
a  narrow  strip  should  be  placed  agidnst  the  ourii,  to  fonn  an  espanmoD  gaial. 


Placing  the  Concrete.  As  soon  as  the  conorete  is  laid  between  the  fotma, 
it  should  be  thoroly  tamped  and  the  surf  aoe  mads  attctly  panOM  to  Uie 
tqp  of  the  walk  and  at  a  depth  below  it  equal  to  tbe  thiokMse  of  tbe  mwtar 
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wearing  course.  The  concrete  should  be  wet  enough  to  tamp  without 
causing  a  film  of  cement  to  flush  to  the  surface.  The  surface  of  the  concrete 
baae  should  be  left  rough  so  as  to  get  a  good  bond  with  the  mortar  topping. 
If  the  foundation  is  dry  and  especially  if  it  oooaiste  of  oinden,  it  is  mil 

to  wet  it  theroly 
before  l^ing  the 
base  in  order  to 
meveat  the  abscop- 
tioD  of  water  need- 
ed by  the  concrete. 

The  Wearing 
Coarse  consiBta  of 
a  rich  mortar  of 
qement,  sand,  gran- 
ite, or  trap  screenings  or  a  mixture  of  sand  and  screenings.  Proportions 
of  1  :  1,  1  :  1 and  1  ;  2  are  generally  iised.  The  1912  specifications  of  the 
Asan.  Standardizing  Paving  Specifications  are  as  follows: 

"Tbm  top  or  wekrinc  surfbce  ah*ll  be  composed  of  1  part  Fortlaad  cunent  and  2  parts 
Cna  agsregate  mixed  with  suiBdnt  water  to  produce  a  mortar  et  a  cooabteacy  which 
will  not  require  tamping  and  whldi  can  be  sadly  Bpread  Into  position  wltti  a  straight 
edge." 

WhOe  a  rich  mortar  is  essential,  an  excess  of  cement  is  liable  to  cause 
crumbling  or  scaling  of  the  surface.  Screenings  make  a  more  durable 
surface  than  sand  and  one  more  nearly  resembling  natural  stone.  Sand  is 
cheaper  and  if  of  good  quality  is  satisfactory  for  ordinary  conditions.  Special 
care  must  be  taken  to  keep  the  aggregate  free  from  mud  lumps,  dirt,  chips 
and  leaves  which  will  cause  the  formation  of  tmsightly  and  injurious  pits 
in  the  surface  that  can  not  be  repaired. 

The  THiCKJTBBB  of  the  top  course  varies  from  H  to  1  in.  One  inch  is 
recommended  for  standard  constjuctioo.  The  fresh  mortar  should ,  be 
spread  on  the  concrete  base  before  the  latter  reaches  its  initial  set,  worked 
to  grade  with  a  straight-edge  and  beaten  and  worked  with  wooden  floats 
so  as  to  produce  as  dense  a  mortar  as  possible.  The  surface  should  be 
finished  with  toothed  roller,  wire  brush  or  trowel  as  desired.  The  trowel 
surface  while  harder  is  not  80  pleamng  on  account  of  its  glase.  Care  must 
be  exercised  that  the  mortar  is  not  so  wet  as  to  delay  the  finishing,  as  very 
wet  mortar  can  not  be  floated  and  fiuidiod.  The  mortar  should  be  of 
such  consiBtency  that  it  can  be  easily  worked  with  a  straight  edge.  An 
excess  of  water  may  be  removed  by  working  into  the  mortar  a  mixture  of 
dry  sand  and  cement  of  the  same  proportions  as  the  mortar.  Neat  cement 
should  not  be  used  to  take  up  excess  water. 

Concrete  walks  are  always  divided  into  blocks  or  slabs,  usually  square, 
containing  from  9  to  36  sq  ft.  Small  blocks  are  preferable  to  large  blocks, 
as  they  are  less  liable  to  crack  and  are  more  ea^Iy  repaired.  With  small 
blocks,  cuts  for  trenches  or  repairs  can  be  made  along  the  joints  thus 
enaliding  a  neater  repair  to  be  made. 

Jolnta  should  be  continuous  both  lonptudinally  and  transversally.  Var- 
ious methods  of  making  the  block  divisions  are  used.  One  method  is  to 
construct  wooden  or  metal  forms  the  size  of  the  blocks  and  lay  and  finish 
each  block  separately.  Another  method  is  to  lay  the  base  in  separate 
blocks  divided  by  narrow  forms  which  are  immediately  withdrawn  and 
the  joints  filled  with  sand.  The  top  is  then  laid  monolithic  and  joints 
cut  in  the  top  over  those  in  the  base.  The  following  method,  which  is 
the  cheapest  and  gives  good  results  if  carefully  done,  is  coming  into  general 
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and  Brick  Gutter  on  Concrete  Base 
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nw:  The  base  is  laid  monoUtiiie  betwcm  the  aide  faroa  and  divided 
into  btocks  by  the  use  of  a  broad  bladed  tool  cutting  entirely  thru  the 

concrete,  and  the  joints  thus  formed  are  filled  with  aand.  The  top  ia  then 
laid  as  a  monolith  and  joints  cut  in  it  exactly  over  the  joints  of  the  base. 
The  location  of  the  joints  is  accurately  marked  on  the  aide  forms  and  on 
transverse  stripe  nailed  to  them,  and  the  cutting  tool  is  guided  by  a  straight- 
edge. This  method  is  especially  adapted  when  gravel  concrete  is  uaed 
l<a  the  baae,  as  there  is  less  tendency  to  fracture  the  concrete  than  in  the 
case  where  the  cutting  tool  has  to  displace  a  sharp  angular  affiregate.  If 
the  joints  are  not  cut  entir^  thru  the  top  course,  there  will  be  lees  UabiUtr 
of  water  entering  the  base.  Furthermore  the  partially  cut  joint  provides 
a  plane  of  weakness  along  which  fracture  will  occur  in  case  of  settlement 
or  contraction. 

Expansion  Jontre  should  be  provided  where  necessary.  It  is  usual  to 
specify  joints  about  every  60  ft.  By  the  exercise  of  judgment  this  interval 
can  be  increased,  and  as  such  joints  are  always  objectionable  in  a  walk 
their  number  should  be  kept  at  the  minimum  needed  to  prevent  damage 
to  the  walk  or  abutting  curb  from  excessive  npansion.  Local  conditions 
of  temperature,  the  amount  of  exposure  or  shade,  and  probably  the  odb- 
ditions  of  temperature  and  weather,  at  and  inmiediately  subsequent  to 
the  laying,  affect  the  amount  of  expansion  or  contraction,  lointa  should  be 
provided  where  the  walk  abuts  a  curb  at  a  street  or  alley  return.  Expanskm 
joints  are  formed  by  a  thin  plank  which  should  be  withdrawn  after  the 
concrete  has  set  and  the  joint  filled  with  sand  or  a  bituminous  filler.  In- 
sufficient provision  for  expansion  is  generally  manifested  by  pushing  out 
the  curb  at  comers  or  by  buckling  at  a  joint.  In  such  case  the  walk  wiD 
not  contract  to  its  original  position  and  on  the  other  hand  if  it  is  cut  off 
and  the  curb  reset  no  further  budding  or  damage  to  the  curb  will  occur 
from  expansion. 

Coloring  Matter  is  usually  added  to  the  surface  to  reduce  the  unpleasant 
i^are  of  the  natural  color  of  new  concrete.  Lampblack  is  generaUr  used 
for  the  purpose.  Proportions  of  from  2  to  16  lb  per  barrel  of  cement  wiU 
produce  colors  varying  from  light  date  to  dark  bluish  alate.  If  it  is  desired 
to  have  the  color  permanent,  the  coloring  matter  should  be  incorporated 
in  the  entire  wearing  course  by  mixing  it  with  the  dry  cement  and  fine 
aggreftate  before  making  the  mortar.  A  common  method  is  to  add  the 
coloring  matter  to  a  mixture  of  dry  sand  and  cement  of  the  same  proportions 
as  used  in  the  wearing  course.  This  mixture  is  sprinkled  over  the  wearing 
course  after  it  is  in  place  and  then  floated  and  troweled  into  the  surfaoe, 
repeating  the  operation  until  the  desired  shade  is  obtained.  Tbo  the  cokir 
applied  in  this  way  will  gradually  wash  out,  by  the  time  it  has  disappeared 
the  walk  will  have  become  darkened  from  usage.  When  new  blocks  are 
laid  in  repairing  a  walk  they  should  be  made  shghtly  darker  than  the  walk 
to  allow  for  bleaching.  Nest  coloring  matter  should  never  be  applied  to 
the  surface  as  it  will  cause  flaking.  Different  colors  can  be  produced  Iqr 
use  of  proper  coloring  matter.  Table  II  of  colors  and  pnqKntions  is  given 
by  L.  C.  Sabin. 

At  Aller  and  Driveway  Crostingi  the  wearing  surfaoe  diould  be  finialwd. 

with  a  groover,  in  blocks  about  4  in  square,  both  for  a  foothold  for  horsea 
and  to  attract  the  attention  of  pedestriaos.  Crossings  for  heavy  traffie 
should  be  laid  with  vitrified  or  granite  block.  Drivew^  and  alley  pave> 
ments  should  be  laid  flush  with  the  top  of  the  sidewalk  to  a  point  near  the 
curb,  in  order  not  to  introduce  a  step  in  the  line  of  the  inlk. 
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Protection  of  Green  Concrete.  Precautiotu  must  be  taken  to  prevent 
the  fresh  surface  from  being  pitted  by  rain.  When  completed,  the  walk 
■bould  be  be  kept  moist  and  protected  from  traffic  and  the  elements  for 
at  least  3  days. 

Freezins.  On  account  of  the  exposed  location  and  small  mass  of  concrete 
in  this  class  of  work  it  is  particularly  liable  to  injury  when  laid  in  freeting 
vreather  and  special  precautious  should  be  taken  in  mixing  and  laying 
under  such  conditions. 

Single-Course  Walks.  Concrete  walks  are  sometimes  constructed  as 
one-course  work.  A  richer  and  wetter  mixture  should  be  used  than  for 
two-course  work,  the  best  proportions  being  about  1:2:3.  ^b  divisions 
should  be  made  as  in  the  case  of  two-course  work.  The  concrete  should  be 
well  tamped,  struck  off  and  smoothed  even  with  the  top  of  the  form.  The 
coarser  particles  of  the  aggregate  should  then  be  tamped  into  the  surface, 
with  a  form  of  tamper  designed  for  the  purpose,  a  sufficient  depth  to  permit 
the  walk  to  be  finished  as  in  the  case  of  two-course  work. 

Table  II.— Colored  Mortars 


Colors  Given  to  Portland  Cement  Mortars  Containing  Two  Farts  River 
Baad  to  One  Cement 


Dry 
Hateriid 
Used 

WwOflT  or  Dbt  Colounq  Mattk 
TO  100  Ia  Cnonn 

Ca*t,iaC«nte 
of  Coloring 
Hatter  per 
Pound 

ILb 

2Lb 

4Lb 

PruMUn  Uue 

Xntramarine 
Uue 

Ughtdate.. 

light  gray... 
ligtUne.. 
ligtUue 

Blue  gray . . . 

Blue  date. . 
Bhw slate.. . 

Dukblue 
data  

Brlglttblue 
date 

Bright  blue 
date  

15 

60 

SO 
S 

10 

SH 
s 

2K 

YeUow  ochre 
Burnt  inubar 

VssatisnTCd 

Chattnooga 

iron  on ... 
R«d  iron  ore . 

light  green 
LUitplnkUi 
^Mte. 
Slate,  pink 
tinge..... . 

IJ^rtpfakb*" 

light  buff .  . 

Chondate.. . 

DuU  irfnk . . . 
Light  brick 
red  

Pinkish  alata 
BTteht  ptnk- 
IbE  date. . . 

Dull  pink. . . 
Dull  pink. .. 

Dull  laven- 
der pink  . . 

UfAt  dull 
plBk  

Licht  Um 
eotta  

Tanaeotta.. 

Light  brick 

red  

Failures  of  cement-concrete  walks,  aseiunmg  good  materials  in  proper 
proportions  are  used,  can  generally  be  ascribed  to  one  or  more  of  the  follow- 
ing causes:  Poor  drainage  of  fotmdation;  inadequate  provision  for  ex- 
pansion and  contraction;  lack  of  bond  between  the  concrete  base  and 
mortar  top  and  imperfect  jointing  between  slabs.  Strict  attention  to  all 
details  in  the  execution  of  the  work  is  essential  to  prevent  faUure  from 
these  and  other  causes. 

Tsnlt  WoA.  Concrete,  In  the  foim  of  plain  or  teinfoieed  slab  constroetiaa.  Is 
particularly  adapted  for  aideifalk  work  ow  vaults.  This  clan  of  work,  involving 
as  it  does  spedal  teatures  of  dsdga  and  eonstmctioB,  Is  man  prtqwrly  a  snbjeet  of 
building  construction. 

Cement-Coocrete  Plates  ss  Laid  In  Oenuuv  ffX}.  "  Scinare  eoiierete  platos  Ud 
so  that  the  dlsgensl  ^  the  square  Is  at  right  angisB  to  the  dlrseUon  of  the  walk  Is  an 
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smnEeBMnt  madi  aaed,  with  a  bonier  of  phtes  in  th«  shape  of  UsIk^'i  capo.  Anothtf 
arrancement  noticed  was  the  um  of  ob1on£  aad  iquare  pUt«i  laid  k>  as  to  bnalt  jnata. 
The  aquarai  are  either  16}i  or  20  in,  dependinc  on  the  width  <d  waUc  deaired, 
■nd  the  oUong  |datM  liH  by  26  ia.  The  thidoMH  fd  thne  platoa  la  about  2  bi. 
Tbey  are  made  of  oemoit,  aaiul  and  fine  cruabed  atuue  iianite,  banlt  or  diahaae  and 
are  ma&ufaetured  in  machinea  under  high  pranure." 

The  SpeciflcctioaB  o(  IHtttburgh  are,  in  part,  as  foUows: 

"  CMcrete  ridewalka  ahaU  conalat  (rf  a  fovodatltm  <tf  (ravel  or  broken  atona  5  ia  in 
depth,  and  a  alab  of  Forttaad  eenuBt«oii«nta  6  In  la  d^tli.  Tba  aUami^  dkaD  ba 
laM  In  general  with  a  alope  trf  K  In  per  ft  from  the  curb  Hoe  to  the  bnlldfaic  Hnc. 

"  The  Foundatiaa  Conrae  shall  be  6  tn  and  shall  con^t  of  clean  gravel  <v  brokn 
atone  which  shall  be  tree  from  dust,  dirt  or  othw  foreign  matter.  Ttte  ™f*"ia1  shsll 
range  in  sixu  from  2  i'a  to  %in.  The  foundatitm  couree  shall  be  thoroly  rammed  or 
roUad  and  then  leveled  off  so  as  to  be  paralleled  with  the  flniahed  surface  d  the  isde- 
walk.  Cinder  or  clinker  where  used  for  foundation,  shall  be  ol  acceptable  material 
approved  by  the  Director,  of  the  slies  herdoabove  hpedfied  for  gravel  or  broken 
Stone  and  aball  be  free  from  duat,  fine  ash  or  other  ^jectlouable  or  foreign  matter. 

"  CrDBa-Draina.  When  the  ndewallc  pavement  does  not  estand  to  the  carb,  aam- 
drains  10  in  by  12  in  in  section  shall  be  provided  at  Intervale  of  25  ft  ao  aa  to  "'"■^ 
the  foundation  of  the  sidewalk  with  the  broken  stone  curb  drain.  Tbaae  croaa  diitoa 
shall  be  filled  with  atone  or  gravel  which  wOl  pass  a  S-in  acreeo. 

"  The  Concrete  Hasooir  in  the  sidewalk  ahdl  be  B  fat  fn  thtdaten.  The  eonmia 
■hall  be  mixed  in  the  proportiona  of  1  vohime  of  cemnt,  2  volumes  of  aaad  and  i 
volumea  c4  gravel  or  broken  stone.  The  gravel  or  broken  stone  shall  be  uniformly 
graded  tma  fine  to  coarse  and  shaU  all  pass  a  1  J^-in  scieea  and  be  retained  on  a 
screen.  The  aaod  shall  preferably  be  coaiae  and  in  no  case  shall  more  than  8%  <rf  the 
saraa  paai  a  lOO^nesh  Have.  Suflldent  watv  ahaH  be  added  so  as  to  prodnoa  eoaocta 
of  a  conaistatcy  which  can  be  readily  worked  and  finished  in  a  manner  hereafter  required. 
The  sidewalk  slabs  shall  not  be  more  than  6  ft  In  length,  nor  shall  tbey  contain  mors 
than  36  sq  ft  of  surface  area.  After  mixing,  the  concrete  shaU  be  handled  rapidly  and 
eadi  slab  finished  in  one  continuous  operation.  The  concrete  shall  be  dqioaited  be- 
tweeo  croas-fonna,  forming  slabs  of  the  dinenaitau  hereinbefore  required,  and  riiall 
be  properly  tamped  against  the  forms.  The  coarse  material  in  the  eoaaetm  shall  be 
foroed  down  with  a  special  tamper  and  the  surface  of  the  sidewalks  shall  then  be  struck 
off  by  means  of  a  strike-off  board  wlilch  shall  be  moved  along  the  aide  forma.  Gate 
shall  be  exercised  to  prevent  the'accumulation  of  coarse  material  in  front  of  the  strike- 
off  board,  and  to  inaure  the  i^dng  ot  good  dense  concrete  thruout  the  slab.  The 
cross-forms  shall  be  withdrawn  when  the  concreting  of  the  next  Blab  is  commenced, 
tbe  location  of  the  joints  beint  marked  on  the  side  forms.  The  surface  shall  be  finished 
with  a  wooden  float,  care  bang  taken  to  thoroly  compact  the  eoncxate  and  the  wanting 
surface,  whui  finidied,  ahaU  have  a  moderately  roufh  surface.  On  steep  grades  tbe 
surfsce  shall  be  roughened,  as  ordered  by  the  EHrector  in  tbe  field.  Working  with  a 
ateel  trowel  u  expressly  prohibited.  After  the  concrete  has  set  sufficiently,  the  dab 
dlvisitms  shall  be  cut  the  entire  depth  of  (he  concrete  and  tbe  Jdnts  flUsd  with  dry 
aand.  Alledgesof  thesIabidiidlbeflniBbedtoandluaofabout  Hta,  Tbe appU cation 
of  cemoit  to  haaten  hardening  la  prohibited.  Ezeeas  water  wbaU  be  removed  ultk  a 
rag  or  mop.    The  contractor  may,  if  he  so  elects,  lay  the  ridewalk  in  alternate  blocks. 

"  An  Expsnsion  Joint  'g  in  in  width  shall  be  provided  every  60  ft,  but  in  all  cases  an 
expansion  joint  shall  be  placed  at  each  end  (rf  each  section  of  walk.  Tbe  expansion 
jiAntM  shaU  extend  the  fuU  width  of  the  ddawalk  and  tbe  fall  depth  ti  the  slab  and 
shall  be  filled  either  with  bitumfawma  joiat  filler  conforming  to  raquiranents,  or  a 
suitable  and  approved  strip  filler. 

"After  the  pavement  is  completed  the  contractor  shall  use  suitable  means  to  prevent 
damage  to  the  finished  surface  and  shall  kuep  It  m<4Btened  with  water  for  at  least 
4  days." 

St  Louis  SpedftcatioQB  for  EzpanBioo  Joints  at  Curbi  ara  as  follom:  "Whers 
the  sidewalk  pavement  will  touch  curha  at  street  Interaecttonfl  or  paved  alley  aproos, 
tba  bottom  couth  of  concrete  and  the  wearing  surface  shall  be  aaparated  tmm  tbe 
curb  or  tbe  alley  pavement  by  a  layer  of  pre-moldad  expansion  joint  material  which 
shall  fulfill  the  followlag  apedfleations:  Expansion  Joints  shall  be  eompoaed  of  asphalt 
or  pitch  In  combination  with  either  flbo-  or  with  a  fine  mineral  aggr^te.   If  a  miaanl 
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aonpto  k  and.  bom  oC  ttw  pulidtt  ihall  ba  of  audi  rfn  H  to  b»  ittaliMd  on  aa 

n-maA  sin*.    Th*  Joints  shall  bs  pi«-moH*d  fat  the  form  of  a  board  ^  in  thkk, 

and  of  a  width  cquaJ  to  the  «ntin  dq>th  of  the  granitoid  paveitient.  The  consistency 
of  the  mixture  In  the  completed  joint  shall  be  in  accordance  with  that  of  the  sample 
on  file  in  the  Office  of  the  Freaident  of  tb»  Board  of  Public  Service.  J<^ts  shall  be 
nada  up  In  stiipa  not  kaa  than  2  ft  in  tensth,  and  ahall  not  my  appradably  from  the 
■IMdfled  thicknesa  of  K  In.  This  Jefait  shall  extend  to  the  fid)  d^rth  of  the  bottom 
course  of  the  sidewalk  pavement,  and  should  the  concrete  foundation  of  the  eaA 
or  alley  pavement  be  at  or  above  the  bottom  of  the  ctmerete  base  of  the  ridewalk 
pavement.  It  shall  be  pldtad  down  to  below  that  level,  and  shall  be  aeparated  by  a 
layar  of  tar.nMr  or  o^or  material  saUafactoiy  to  the  Engineer." 

Coat  Dirts.  The  coat  of  cement-concrete  walks,  inoludinB  excavation  fw 
the  depth  of  the  walk  and  gravel  or  cinder  foundation,  varies  from  about 
S0.80  to  S1.50  per  sq  yd  (see  Table  I,  Art.  1).  The  details  of  cost  to  the 
contractor  in  Webb  City,  Mo.,  of  conBtnicting  a  two-course  cement-concrete 
walk,  not  including  cinder  base,  follows  (29) :  The  first  course  was  1:3:6 
ooncrete,  3^  in  thick;  the  wearing  course  was  1  :  IH  mortar,  %  in  thick. 

Labor  and  Hateriala  for  9S67  Sq  Ft  Coat  pra 
"I^bor:  SqFt 

1  foreman,  U hr  at  SO.Me   $0.0038 

1  flniAer.  68  >i  hr  at  |0.4M  0  .WSO 

2  niKlnc  mortar,  104  &  at  $0,222    0.0024 

8  feadiM ndzar,  109  hr  at  lOJnS   0.0026 

a  wtaa^C  mortar  and  eannata,  126  hr  at  $0.222   0.0029 

2  pladng  eonarata  and  noitar,  119  hr  at  $0.222   0.002B 


Totalior  labor   $0.0174 

Material: 

Cement,  concrete  and  mortar,  748  ssdnat  $0,40   $O.081S 

Sand,  mortar,  467  eu  ft  at  $0.08    0.0089 

Oiav«L  eonerata,  97  eu  yd  at  $0.U   0.0061 


Total  ftar  material   $0.0408 

Total  lor  labor  and  mat«U   0.0677  " 

3.  Brick  Walks 

Brick  sidewalks  are  generally  constructed'  of  building  brick.  While 
vitrified  paving  or  sewer  brick  are  better,  their  cost  prevents  their  use 
except  in  cases  where  architectural  or  traffic  considerations  call  for  a  special 
treatment.  Building  brick  for  sidewalks  should  be  a  hard  burned  dark  rod 
brick,  w  far  as  practicable  of  uniform  hardness  and  sise,  as  a  variation  in 

oausea  uneven  wear,  i/'mi' 
wMlo  uniformity  in  BiM  greatly  J^i^^l^^^^!^^  b>°p« 

reduces  the  labor  of  lajdng. 

Conatmctlon.  A  foundation 
of  gravel  or  cinders  about  6  in 
in  thickness  should  be  provided 
for  the  walk.    The  work  of  pre- 

puving  the  subgrade  and  con-  ^  8.~^'sid^  and  8  by  8(Mn  Curb  < 
stnicting  tiie  foundation  abould  Gravel  Baw 

be  aisulsr  to  that  ftvacement- 

ooncrete  walk  and  the  same  degree  of  care  used  (see  Art.  2).  The  bricka 
diould  be  bedded  in  a  2-in  layer  of  clean  sand  spread  over  the  fotmdation 
and  brought  exactly  parallel  to  the  surface  of  the  Saished  walk.  The 
brieka  should  be  laid  on  their  aida  by  paveia  kneeling  on  boards  on  the 
part  of  (he  walk  already  laid.  Tbe  bricks  may  be  l«d  either  at  right  anj^ 
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to  the  Una  of  tba  walk  (bm  Fig.  3)  and  bo  u  to  break  longitudiniU  joints, 
or  in  herring-bone  pattern  (see  fig.  4).  A  herring-bone  walk  hae  a 
more  finished  appearance  and  will  hold  a  more  even  surfaee  thao  the  rec- 
tangular walk.  It  requires  greater  care  in  laying  and  more  labor  and 
material  for  cutting  and  is  consequently  slightly  more  expensive.  When 
the  walk  does  not  abut  a  curb  or  coping,  it  should  be  protected  by  a 
course  of  brick  laid  on  edge.   A  light  ooveriog 


of  fine  dry  sand  should  be  apnad  over  the  walk 
as  soon  ae  the  bricks  an  hud  and  the  bricks 
brought  to  a  firm  bearing  placing  a  plank 
over  several  courses  and  ramming  with  a  heavy 


Fig.  8.  Brick  Sidewalk^  Bae-    rammer.   After  the  ramming  ia  completed  the 
ttBgular  Pattern  walk  should  be  covered  with  about  iiinol  fine 

sand  which  should  be  broomed  into  the  joints. 
Any  excess  sand  should  be  allowed  to  remain  to  be  worked  into  the  joints 
by  rain  and  traffic.  In  dry  windy  weather  this  sand  should  be  sprinkled 
to  prevent  its  loss  and  the  annoyance  due  to  the  blowing  sand.  Driveway 
and  alley  crossings  should  be  paved  with  the  brick  laid  on  edge  and  if  the 
traffic  across  the  sidewalk  is  beavy,  vitrified  paving  brick  with  grouted 
joints  should  be  used. 

Boston  Spedflcations  are  as  follows:  "The  brldo  to  be  used  an  to  be  bunted  ban) 
entirely  thni.  stnughb-etlsed,  of  compact  texture  and  regular  and  uoiform  in  shape 
and  siie;  bricki  which  aflw  b«diif  tboroly  dry  and  then  bmnuaed  in  water  f or  24  hr 
abaorb  more  than  8%  <rf  their  Tidume  1b  wsternay  be  rejected:  any  edge  <)<  the  briA 
sidewslk  not  against  a  cari>  or  bnOdlag  Is  to  be  supported  by  a  eontinuoos  sprues 
plank  Z  by  8  in,  flmly  set  In  the  ground  on  edge,  and  held  ip  poeitian  by  spruce  stakes 
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2  by  4  in,  of  sufficient  length  to  make  a  firm  and  Ustitig  support;  mitable  arees 
around  twea  are  to  be  left  unpaved,  u  directed  by  the  ConuniaaiMter.  After  the 
roadway  fat  laid  and  rammed  as  herdnbefore  provided,  the  aldewalk  ia  to  be  laid.  The 
subfiade  for  the  sidewalka,  where  the  brick  aidewalka  are  to  be  laid,  is  to  be  8  in  below 
and  paiallel  with  the  surface  of  the  flnkbed  sfdewalk,  and  on  this  sabgrade  the  fooBda- 
tlon  Is  to  be  made  eoaristlnff  of  coarae  aeraened  paving  gravel,  no  stone  larger  than 
^  la  in  greateet  dimendon  being  used,  and  this  gravd  is  to  be  thoroly  compacted 
by  rolling  or  ramming  eo  that  It  will  be  4  in  thick  when  completed.  Uptui  this  founda- 
tion ia  to  be  spread  a  layw  at  least  2  in  thick  of  dean,  aharp  saad,  spedal  care  baiiic 
taken  to  make  the  aorfaoe  of  the  layer  parallel  with  the  finiabed  sidewalk,  and  the 
layer  of  sufficient  thidmeaa  to  bring  the  bricks  to  the  grade  and  slope  required  when 
rammed  firm,  as  hereinafter  provided,  and  on  this  sand  the  bricks  are  to  be  laid  on 
tbar  widest  side,  in  courses  of  uniform  width  and  depth,  at  ri^t  an^es  with  the 
street,  or  in  lierTing-b<«te  fashion,  with  dose  jointa,  all  Iragitudlnal  jc^ta  broken  by 
a  lap  of  at  least  2  in;  the  bricks  are  to  be  then  covered  with  dean,  fine,  dry  sand, 
screened  thru  a  20-meeh  devei  and  upon  the  bricks  a  plank,  covering  several  council 
is  to  be  placed  and  carefully  rammed  with  a  heavy  rammer  until  the  brides  reach  a 
firm,  unyielding  bed  and  present  a  surface  of  the  proper  grade  and  slope,  and  any  tack 
therein  is  to  be  corrected  by  taking  up  and  relaying  the  bricks;  after  tbe  ranuning, 
a  sufficient  amount  of  fine,  dry  sand,  aforesaid,  is  to  be  q>resd  over  tbe  surfaee  and 
thoroly  swept  or  raked  so  aa  to  ffil  the  jdnta." 

Cost  DaU.  Bricks  suitable  for  sidewdUcs  cost  from  S8  to  SIO  per  M, 
and  wiU       flat  about  36  to  the  sq  yd.   A  paver  oaa  lay  about  7fi  aq  yd 
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per  8  hr  day  of  square  courae  walk.    The  coat  <^  a  walk  as  described  above 


ia  about  SO. 70  per  aq  yd  divided  as  foUowa: 

Loadins  and  haulicg  gmvsl  Dr  dnder  baae  not  exceedine  1  mite   $0.06 

Pladng  and  tamping  loqndatfon   O.Oi 

Losdins  and  haulinK  paving  bed  not  exceeding  1  mile   0.01 

Placing  and  Btrildng  paving  bed   O.OS 

Laying  And  ramming  brick  And  cpreadinf  aand  covering   0.06 

Total  ooat  of  labw  per  iq  yd   fO.  19   |0. 19 

SB  brick  at  SIO  pa-  M   0.85 

1/6  cu  yd  cinders  St  60  cents   0.10 

1  /16  cu  yd  Band  at  90  conta   0 . 06 


Total  cost  of  material  per  sq  yd   *0.61  0.61 


Total  coat  of  labor  and  material  per  sq  yd   SO. 70 

For  additional  cost  data,  see  Table  I,  Art.  1. 


Cl«7  Tile  have  been  used  to  some  eztent  for  aidewaUca.  The  tile  are 
made  in  square  and  hexagonal  form  about  2  in  thick  and  from  8  to  12  in 
square.  Tba  construction  of  tOe  walks  and  method  of  laying  the  tile  are 
the  same  aa  described  for  brick  walks. 

4.   Stone  Walks 

Stone  flaBgtng  is  a  very  common  material  for  adewalka  on  busineas 
streets  and  also  on  residence  streets  in  those  localities  where  a  suitable 
stone  is  available.  Granite  and  sandstone  are  generally  used,  especially 
the  variety  of  sandstone  known  aa  bluestone.  The  crystalline  varieties  of 
aandutone,  such  as  the  Medina  and  Colorado  stone,  are  also  used,  tho  they 
are  not  so  suitable  as  bluestone. 

,  Granite.  On  account  of  the  cost  of  dreadng,  tnuisporting  and  ln»>d"ng 
granite,  its  use  has  been  limited  to  business  streets  of  heavy  traffic,  at 
where  large  blocks  are  required  to  span  vaults  under  the  walk.  Reinforced 
concrete  has  very  largely  taken  its  place  for  this  latter  class  of  work.  Gran- 
ite slabs,  while  practically  indestructible,  require  occasional  roughening 
to  prevent  the  earfat^  from  wearing  sHppery,  The  slabs  are  usually  from 
4  to  6  in  thick,  and  of  widely  varying  siEes. 

Bluestone  makes  an  excellent  sidewalk  paving  material.  It  splits  readily 
into  flags  of  the  desired  thickness,  with  even  faces,  requiring  but  little  dress- 
ing. It  is  compact  in  texture,  hard  enough  to  withstand  abrasion,  and 
wears  fairly  smooth  wiUiout  becoming  slippery.  Bluestone  flap  should 
be  from  10  to  20  sq  ft  in  area  and  from  2  to  4  in  thick.  They  should  be 
laid  in  a  bed  of  sand  about  3  in  thick  overlying  a  foundation  of  gravel  or 
cinders  similar  to  that  for  brick  walks.  When  the  subgrade  is  of  suitable 
material  and  well  drained,  the  foundation  may  be  omitted.  The  edges 
should  be  cut  straight  and  square  and  smooth  enough  to  lay  thin  joints. 
The  stones  should  be  laid  with  their  length  across  the  walk  and  should 
break  joints  longitudinally.  The  joints  should  be  closed  with  a  lean  cement 
mortar. 

Pittsburgh  Spedflcations  for  Flagstone  Walks  are,  in  part,  as  follows: 
"Flagstone  sidewBlkB  shall  cousiBt  ot  a  gravel  or  dnder  foundation  4  in  in  depth, 

a  sand  cushion  3  in  In  depth  and  a  flagstone  wearing  suriace  3  in  in  llili  i  iii m.  tmMwj 

the  total  thicknees  of  the  completed  pavement  at  least  tO  in. 
"  The  Foundation  shall  be  of  dnder  or  gravel,  free  from  foreign  mattgr  and  moat 

eon  tain  suffldent  fine  material  to  fill  the  void*  in  the  eoaiw  material.  Wbm  the 
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■ideintlk  doM  not  kdjolo  the  curb,  eraw-dnbu  of  brokm  ■tone  10  by  12  la  fat  crnw 
■ectiotu  BtutU  be  provided  at  intervals  of  26  ft,  cooneetinc  the  aidewalk  foundstioii 
with  the  br^iwD  Mone  curb  dixin.  The  akod  cudiion  ■hall  ccnnt  of  deaa  AOefhujr 
lUvar  mid. 

"  Weaitai  Conzve.  The  fUcatone  ahall  be  of  tin  bert  qoiHty  of  grajr  Cltvcbttd 
nndatone  or  stone  equal  in  quality  titereto,  of  uniform  color  and  firee  from  flawa  or 
defects  of  sny  kind.  UnteM  otherwiae  spedAed  the  flaci  shall  have  a  width  equal 
to  the  width  di  the  pavement,  a  length  oT  not  lea  than  4  ft  and  a  tUdmeB  trf  at  lent 
3  in.  The  surface  shall  be  sswed  to  a  plane,  free  from  warps,  d^trenioDs  or  projediaM. 
The  edccs  shall  be  pitched  to  true  Unei  and  squared  for  the  full  depth  of  stotMS.  Hm 
iointe  shall  be  cut  to  straight  surfaces  and  at  r^t  angles  with  the  line  and  auTfane 
of  the  walk,  for  the  full  width  and  thidoMM  of  the  stone.  Ths  flags  shall  be  att  witlt 
close  joinU  and  with  a  firm  bearing  thruout  tbatr  ratire  area  on  the  cushicn  and  bRx^fhA 
to  the  required  grade  and  croas  seetioB.  Where  ordered,  the  top  and  edge  of  the  flagp 
shall  be  trimmed  and  trued  after  the  flags  are  laid. 

Cost  Data.  The  cost  varies  within  wide  limits,  depending  largely  upon 
the  cost  of  transportation  (see  Table  I,  Ari.  I).  In  New  York  City,  Sag 
wallcs  of  North  River  Uuestooe  cost  from  11.66  to  S2.20  pw  aq  yd  laid;  ard 
in  Boston  from  12.50  to  S3.00  per  sq  yd. 

Small  Stone  Blocks  aa  Laid  In  Oennany  (28).  "The  nosde  mte  are  mad* 
from  small  cut  stones  of  from  1}^  to  2M  In  surface  dimensions,  laid  in  semi-drdea  on  a 
ssnd  eushion,  with  a  cinder  base,  and  tamped  smooth,  the  joints  being  filled  with 
sand.  By  using  dark  and  light  colored  atMM  very  pret^  contrasts  are  otttaiaed. 
as  well  aa  a  ei»nfortable  wi^  ^ila  pavsmeBt  b  uaad  veqr  o<t«  aa  a  bonier  to 
eonerrta  platea." 

6.   Bituminous  Walks 

Tar  Concrete  is  used  to  some  extent  in  New  England,  and  for  suburfaaii 
■dewalka  in  localittes  wbere  a  cheap  tar  ia  available.  The  walk  ia  usually 
eonstouoted  in  two  courses,  a  foundation  course  about  4  in  thick  of  coarae 
gravel  thoroly  coated  with  tar,  and  a  wearing  course  about  I  in  thick  com- 
posed of  a  mixture  of  coarse  sand  and  tar,  each  course  being  tamped  and 
rolled  as  it  is  laid.  An  intermediate  or  binder  course  of  smaller  grav^  is 
sometimea  used.  It  is  difficult  to  maintain  a  satisfactory  surface  on  tar  walks 
and  they  .■should  be  considered  only  a  temporary  construction.  Their  cost 
ia  about  {U.60  per  sq  yd  (see  Table  I,  Art  1). 

In  newtoo.  Hass.,  a  Three-Coune  Method  Is  used,  the  differoit  coursea  being 
described  as  foundstion  course,  binding  course,  and  wearing  coume.  The  foundation 
course  is  composed  of  coarse  gravel  from  2  to  4  In  In  greateat  diameter,  thoroly  coated 
with  hot  tar.  The  binding  course  Is  composed  of  dean  screened  gravel  not  exeeediag 
1  In  in  greatest  diameter,  which  is  heated  and  mlaed  with  a  hot  coal  tar  eowporitioo 
in  an  amount  of  about  1  gal  of  the  tar  to  1  cn  ft  of  gravel.  The  wearing  oonne  ia 
omnposed  of  screened  riiarp  sand,  which  is  heated  and  mixed  with  a  coal-tar  conpoiA- 
tion,  the  mixture  consisting  of  not  more  than  76%  of  sand  and  not  lem  than  2fi% 
of  tlie  tar,  by  wd^t.  The  surface  is  laid  to  a  total  depth  of  8  in.  Eadi  coutae  aa  it 
to  laid  is  thoroty  tanqrad  and  rolled.  The  binding  course  fllb  the  voids  in  tlie  toand»> 
ti<»  coarse  to  a  large  eztraL  Tbe  total  thidmeas  xA  tlwae  two  eouises,  alter  eoni- 
paction,  Is  not  lees  than  in.  The  wearing  course,  which  is  H  in  thldc.  Is  laid 
and  rolled  in  a  similsr  manner.  The  top  surface,  which  b  miaUy  sprinkled  with  a 
fine  sand  or  Portland  cement,  is  welt  rolled. 

Characteristics.  Tar-concrete  sidemlks  usually  are  not  dlppoy.  It  the  tar  ia  off 
the  proper  condstency  the  surface  is  rather  daatde  and  pleasant  to  walk  up<m.  Tha 
use  of  a  tar  not  possessing  the  proper  characteristics  may  result  in  crsdcs  being  formed 
In  tbe  surface  in  cold  weather,  with  consequent  didntegrati<m  of  the  pavementt  or 
in  warm  weather  the  tar  compound  may  soften  to  such  an  extent  thA  tbe  suifaoe 
becomes  objectionable  to  walk  upon.  The  surface  is  easily  dcaned  when  intact  and 
la  also  one  which  may  be  easily  repaired.  Its  low  cost  has  led  to  Its  grateral  we  la 
many  places,  altho  at  the  present  time  it  is  bdng  rqilaeed  to  a  cwaMmdde  «tt«Bt 
by  oenwnt-eaicrete. 
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Aaphalt  Tile  Walks.  The  manufacture  of  compressed  asphalt  tUea  was 
begun  about  1886.  Substantially  the  same  methods  are  used  as  have 
proved  successful  in  the  manufacture  of  asphalt  blocks  for  street  pavements. 
In  the  manufacture  of  asphalt  tilea,  however,  a  selected  white  limestone 
is  used  for  the  mineral  aggregate,  instead  of  crushed  trap  rocic,  as  used  in 
the  street  Uooks.  The  particles  of  crushed  limestone  staad  out  in  marked 
contrast  to  the  black  asphaltic  cement,  giving  the  tilea  an  attractive  ap- 
pearance.  As  the  tilea  are  intended  for  use  in  places  subjected  to  foot 
traffic  only,  the  limestone  rock  is  abundantly  durable  for  the  purpose. 
The  crushed  Umestone  and  asphaltic  cement  are  thoroly  mixed  while  hot, 
and  these  materials  are  then  pressed  into  block  form,  receiving  a  compres- 
sion of  over  100  tons  on  each  tile.  This  method  produces  a  tile  of  great 
density,  free  from  voids,  and  non-absorbent.  Tiles  have  been  .used  in 
private  work  in  a  multitude  of  places  and  under  many  varying  conditions. 
The  Department  of  Parks  of  New  York  City  commenced  uung  tiles  in  1888. 
In  Procpect  Park  alone,  about  700  000  sq  ft  of  tile  walks  were  laid  between 
1888  and  1911. 

DimendooB  of  TUm  and  Method  of  Conatmction.  The  tiles  are  made  in  the  foUov- 
Ing  tdzm  and  shapes:  Square  tflee  8  by  8  by  2  in  deep,  hexagonal  tilea  8  in  on  the 
short  dlHinetar  by  2  in  deep,  and  small  heugonal  tOes  B}4  in  on  the  short  dlamet^ 
Iqr  1  in  deep.  The  large  hexagonal  and  square  tilea  are  usually  laid  upon  a  foundation 
erf  6  to  8  fn  of  gravel  and  sand,  with  a  curUng  or  border  of  iquare  tilea  wt  on  edge. 
Theae  tilea  have  a  very  large  bearing  niif  ace  and  do  not  require  a  concrete  foundation 
for  atabllity.  The  small  hexagonal  tilee,  1  in  in  thickness,  are  designed  to  be  laid 
on  a  foundation  of  8  in  of  concrete  and  H  in  of  mortar,  or  upon  a  mortar  bed  qireed 
upon  a  broken  ■t<me  or  gravel  foundation. 

Asphalt  Mastic  This  ^pa  ol  pavement  ia  constructed  in  France  by  preparbig 
a  mastic  from  a  cambtnation  of  rode  aqihalt  and  a  leflned  a4>halt  fiuxad  with  an 
asphaltic  base  petroleum.  Suffldent  fluxed  asphalt  is  mixed  with  the  powdered  rock 
asphalt  M>  that  ti»  mlxtuie  will  contain  20%  of  Utumm.  A  layer  of  tUs  mixture,  of 
about  1  in  in  thickness,  is  placed  on  a  cement-concrete  foundation,  which  conasts 
of  about  4  in  of  concrete  and  a  layer  of  cement  mortar  from  <^  to  1  in  in  thickness. 
A  scattwing  of  gravri  is  spread  on  the  suiface  and  lightly  rolled  into  the  asphalt  maatie 
iriiUs  the  latter  is  attU  wann. 

Con.  The  amage  cost  of  this  pavement  In  France  is  appnnlmatdy  $1  par  sq  yd. 
The  coat  ot  a  similar  pavement  in  England  is  about  (1.40  per  sq  yd. 

Chabactebistics.  Footways  constructed  with  an  asphalt  mastic  have  many  points 
of  ezcdience.  Tb^  are  practically  non-absorbent,  very  smooCh,  without  jointB, 
pleasant  to  walk  vpea,  and  easily  maintained  and  mpaini.  A  tUAaam  ot  maatie 
of  K  in  wOl  last  bom  S  to  10  years  and  sometimes  longer  on  streeta  where  the  trafBc 
is  not  heavy. 

Sheet-Asphalt  in  the  form  of  a  thin  wearing  surface  of  ordinary  asphaltic 
top  mixture  on  a  light  concrete  base  makes  an  excellent  park  walk  lees 
stiff  and  formal  in  appearance  than  concrete.  The  base  should  be  about 
3  in  thick  and  the  wearing  surface  about  ^  in  in  thickness. 

Ua/uOa  Park  Sheet-Asphalt  Walks  (11).  "In  Uncohi  Park  proper  there  are 
about  60  000  sq  yd  of  walks  built  principally  of  dndera,  limestone  macadam,  and 
gravel  macadam.  In  1913,  the  attention  of  the  comminioners  was  drawn  to  the  diffi- 
culty ol  keeptng  these  walks  in  condition  for  foot  travel.  In  wet  weather  pools  ot 
water  would  stand  in  the  walks.  In  dry  weather  the  protruding  large  stones  caused  a 
great  deal  of  discomfiture  to  the  pedestrians,  thereby  causing  many  of  them  to  walk 
on  the  grass,  while  in  winter  the  removal  of  snow  was  uimecessarily  difficult.  In 
deciding  upon  what  methods  to  use  to  elinUnate  the  above  difficulties  the  following 
eonaidcntkuH  were  borne  in  mind:  (1)  Low  first  cost  and  kiw  maintenance;  (f)  the 
wtdks  should  be  in  hannony  with  the  park  surroandings;  (3)  the  utiUsatioo  of  the 
foundations  of  the  walks  as  they  stood;  (4)  the  walks  should  be  of  such  a  nature  as 
to  induce  people  to  use  them  rather  than  the  grass.  With  these  considerations  in  view 
the  dtolce  was  narrowed  down  to  buiklisg  Portland  cement-concrate  waOca  or  resur- 
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fadnt  with  mn  aaphaltte  mixtura.  It  ma  fliuUy  dedded  to  build  aome  experimcatsl 
■ectiofu  with  an  «q>haltle  top.  These  experimenta  proved  mo  succeaeful  in  1913  tbAC 
in  1914  enough  money  was  appropriated  to  cover  nevly  40  000  aq  yd  of  walka  with 
Ml  aq}balt[c  wearing  surface.  About  one-third  the  area,  or  13  329  aq  yd  of  vaXk, 
were  sufRdently  compact  and  rough  to  pftv«  with  a  wearing  Borfaae  only.  The  balance, 
or  26  657  sq  yd,  required  s  Uoder  and  topi  The  Under  ONd  was  eompoeed  ti  >j- 
to  H-ia  stone  and  asphalt  A  BUiubar  of  tarta  aliewad  that  tl»  percentage  of  aqihalt 
uaeiil,  by  weight,  waa  aa  toUowa:  Minimum  S.86,  laaxlmum  £.16,  avMnge  4^^. 
The  binder  waa  laid  ao  tliat  it  was  thidc  aftw  being  rolled  with  a  &-Uat  rtdW. 
Tlte  wwrlng  auilsce  mix  consiated  of  «q4)«H,  Hmeatrw>e  ecreenlnga.  atoBs  dtart  and 
bank  sand  ui  tbt  folloiriiig  proportfa»a: 


Asphalt   10.50% 

PaMbtg  200-me^   li.EO% 

Paving  BO-meah   18.00% 

Paadng  40-mash   M.00% 

PaadBg  UMneA   IS.00% 

RfltallMd  M  lIMMih   10.00% 


100.00% 

"  The  wvarlacKufMWM  laid  K-4ntiit(fcattM  bring  roDad  with  ■  6-ton  rol^  lu- 
madintely  after  rtdliag  Fortbuid  i  iimi  ill  waa  bniabed  over  dke  surface  and  thea  ndled 
with  dkB  5-ton  ndler.  The  oetMOt  IIDt  the  minute  voids  In  the  surface  and  also  Ieo- 
provea  the  appearance  of  the  walka.  From  the  coat  report  It  can  be  aeen  that  aaphalt 
walla  can  be  laid  at  approximately  60%  of  the  coat  of  concrete  waliu  where  botli 
binder  and  tofi  an  uasd,  and  at  alxHit  35%  ol  the  cost  ot  conoete  when  a  wenrinc 
surface  only  b  oaad. 

Labor:  gj?^ 

Sha^bedtfwalk   $0,082 

Mi^ng   0.056 

Spren£ng   0.02S 

RMUng   0.007 

Total   $0,107 

MatMial: 

Asphalt  A   10.106 

Screeninga,  Umestone   0.028 

Stone  dust  -   O.OIT 

Sand,  torpedo   0.001 

Sand,  fine   0.044 

Cement   0.001 

Coal   0.012 

HlaedlwMoua  supplies   0.001 

Total   10.209 

Teams: 

Hauling,  wearing  surface   $0 .010 

Overhead  chsrgea: 

Hant   JO. 020 

Superintendence   0. 004 

Total   90.024 

Totals: 

I^bor   $0,107 

Material   0.209 

Teams   0.010 

Overhead  ehargea   0.024 

Total  eost  par  tq  yd..  /   tO.UO" 

Bituminous  Uncndim  Wslln  (S2).  "Stake  out  the  podUon  of  the  ndewalk 
and  excavate  the 'same  2  in,  putting  the  material  removed  on  both  sides  so  as  to  act 
as  sltoulders;  then  put  into  tlie  trench  excavated  the  flawing:  A  layer  of  No.  % 
mp  rode,  stonea  that  pus  thru  a  2^n  ring,  to  •  depth  oi  in,  and  roD  same  ontfl 
compact;  cover  this  li^r  of  atone  with  a  ^lin  coating  of  No.  S  trap  rock,  stonea  that 
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{MSB  thru  R  1-1d  ring,  and  roD  Rgain;  when  this  Kcond  oourse  has  been  laid  and  rolled 
to  grsde,  pour  in  a  good  qnali^  of  aaphalt  binder,  while  hot,  at  th«  rate  of  about 
1  to  Hi  f'^  P^r  "l  y^'  "nd  cover  immediately  with  Bcreenl&gB  from  whldi  all  doat 
has  been  removed;  theae  acreeninga  should  be  in  ibe  from  H  to  K  !■>>  and  should 
be  qiread  to  •  thidmeH  of  at  least  ^  in  and  then  rolled  down  as  goon  aa  poHibk. 
VikB  following  dmf  the  aorboe  ahoaU  be  wmwpt  dear  of  all  looee  material  and  a  naond 
li^t  application  of  binder  should  be  poured  over  and  saweningB  as  above  mentkmed 
flhould  be  spread  evenly  ova  the  surface  so  aa  to  completely  cover  the  binder 

and  rolled  immediately.  The  rolling  down  of  theee  screenings  immediately  after  the 
application  of  the  aqdialt  binder  is  very  important;  therefore  the  roller  should  be  in 
constant  attendance  during  the  construction  of  this  description  of  sidewalk,  and  after 
rolling  down  the  macadam  portion  of  walk,  shoold  roll  down  the  earth  aboulden  on 
eadi  aide  to  a  width  of  about  2  ft.  A  walk  4  ft  wide  will  require  about  BH  tons  of 
crushed  stone  if  rolled  to  S-jn  thickneae  or  B\i  tons  if  rolled  to  4-in  thlrlmmn,  and 
about  67  gal  (rf  aaphalt,  tor  evwy  100  ft  in  length,  and  the  excavation  of  2^  cu  yd. 
If  cut  to  die  deptli  of  2  in  m  previoualy  dncribed." 


In  outlying  districts  where  the  amount  of  foot  traffic  and  the  value  of 
adjacent  property  is  such  u  vill  not  wamuit  the  oonstraction  of  one  of  the 
more  expensive  typee  of  walk,  a  cheap  and  fairly  satisfactory  temporary 
walk  can  he  built  of  cinders.  The  walk  should  be  from  6  to  12  in  thick, 
depending  upou  the  drainage  of  the  subsoil,  and  built  in  layers  thoroly 
wetted  and  tamped  or  rolled,  the  top  layer  being  of  fine  cinders  laid  to 
form  a  good  drainage  crown.  If  old  planking  is  available,  it  should  be 
used  as  edging  on  each  side  of  the  walk.  When  practicable,  cinder  walks 
should  be  so  laid  as  to  serve  as  the  foundation  for  a  later  and  more  sub- 
stantial form  of  walk.  Good  cinder  walks  can  be  built  at  a  coat  of  from 
$0.30  to  <0.50  per  sq  yd. 

Chicago  Practice  <28).  "CIndn  walk  oomiBts  of  not  kas  than  12  ia  of  dnders. 
usually  deposited  In  2  layers  betwe^  2  rows  of  2  by  6-in  hemlodc  plank  or  curbo, 
naOed  to  split  cedar  poets  set  i  ft  apart  from  centers  and  driven  not  less  than  IS  In 
into  the  ground.  The  top  of  the  curbing  is  set  at  the  grade  at  which  the  walk  is  to 
be  built,  8  in  below  cement  aidewatk  grade,  and  baekfiUed  with  earth.  The  first 
layer  of  about  9'in  can  be  either  ooarae  dnderi  or  slag.  The  second  layer  of  S  ia  should 
be  of  finer  cinders.  After  these  have  been  compacted  a  crown  of  bie,  clean  dnders 
Is  put  on  and  the  entire  walk  rolled  with  a  rol^  of  not  lesa  than  600  lb  ia  w«i|^t 
Some  contractors  prefer  tamping  with  a  regulation  concrete  tamper  to  rolUng.  Theae 
walks  are  objected  to  In  districts  which  are  built  up  to  any  extent  on  account  of  the 
dnders  being  tracked  into  the  houses,  deatroying  floors,  carpets,  rugs,  etc,  and  are 
not  recommended  for  any  except  vacant  or  aparaely  settled  distrieta. 


"The  avwage  ooht  of  dnder  mOu  In  CUcagD  from  1901  to  IWIS,  baaed  on  the  total 
eoat.  92  875  368.10,  divided  by  tba  total  milaaga  1812.12,  was  84J  cents  per  lin  ft. 


6.   Cinder  Walks 


Items 


9  eu  ft  or  K  eu  yd  at  GO  eants,  in  jdaoa. 


16.67 


Naila  

Waste  on  materials,  1%  of  value 
Labor,  induding  excavation . . . . 


S.fiO 
1.12 
0.10 
0.21 
4.60 


Add  for  superintendence,  ofHee  expense  and  profit  16% 


26.10 
8.91 


30.01' 
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This  indadM  many  watts  requirinc  ■  Oil  of  2,  S  snd  •onwtimoa  4  or  6  ft,  and  can  hardly 
be  taken  as  a  fair  avarace  ooat  (or  the  ordinary  dnder  walk  requirinf  only  15  In  v( 
dndara,  inehidinf  erownizig.  Tba  (oDnring  itczniMd  cost  per  lineal  foot  baaed  oa 
CMfo  coodiUoui  and  Chkago  prien  would  be  more  nearly  correct,   Avaraca  doptk 

of  dnden  1^  by  «  ft,  w  7  J  ca  ft 


In  place.  Allow  for  30% 
IJi  +  S  -  a  autt  iooaa." 

7.  MiaceUaneoiu  Walks 


nt.  6.  Gravd  Walk  with  Bridt  Guttera       ,  Gravel  makes  a  cheap  and  satia- 

factory  walk  for  light  txamc,  and 
barmooUee  with  park  treatment  better  than  any  other  type 'of  walk. 
The  construction  should  be  sinular  to  that  of  a  cinder  walk  (see  Art.  6). 
The  top  course  of  fine  gravel  should  contain  sufficient  sandy  clay  or  loam  to 
form  a  compact  surface  (sec  Sect.  10).  The  construction  of  broken  stODB 
walks  is  similar  to  that  of  broken  stone  roods  (see  Sect.  11.) 

CDSBS 

8.   General  Data  Relattve  to  Cnrba 

Curbing  of  natural  or  artificial  stone  is  necessary  on  paved  straeta  and 
on  macattem  streets  with  shallow  gutters,  to  form  the  back  of  the  pittcr, 
support  the  ndewalk  and  protect  it  from  damage  by  vehielee.  The  curb 
must  be  high  ecoUKh  to  prevent  water  in  the  gutter  from  overflowing  the 
sidewalk,  without  creating  an  uncomfortaUe  step  at  street  crossings.  The 
height  should  vary  from  5  to  8  in  above  the  gutter,  dependmg  somewhat 
upon  the  transverse  slope  of  the  gutter  and  the  width  of  the  pavement. 

Materials  and  DimensioDS.  Curbs  are  usually  built  of  granite,  sand- 
stone or  cement-concrete.  The  stones  must  have  sufficient  strengtli  and 
weight  to  resist  the  overturning  thrust  of  the  sidewalk  and  sufficient  tough- 
ness  and  hardness  to  withstand  the  shock  and  wear  of  steel  tires.  They 
should  be  from  4  to  S  in  wide  on  top,  from  8  to  20  in  deep  and  from  6  to 
12  ft  in  length.  The  deeper  curb  is  generally  used  in  connection  with 
macadam  roadway;  the  shallow  curb  with  pavements  having  a  ooneicto 
base  which  also  forms  the  base  of  the  curb.  Shallow  curb  is  better  even  for 
macadam  roadways,  as  it  ia  cheaper,  easier  to  lay  and  reset  and  equally 
as  strong  as  deep  curb,  if  properly  laid  on  the  concrete  base. 

Radius  of  Comer  Curb.  Report,  Com.  Am.  See.  Mun.  Imp.  (9). 
Where  sidewalks  are  of  sufficient  width  to  permit  it,  it  is  recommended 
that  a  radius  of  12  ft  be  adopted  as  a  standard  comer  radius  at  all  conwts 
within  5°  of  a  right  angle.  At  other  aogles  the  longest  suitable  radius 
should  be  used  by  the  eDgineer. 

Safely  Curbs  at  Bad  Toms  (27d).  "The  principal  boukvard  entering  Huntinftoa 
Beadi,  Cal.,  paaee  under  a  railroad,  with  a  bad  tun  at  one  cad  of  the  underpaaa.  To 
prevent  eollieloiu  betwem  vehicles  at  this  p<Mnt  by  keeptof  them  on  the  ri^t  Mt 
of  the  road,  a  double-faced  curb  haa  beHi  coostrueted,  6  in  wide  on  top  and  18  in  Ugh 
in  the  centar  of  the  roadway  and  eartendtng  for  about  160  ft  each  lida  of  ttie  sabway 
or  underpaa.  At  eadt  oad  d  tUa  curb  ia  a  larga  almlilc  rign  waning  to  'Ka^  to 
the  Right.' " 

9.   Stone  Curbs 

Granite  Curbing  should  be  free  from  stratification  and  excess  of  mica,  flint 
or  fddaiHir.    The  top  and  the  showing  face  should  be  hammer  dreeeed  to 
plane  surfaces  and  as  much  of  the  back  and  of  the  face  below  the 
dressing  as  is  neeeasaiy  should  be  pointed  to  permit  of  close  ccmtaet  with 
the  sidewalk  and  gutter  respectively.   To  conform  to  the  dope  of  the 
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sidewalk  the  top  ahould  have  a  bevel  toward  the  face  of  about  %  in  per 
(I  ft,  wiUk  a  well  defined  edge  between  the  face  and  top.  Granite  curbs 
'     for  street  and  alley  returns  should  be  cut  in  arcs  of  Buitable  radii  with  radial 

jointfi.  , 
^        CowT  Data.    Granite  curbs  cost  approximately  S0.76  per  lin  ft  for  8  by 
\    8-in  straight  and  $1.00  for  8  by  8-in  circular;  $0.90  for  0  by  20-in  straight, 
•      and  $1.10  for  8      20-in  circular.    See  also  Table  III. 

Bluestone  Curbs  should  be  from  4  to  3  in  in  thickness,  about  20  in  deep 
k    and  from  6  to  8  ft  long,  the  faces  and  ends  dressed  as  described  for  Rranite 

curbing.  On  account  of  the  tendency  of  this  stone  to  split  it  can  not  be 
^     cut  into  arcs,  and  craners  are  usual^  made  from  other  more  tract^ile 

Btona.    Curb  stones  composed  of  buUding  sandstones  are  usually  sawn 

on  both  sides  and  nuidune  dressed  on  top  with  either  sharp  or  rounded 

edge. 

j.        The  COST  of  6  by  20  in  bluestone  curb  is  about  $0.50  per  Un  ft. 

Table  IIL — Character  and  Cost  of  Corbs  in  1*18  in  Sercral  CitlaB 

From  Municipal  Journal,  Feb.  3,  1916 


City 


Uataifal 


DImMUioiia 
in  In 


lin  Ft 


Prleepar 
UnFt 


OkkUnd,  Cal  

Oakland,  C«l  

Demver,  Colo  

SprinKfleld,  111,  . . . 
Fort  Wayne,  Ind.  , 
Louiaville,  Ky.  . .  . 
New  Bedford,  Man 
Saginaw,  Mich. . . . 

Butte,  Mont  

Eaat  Orange,  N.  J. 

Albany,  N.  Y  

Albany,  N.  Y  

Brooklyn,  N.  Y.  . 
SchenecUdy,  N.  Y 

Akron,  Ohio  

Portland,  Ore.  

Pittflburgh,  Pa  

Providence,  R.  I. . 
Salt  Lake,  UUb... 
Charlerton,  W.  Va. 


Redwood 

Sttnw 

Cement-eoncrete 

Cement-oonovta 

Stone 

Umeetone 

Granite 

limestone 

Cemen  t-concrete 

Bluestone 

Cement-coocrflte 

Granite 

Cemen  t-con  crete 
Cement-concrete 
^'tone 

Cement-eoncrete 
Cement'^ncrete 
Cement-concrete 
Cement-concrete 
Cement-concrete 


Sby  1$ 

6  by  19 

5  by  18 

6  by  22 

6  by  16 
4  by  18 

7  by  20 
4  by  16 

7  H  by  18 
6  by  12 
6  by  18 
6  by  18 
6  by  18 
6  by  7  by  16 

6Mby21 
Thy  18 
6  by  16 

12  by  24 


06  626 
2  12B 
41  662 
6  942 
86  093 
2  818 
21  646 
21  096 

108  600 
1  666 
14  424 
32  638 

104  100 
34  719 
86  182 

180  084 

103  467 
S2  890 
63  760 
74  861 


10.11 
1.48 
0.66 
0.66 
0.68 
0.96 
0.91 
0.66 
0.40 
0.44 
0.69 
0.90 
0.60 
0.64 
0,48 
0.86 
0.78 
0.79 
0.9O 
0.61 


Setting.  Shallow  curb  should  be  set  on  a  base  of  lean  concrete  about 
6  in  thick  laid  in  a  trench  dug  parallel  to  the  eurb  line  and  about  18  in 
wide.  While  this  base  is  fresh  the  stone  should  be  set  and  adjusted  to 
line  and  grade  by  use  of  heavy  wooden  mauls.  The  back  of  the  trench 
should  then  be  filled  with  concrete  up  to  the  bottom  of  the  sidewalk,  the 
eonoreto  well  rammed  and  covered  with  earth.  In  case  block  gutters  are 
to  be  laid  in  front  of  the  curb  any  portion'of  the  base  that  would  interfere 
irith  laying  of  tlie  block  should  be  removed  immediately  after  the  curb 
is  set  (see  Fig.  1,  Art.  2). 

Debf  Curbs  should  be  set  in  a  trench  on  a  base  of  broken  stone  or  gravel 
or  other  porous  material  from  4  to  6  in  deep.  To  permit  ramming  the 
trench  should  be  about  three  times  the  width  of  the  curb.  The  bottom 
of  the  treach  sbould  be  Wl  ooneolidated  and  the  base  thoroly  cxanpacted 
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by  ramming.  After  the  curb  is  adjusted  to  line  and  grade  the  trench 
should  be  filled  with  the  base  matfu^  placed  and  tamped  in  layfvs  to 
within  about  10  in  of  the  top  of  the  atqpe  (aee  Fig.  2,  Art.  3).  Where  the 
base  matcoial  is  erpenaive  the  backfill  is  Bometimee  made  with  earth.  The 
curb  will  be  much  less  to  get  out  of  alignment  if  the  stones  an  sup- 
ported at  the  joints  on  a  bed  of  concrete  extending  about  6  in  and  12  in 
up  the  face  and  back  respectively  so  as  to  partially  encase  the  stones  at 
each  joint  in  a  small  mass  of  concrete. 

Stqnb  Buk:kinq  or  spalls  are  sometimes  used  to  support,  the  curb,  the 
gravel  base  being  tamped  under  the  curb  after  it  has  been  set  to  line  and 
grade  on  the  blocking.  While  the  curb  is  easier  to  adjust  by  this  method 
it  is  more  apt  to  settb  than  if  laid  on  a  wdl  compacted  bed. 

The  COST  of  setting  8  by  8-iu  cuii>  on  a  6-ia  gravu  concrete  base,  including 
cost  of  base,  is  about  $0.35  per  lin  ft;  setting  6  by  20  in  on  gravel  base 
costs  about  10.25  per  lin  ft. 

Plttsbnrgh  Spedflcations  for  Sandstone  Curbs  are,  in  part,  as  follows: 

"  The  Curb  atwll  Im  of  the  beat  quality  of  Beaver,  Badesi,  «■  Freeport  Hadstoat, 
or  a  Bandstone  equal  in  qtuUity  thereto,  and  shall  be  free  from  powder  ciadBr  dry 
and  indiaent  cnda,  coat  seams,  discolontioiis,  and  any  and  all  other  flaws  and  im- 
ptrfections;  the  color  of  the  Btone  shall  be  uniform  and  subject  to  tlie  approYKl  of 
the  IMrector.  The  finished  curb  shall  not  be  leet  than  4  ft  long,  2  ft  de^  and  6  la 
tUdt,  unless  otharwiae  specified.  The  top  shall  be  axed  to  a  plane  surface,  free  from 
all  deprearicms  or  other  irregularities,  6  in  In  width  thruout  Its  full  leogth  and  the 
edges  cut  to  true  Una*.  The  front  of  the  curb  shaU  be  quarry-taeed,  with  l-ia  rhhal 
drafts  cut  along  the  upper  edge  and  along  the  jobtts  at  right  an^es  to  tlie  top.  Vertleal 
scores  or  grooves,  ^siosd  2  to  2H  in  betweot  oeDtws,  stell  be  cut  ia  the  qnatry  bos 
wlthapolnt,andshaneKteBdiainbomthati9ottlMeurii.  They  shall  be  cnt  straight 
and  true  and  the  bottimi  them  shall  be  In  the  plane  of  the  chiseled  drafla.  The 
quarry  face  shall  not  in  any  place  project  mora  than  K  in  beyond  the  plane  of  the 
chiseled  drafts,  nor  shall  It  in  any  esse  recede  back  of  said  plane.  The  bade  BhaU 
have  a  1^  cUwl  draft  cut  almg  the  upper  edge  and  shall  be  p<dated  off  Tertieally 
for  S  In  below  the  top.  Joints  shall  ba  doaa  and  at  ri^t  ani^  with  the  top  and 
lace  f  w  the  full  de|»th  and  tUckneai  vi  the  stons. 

"  ConstrncttoQ.  A  trench  18  in  ia  width  and  8  ft  fn  depth  below  curb  grade  shaU 
be  excavated  on  the  curb  line  and  filled  with  broken  stme  so  as  to  form  a  curb  drain 
of  the  required  dimendons.  The  stone  used  in  the  foundation  ofiall  be  good,  ilmu 
stone  of  approved  q-«'lty,  broken  to  about  8  In  ahtea.  The  curb  shall  be  placed  m 
the  foundation  prqLirud  in  acooidaaoe  with  the  above  directions,  each  stooe  betag 
est  with  a  firm  bearing  thruout  fta  entire  length  and  brought  to  the  eetabUabed  grade 
snd  line.  The  trench  at  the  back  of  the  curb  6  in  In  width,  whm  there  is  a  ridmralk 
pavement  adjoining,  shall  be  filled  with  broken  stone  up  to  the  subgrade  of  the  ad»- 
walk  foundatloR;  where  there  is  no  sidewalk  pavement,  the  trmdi  at  the  back  the 
curb  shall  be  filled  wlthtn  1  ft  of  the  curb  grade.  The  dltdt  In  fraot  of  the  curb  shaH 
be  filled  to  the  subgrade  of  the  roadway  pavement  with  broken  sttne.  The  curb 
shall  be  badnd  up  to  the  top  with  eui  table  material  well  rammed,  and  the  pladng 
of  broken  stone  and  hack-filling  shall  be  done  as  so<»  ss  the  curb  ii  eet 

"  Vliere  Sdewalks  are  Disturbed  or  Damaged  in  setting  tite  curb,  the  Contractor 
shall  repair  the  same  as  her^below  provided.  The  loam  between  the  curb  and  the 
sidewalk  shall  be  rephwwd  wltii  suitable  t<v  stril  to  a  d4>th  ^  8  In  and  the  aiai  ahall 
be  seeded  with  a  good  quaH^  a<  grMS  sssd.  Btfck  Mewalk  pavssMat  shall  be  relaid 
for  a  distance  of  not  to  exceed  18  ia  IiaA  from  the  inner  edge  of  the  euA.  Flagstone 
ridewatk  pavements  extending  to  the  curb  shall  be  removed  and  recut  to  St  the  curb 
and  then  relaid  in  a  workmanlike  manner.  Concrete  sidewalk  pavements  when 
damaged  or  disturbed  shall  be  cut  to  a  true  line  parallel  with  the  curb  and  at  lesat  8 
In  badi  from  the  inner  edge  therefrom  and  shall  bs  tsplaeed  with  new  worfc." 

Indlanapolig,  Ind..  Spedflcationi  for  Oranite  Curhg  are  as  follows: 
"AO  granite  curb  state  shall  bs  ol  medhna  grahied  gmnite  of  even  distribatkB  ol 
ooaatltiwat  minerala,  uniform  la  quality  and  texture,  without  seams,  seeks  or  dl»> 
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ooloratlou,  ftnd  shall  be  free  bom  mxcem  at  mloi  or  Iddaur,  tnd  equal  In  sTery  roqwct 
MM  to  tbe  quality  of  nutterial  and  drearing  to  tlie  aample  atooe  In  the  oBtCB  td  the  City 
BmUwer.  The  minimum  leactti  of  the  curb  atone  ifaaU  be  6  ft  euept  for  doauraa 
■ndfor  corner  radial  curb  where  the  lanitha  wilt  be  audi  aa  are  oUled  for  on  the  plana* 
The  depth  of  the  sraoite  curMnc  ahall  be  18  In  wiUi  an  allowable  variation  of  not  more 
than  1  In  dtber  way.  The  curb  attme  shall  be  uniformly  6  in  thidc.  The  top  will 
be  dreesed  with  a  rise  of  }i  In  from  faoa  to  bade.  The  frmt  edfe  will  be  draaaad  to 
I  a  curve  of  ^An  radius;  the  top  edce  to  be  idtdied  to  a  Una  paiaOal  to  tbe  front  edge 
Mid  dull  be  dreasad  to  a  depUi  of  at  teaat  4  In.  The  top  and  th«  hoe  of  the  euib  for 
a  depth  of  12  In  shall  be  smooth  pean^^tanuner  drMssi  wlthaat  hoica  or  otbar  imper- 
fection*. The  ends  shall  be  squared  so  as  to  affotd  dose  JolnlB  not  to  fiTCOSil  ta 
for  •  distance  (rf  12  In  down  the  top." 


Proportions  and  Dbneniloni.  Cement-concrete  curbs  are  usually  built 
in  place  aa  two-course  work,  compruiing  a  core  or  backiog  of  concrete  and  a 
mortar  face  and  top.  The  proportions  of  the  materiala  used  in  the  con- 
crete and  mortar  are  the  same  aa  for  cement  walks.  Reinforced  or  armored 
curb  is  a  form  of  cemrat  curb  in  which  the  edge  between  the  top  and  face 
is  formed  1^  a  metal  strip  which  is  set  in  place  while  the  concrete  ie  beins 
laid  and  is  held  in  position  by  lugs  imbedded  in  the  concrete.  Cement 
curbs  are  usually  about  6  in  y^ide  on  top,  from  20  to  24  in  deep,  and  divided 
by  suitably  constructed  joints  into  uniform  lenetha  of  from  6  to  10  ft. 

Constmctiott.  The  curb  should  be  laid  in  a  trench  on  a  base  of  well 
compacted  gravel,  cinders  or  sand  of  the  same  character  as  the  base  for 
stone  curbs.  If  wooden  forme  are  used,  they  should  be  of  2-in  plank  rigidly 
fastened  to  stakes  so  that  no  displacement  can  take  place  during  the  work 
of  constnictloa.  Where  much  work  is  being  done  metal  forms  will  be 
found  advantageous.  There  are  a  number  of  commercial  forme  on  tbe 
market  which  can  be  had  in  any  desired  cross-section.  They  can  be  quickly 
act  up  and  removed,  require  less  skilled  labor  than  wooden  forms,  and 
can  be  used  many  times  over.  The  back  form  should  first  be  set  up,  then 
the  front  form  to  the  point  where  the  mortar  facing  beginfi.  The  front 
form  should  be  given  a  slight  batter  to  prevent  wagon  tires  from  striking 
the  edge.  Curb  lengths  should  be  formed  by  inserting  metal  templates 
about  ^10  in  thick  at  uniform  intervals  of  from  6  to  10  ft.  These  templates 
should  be  withdrawn  aftw  the  concrete  has  attained  its  initial  set,  leaving 
the  necessary  expansion  joints.  The  lower  part  of  the  form  should  be  filled 
with  fairly  dry  cement  and  tamped  up  to  tbe  point  where  the  mortar  facing 
is  to  begin.  The  upper  face  form  is  then  set  up,  and  plastered  with  a 
coating  of  stifF  mortar  1  in  thick  and  the  concrete  immediately  deposited 
behind  it.  After  this  concrete  has  been  rammed  the  mortar  should  be 
carried  over  the  top  and  fioated,  and  the  edge  rounded.  The  upper  face 
form  should  be  removed  as  soon  as  possible  and  the  face  and  top  again 
floated,  trowelled  and  finished  with  trowel  or  brush  finish,  preferably  the 
latter.  After  the  concrete  has  set  sufficiently  the  lower  forms  should  be 
lemoved  and  templates  withdrawn.  The  latter  should  be  given  a  thin 
coating  of  oil  or  axle  grease  to  facilitate  removal  without  cauung  the  mortar 
to  flake  off.  Satisfactory  curb  has  been  built  in  one  course,  using  a  slightly 
richer  concrete.  WMle  the  work  is  simplified  by  the  omission  of  the  mortar 
facing,  the  difficulty  of  spacing  the  narrow  forms  so  as  to  get  a  unifona 
surface  has  prevented  the  general  adoption  of  this  method. 

Expansion  Joints.  The  joints  between  curb  lengths  will  usuoUy  take 
care  of  expansion.   Where  the  curb  is  exposed  to  wide  range  of  temperature. 
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however,  it  ia  well  to  fonfl  additional  joint*  by  the  use  of  I-in  planldng  at 
intervals  of  100  to  150  ft. 

Pittsburgh  Specillcatioiu  for  Protected  Cement-Concrete  Curb  are,  in 
part,  aa  follows: 

"The  protected  eonciete  curb  may  be  built  at  the  option  of  the  eontraetor,  athcr 
in  place,  or  caat  or  molded  at  a  point  removed  from  Uie  work. 
"Bflateiiale  for  Concrete  BAaaonry  (lee  Art.  2,  aPBCincATioNs), 
"The  Curb  When  Built  in  Place,  Bhall  be  coiutructed  in  wctionB  between  20  ud  30 
ft  in  lenKtfa.    The  curbe  when  eo  oonatructed  ■ball  be  marked  off  to  coBform  to  the 
•eoring  of  the  sidewalk  alabe,  and  sand  Joints  shall  be  provided  between  eectiaoa  aa  hcra- 
inbelow  required.    When  made  in  the  shop,  the  length  of  Bections  shall  be  6  ft.  except 
wImu  doeurea  are  required.    Cloeurea  shall  lie  made  ia 
strict  conformance  with  the  orders  of  the  Director 
In  the  fleld  and  the  Inaertioa  of  aectioiis  of  curb  leee  than 
a  ft  in  Ungth  shall  not  be  permitted.    The  jointa  between 
sections  of  curb  built  in  place  shall  not  exceed  inia 
thidaiees  and  shall  l>e  made  by  inaertinf  crtuB-fonna  con- 
poaed  of  several  thlckneaees  of  sheet  metal,  which  shsS 
be  carefully  withdrawn  when  the  concrete  has  aulBcientlT 
aet.    Tbe  croaa-forma  shall  be  drawn  before  the  oooente 
haa  auflldcotly  aet  to  prevent  the  proper  tooling  «(  the 
edgea.    The  jointa  ahall  be  carefully  filled  with  dry  aaad 
poured  Into  the  jtrint  with  proper  appliances.    The  ei- 
_  posed  aurface  ahall  be  built  to  tbe  required  grades  and 

ing.  R.    t^BmOTt-l^erew  ^y  acreeding,  floating  and  troweling.    The  veajii« 

Curb  and  Granite  Block  be  formed  without  the  addition  of  mortar 

butter  on  travel  Baae  pi^^er  and  shsll  be  made  by  flushing  sufEdent  mortar 
to  the  surface  by  tamping  and  then  finishing  u  sboie 
required.  The  exposed  surface  of  the  work  adjoining  the  forms  shall  be  carefully 
spaded.  No  plaaterlng  will  be  permitted.  Expansion  jointa  >i  in  in  thickness  shall 
be  provided  at  each  curb  return.  This  expsnsion  joint  shall  be  made  by  inaerting 
sufficient  tar  paper  to  give  tbe  required  IhieluieM  of  joint  When  completed,  the  work 
shall  be  kept  moist  for  4  days  and  protected  from  traffic  and  the  elements  for  at  teaat 
10  days. 

"Tbe  Protected  Concrete  Curb  Hot  Bnlll  in  Place,  but  caat  or  moulded  in  the  shaft, 
shall  conform  to  the  requirementa  above  qtedtted.  The  sections  shall  be  cast  in  rigid 
forms  and  shall  be  allowed  to  harden  for  at  least  20  daya  before  being  tran»port»-d  In- 
placing  In  the  work.  They  ahall  be  handled,  tranqiorted  and  placed  with  great  caie 
and  any  aecUon  that  haa  become  spelled  or  damaged  in  any  manner  shall  be  rejected. 
PUatering  of  damaged  sections  shall  not  be  allowed.  The  curb  blocks  shall  be  set  with 
a  Arm  bearing  upon  the  broken  stone  foundation  herein  provided  for,and  shall  be  brought 
to  the  required  line  and  grade.  The  joints  shall  be  cloee  and  at  right  angles  with  the 
top  and  face  for  the  full  depth  and  thickness  of  the  curb. 

"The  Structural  Steel  Section  uaed  in  the  protected  curb  shall  be  medium  open  hearth 
steel  conforming  to  requirements.  Where  curb  ia  built  in  place,  tbe  sections  af  steel 
protection  ehsll  not  be  leea  than  10  ft  in  length  and  ahall  be  perfectly  true  to  tine. 
When  placing  concrete,  the  steel  aection  and  anchorage  liars  shall  be  rigidly  held.  A 
neat  joint  shall  be  made  l>etween  the  ateel  section  and  the  exposed  surface  of  tbe  con- 
crete and  the  formation  of  a  feather  edge  will  not  be  allowed.  The  ateel  angle  uaed  for 
the  curb  protection  shall  be  8  by  2  by  ^  in.  Anchorage  bara  shall  be  aecurely  riveted 
with  eountemunk  riveta  to  the  structural  sections." 

11.  Combination  Cement-Concrete  Curb  and  Gutter 

The  combination  concrete  curb  and  gutter,  on  account  of  its  cheapness 
and  neat  appearance,  is  much  used  on  residential  streets.  The  nuethod  of 
construction  is  similar  to  that  for  curb.  The  concrete  base  and  mortar 
topping  of  the  gutter  are  laid,  after  which  tbe  face  form  of  the  curb  is  set 
and  the  curb  built.    The  angle  between  the  curb  and  the  gutter  should  be 
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rounded  to  about  a  1-in  radiua.   The  dsrired  oolor  dionld  be  obtamed 
use  of  a  mixture  of  sand  and  lamp  blaok  as  in  sidewalk  work.  When 
the  curb  is  built  at  the  same  time  as  the  sidewalk,  an  ezpansiai  joint  should 
be  left  between  tbem.    It  is  advisable  to  protect 
the  edge  of  the  curb  at  street  comers  by  some  type 
of  armored  coostruotion. 

Cost  Data.  The  cost  of  1:2:6  gravel  oonorate 
curb  and  gutter  6  by  8 
by  20  in,  on  a  6-in  cinder 
iMse,  exclusive  of  cost 
of  forms  is  between  30 
and  40  cents  per  tin  ft. 
The  cost  of  the  labor 
alone  is  about  $0. 1 1. 
The  combined  curb  and 
gutter  of  Fig.  7  costs 
from  (0.40  to  S0.60  per 
ft,  the  labor  cost  averag- 
ing about  90.13  pw  ft. 
Detail  Cocis  to  tin  contraetor  In  Wd>b  City,  Ho.  (29),  of  eonstructtaig  a  eonbised  ee- 
roent-coDcrete  9  by  S  in  curb  and  24  in  futter:  Concrete  tot  curb  and  futtn  wm  eom- 
pOMd  of  1  part  of  Portland  cement  to  2  parts  of  land  to  4  parts  of  crushed  atone.  The 
flolah  on  oub  and  gutter  was  1  in  in  thidtn«Mi  and  was  oompoMd  of  1  part  <rf  Portland 
eement  to  1  part  <a  river  nnd. 


On  I  el  or  Ci  iM« 


K—  i 

Fig.  7.  CombliiedCe- 
mmt-Conerete  Curb 
and  Gutter 


FIk-  8.  Wooden  Fmnia  for 
Cement-Concrete  Coib  snd 
Gutter 


Ubor  and  Hateriate  for  2M0  Lin  Ft 


labor: 


Cost  per 

UnFt 


1  fOTeman,  99  hr  at  10.666.   10.0227 

2  flniabars,  96  hr  at  $0.30,  14  hr  at  SO. 60   0.012S 

2  fonn  Mtters.  198  hr  at  $0.2883   0.01» 

2  mUag  and  pladiw  mortar,  108  hr  at  10.288    0.01fi9 

6  mlnr  nuB,  iM  hr  at  $0.222   O.0866 


Total  for  labor..   10.1024 

Kfatarial: 

Ceixtait,  mortar  and  concrete,  1291  neka  at  10.40   $0.1767 

Sand,  mortar,  487H  eu  ft  at  $0.07   0.0116 

Grarcl, eonerete,  1&  enjrd  at  $0.60    0.0210 

Gravel,  sub-base,  161.1  eu  yd  at  $0.60    0.0278 


Total  formatcrlal   $0.2871 

Total  for  labor  and  material   «0.SS8S 


GUTTERS 
12.   General  Data  Relative  to  Gutters 

Paved  Ontters  should  be  provided  for  roads  on  steep  grades  or  on  fills" 
where  there  is  danger  of  washouts,  as  well  as  for  city  and  suburban  streets. 
On  streets  provided  with  a  curb,  the  gutter  should  have  a  shallow  cross- 
section  similar  to  that  of  the  roadway,  the  curb  buns  utiliied  to  form  the 
back  of  Uie  gutter. 

Where  Ifo  Cnrb  Bzlsta  the  gutter  is  usually  built  trf  circular  section  or 
in  the  form  of  a  flat  V,  with  the  steep  side  next  to  the  walk.  On  most 
paved  streets  the  portion  of  the  pavement  adjacent  to  the  curb  forms  the 
gutter.  With  asphalt  and  macadam  pavmienta,  the  gutter  is  usually  built 
of  vitrified  brick,  stone-block  or  cemeut-conorete;  in  the  case  of  sheet- 
fisphalt,  to  prevent  its  deterioratioD  from  standing  water;  and  in  the 
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ease  of  macadam,  to  prevent  waah.  Brick  gutters  are  desinble  on  a  aheet- 
asphalt  street,  whether  absolutely  esaential  to  prevent  deterioration  or 
not,  as  they  add  materially  to  the  finished  appearance  of  the  pavement. 

Where  a  Curb  is  Used,  the  gutter  should  not  be  so  deep  as  to  make  an 
inooQvenient  step  for  pedestrians,  nor  so  shallow  as  to  be  liaUe  to  overflow. 
Depths  of  from  5  to  8  in  will  gennraUy  be  found  sufficient.  The  loogitudi&Bl 
grade  is  usually  parallel  to  the  curb,  tho  on  very  flat  grades,  the  gutter  is 
sometimes  given  as  increased  slope  toward  the  cateh  basin. 

Flat  Gutters  are  usually  built  of  cement-concrete,  vitrified  brick  or  stone- 
block,  tho  fiag-Btonee  are  sometimes  uaed  for  this  purpose.  Concrete 
gutters  are  practically  always  constructed  in  oon^binatfon  with  curbiag  as 
described  in  Art.  11. 


Table  IV. — Character  and  Cost  of  Gutters  in  1918  in  Several  Cities 

From  Municipal  Journal,  Feb.  3,  1916 


City 

Uatarial 

Width 
In  In 

SqYd 

Un 
Ft 

Price  par 
Sq  Ydee 
lin  Ft  as 
Indieated 

Oakland  CsL  

SantB  Bu-bsn,  Cml. 
New  Britain ,  Conn. 
New  Albany,  Ind.  . 
Cedar  Rapida,  la.  . 
Haverhill,  Man.  . . 
Woraester,  Mam. . 
Grand  Rapids, 
Mich.  

Comeat-eonmte 
Sandatone 

Cobble 
Brick 

Cobble 
Granite 

Brick 

Blocks 
Brick 

Cement-concrete 
CenUDt-eoBcrste 
GenMBt-eoBcrete 
CemeBt-eonaete 

80 
26 
18 

24 

86 

30 

6br  12by  24 
18 
H 

60  000. 
1200 
164 
2  612 

2  386 
fiSOl 

6  581 

•    '2  866 
1  626 
6000 

8  000 

Sl.XO 
l.»8 
0.44 
1.72 
0.25 
0.40 
1.08 

1.1« 

0.  57 

1.  T6 
1.67 
0.36 
0.4S 
0.48 
O.BS 

Wert  Onam,  N.  J. 

Greensboro,  N.  C. . 
Akrtm,  Ohio  

88  421 

4  681 
40  000 
19  000 

Puls>ki,Va.   .  ... 

AjqiMoB,  Wis.  

18.   Brick  Gutters 

Construction.  Brick  gutters  should  be  constructed  of  good  qualitf 
vitrified  paving  bricks  on  a  concrete  base.  The  bricks  should  be  laid  on 
a  paving  bed  about  in  thick,  composed  of  a  1  :  4  mixture  of  dry  cement 
and  sand,  with  lengths  at  right  angles  to  the  direction  of  the  street  and 
breaking  joints  longitudinally.  The  joint  between  the  gutter  and  roadway 
^pavement  should  be  continuous.  The  type  of  construction  in  which  the 
outer  edge  of  the  gutter  is  left  with  alternately  projecting  bricks  to  tooth 
into  the  pavement  has  not  proved  satisfactory  owing  to  the  difficulty  oT 
consolidating  the  paving  material  between  the  projecting  bricks.  Narrow 
gutters  are  to  be  preferred  to  wide  gutters,  since  the  joint  in  the  formw 
case  is  le«s  exposed  to  the  action  of  passing  traffic  The  bricks  should  be 
rammed  in  tho  same  manner  as  B  brick  sidewalk  and  then  thoroly  grouted 
with  a  thin  grout  of  neat  cement.  Brick  gutters  are  usually  made  from 
14  to  27  in  wide.  An  18-in  vitrified  brick  gutter  on  a  6-tn  cooerete  base, 
costs  about  $2.25  per  sq  yd  (see  Fig.  I.  Art.  2).  See  also  Table  IV,  Art.  12. 
SpokaBSk  Waihv  SpadflcMtou  are,  in  part,  as  foUows: 
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"Bricks.   Where  diown  on  the  plsM,  bridi  gutten  AM  be  emitraeted  next  to  and 

adJaliiiiiK  the  curt).    The  brick  uaed  in  the  guttas  shall  be  what  are  tenned  Class  

in  the  following  apedflcationa.  All  brick  shall  have  the  fdlowing  dlmenai<»a:  2K  bf 
4Mlv8HlnandBhanBotvary&nBtkMdlnLQuloDBiiumthanS%.  lo  idaos of btlA 
a(theaboT9dtineiiBiaiMtbmmvb»i»MlvltiillMlbk»diB8KI>y4Hb]r8HlB-  WhM 
bndtan,  the  brick  or  blocks  shall  riiow  a  dense,  stone-Uke  body,  unif  wm  In  color  inside, 
free  from  lime,  air  podtets,  eradu  or  marked  laminations.  Kiln  marks  must  not  exceed 
3  /16  in  and  one  edge  at  least  to  show  but  slight  idin  marliB.  All  brieltB  or  blocka  so 
diatorted  by  burning,  as  to  lay  unevmly  in  the  pavemnt,  shall  be  rejected. 

"  TwTS.  The  absorptioQ  of  moisture  of  any  brii^  or  portion  thereof  riiall  not  ftfrenil 
S%  ol  the  weight  of  any  nmple  after  ttioro  drying  and  immenrion  In  water  for  3  con* 
secutive  days.  All  bricks  or  blocks  shall  be  subject  to  Inspection  before  and  aftn  lay- 
ing and  rolling.  Brick  or  bk>cks  to  be  accepted  am  Class  1  must  not  lose  more  than 
20%  of  theh  wnght  after  being  subjected  to  the  rattler  teat  as  hereinafUr  set  out. 
All  brick  or  blocks  to  be  accepted  as  Class  2  most  not  loae  more  UiaB  Sfi%  ot  their 
w^ht  after  being  subjected  to  the  same  test. 

"Hethod  ot  Laying;  On  the  concrete  foundation  horatofore  laid  abaU  be  qmad  a 
layer  of  cement  mtntar  mixed  dry  and  composed  of  1  part  cement  and  8  parte  aand  not 
less  than  1  in  thidc,  in  wliidt  the  gutter  brick  or  blodts  shall  be  thoroly  and  firmly 
bedded.  The  brick  or  blocka  shall  be  laid  on  edge,  doae  together,  in  straight  lines, 
and  with  their  length  parallel  to  the  curbs.  The  jointa  shall  be  broken  by  a  hv>  of  not 
less  than  3  In.  ^le  aorfaee  of  the  bilek  gtitten  miat  be  tine  to  crown  and  grade. 
After  the  brick  or  blocks  have  been  laid,  the  surface  shaU  be  swept  dew,  rolled  with  a 
baby  steam  rt^ler,  ^irinkled  with  water,  and  thereupon  the  j<rinta  and  spacea  between 
the  bricks  or  bloelis  completely  filled  with  oanent  grout.  The  grout  must  be  kept  con^ 
tinuously  stirred  while  pouring.  A  second  pouring  shall  be  required  if  in  the  opiniOQ 
of  the  Engineer  the  fint  pouring  has  not  completely  filled  the  jointa.  The  cenunt 
grouting  used  shall  oonsist  of  1  part  cement  and  2  parts  sand.  For  a  period  of  10  dayi 
the  gutter  ahall  be  eprlnkled  with  water  if  so  directed  by  the  City  Engineer." 


14.  Stone  Gutters 

Granite  Block  gutters  are  ububUj  laid  on  a  gravel  base  about  6  in  thick, 

well  compacted  and  over-laid  with  sufficient  fine  bank  gravel  or  sand  to 

f<Hm  a  paving  bed  for  the  blocka.    After  the  bloclcs  have  been  rammed, 

the  jointa  are  filled  with  firm  bank  gravel  (see  Fig. 

6,  Art.  10).    Deep  gutters  are  usually  of  the  type 

shown  in  Fig.  9,  and  are  generally  constructed 

with  granite  block  or  cobblef>tone,  laid  on  gravel 

base.     For  cost  data,  see  Table  IV,  Art.  12. 
Log  Aofalai,  Cal^  Speciflcatioiu  are  as  follows:     Fig-  9.  Barrel  Gutter  of 
"Sand  Cushioe.   Upc»  the  concrete  base  laid  aa  above        CobUesbmn  on  Sand 

specified  and  swept  free  from  all  dirt  and  rubbish,  shall         Bed  and  Gravel  Base 

be  spread  a  layer  of  sand  2  in  in  depth.    The  sand  need 

not  necessarily  be  oharp,  but  It  must  be  screened,  dry  and  free  from  more  than  3% 
at  loamy  matter. 

"  Granite  BiockB  shall  be  of  sound,  durable  atone,  fMe  tnm  weather  marks  or  aeans, 

and  unlftHTO  in  quality.  They  shall  have  dimensions  as  follows:  Length  from  8 
to  12  in;  width  from  3}^  to  4  In:  depth  from  6  to  6!^  in.  They  shall  be  of  rectangular 
form  on  top  and  sides,  and  free  from  bunches  or  irregularities  which  will  prevent  them 
from  lying  closely  together.  Any  blocks  having  projections  or  knobe  larger  than  in 
will  be  rejected. 

"  Laying  the  Blocks.  Upon  the  sand  cushion  shall  be  set  the  granite  blodce  with 
their  longest  dimension  parallel  to  the  Une  of  the  curbs.  Each  course  shall  be  laid 
straight  and  regular  with  sides  perpendicular  to  the  surface  and  joints  brokm  to  the 
extent  of  at  teast  Sin.  In  no  case  shall  stonea  of  difterent  widths  be  laid  in  the  same 
course.  All  joints  shall  be  cloae  joints,  none  to  exceed  ^  in  in  width.  The  bloeks 
must  then  be  tlioraly  rammed  with  a  rammer  weighing  not  less  than  60  lb.  Each  biodi 
miwt  be  struck  not  lesa  than  S  blowa  and  the  ramming  shall  be  continued  until  the 
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Uodn  are  brousht  to  na  unyieMlnf  betrinc  irtth  a  utjlfonn  ■uHaoe.  true  to  Hue  lad 
prnde.  Any  block  which,  kf  t«r  nnnnint  doea  not  conforai  to  the  reqoirad  mrfacc  BbsH 
be  removed,  met  »d  reUunped.  No  ramming  ahall  be  dcme  within  ZOitol  tbe  work 
dHtt  biiiif  Wd.  Tbe  joiBti  eball  then  be  filled  with  »  pout  made  of  1  pvt  ot  Port- 
bad  cemast  and  2  parti  of  daan.  aharp.  aencBed  aaad.  Tbe  aand  aod  eemetit  riiaU  ha 
mixed  dry  nutil  the  mixture  ia  <rf  uniform  color.  Water  ahall  thai  be  added  untfl  the 
maaa  ia  of  the  conaiBtenby  of  thin  cream.  It  ahall  ttieo  be  applied  to  the  anrfacc  br 
mtani  of  aeoop  ihovda  and  ahall  be  thoroly  swept  into  tbe  j<riiala  mtttl  all  ioteistiMa 
are  filled  and  the  cutter  haa  a  amooth  and  uniform  aurface.  The  btoeha  ahall  be  wall 
sprinkled  before  Eroutlng.  The  entire  aurface  d  the  cutter  diall  he  kept  damp  tor  10 
daya  and  no  traffic  shall  be  allowed  before  the  expitation  of  tiua  time." 

Cobble  Gutten  are  tbe  cbcape«t  fonn  of  gutters,  but  require  frequent 
cleaning  and  weeding.  Cobbles  suitable  for  gutters  should  be  from  4  to 
6  in  bog  and  froni  2  to  4  in  wide.  The  cost  of  cobble  gutter  shown  in 
Fig.  9  ia  about  S0.40  per  sq  yd  exclusive  of  the  coat  .of  cobblea tones.  Wbea 
suitable  cobbles  can  be  obtained  ia  connection  with  the  wwk  oS  grading 
tbe  road,  their  cost  will  average  about  tO.30  per  aq  yd,  making  a  total  of 
about  S0.70  per  sq  yd  for  labor  and  materisls. 
R.  I.  State  Board  of  Public  Roads  Spedficatioiifl  are,  in  part,  as  follows: 
"The  earth,  itooe  and  other  materiala  aeceaaaiy  to  be  removed  ihaD  be  taken  oat  for 
a  deptii  of  10  in  below  the  top  trf  the  flnUtsd  auiteea.  All  objeetlanable  or 
material  found  below  that  depth,  shall  be  removed  and  ihall  be  replaced  with  daaa  aaad 
or  gravri  which  ^kall  be  well  compacted  by  ramming.  Upon  the  aubgrade  thua  formed 
ahall  he  placed,  aa  a  bed  tor  the  paving  stonea,  a  layer  erf  clean  sharp  sand  of  such  diqith 
aa  may  be  required  to  bring  the  work  to  grade.  The  stone  ahall  be  hard,  durable  cobble 
or  kidoey  itonea,  not  l«ai  than  4  In  nor  more  than  8  in  kmg  and  not  Iom  than  4  in  nor  m<n 
than  6  b  wide.  The  work  ahall  proceed  from  tiw  Mm  <A  the  gutter  toward  the  eentBr, 
keeping  the  sides  in  advance  of  the  center.  No  atone  aliall  be  laid  <»  its  toofest  aide. 
After  the  stones  have  been  set,  all  joints  and  cavitiea  shall  be  filled  with  clean.  One  aand 
and  then  the  stones  shall  be  carefully  and  thoroly  rammed  until  no  further  ar  tthiiiwiil 
occurs.  If  in  ramming,  any  of  tite  atonea  do  not  emne  to  the  oocreet  srade.  tttay  ahaD  he 
taken  out,  reeet  and  again  rammed.  Dnrfag  the  ramming  the  jotata  afaaD  be  feapt  AiO 
ol  dean,  fine  aand." 


Road  Signs  giving  information  which  will  aid  in  the  safe  and  convenient 
operation  of  vehicles  are  an  important  feature  of  a  modem  highway.  The 
necessity  for  properly  marking  roads  dedgned  to  carry  high  speed,  thru 
motor  traffic  is  generally  recognized,  and  the  practice  of  including  the 
erection  of  such  signs  in  the  work  of  construction  of  the  road  itoelf  is  becom- 
ing more  common. 

Condition*  in  United  States  (IT).  "Tiie  American  road  syatetn  la  as  yet  eo  im- 
perfectly developed  nationally  and  la  so  rapidly  and  constantly  dianging  that  no 
national  syatem  ot  road  marldng  can  be  adopted  until  the  road  eyatam  Itaelt  has  bem 
very  much  more  finally  and  permanently  eatabliahed.  In  the  Uidted  Ststee  particu- 
larly there  are  numeroua  and  widely  separated  important  centers  from  whidi  main 
routes  radiate,  which  condition  precludee  at  thi«  time  any  attempt  to  establish  a  natioaal 
numerical  or  color  scheme  of  distinguishing  highways.  The  scope  tor  eonaderatioa 
thereforp  narrows  down  to  the  determination  of  a  definite  matUog  ^stsm  for  nuia 
traveled  highways  considered  singly." 

Classiflcatioo.  Road  signs  are  of  two  general  classes,  distance  and  directi<»i 
ngns,  and  warning  signs.  Each  class  of  signs  should  as  far  as  practicable 
be  uniform  in  size,  form,  color,  height,  distance  from  edge  of  rofid  and 
location. 

Information  «■  to  Distances  and  Directiont  is  usually  combined  in  a 
angle  sign  located  at  cnw-roads  and  forks.   Intermediate  distance  oigns. 
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in  the  tonn  ai  mile  posta,  while  not  eBseotial  are  deeiraUe  oo  trunk 
toads. 

HatMials.  Mile  posts  should  be  of  stone  or  concrete.  Signs  should  be 
of  malleable  oast  iron,  oast  iron  or  wood.  The  cost  of  iron  signs  precludes 
tfanr  general  use  at  praarat.  Wooden  signs  should  be  made  of  1-in  material, 
substantially  built  and  strongly,  bolted  to  iron  or  wooden  poata  finnly  set 
in  the  ground.  The  aigna  should  be  set  as  neafly  or  practieoUy  at  a  uniform 
Iwii^t,  about  0  ft,  above  the  surface  of  the  road. 

Block  Lettering  should  be  used  of  a  color  contrasting  with  the  body  of 
the  mgn.  A  black  inscription  on  a  white  ground  will  make  the  most 
le^ble  sign. 

Kwnples  of  Signs.  A  form  of  ir<»  aigti  nieceaifully  used  by  the  AutomoUW 
Club  at  Minneapolis  is  nude  of  malleable  eirt  iron,  30  hi  long,  H  ta  thick,  eadi 
line  Is  8  in  wide  with  2-in  letters,  border  and  letters  raised  about  H  In.  Tlie  cast- 
ing is  Kslvanized,  the  ground  then  painted  two '  coata  of  white,  letters,  figuras  and 
border  painted  black;  and  the  whole  finished  with  a  coat  of  spar  varnish.  The 
sign  Is  bolted  to  a  2J^-ia  galvaoised  iron  pipe  set  in  a  concrete  base.  The  coat  ot  these 
rigOB  ueeted  is  given  aa  about  97.  This  sign  waa  adopted  after  it  had  been  found 
impoedble  to  maintain  wooden  signs  owing  to  their  destruction  by  huntera.  Fig.  10 
shows  a  ^rpe  of  wooden  dgn  feconuMftded  by  Meaars.  Evans  and  Batdtdder.  This 
sign  is  86  by  18  by  1  in  thi^  the  ibs  <rf  the  letten  of  the  three  rows  being  4, 8  and  8  In 
respectively. 

Evana  and  Batchaldar  Report  to  3rd  Int.  Road  Cong.,  191S  (17). 
"  Stonb  SiONS.    Aroericaa  state  roads  should  have  well  designed  ntlle  stonea  at 
ieaat,  and  pre<erabty  H  snd  !^  mile  stones.    8isa  and  forms  should  be  sbHolutely 
uniform,  for  each  type,  and  io  all  atatcs.     The  face 
<d  mile  stones  ahould  bear  the  names  of  the  principal 
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terminal  points  oi  that  road  section,  in  each  direction, 
and  numbers  ^ving  the  diatance  in  round  miles  under 
each  name  to  these  points.   On  tbe  aide  el  the  steoe  Z5,NEMKRK 
towards  the  approaching  traveler  should  appear  the 
name  ot  the  next  settkonent  In  that  direction,  with 
a  number  ^ving  the  round  miles  distant;  and  on  the 
other  aide  of  the  stone  viaible  after  paaaing  should  ap-  n_.j| 
pear  the  name  of  the  last  Mtttement  in  the  reverse  di-  m^^™ 
reetion  with  a  number  ^ving  tbe  round  miles  distant. 
The  H  and  H  mile  stonea.  If  used,  need  <m1y  be  narked 

with  H  or  or  not  at  aU.  The  precise  sise  and  form  of  sttme  poets  together  with  the 
lettering  thereon  should  be  abeolutely  determined  by  careful  engineering  deaign,  and 
the  same  type  of  post  with  Its  appropriate  lettering  should  be  absolutdy  maintained 
thru  out  the  country.  The  lettering  should  be  reduced  to  a  minimum,  nhouM  be 
plain,  large  as  ponible  and  of  such  foi-mation  as  to  be  as  durable  as  poMtUe;  and  a 
uniform  principle  of  location  along  the  roadside  should  be  rigidly  adhered  to. 

"  Glbvatbd  Signs.  These  naturally  divide'  themselvee  into,  (1)  distance  and  direc- 
tion aigns;  (2)  police  and  warning  signs:  (3)  warning  symbols.  Each  daa  of  these 
elevated  signs  ^ould  be  as  far  as  possible  absohitely  uniform  In  size,  form,  otAar,  and 
regular  hught,  diatanoe  from  edge  of  road,  and  location  with  respect  to  Uie  physical 
road  peculiarity  which  it  purports  to  interpret.  These  tactora  are  all  very  largely 
controllable,  and  merely  nquirs  ri^  adherence  to  a  definite,  tore-ordained  system  of 
design,  constructiott  and  locatiim  by  aU  authorities  touching  them.  In  general,  ugns 
should  be  strictly  limited  in  number  of  rlaimm  Too  few  daaees  do  not  give  adequate 
information  and  too  many  are  confusing.  The  organic  law  should  adequately  protect 
all  permissible  slgas,  snd  should  rigidly  exclude  thoea  of  an  advertising  nature  from 
the  UghwiQr*  Tbe  higher  the  veed  ot  a  paaring  veUde,  especially  under  eondltloBs 
oi  poor  light,  the  more  necessity  there  Is  tor  s  uniform  and  rimple  sign  system.  Ther^ 
fore,  there  should  be  aa  few  rlaiwiw  aa  possible;  with  a  uniform  size  assigned  for  each 
class;  with  a  r^pilated  eyatem  of  plahi  block  lettering  showing  the  relative  impor- 
tanee  irf  pdnta  visibly  by  the  difference  in  the  sise  of  letters  all  with  a  uniform,  ^ple, 
obvious,  visible^  and  highly  contrasting  color  scheme,  and  uniform  as  to  location  in 
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Mlattca  to  tbt  higfawmy  pointa  dtribad;  and  uniform  m  to  heght  above  the  road, 
■ad  the  dfartance  from  the  romd.  n  tax  aa  pinribU  far  the  respective  dneee  of  b^tm. 
As  to  material,  cut  iron  aigns  on  (ul table  iron  pasta  are  admittedly  the  beat,  but  few 
countriaa  can  afford  the  expenae  involved.  For  American  uee,  therefore,  clear  while 
pine,  a  very  durable  wood  in  form  and  nibetance,  Beema  the  best,  1  in  thick,  strongty 
Seated  toccther,  heavily  riveted,  the  body  well  painted  white,  the  informatlca  wWl 
palBtad  in  Ua^  TImw  aigBa  diould  ba  b«dtad  atron^  to  anitabla  wooden  poata 
wdlaatin  tbeiroirad.  All  dgna  on  poati  ahonld  be  6  ft  on  tiie  avenca  abovs  tlte  road 
■uiface.  fflgna  on  houaaa  or  other  mipporta  should  not  be  over  9  ft  above  the  mad 
Burfaoe.  Signi  at  a  uniform  heicht  above  the  road  for  each  daea  are  much  more  riaaiij 
read  at  q»eed,  as  any  observer  on  a  railroad  train  will  notice  ^hen  paadnc  a  ■eiiaa  itf 
wril  deaiKned  itadoat.  If  a  sign  of  a  certain  da«  is  16  ft  high  on  a  wall  or  building  at 
one  point  and  4  ft  high  on  a  fence  at  another,  with  varying  distances  for  othwa,  the 
aye  of  the  traveler  waatea  time  in  locating  the  algn  instead  at  having  all  the  Ume  avail- 
able for  reading  the  sign,  which  should  be  definitely  anticipated  at  a  uniform  height 
above  and  distance  from  and  location  alon^de  the  highway.  The  same  conaidefatioaB 
demand  as  nearly  aa  poaaible  a  uniform  tfistaaoe  from  the  highway  and  a  tmiform  rela- 
tion to  road  va^arlea.  For  instance,  at  eroaa-roads,  a  descriptive  ngn  should  alwajra 
ba  at  a  utdtmn  loeatton;  and  a  warning  aigB  of  a  ateam  railroad  croaalng  or  other 
obatada  or  danger  should  always  be  a  uniform  distance  back  of  the  ofaatade  warned. 

"DnAIU  or  DiBTAHCB  AND  DiBBCTION  SiGNB.  Double  dlstanee  and  directloB  slgUB 
should  be  86  in  long  by  IT  in  deep  if  carrying  three  rows  of  names  and  mileages,  with  a 
fourth  row  giving  authority  or  the  dub  name  reaponaible  for  the  dgn;  and  36  in 
long  by  16  In  deep  if  without  the  fourth  Una.  All  tsttara  and  uumben  must  be  of  tlia 
plabMat  and  meat  obvious  block  ^pe,  the  largaat  or  moat  Important  row  of  latter* 
being  4  in  deep;  the  aeeond,  reading  down,  8  in  deep:  the  third  2  in  deq>,  and  tlia  club 
or  location  authority  1  In  deep.  Theae  letter  and  number  siaes,  while  suflldaitly 
dear  and  obvious,  do  not  make  the  dgn  unduly  large  or  ooatly.  Sin^  distance  and 
direction  signs  should  be  20  in  long  by  IT  in  deep,  if  with  the  fourth  row  ol  lettering, 
or  16  in  deep,  without  the  fourth  row  at  lettering.  Single  direetica  signs  dMMld  be 
6  in  by  21  in  tor  use  in  addition  to  all  other  signs  for  ctmatant  dupUcatkn  akng  tta 
highway  where  a  road  section  happens  to  be  obscure  or  tangled." 

WaUia  Report  on  Color,  Sidewalk  Signs  and  nomination  of  Signs  (34). 

"COLOB.  Maximum  legiUUty  requires  strongly  contrasting  color  comUnatkoL 
Blade  letters  on  a  white  bad^round  are  common,  but  more  popular  at  piaaant  is  a 
white  letter  on  a  ground  of  royal  or  ultiaraaiine  blue,  moat  at  the  enameled  iron  dgna 
being  in  theae  colors.  The  latto"  combination  Is  more  attractive  in  appearance  than 
black  and  white  and  is  very  legible  by  day  or  night:  gray  or  aluminum  on 

black  is  particularly  effective,  eepedally  after  dark.  Gilt  or  gold-leaf  lettws  on  blade, 
used  on  wooden  rigns  In  Boston  are  dignified  and  effective.  Red  is  seldom  used,  altho 
WaHhingtmi,  D.  C,  uses  dear  glaas  letters  blown  in  a  ruby  glass  plate,  and  in  several 
northern  New  Jersey  towns  ruby  letters  are  blown  in  a  dear  glass  badcground.  Wari^ 
ington  also  nasa  a  cast  aluminum  sign  painted  slate-gniy  with  letters  outlined  is  gold 
teid.  Aluminum  letters  on  Uadt  anamaled  atad  are  used  in  Rodwater,  N.  Y.,  and 
xinc  on  black  lacquered  plats  in  lUl  River,  Bfaaa.  San  Frandaeo  uasd  whHe  letters 
on  brown-enameled  plates.  Alombnira  tnonaa  latteni  on  a  green-  badEgraond  are 
uaed  in  Mlnneapolia.  * 

"SnwwALK  8K»a.  Several  dtiea  have  placed  street  names  on  atdewalka  near  the 
curb  at  the  interaeetion,  on  the  top  or  face  of  the  curb,  and  on  gutter  ptatva.  Tbaae 
can  not  be  read  from  ears  or  other  vehldes,  where  there  are  many  pedestrians,  or 
when  there  is  snow  on  the  sidewalks.  In  some  dtiea  brass  or  cast  iron  name  plates  ara 
set  in  the  sidewalk  flush  with  the  surface;  in  others,  tile  or  composition  lettera  of 
eontrasdng  color  are  set  into  the  concrete  when  it  is  laid,  or  the  letters  are  stamped 
into  the  green  concrete  wiUi  brass  dies.  Fremont,  Neb.,  uses  cast  iron  gutter  plates 
with  the  name  cast  In  the  surface.    A  few  dtles  paint  the  name  on  the  face  of  the  curb. 

"  iLLtTHiNATiON  AT  NiQHT.  This  has  been  effected  by  using  transparent,  transluceBt, 
or  perforated  signs  of  various  types,  supported  in  metal  frames  or  brackets  around 
street  lamps,  ^th  duster  incandescent  dectroliers  -the  signs  are  usually  placed 
around  the  central  globe.  An  inexpensive  and  fairly  common  practice  is  to  paint 
the  street  names  directly  on  the  face  of  the  ^obe.  In  bohw  casee  the  name  la  blown 
int«  the  glaa.   On  the  more  Impwtant  oomani  of  Waahington,  S.  C,  «  lantern  to 
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laed  with  sidea  of  ground  |^  on  whMi  the  bum  ii  pdntad  bhA,  Inridi  iriddi  m 
■Bftll  gu  or  electric  lamp  to  pUeed." 

iC  Wuainc  Slgat 

Warning  Sifoi  <w  Symboli  ihould  be  used  to  ^ve  notioe  of  ilurp  tunu, 
gndes,  road  and  railro&d  croenngB  or  other  phytic*!  featoree  of  the  road 
which  call  for  the  esereiBe  of  additional  care,  as  well  as  to  give  informatioa 
of  special  speed  or  police  regulations.  While  a  very  great  variety  of  design 
and  types  of  danger,  precautionary  and  police  signs  exists,  it  ia  recognised 
that  they  should  inform  as  far  as  practicable  to  the  following  requirements: 
They  should  be  cooapicuous  and  easily  and  quickly  read,  and  therefore 
concise;  should  specify  the  character  of  danger  to  be  guarded  against 
and  should  be  locftted  at  such  a  distance  from  the  danger  point  as  to  give 
ample  time  to  be  acted  upoa. 

At  Railroad  Grade  ' &0Mfaiga  dependence  should  not  be  placed  eolely 
on  the  railroad  danger  sign  located  on  the  right-of-way,  but  additional 
rigns  should  be  erected  several  hundred  feet  distant  from  the  crossing. 
An  excellent  system  of  grade  crossing  ugns  is  used  in  one  state  having  a 
number  of  improved  roads  crossing  a  truBk  line  carrying  frequent  express 
service;  a  sign  is  placed  500  feet  from  the  crossing  with  the  legend  "  Rail- 
road Crossing  600  Feet."  Two  hundred  and  fifty  feet  beyond  is  a  second 
sign  reading  "  Railroad  Crossing  250  Feet"  and,  where  power  is  available, 
this  sign  is  lighted  fay  several  hicandeeoent  lamps. 

The  Inscription  should  be  oonapicuous  and  t»Ief.  Letters  from  6  to 
8  In  in  height  should  be  employed.  The  f61k>wing  are  some  of  the  forms  of 
inscription  commonly  .used:  Danger;  Danger  Shup  Curve;  Slow;  EBow 
Down;  Sharp  Curve. 

Forms  of  Warning  Symbols  Adopted  by  the  International  Road  Congress, 
which  embodies  all  the  essential  features  of  a  good  sign  are  shown  in  Ftgs.  11. 
12, 18, 14  and  15.   The  standard  rign  is  18  by  24  in,  painted  bbok  with  v4iite 


Fig.  IL  Ckm     Fig.  12.  Turn       Fig.  18.  Turn     Fig.  14.  Dug«»     Fig.  IS.  Ban- 
Roads  to  the  wSbt         totbe  Lslt         ous  Dsssnt       road  CroMfae 

symbols.  If  desired,  the  name  of  the  dub  erecting  the  sign  can  be  painted 
in  Uack  on  a  ydlow  band  across  the  top  of  the  rign.  These  ngns  cost 
about  |0.fiO,  exclusive  of  the  cost  of  erection. 

Trafflc  Regulation  Signs  should  be  erected  on  the  main  highways  enters 
ing  a  city.  Speed  sones  within  the  city  and  individual  streets  for  which 
special  regulations  are  applicable  should  also  be  marked.  A  speed  sign 
should  have  the  maximum  permissible  speed  in  conspicuous  letters,  with 
the  town  or  sone  limits  and  the  authority  for  the  ordinance  in  a  smaller 
inscription.  On  city  streets  the  signs  should  be  located  at  the  curb,  about 
8  ft  above  the  sidewalk  and  as  small  as  praotacable,  eonrfstent  with  con- 
Hpicuousnees  and  legibility. 

Use  o(  Portable  TraSc  Signs  (18).  "Uany  niunldpalltieR,  hoOi  luge  and  amall, 
are  u«ing  fixed  or  portable  rigns  for  several  purposes  connected  with  traffic  control, 
ths  more  ooramon  being  to  prevent  cutting  of  conwra  at  street  intenections;  to  r^tn 
late  the  parUng  of  vehldes;  and  to  give  warning  of  daafeniu  eonditioBB. 

"Tiafflc  Bipu  ahouU  be  unfform  In  SOATB  AMD  OB  and  carry  the  IsMt  anoimt  of 
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wortfng  whldi  will  mska  tiw  nwnlni  ptala.  ClKtilw  dUn  from  tS  to  IS  in  ia  ifiaiiietv 
■re  beeomlnf  oommoD,  m  thejr  an  readily  dlttinguUied  from  the  mdvertlttinc  ^ftm 
which  an  bo  fr«qiwnt]y  Men  on  atreets  mnd  hlcfawkym.  To  be  of  eerrlce,  the  ngn  muifc 
•ttnct  attantioo  and  for  thk  raaaon  etroDgly  conttwtins  colobb  are  neecL  Red,  ■■ 
the  univerMl  drager  or  wuning  color.  Is  tbe  one  moat  oonunonly  need,  the  Inlleiliiii, 
ordliuuily  being  Id  white  or  ■luminum  lettm  on  s  red  bw&ground,  la  order  that  the 
red  may  predominate  and  eauae  the  Ught  color  to  ahow  ^riainly  <n  the  dai^  badGBrouBd. 
Other  oombinatioDB  uaed  an  bUck  and  white,  blade  and  aluminum,  and  bhie  and 
white. 

"  PoBTABLC  STANDABOe  an  UBUally  about  6  ft  high  and  made  eo  that  the  iustrueticM 
'  Drive  to  the  Right,'  or  eome  similar  notice  is  vlrible  from  each  of  the  four  direction 
of  approach.  They  shoidd  be  bo  eonatrueted  that  they  will  not  be  damaged  when 
tipped  over.  If  they  an  to  be  left  in  pUce  at  night,  they  ehouM  be  fitted  to  boM  a 
lamp  or  lantern,  unlen  they  an  well  lifted  by  aearbjr  street  lanpe. 

"  Many  muoldpalitiea  find  it  necMsary  to  restrict  tbe  rAaKDtO  <d  vebiclca  in  certain 
distrietB  to  prareat  the  bloddng  of  streets  and  IntartmBee  with  bariaaaB.  Sooh 
imUfak  pMiUnc  ia  tnct  of  hotela,  thastem  and  otfaff  pteeea  wfam  a  laife  numbv 
of  patrons  arrive  or  leave  by  motor  vehieloe.  Otfaen  set  aside  wiiole  Uodsa  ■bus 
Wiides  an  not  allowed  to  stand,  and  some  allow  parldng  in  the  omter  of  the  street 
or  on  one  side  only.  On  aceount  of  this  lade  of  uniformity  in  dilTerait  localitiee,  areas 
in  vrtdch  parking  is  restricted  or  pnAMted  ahooid  be  plainly  marised. 

"Rw  WABHIHO  OB  cauTioN  oem  a»rldng  danger  pointa;  bright  nd  diAa  IS  bi  to 
dkmatsr  on  permanent  peata  or  atandardi  ontsMa  of  Oa  traveled  portion  of  tha  attest 
are  very  effective.  Signa  smaller  than  18  in  should  not  be  used,  as  they  oould  net 
then  be  read  or  would  not  sufficiently  attract  attcntim  at  a  eonaidenble  djatancoL 
Wanthi(algBaaluHildbe7  or  8  ft  high,  and  plaoed  60  to  76  ft  from  tbe  point  <rf  dancer." 
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HIGHWA7  BRIDGES 

1.  LoMtidn  and  Waterwqr  for  ffi^wajr  Bridges 
PreBminar;  Investigations.    The  great  majority  of  highway  bridges  are 
built  across  rivers  and  streams,  altho  it  oftentimes  happens  that  a  high- 
way must  be  conducted  over  a  railroad  right-of-way,  and  sometimes  over 
another  highway  which  ia  at  a  different  level.    Special  local  conditions 

♦By  E.  H.  Rockwell.  ProfasMr  of  Stmcturml  EngbteerfaiK.  TufU  CtflegB. 
ChaiioB  B.  Brown,  ProftMor  of  CIvU  Bngfaimriiii,  University  of  Uaiiis. 
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way  influmee  th*  loeatkm.  If  the  iiv«r  is  navigable,  Qorenunent  z«ca- 
latKMiB  must  be  met.  B  tlie  bridie  is  fa>  oonneot  a  hlshway  in  a  thickly 
settled  conuouoity,  ita  location  will  be  practically  determined.  If  it  ia  a 
country  bridge,  oftentimee  the  highw^  approaohes  may  be  changed  to 
allow  the  most  ecooomical  location.  In  dedding  upon  the  site,  it  ia  usually 
Deoeowuy  to  make  a  contour  survey  of  one  or  more  locations.  Such  a 
survey  should  show  enough  topography  so  that  a  careful  study  may  be 
made  in  the  office  of  existing  conditions,  and  should  intdude  Boundiogs 
of  the  river-bed,  toeetber  with  as  much  data  as  possible  regarding  its  oom- 
posiU<Hi.  It  ia  oftentimes  necessary  to  make  txvinga  to  detemiin*  the 
cfaaraatw  of  the  subsoil  and  to  locate  a  suitable  foundation  tot  pien  and 
abuttnents.  The  elevation  of  high  and  low  water,  as  well  as  an  aversgn 
high  stage,  should  be  detennined,  together  with  eome  idea  of  the  frequency 
of  occurrence.  In  addition,  it  is  well  to  have  information  regarding  the 
velocity  and  set  of  the  current.  After  the  definite  site  has  been  decided 
upon,  it  is  necessary  to  make  an  accurate  location  of  the  eenteo-  line  of  the 
bridge  in  order  to  obtain  its  true  length  and  definitely  locate  piers  and 
abutments.  This  is  usually  done  by  triangulation,  and  consista  of  measur- 
ing the  distance  between  two  pdnts,  one  on  each  side  of  the  river,  by  laying 
ofl  a  carefully  measured  base  tnm  one  of  these  pofnts  along  the  sliore  or 
bank  of  the  river,  and  measuring  the  angiee  formed  at  each  end  ot  the 
base  by  lines  to  the  point  on  the  other  aide  of  the  river.  The  decree  oi 
precision  necessary  in  measuring  the  base  will  depend  upon  ™"*i"g  con- 
ditioos,  and  may  range  from  the  use  of  a  standard  3p0-f t  steel  tape,  m^Tring 
corrections  for  temperature,  grade,  etc,  to  the  use  of  an  ordinary  lOO-ft 
steel  tape.  The  couise  should  be  measured  several  times  and  a  mean  re- 
sult obtamed.  For  refined  methods  see  Sect.  5,  Arts.  6  and  35  (4),  (14) 
and  (17).  The  ordinary  ease  for  highway  bridges  usually  will  be  aalidfied 
by  careful  work  with  a  100-ft  steel  tape  Tued  on  the  base,  and  for  the  ang^ 
1^  the  use  of  a  properly  adjusted  transit  which  reads  to  single  minutes, 
provided  each  angle  is  repeated,  first  to  the  right  and  then  to  the  left,  and  a 
mean  value  taken.  With  these  two  angles  and  the  included  side,  the  distance 
between  the  two  sidee  of  the  river  may  be  detennined  by  trigonometry. 

The  Waterway  beneath  the  bridge  depends  upon  the  amount  of  con- 
gestion caused  by  piera  and  abutments.  The  channel  must  not  be  xmduly 
obstructed,  so  that  in  time  of  freshet  the  structure  will  not  be  endangered 

the  ice,  swirls  and  eddies  causing  washouts,  and  floating  I091  and  dfibis. 
The  chief  pcriht  to  be  detennined  is  the  rise  in  water  level  which  ocoois 
Just  up  stream  from  the  piers,  the  rise  at  the  piers  bdng  less  than  this 
amount.  The  average  case  may  require  no  mathematical  investigation, 
the  judgment  of  the  engineer  being  used  to  obtain  a  proper  elevation  (A  the 
bridge  above  high  water.  In  cases  where  the  depth  in  proportion  to 
the  width  is  considerate,  or  where  the  river  is  spanned  hy  a  number 
plate  girders  or  arches,  the  following  formula  by  Merriman  (16a)  may  be 
used.  In  extreme  cases,  the  problem-  may  become  more  complicated,  re- 
quiring a  more  careful  study  by  the  prindlptes  of  hydrauUes.  in  any  case, 
such  sidutions  are  apt  to  be  more  or  less  approximate,  and  the  judgment  of 
the  engineer  must  be  taken  into  considwation. 


B  ~  original  width,  b  -=  contracted  width,  D  *  depth  of  water  before 
oongesting  the  opening,  H  —  rise  in  water  level,  q  —  discharge  of  stream 
in  cu  f  t  per  aeo,  h    head  due  to  velocity  of  approach.  The  coefficient  C 
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may  be  taken  u  0.6  for  piers  with  round  ends,  and  0.8  for  triangular  cut> 
waters.  In  order  to  arrive  at  such  detenninatioofl,  data  upon  the  volume 
of  discharge  is  neceeeary. 

Discharge  D«tK  may  come  under  one  of  three  cases.  (1)  Reoorda  at 
Bome  gauging  station  near  the  location.  (2)  Records  at  some  point  on  the 
same  river  some  distance  away,  or  on  a  siiiiilar  river.  (3)  No  records  at  alL 
In  case  2,  find  drainage  area  at  site  of  bridge  and  consider  discharges  aa 
being  proportional  to  drainage  area.  Case  3  will  seldom  occur  where  it 
can  not  be  reduced  in  some  way  to  ease  2.  Note  that  flood  measuiBments 
of  discharge  are  usually  lees  reliable  than  medium  or  low  water  roeasorementa 

S.   Economical  Length  and  Cost  of  Highway  Bridges 

Span  Length.  In  detemiiniug  the  number  of  spans  to  use.  consideration 
■hould  be  given  to  the  principle  that  the  ooet  of  the  miperstnictura  ehould 
equal  the  cost  of  the  substructure  in  order  for  Uie  total  cost  to  be  a  mini- 
mum. This  requires  a  careful  preliminary  study,  especially  where  more 
than  one  span  is  necessary,  or  where  it  is  a  question  of  one  long  span  or 
two  shorter  spans.  Estimates  should  be  made  of  the  cost  of  the  bridge 
itself,  and  of  the  piers  and  abutments,  for  different  combinations.  The 
first  coat  of  a  bridge  is  not  the  only  item  which  should  receive  consideration 
in  an  economical  study  of  the  problem.  The  life  of  the  structure  should  be 
considered.  Many  highway  bridges  of  cheap  construction  have  proved  too 
light  and  altho  st^:^  for  a  time,  tfa«y  have  lacked  stiffness  vhtn  subjected 
to  a  moving  load  and  have  soon  become  unfit  for  use  wiUiout  constant  re- 
pairs. A  properly  designed  steel  highway  bridge  if  kept  painted  should 
have  a  life  of  at  least  from  40  to  50  jrears.  Wooden  floors  must  be  replaced 
about  every  4  years.    Reinforced  concrete  bridges  should  last  indefinitely. 

The  Economic  Depth  and  Panel  Length  of  trusses  aa  determined  by 
experience  are  shown  1^  the  following  tablee  as  given  by  Ketchum  (15b}, 
in  "  Stnietund  Eni^neers'  Handbook." 


Depths  and  Panel  LengOis  of  Thn  Highway  Bridges 
Used  hy  American  Bridge  Company 


Typa  ot  Tnin 

BtMalnft 

No.  Of 
PaiMis 

Ratio  of  Depth 
to  Fanel  Lenglfa 

Pntt,  nveted  and  pln-eon- 

80to  90 

G 

1.0 

96  to  126 

6 

1.0 

18S  to  147 

7 

1.0 

152  to  168 

8 

1.1 

Qnadrangiilar,  Wamn  riveted. 

SOto  90 

6 

1.0 

90  to  114 

6 

1.0 

119  to  138 

7 

1.0 

lS6tol62 

8 

1.1 

Camol-badE,  pfat-eonneetsd  

162  to  180 

9 

1.0. 

1.169. 

1.2S. 

1.29 

190  to  220 

10 

1-0. 

1.238, 

1.28, 

1.43 

240  to  276 

12 

1.0, 

1.897, 

1.666, 

1.714 

294  to  322 

14 

1-0, 

1.86, 

1.60, 

1.84,  2.00 

Types  of  Bridges  Adopted  In  the  American  Bridge  Company's  Standards 


Pntt,  plD-oonnfcted  tnuM   BO  to  168  ft  q>an 

Pr«tt,  riveted  tni«B   80  to  168  tt  span 

Wanep.  qoadrangalsr,  riveted  truwes   80  to  162  ft  q>an 

IncHned  efaord  Pratt  Cnmd-badO  piBreaBMetad  fenHMS   168  to  220  tt  span 

Fatlttnun^lriB-aonneetad   220  ft  qwa  and  over 
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'  The  Cost  of  Bridgai  Indudos  ooet  of  material,  fabrication,  erection  and 
tnutiportation.  The  cost  of  fabrication  and  erection  can  not  be  accurately 
given  but  the  following  figures  taken  from  Ketchum's  "  Structural  Engi- 
neers' Handbook  "  (1914)  (15b)  may  be  uaed  as  a  guide  for  eetimates. 

"Hm  coat  of  material  variea  with  the  market  and  may  be  fcmnd  quoted  in  tb«  vafkras 
Mt^oMrinc  jounialB. 

^,The  coat  of  fkbricafleo  Indadea  eost  of  drafting  and  eost  of  Aop  labor.  To  tUa 
should  be  added  cost  of  mill  details  for  materiala  ordered  directly  from  the  rdUnc 
mill  whidi  is  cut  to  exact  length  and  punched,  sudi  as  Joists  snd  rimOar  meauben. 
The  cost  of  diafUag  wUl  be  from  |1  to  |2  per  ton  where  sketch  dstafls  are  used,  and 
Iran  |2  to  |4  par  ton  where  nmobsn  ue  detailed  separatdy.  The  ooata  ol  shop 
labor  may  be  aatlmatad  for  the  structure  as  a  whole  aooordiag  to  the  following  data, 
and  are  exdnslve  of  fenee  and  J<M*  and  isdude  dataOInc  and  ena  ooat  at  Aop  paint. 
For  feaa^ag  add  0.1B  centa  par  lb. 

Approiiiiuite  Shop  CoBti  ot  Pln-GoniMctod  BridgM 

Bridcea  w^hlng    SOOOlbandles   1 .80 enta pw lb 

Bridges  wdghhig    6  000  to  100001b   1 .20  onts  par  lb 

Bridges  weighing  lOOOOto  20  0001b   1.00  eenU  per  lb 

Bridges  weighing  20  000  to  40  0001b   0.90  oents  perlb 

Bridges  weighing  40  000  to  60  0001b   0.80  enta  perlb 

Bridges  wei^ilnK  60  000  to  100  000  lb   0.76  eents  pw  lb 

Bridges  weli^g  100  000  to  160  000  lb   0.70  eanta  perlb 

BrMfsaweii^iingieooooibandup   0.»eartipwlb 

Approximate  Shop  Costs  of  UT«tod  Tnas  Bridges 

Bridges  weighing     G  000  lb.  and  leas   1.1 6  cants  per  lb 

Bridges wdghing     SOOOto  lOOOOIb   l.OOesntaparlb 

BridgM  weighing  lOOOOto  SOOOOlb   O.Mentaperlb 

Bridges wdiJiing  SOOOOto  400001b   O.SGeanteptrlb 

Bridgts  wrigUng  40  000to  60  0001b   0.78  emta  psr  lb 

Bridges  writing  60  000  to  100  000  lb   0.70eentoper]b 

Bridges  w«l^ilnc  100  000  to  160  000  lb   0.66esntapar lb 

Bridces  150  000  lb  and  up   0.60ewtip«lb 

Approziinate  Shop  Costs  of  Plats  OMer  Bridges 

Spans  weighing  10  000  lb  and  leas   O.M  cents  perlb 

Spanswdghlng  lOOOOto  20  0001b   0.  SB  cants  par  lb 

Spans  weighing  20000to  40  0001b   O.TSentopsrlb 

Spanswdghing  40  000  to  60  0001b   O.TOetntapR-lb 

Spans weighbig  60  000 to  100 000 lb   0.60entip«-lb 

^tans we^hing  100 000 Ibland up  ,   O.SOenlapM'lb 

"Card  o(  Mm  Bztraa.  For  coat  ot  fabrleatloa  of  jeists  estlnute  unaitlin  to  Oe 
following  cost  of  mill  details:  If  the  estimate  is  to  be  based  on  card  istaa  it  wffi  ha 
neeessBiy  to  have  the  subdivlrfona  a,  b,  ^  d.  e,  f,  r,  etc,  aa  foUcrm: 

a  -  0.16  oemls  pv  lb.  TUa  eowa  plafa  pondihig  one  aba  of  hole  fai  web  only. 
Plain  punching,  one  rise  of  hole  in  me  or  both  flangea. 

b  0.26  oents  per  lb.  TUs  eovei*  plain  punAing  one  alia  ot  hole  iither  in  mb 
and  one  flange  or  web  and  both  *"''g»  The  hglas  in  the  web  and  SangH  must  be 
of  the  same  size. 

e  -  0.30  cents  per  lb.  Thb  covert  punching  of  two  ^ms  at  holes  fn  web  only. 
Punching  of  two  sises  of  holes  eftber  in  one  or  both  flangat.  One  4te  ot  bole  In  one 
flange  snd  another  sixa  of  hole  in  the  other  flange.  ' 

d  -  0,86  cents  per  lb.  This  covers  coping,  ordinary  bevelinc,  riveting  or  baiting 
of  eonnectioQ  angles  and  assembling  Into  girdsrs,  when  the  beams  forming  auA  girdai 
are  htAd  together  by  sepsrators  only. 

e  -  0.40  enits  per  lb.  This  eovsn  punddng  of  one  rise  ot  bole  In  the  mb  and 
another  siia  of  bole  in  the  flangea. 

f -0.1Bemt«perIb.  TUaeoTCncnttfawtokngthirtthlnavBitatiaaUisa  ±  HIb- 
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r  -  0.60  cents  per  lb.  Thb  oovera  be«ma  witfa  eow  phim,  dwlf  tMi^m,  and  ordl- 
uiy  riveted  beun  wcn-k.  If  this  work  conaisbi  of  bendbig  Or  mny  uinwul  mtk,  tha 
beama  ahould  not  be  included  in  beam  daonfication. 

"  Shov  Costs  of  IndiTidnal  Parts  trf  Bridges.  The  cost  of  fabricating  joists  and 
other  similar  mmnben  should  be  estimated  on  the  basis  ot  mOi  details,  which  see. 

Bre-Bsrs.  The  abop  cost  of  eye-bara  varies  with  the  rise  and  length  of  the  bars 
and  the  number  made  alike.  The  fdlowing  costs  are  fair  averages:  Average  thop 
coats  ot  bars  S  in  and  less  In  width  and  H  >n  and  leas  In  thiekness  are  fmn  1^  to 
1.80  eents  per  lb,  depentUng  upon  the  Isngtli  and  siM.  A  good  older  of  ban  nnmi&c 
ZHinz^toSinxHin,  and  from  1«  to  20  ft  kmc  with  taw  variatfaaia  in  rfn^  win 
cost  about  1.20  cents  per  lb.  Large  bars  in  long  lengtha  ordand  ta  large  qnantitlta 
can  be  fabricated  at  from  0.66  to  0.76  eents  par  lb.  To  gat  tiw  total  coat  of  ova-ban 
the  eost  irf  bar  stod  mikt  be  added  to  tbo  shop  eoat. 

*■  CbatiM,  Porta  and  Towan.  In  lots  «l  at  laaat  lam,  tlw  riiap  eost  is  about  as 
foOows:  Mombm  made  ot  two  fhannris  and  a  top  eovar  plats  with  lacing  on  the 
bottom  side,  or  two  channels  laced  on  botb  sides  eost  about  1.00  to  0.86  cents  per 
lb  fcx^i^-connected  members  weighing  from  6O0  to  1600  lb;  and  about  0.80  to  0.70 
eents  per  lb  for  membos  with  riveted  end  connections.  Members  made  of  four  ai^ea 
laeed  eost  from  O.80  to  1.10  cents  per  lb  for  m^bers  with  riveted  ends.  Members 
made  of  two  an^es  battened  will  oast  about  0.60  cants  per  lb.  An|^  used  without 
end  conneedotts  diould  have  thdr  cost  estimated  on  the  ba^  of  mill  details,  which  see. 

"  Fba.  The  coat  of  diord  pins  wfU  vary  with  the  idxe,  number  and  other  require- 
ments. The  dkop  cost  of  cikord  pins  and  nuts  may  be  estimated  at  from  2  to  8  cents 
per  lb.  Rollers  will  cost  practically  the  same  as  ptns.  Rolled  rounds  (pin  rounds) 
are  uaed  for  maklTig  pins  and  rcdlers. 

"Latticod  Fence.  The  shop  ooat  of  light,  simple,  lattloed  fenoe,  made  of  two  2  tnxZ 
hi  angles,  with  double  ladng  and  about  18  In  deep,  iriU  ba  about  Z  otnta  per  lb;  wfaUa 
tibe  shop  cost  of  latticed  fence,  with  <wnaiDsntaI  roaettss  or  <wnanisntal  plates^  may  be 
as  mudi  as  4  to  6  cents  per  lb. 

"  Floor  Beams  and  Stringers.  Plato  girdera  used  for  floor  beams  and  stringwa  will  eost 
from  O.SO  to  1.26  eants  par  lb,  depending  upon  tha  wei^it.  details  and  nnmber  made  at 
one  time.   Floor  beams  nuda  of  railed  I  lisaiia  win  cost  bom  0.6O  to  0^76  eents  per  lb. 

"The  Cost  of  Ecaetlon  indodH  (1)  eost  ot  hauUng  to  tha  rite;  (2)  talsawork  and 
placing  steel  In  position;  (8)  riveting;  (4)  painting.  Hauling  may  be  estimated  ss 
about  25  cents  per  ton  mile  plus  from  26  to  50  cents  per  ton  loading  and  unloading. 
FUseworii  undo-  wdlnary  etmditions  wilt  cost  $6  to  98  per  thousand  plus  the  cost  ot 
the  Umber.  It  friks  are  to  be  driven  for  a  toundadon,  tbeir  coat  wOl  vary  with  local 
oondltiona.  Thsae  may  be  —n™''*^  as  from  20  to  50  csnta  per  Un  ft  In  place.  Tlw 
cost  of  placing  and  bolting  la  about  aa  foUows: 

Spans  SOto  60ft  912  to  |16  per  ton 

&MUIS  eotoIODft   lOto  12perton 

%ians  lOOtoieOft   9  to  10  per  ton 

^MDs  IGO It aad over   8  perton 

"The  eost  ot  livetiiv  In  pin-oonneeted  spaaa  wfll  vary  from  7  to  12  eeata  per  rival 
iriille  the  eost  In  riveted  tnimes  will  bo  from  6  to  10  ants  per  rfvat.  The  number 
o(  rivets  In  thru  rivstod  spans  wfll  be  about  260  to  800  tor  a  ttair-fMUMi  Mdga,  and 
1300  to  1600  for  a  nin».pand  bridge.  Fin-eonneeted  bridges  have  about  0B»4htrd  to 
one-half  as  many. 

"Transportation  depends  upon  freight  rates  between  different  points,  information 
regarding  which  may  be  obtained  from  the  railroads. 

"  Cost  Painting.  Structural  aUnA  should  be  painted  with  one  eoat  of  linseed  aSl, 
Unseed  oU  with  lampbladc  filler,  or  red  lead  paint  at  the  shop;  and  two  coats  of  ftrst- 
daas  paint  after  ereetion.  The  two  Seld  eoaU  should  be  of  (Ufferent  eiAan,  care  kteing 
used  to  see  that  the  flrst  ooat  ia  tbMtdy  dry  before  aptriylng  the  second  eoat.  Light 
stitictural  work  will  average  about  250  aq  ft  and  heavy  structural  work  about  160 
aq  ft  of  surface  pw  toa  <a  metal,  and  wOl  take  about  }i  gal  of  paint  for  the  first  coat 
and  H  sal  for  tbo  sseond  eoat  per  ton  ot  steeL  A  good  painter  dtouU  paint  1200 
to  1600  sq  ftol  plato  sur£ua  or  800  to  600  sq  ft  of  straetural  sted  woric  ia  a  day  of 
8  hr.  A  thldc  red  lead  paint  mixed  with  10  lb  otlead  to  the  galhm  of  cril  wfll  tUa 
fully  twice  as  ksig  to  aiviy  as  a  giqiUto  pabt  or  finssad  lA" 
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8.  Loads  for  Highwrny  Bridges 
OatM  aod  Innsr  Forcet.   A  bridge  muat  be  designed  and  built  to  carry 
the  loads  which  come  upon  it.    The  loads  bring  into  action  the  supports, 
or  reactiooa,  which,  together  with  the  loads,  are  called  outer  roRCBS.  The 

outer  forces  bring  into  action 
certain  inner.or&berBtreasea, 
called  iNNBB  roHcBS.  A 
stnicture  is  said  to  be  stat- 

ICALLT      DETKRMINZD  with 

regard  to  the  outer  forces 
when  the  reactions  may  be 
found  by  statics.  In  general, 
a  structure  upon  two  pointa 
of  support  baa  the  points  of 
application  of  these  reaetioDS 
■  known.  This  leaves  the 
magnitude  and  direction  of 
each  reaction  unknown.  By 
placing  roUera  under  one  sup- 
port, at  in  aome  way  arrang- 
ing a  sUding  device,  this  re- 
action may  be  assumed  to 
take  no  horizontal  compo- 

SnnolTruMlnrL  "*  ^"^^  direction 

becomes  known,  and  leaves 
■  1  only  three  unknown  values. 

8inoe  there  are  three  statical  equations  of  equilibrium,  these  values  may  be 
found.  In  the  case  of  a  bridge  with  one  end  on  roUen  and  all  the  loads 
vertical,  the  problem  becomes  even  more  simplified. 

Loads  may  be  divided  into  (1>  dead,  (2)  uvn. 
weight  of  the  bridge.    The  live 


The  dead  load  is  the 


load  is  the  load  which  may  be  re-  i 
moved  from  the  Btruoture,  and  £ " 
may  be  either  fixed  or  moving,  and 
will  vary  with  the  local  conditions.  3 
It  may  take  the  form  of  a  uni-  | 
formly  distributed  load  such  as  u  I  js 
lb  per  Un,  or  aq  ft.  It  may  cover  p  ^ 
all,  or  only  a  portion,  of  the  space.  B 
It  may  also  take  the  form  of  con-  |  so 
centrated  loads.  | 
Dead  Loads  are  found  by  sue-  ^ 
cessive  approximations;  that  is, 
the  dead  load  ia  assumed,  the 
structure  designed,  and  the  weight 
computed;  this  computed  weight 
is  compared  with  that  assumed  ^  jo 
and,  if  found  to  differ  materially, 
a  new  weight  is  taken  and  the 
structure  redesigned.  The  weight 
of  a  bridge  includes  (1)  weight  of  metal,  and  (2)  weight  of  other  material, 
such  as  flooring.  Owing  to  a  greater  variation  in  width  of  roadway  and 
design  in  highway  bridges  than  in  railroad  bridges,  formulas  will  not 
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give  so  close  an  approximation  to  the  weight  of  the  former  as  to  the  weight 
of  the  latter. 

Figs.  1  to  5,  taken  from  Ketchum's  "  Design  of  Highway  Bridges"  (15a), 
give  the  weight  of  several  types  of 
trusses  for  different  span  lengths. 
Fig.  6  gives  the  weight  of  lateral 
bracing,  and  Fig.  7,  the  weight  of 
floor  beams.  In  each  case,  the 
weight  of  flooring  and  stringers 
must  be  figured  separately  and  in- 
cluded. By  use  of  these  curves, 
a  very  fair  estimate  of  dead  load 
may  be  made. 

Live  Loads  on  a  highway  bridge 
may  include  wkiqht  or  traffic 

AND  WIND  LOAD,  IMPACT  LOAD, 
SNOW  LOAD,  and  TBHPBBATURB 
LOADS.  The  amounts  of  these 
loads  are  given  in  speci&ca- 
tions.  The  traffic  load  should  be 
assumed  with  reference  to  the 
location  of  the  bridge,  and  due 
regard  should  be  given  to  future  possible  conditions.  Impact  stresses  may 
be  treated  in  one  of  two  ways.  The  allowable  unit  stress  for  live  load 
may  be  reduced  or  the  Uve  load  stress  in  different  members  may  be  in- 
creased. This  tast  is  obtained  by  a  formula  which  usually  takes  the  follow- 
ing form: 


to  100  no  120  13U  1(U  lUi  mo  170  ISU  IM 

span  of  rrUHSos  In  Ft, 

Fig.  a 


IMPACT 


+  Cij 

where  impact  is  the  impact  stress 
to  be  added  to  the  Uve  stress,  S 
is  the  live  load  stress,  L  is  the 
Length  which  was  loaded  to  pro- 
duce the  live  load  stress,  and  C 
and  Ci  are  constants.  The  weight 
of  SNOW  and  ice  varies  with  the 
latitude  and  may  be  taken  as  30 
lb  per  sq  ft  in  northern  New  Eng- 
land, 20  lb  per  sq  ft  in  latitude 
of  New  York  City,  and  10  lb  per 
sq  ft  in  latitude  of  Baltimore. 
The  TEHPEBATURE  LOAD  may 
amouDt  to  the  reaction  multi- 
plied by  the  coefficient  of  friction 

BO    VU  lUO  110  VM  130  HO  IM  m  m  ISUIW     .  II  1         II  f 

Sian  of  TnuM  la  Ft  rollers.    An  allowance  of 

Pig.  4  -83°  C  (150°  F)  requires  a  space 

for  a  motion  amounting  to  ^  in 
for  each  10  ft  of  length.  This  loadia  usually  negUgible  in  considering  stresses 
in  bridge  members. 

4.  Speciflcations  for  Highway  Bridges 
SpeclflcatioaB  for  Steel  Highwar  Bridges  have  been  written  by  various 
consulting  engineers  and  bridge  companies.    The  following  extracts  are 
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taken  from  the  four  difTerent  BpociScations  Riven  below.  The  letter  after 
each  item  shows  its  source.  It  should  be  noted  that  all  except  Cooper 
allow  for  impact  by  iucrcosiug  the  live  loud  stresses.    Key:  C  =*  Cooper, 

1909  (Revised  by  Berger) 
(8);  O  =08trup,  1911  (19); 
K  -  Ketchum,  1914  (I5b); 
M  "  Mass.  R.  R.  Comm., 
1908. 

Tjpes*  Wooden  itrtn^BCv  or 
rolled  bMoiB  np  to  20  ft.  M ,  O; 
rolled  beuna  up  to  26  ft,  C;  op 
,  to  30  ft,  K;  rolled  bmam  or 
plate  girdera  20  to  30  ft,  Bf ;  20 
to  40  ft,  C,  O;  plats  Kiniera  30 
to  TO  ft,  H;  40  to  70  ft,  O; 
[date  at  lattice  girdm  M  to  80 
ft,  C;  pUta  Birders  or  riTCted 
low  tnmem  80  to  80  ft.  E;  TO 
to  100  ft,  H;  SO  to  100  ft,  O; 
lattice  girden  SO  to  120  ft,  C; 
riveted  tnuMa  100  to  126  ft. 
U;  100  to  160  ft.  O;  riveted 
or  pln-«oniiected  tnuMa  125  to 
200  ft.  H;  80  to  160  ft,  E;  over 
120  ft,  C;  pjD  tnueea  ovw  160 
ft,  O,  Ki  ov«r  200  ft,  Bl. 
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span  of  TriuBea  tn  Ft 
Fia.  6 


Clearancee.  Seven  feet  on  each  side  of  track  oenter  at  heicht«  exceeding  1  ft  above 
top  of  rail,  C,  O,  K;  at  heights  between  10  in  and  12  ft  above  rail,  H;  on  atnight 
track,  and  equivalent  on  curves.  Fifteen  feet  dear  above  rail,  C;  Mune  for  width  of 
8  ft  above  track,  M,  E;  for  width  6  ft,  O;  for  country  bridgea  not  carrying  «faetric 
cars  12^4  ft  dear  above  roadway,  C,  E,  O;  for  such  aty  bridges  14  ft,  O. 

3 
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II 1000 
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WalKbt  of  iMnl 
inoladlDic  Portal^  yvfoM 
□f  widib  of  BiUfa 

(Width*  of » to  an.) 


ta    10     6u    su    100    la)   lio    tto    iBO    20U   m   UD    atu  tM  MP 
spat)  of  Brldtfc  U  Ft 

Kg.  6 

CiMsiflotlon.  Cooper:  Ai,  rity  bridgea  buckle  plate  floors  tad  paving  on  cob- 
crete  base;  Ai,  dty  bridgea  plank  flooring;  B.  suburban  or  interurban  bridges  carry- 
ing heavy  electric  ears;  C,  town  or  country  bridgea  carrying  light  ear*,  or  baavy  loads 
from  quarriea  or  manufactorifls;  D,  country  bridges  carrying  ordinary  traffic.  Mass. 
R.  R.  Coiiii.  AND  Ostkup:    A,  dty  bridge*  nibject  to  heavy  loads;  B.  suburban  or 
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town  bridKCfl  or  hemvy  country  highway  bridges;  C,  light  country  blghifiy  bridgM. 
Kbtcruh:  a,  city  traSlc:  B,  Buburban  or  interurbui  heavy  deetric  cara;  C,  country, 
ordinary  traffic,  light  electric  cars;  Di,  country,  heavy  traffic;  D*,  country,  light  traffic 
Loads.  Dhad.  Wei^t  of  metal,  wei^t  of  material  other  than  steel,  C,  O,  K,  H ; 
atone  blocks  160  lb  per  eu  It,  O,  E;  paving  brick  160  lb  per  cu  ft,  O,  K;  concreto 
160  lb  per  cu  ft,  K;  130  lb,  O;  asphalt  130  lb  per  eu  ft,  O,  K;  oak  or  hardwood  4H 
lb  per  ft,  B,  M;  plna  or  soft  wood  U>«C.  O,  K;  r^  faatrataiga  and  apUcea.  etc. 
100  lb  per  lin  ft  of  track,  O.  K,  H;  mlntrimm  weight  of  croaa  tiea  and  guard  rails  200 
lb  per  lin  ft  of  track,  O;  total  weight  of  floor  above  atrii^lera  not  Itm  than  aoo  lb,  M. 

LiVB  FOR  FUOOR  Systkh.  Cooper,  daasea  Ai  and  As,  and  Ketchum,  dav  A;  a  con- 
centrated  load  of  24  tons  on  two  axlea  10  ft  center  (occupying  12  ft  hi  width  tor  a 
BiD^e  line  and  22  ft  for  a  do<^e  line),  and  upwi  tbe  ramahUng  portion  of  the  floor, 
indnding  footwalks,  100  lb  per  sq  ft.  Cooper,  daaa  B  and  Ketdnim,  dan  B;  a  eon- 
eentrated  load  of  12  tona  on  two  aslea  10  ft  center  or  on  each  street-car  track  24  tons 
on  two  azlea  10  ft  centers,  and  on  remaining  portion  100  lb  per  aq  ft.  Cooper,  dam 
C,  and  Ketcbum,  class  C;  a 
eoneentrated  load  of  12  tona  on 
two  axlea  10  (t  centers^  or  on 
atreet-car  track  18  txaa  on  two 
axles  10  ft  erateia,  and  on  re- 
maining portion  100  lb  per  sq 
ft.  Cooper,  daas  D;  a  load  of 
80  lb  per  sq  ft  total  floor  soi^ 
face  or  6  tona  on  two  axles  10 
ft  centers.  Ketch um,  daae  Di; 
a  load  of  100  lb  per  sq  ft  total 
floor  surface  or  20  tons  on  two 
axles  11  ft  eentera  and  7  ft 
gauge,  Vs  of  load  on  rear  axles. 
Ketdium,  daM  Dt;  a  load  of 
80  lb  per  eq  It  total  floor  mu- 
f  aee  or  16  tona  on  two  axlea  10 
ft  centers  and  6  ft  gauge,  ^load 
on  rear  axles.  Ostrup;  if  dee- 
trie  railway  tracks  occur,  a  seriea 
of  SO-ton  cars  on  two  trucks  20 
ft  centers,  truck  axles  5  ft  cen- 
ters, 6  ft  gauge,  having  total 
length  of  40  ft  and  width  of  10  ft,  shall  be  used  in  addition  to  the  following:  Class  A, 
a  load  of  20  tons  on  two  azlee  8  ft  centers,  6  ft  gauge,  occupying  a  length  of  20  ft  and 
width  10  ft  and  remaining  area  100  lb  per  sq  ft.  Ostrup  daaaB;  a  load  of  15  tons  on 
two  axles  8  ft  centers,  5  ft  gauge,  remainii^  area  90  lb  per  sq  ft.  Ostrup,  daas  C;  a  load 
of  10  tons  on  two  axles  8  ft  OKktcrs,  6  ft  gauge,  remaining  area  80  lb  per  aq  ft.  MasB.R. 
A.  Comm.,  a  604on  douUe^rudt  ear,  iriied  base  26  ft,  wbed  baa*  of  trudc  6  ft,  to  ba 
used  on  an  dasses;  also  a  16-ton  road  roller  11  ft  center  to  center  of  rollers  with  6  tona 
on  front  and  9  tons  on  rear  and  for  this  «on<Utjon  aUowed  fiber  stress  us  may  be  increased 
30%.  Maaa.,  class  A;  also  100  lb  per  sq  ft  of  surface  or  load  20  tona  on  two  axles 
12  ft  centers,  6  ft  gauge.  Haas.,  daas  B;  also  100  lb  per  eq  ft  of  aurface  or  load  12 
tona  en  two  a^ea  8  ft  aaBtera.   Mas.,  dav  C;  also  80  lb  per  aq  ft  of  mutMee, 

LivB  n»  Trusbbs.  Oatrap,  daa  A;  100  lb  per  aq  ft,  spans  100  ft  or  leas;  80  lb, 
spa&B  200  ft  or  over,  proportionally  for  intermediate  apana.  Class  B:  90  lb  per  sq  ft, 
spans  100  ft  or  less;  70  tb,  spans  200  ft  or  over.  Class  C:  SO  lb  per  sq  fVk  spana  100  ft 
orka;  60  lb,  spans  200  ft  or  over.  In  addition  to  these  loadings,  a  series  of  cara  as  aforo 
stated  (see  FLOOR  SVSTBU).  Maaa.  R.  R.  Comm.,  claas  A,  same  as  Ostrup.  Clam  B, 
same aa Ostrup,  daaaC.  ClassC:  801bpersqftBpans7Sftorleas:  60  lb,  spana 200ft 
or  over.  In  addition  to  these  loadinga,  a  car  on  each  track  aa  atated  under  floor  system. 
Of  a  uniform  load  on  each  track  varying  from  1600  lb  to  1000  lb  per  lin  ft  of  track. 

Wind.  300  lb  for  each  foot  of  span,  160  lb  treated  aa  moving  load  for  top  lateral 
of  deck  and  bottom  laterals  of  thru  bridges;  150  lb  for  each  foot  span  for  bottom 
laterals  of  deck  and  top  laterals  of  thru  bridgea,  C,  K;  in  bridges  with  sway  bracing, 
one-hair  of  wind  load  aasumed  to  paoa  to  lower  chord,  Ki  60  lb.^par  aq  ft  SKpoaad 
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Utc  Loads  Uk  TrnnM:  Cooper  and  Satclmiii 
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106 
110 

lis 

ISO 
126 
ISO 
186 
140 
14S 
180 
166 
IBO 
166 
170 
176 
180 
186 
190 
IH 

200  and  over 


ClubA 


1800 

1770 

1740 

1  710 

1680 

1060 

1620 

1590 

1660 

1  6»0 

1600 

1470 

1  440 

1410  , 

1S80  ' 

1  860 

1320 

1290  , 

1260 

1280 

1200 


100 
99 
98 
97 
96 
96 
94 
98 
92 
91 
90 
88 
88 
87 
86 
86 
84 
83 
82 
81 
80 


GlubB 
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1800 
1770 
1740 
1710 
1680 
1660 
1620 
1690 
1  660 
1  680 
1600 
1470 
1440 
1410 
1380 
1860 
1320 
1290 
1260 
1280 
1200 


80 
79 
78 
77 
76 
76 
74 
73 
72 
71 
70 
69 
68 
67 
66 
66 
84 
68 
62 
61 
60 


Cuss  C       CLUB  Di,CUM  Dt 


1200 
1  190 
1  180 
1170 
1  IGO 
1  160 
1  140 
1  180 
1 120 
1  110 
1  100 
1  090 
1080 
1  070 
1060 
1060 
1040 
lOSO 
1020 
1010 
1000 


80 
79 
78 
77 
76 
76 
74 
78 
72 
71 
70 
69 
68 
67 
66 
66 
64 
S8 
62 
61 
80 


80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
66 
64 
63 
62 
61 
60 


T5 
T4 
7a 

TS 
71 
70 


67 


<6 
64 


61 
•0 
BO 
68 

67 

oa 

BS 


Nora;  Cooper,  Ctan  D,  mae  u  Ketehum,  CUa  IV 

■arfMe<rfbothtruMat,  unloaded,  30  lb  per  MI  ft  exposadsiir(M«atntetttnt  loaded.  II,0; 
arm  of  aw  to  ba  addad  to  ana  Mniotur*.  M ;  when  structura  b  loadad.  In  addWaa, 
160  lb  per  lis  ft  of  loaded  diord,  or  300  lb  par  lin  ft,  U  carrying  deetrfc  eara.  lUid- 
mum  250  lb  per  lln  ft  for  loaded  and  150  lb  per  Un  ft  tor  diotd,  O.  Cwtrif- 

ugml  and  longitudinal  foreea  provided  for  In  aO. 

iMFACr.  Allowance  in  unit  atreai,  C;  I  -SX  100/(L  +800),  E;  aanaforUfb- 
way  traflle  oiljr,  O;  /-  S  X200  /(L  +800)  bridisa  canybig  alaetrie  r»il«Bn  O; 
I  f  inpset,  8  -  computed  Un  load,  L  —  loaded  length  tai  feet.  The  toOowiDg  par- 
emtagea  of  live  load  are  given  by  H:  Floor  beams  and  stringefa,  26;  floor  beaai 
and  hangers,  40;  eoUntera,  40;  other  members  tai  trimnrn  and  main  ^rd«a  iAm 
loaded  length  is  20  ft  or  leas,  25;  when  loaded  leogth  b  200  ft  or  mote,  10. 

Allowable  Streaaea  In  lb  per  eq  In. 

Tbnbion.   Axiid,  on  net  section,  16  000,  K,  O,  H;  floor  beam  hangers,  6  000;  away 
bracing,  lateral  forces,  18  000;  sway  bradng  live  load,  16  000;  Boltd  roOed 
IS  000;  bottom  Bangee,  plate  girders,  chords,  welM  of  tnuaca,  IS  600  live,  S6  000  < 
verticals  cairying  floor  beams.  10  000  live,  20  000  dead,  C. 

CoHPunidv,  aiial  gnM  aeetion,  5-  16  000  -70  L/r,  O,  K.  S  -  afflomhle  valt 
Btreaa;  L  ■  unaaniorted  length,  Indiasi  r  ■  leaat  radhia  of  gmtkn,  Indwa 

12000 

^20000  r* 

Chord  segments,  5  -  12  OOO  -  5S  L/r;  posts  of  thru  bridgea.  S  -  10  OOO  -  46  L/r, 
posta  of  deck  bridges,  5  -  11  OOO  -  40  L/r.  For  dead  btad,  use  twka  tfaaaa  valuM. 
Itfml  struta  and  rigid  bradng,  5  -  18  000  -  60  L/r,  C. 
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BSNDIMO  8zb«iw  flben  rolled  dttpes  uid  buDt  ■ecdoni  16  000,  X,  O;  aKti'nw 
flben,  piiu.  24  000  K,  O,  H;  pi&a  20  000,  C. 

SbbUUNO,  put*  tfnier  webs,  gran  mcUod  10  000,  K,  O;  plM  and  abop  ilTOto  12  ODO, 
K.  O;  10  000  tsavt  8  000  for  floor  lyrtam  and  16  000  for  latarab,  C;  U  000,  M; 
Odd  rivoto,  aUowoUo  otrwi  ndnood  83J%,  C;  10  OOO,  K;  whan  poww  drivan  11 000, 
hsnd  driTon  9000,  O;  wh«i  power  driven  reduce  allowable  alinw  10%,  band  diiven 
26%,  U. 

Bb&rimo.  iriiw  is  000  live,  80  000  daod,  C;  22  000,  H;  U  OOO,  K.  O.  Sbop  riveU 
18  000  auapt  U  400  for  floor  baama  and  27  000  for  lateal,  C;  wfaan  ana  la  cndoaad 
batwBMi  otlMT  plsaaa  20  000,  not  endoaed  18  000,  U.  24  000,  K»  O.  VMd  riveta 
reduee  aDowafale  Btraa  S8^%,  C;  20  000,  K;  hand  driven  18  000,  poww  driven 
22  000,  O;  radiiea  allowaUe  streaa  band  driven  26%,  power  drivoi  10%,  H. 
*  Bed  Putbb  and  Rollers,  bearing  on  maaonry  260  lb  per  aq  bi,  Ct  400,  M;  400 
to  600,  X,  O.  Bearing  on  axpaniion  roUera  in  lb  per  Un  is  800  4  C;  600  ^  H,  O,  K; 
d  *  diaowter  of  roUar  in  incfaea. 
Dotaila  of  Deaiga  and  CtmatmctkoL 

pBWCwnoN  or  Parts.  Altbnath  Stubsbb:  Uambera  aubjeet  to  altemabe 
trowna  ahaO  be  propwtioned  to  renst  eacb;  inereaae  botb  itraaaca  by  80%  lA  leaat 
of  two  atreaaea;  rivets  and  bearing  aieaa  on  pina  toeraaaad  60%  over  usual,  C;  pro- 
ptHtioned  to  reaiat  roarimuin  at  each  Idnd,  but  onit  streM  Is  len  than  atreaa  at  out 
kind,  aa  foUowa;  U  the  two  maximum  strcaaaa  an  same,  unit  atioMea  ara  H  above 
tanakn  and  inaiuiiwTiin  for  Uvo;  if  ampler  ia  H  Intm,  vudt  atreaaea  an  K  above 
traiahni  and  comiuraailon  lor  live  and  proportionally  for  odier  raUoa,  M ;  proportionod 
for  itrtinea  ^ving  largest  seetkn.  If  atresaea  oeeor  in  aueeearion.  inoeaae  eadi  by 
60%  of  araalls;  eonneetiona  proportioned  for  aum  of  stress,  K.  Hembera  aubjeet  to 
ravwaal  of  atraassa  shall  be  proportioosd  for  equivalent  atiaaa  equal  to  that  stnaa 
wfaicfa.  wtan  added  to  60%  of  the  other,  wfll  give  the  greater  seetlce,  both  impacts 
added,  0. 

Comrms:  Area  foond  1^  taking  ABmnea  arsaa  dn»  to  Un  and  dead  ■troHas 
sepantely,  C,  so  that  fntnn  faiwr— i  hi  Uva  load  of  26%  wfll  not  Inenasa  atrea  mon 
than  26%.  C,  K. 

CoHBiNBD  Stuuiw:  Hembers  aubjoeted  to  both  axial  and  bending  atiaaiia  ahril 
be  deaigned  ao  greateet  fiber  streaa  shall  not  exceed  sllowablo  unit  stress,  K,  C;  if 
fiber  stress  due  to  dead  weight  of  member  exeaeda  10%  of  Hs  allowable  unit  atran, 
snefa  excees  must  be  considered.  C,  K;  itwaeea  from  aasumed  wind  loads  not  consid- 
ered iinlf  unit  atnaa  is  greater  than  80%  of  live  and  dead  unit  streases  (in  which 
eaae  aeetion  faaereaaad  until  unit  stress  does  not  axeeed  by  more  than  80%  of  the  mszi- 
nnm  flsad  tar  Uve  and  dead)  or  unleoi  wind  and  tsmperatura  stresses  nverae  ati  esa, 
C;  2S%,  K;  nMmbam  reeeiving  stnaa  from  vertical  loads  and  from  lateral  or  longl- 
tadbnl  foroaa,  unit  stnaa  ahafl  not  ezeead  allowable  by  more  than  26%,  M.  When 
combining  atnaaw  due  to  vertical  forces  with  those  due  to  latCTal  foress,  indoding 
direet  and  indirect  wind  and  bending  due  to  wind,  unit  atramaa  may  be  Increaaed  26% 
if  this  gives  a  greater  area,  O.  When  both  dinet  and  flexural  stresses  dna  to  wind 
an  oonsidsnd.  60%  may  be  added  to  aOowaUe  stresses  for  dead  and  live  provided 
tbe  area  Is  not  k«  than  required  for  dead  and  Uve  alone,  or  for  dead,  liva,  and  direct 
wlnd,r. 

Riveted  Tension  Hembeis:  Net  section  thru  pin  hole  88.8%  net  section  of  member 
and  back  of  pin  hole  at  leaat  60%  of  net  aeetion  thru  pin  hcrie,  C;  aame  except  26% 
and  76%,  H,  K;  aame  as  H  except  minimum  sectiim  l>ack  of  pin  bole  equals  that  thru 
body  of  memlMr,  O. 

Plate  Girder  FlangM:  Flangea  carry  all  inmnent,  w^,  all  ahaar,  C;  H  gnm  aectloo 
web  used  as  flange  section  if  properly  qitieed,  K,  U,  Oi  grooa  area  tanalon  and  eom- 
prcadon  flanges  equal.  C,  U,  K,  O;  compression  flange  braeed  at  distance  equal  to 
16  tlmea  width,  C;  12  timea,  O*.  12  ft,  K;  U  not  braeed  at  distanee  20  Umos  width 
allowable  $Mm  reduced.  H;  40%  flange  area  in  an^es,  O;  60%.  C;  flange  plates 
to  extend  bvond  their  theoretic  length  2  rows  of  riveta  at  each  end,  C,  H;  12  ia 
O;  flange  pl^ea  not  to  extend  mon  than  6  in  or  man  than  8  times  thieknaw  id  tUn< 
neat  idate  beyond  outer  Una  of  riveta,  C,  K. 

I^n  GnUMM  Wbbb:  Net  aeetion  earry  total  ahaar,  U;  grov  aeetloii  entry  total 
absar,  O;  mtnlmum  thidmaaa  Via  In,  K,  C,  H ;  not  iMs  thut  l/uD  maupported  4i*- 
taim  botwaao  aanf*         O,  K, 
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SnmNBRs:  Weta  to  be  aOttmed  at  bMrfnsi  and  ecmc«ntrat»d  roads  and  mX  InUr- 
valanotto  exceed  depth  girder  or  G(t;  wheneverabeariiiKstreHia  webexeeads  12  600  — 
90  k/t,  whm  h  *  depth  and  I  -  tUeknosi  wab,  taiehaa,  C,  K;  wbmnr  ibearinc 
itMB  Cdueeda  12  000  +  [1  +  (d«  -  8000  (*))  where  1  -  thiekneM  web,  inAem.  mad 
d  —  dear  dlataiwe.  fndiea,  between  flange  an^ee,  H;  allowable  itraa  In  adffanen 
18  000  -  70  L/r.  C.  O;  12  000  -  6S  L/r  C; 

MiNWUM  Tbicknrbs  of  Mbtal:  VidIb  ™^  members,  a  in  Uteralo,  C;  S/ie  b> 
dateee  A,  B  and  C.  M  in  daaMa  D.  and  D.,  K;  s/u  in.  >i  in  for  dwutnd.woba,  O,  M; 
onv  iteam  ndroad  H  io  ImIow  floor.  It, 

GoHPUBsnm  Hbhbbb:  L/r  not  more  than  100  csuept  laterde  MO,  Bf,  C;  mtm 
neept  125  and  160  for  damea  Di  and  Di,  K;  120  and  140,  O;  abutting  Jointa  wben 
faced  for  bearing,  aball  be  spliced  four  sides  to  Iceep  membcra  In  place,  aU  other  jotnta. 
In  riveted  work  to  be  fuDy  spUoed,  C,  K,  O;  all  joints  in  riveted  work  fully  qtlieed, 
U;  unsupported  width  (between  rivets)  of  cover  platee  not  to  exceed  80  times  their 
thickness  except  covw  plates,  top  chords  and  end  poets  which  ate  limited  to  40,  CrJC; 
48.0;  pitehofrivetatiottoexfleed4di«met«nof  rivefttorkacthequaltotwleawidth 
of  monlter,  C,  II,  O;  and  for  length  equal  IK  thnea  irldth,  K;  wfan  naenMiy  pfai 
holes  shall  be  relnforoed  by  platen.  E,  O,  H,  C. 

Battbh  PL4TBB:  Flsoed  near  ends  of  eompreerion  mambera,  length  not  leee  than 
greatest  width  member  or  li^timealu  least  width,  C,K:  length  not  leas  than  giemteat 
iridth  and  thidoMM  not  lesa  than  i/gf  Aatasea  beCwom  conDaetfnc  rivata.  Mi  not 
1MB  than  width  of  member,  minlnniii  10  In,  O. 

LATnoNO;  Thidmen  net  ha  i/m,  for  dngla  ban  and  i/m  (w  dooUa  ban  rivacad 
at  Intersection,  of  distance  between  liveta  connecting  them  to  member,  M,  K,  O,  C; 
wiitiEmmn  o(  in,  H;  Width  not  leas,  for  16  in  j-timtuMJa  or  built  aectkma  with  ani^ 
over  8  in,  than  2>i  in,U,  O;  for  12,  10,  9,  S,  and  T  in  diannds,  2H  in,  M;  12,  10, 
and  9  in.  2H  In.  8  and  7  hi,  2  in,  6  In  or  lea^  IK  In,  O;  18  in  and  over,  2H  in.  IK  Ib, 
2li  in,  K;  2^  in,  C;  12  in,  2  in,  K;  2^  in,  C;  9  in  IK  in,  K;  2  in.  C;  6  hi,  IHla. 
K;  IH  in,  C;  aiWe  lattieiag  inclined  not  leas  than  60°  to  axis  member,  double  lat- 
tidng,  45%  C,  O,  H.  E. 

Rwbtb:  Minimum  pitch  8  diameters  of  rivet,  iM«<tmifii  6  In  or  16  tfanea  I  Til  in  at 
outside  plate  connected,  C.  O,  H,  K;  distance  from  edge  never  leas  than  m  or  2 
diameters  at  rivet,  C,  H;  f or  ^  in  riveta,  IH  fat;  H  In  riveta,  1^  in;  K  In  rivei^ 
IH  in;  from  dwarad  edge  and  from  rolled  edge  IM  iii,lH  In  and  1  in  reapeetively. 
O,  K;  not  mon  Uiaa  8  tlmea  tUdmaaa  plate,  M,  O. 

RoLi«a  AND  Bouma:  Spans  SO  ft  and  over,  reathig  on  naaonry,  to  haw  tntnad 
rollers  or  rockers  at  one  end,  leas  spans  to  have  one  md  dtding,  K,  O,  M;  100  ft  and 
over,  C;  rdlers  In  diameter  for  spans  100  ft  or  Ich;  inereaae  1  In  for  each  100  ft 
additional,  C;  aama  aave  for  100  ft  orlaai  diameter  8  in.  K;  In  any  eaas  not  Ism  than 
Sin;  not  lam  than  4  in,  O;  vub  80  ftorow  have  hinged  bdatera  Btaaeli  nd.  O,  H; 
100  ft  or  ovw,  C 

Cakbw;  AQ  liridgea  to  IM  cambered  by  ^ving  panels  of  top  diord  an  exceae  length 
of  Vlfl  in  In  10  ft,  C,  K;  H  in  fat  10  ft,  H,  O. 

Fi-ooaa.  Floor  beams  shall  be  rolled  or  riveted  steel  firdva.  rigidly  connected  to 
the  trusses  at  the  pand  pefnta,  C.  E;  may  be  ;4aoed  «)  top  deck  bridgea  at  paad 
poInts,K;  all  longltodinal  glrdera  of  bridges  eIimm  Ai  and  At,  all  track  stiingemda— 
B  and  C  via  be  sted;  unlem  otherwise  apedfled,  all  other  longitudlnd  ^rdera  daases 
B  and  C  wQl  be  of  sted;  all  longitudbisl  girders  dam  D  shall  be  either  sted  or  wood, 
C;  aU  joists  and  strlngen  daseee  A  aud  B  aball  be  of  ^ted,  jdats  for  daana  C,  Di  and 
Di  either  wood  or  sted,  K;  sted  stringers  shaU  be  securdy  fastened  to  cross  6oar 
beams,  C,  E;  width  of  wooden  JtrisU  not  len  than  H  depth  or  8  fai.  C,  K;  wooden 
joists  not  spaced  over  8  ft  oentera  and  will  lap  by  each  other  so  as  to  have  a  fuD  hsailin 
cm  the  tkmr  beams,  wU  be  aspaiatod  H  in  for  free  dreulatioii  of  air,  C;  aana  aaeapt 
2}i  ft  ecoters.  K;  when  spaaed  8  ft  eentan^  one  joiJfc  to  be  coaddMad  earrylBg  oidy 
%  concentrated  Uve  load,  C;  same  exeept  >4>  E.  For  dn^  thldmea^  floor  plank 
diall  not  be  leas  than  2  <^  in  thick  for  oak  w  8  in  for  |rine,nor  less  than  i/ii  the  distance 
between  eantere  of  jold*,  laid  tranaverady  with  M-in  oponlnga;  for  additional  wearing 
Burfaoe  use  a  thidraam  of  1 K  fat  in  wfaidi  taae  tower  plank  m  talUA  be  Ud 
dlagaially,  E.  Floor  plank  to  have  tUalmam  in  tnefass  at  least  aqnd  to  dlatanm 
VMitof  beamafaifoatoramtaitammiof  SMfawC.  Vootwaik  plank  S  In  tUck  aad 
not  mora  than  6  in  wide  with  K  hi  opulnn  C,  K;  In  dty  brtdfnirith  boaiSa  plate 
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floora,  buelde  pUtes  not  Iom  than  t/it  tUdc  ind  erown  not  kv  than  2  hi,  C,  X; 
bridges  with  budde  plate  floon  diall  have  auitable  metal  curb  on  each  dde  <it  road* 
way  to  hold  paving  and  act  aa  wheal  goard;  whed  guard  ao  arranged  that  it  may 
be  ramovnd  and  mdaoed  whn  worn  or  Injured;  thm  wlU  alao  be  a  metal  edgicc 
■trip  OB  wtA  M»  o(  looUnqr  lo  hold  ptntag  fai  pba,  C;  mbb  OMpt  ourb  Buqr  Iw 
■toBB  or  rtati,  K;  ooBeretB  anr  bndda  platea  at  laaat  8  In  tUdt  on  roadway  and  S 
iBflarfdvwrik^CS. 

&  ShMn  and  Bending  Homanti  in  Beams  and  ^titaaei 

Altho  tUa  subjeet  bekmsB  in  the  partofSect.3  dealing  with  WKOunoa, 
and  IB  there  explained  in  princdple,  it  appears  neoeeaaiy  to  show  its  ap- 
plication to  betuns  and  tnissea.  Notation:  v>  —  uniform  load  per  foot, 
L  "  length  of  span;  distance  from  left  reaction  to  section  Qonsidered; 
Ri  ~  left  reactioa;  At  "  right  reaction. 

Vertical  Shear  is  the  algebraic  sum  of  the  vertical  forces  on  either  side 
of  a  section.  If  upward  forces  are  called  plus  and  downward  forces  miaus, 
the  algebraio  sum  on  one  side  of  a  section  in  a  structure  in  equilibrium 
must  be  eflnal  to  and  of  opponte  agn  from  that  on  the  other  side,  sinoe 
£  y  B  0.  The  sign  of  the  shear  la  arbitnrily  fixed  as  positive  when  up- 
ward on  the  left  and  downward  on  the  right  of  a  section.  In  order  to  find 
the  shear,  it  is  thnefore  neoesMuy  to  find  all  of  tiie  vertical  forces  on  one 
side  of  the  assumed  section.  In  general,  choose  the  aide  which  requires  the 
lesser  work.    In  beams  which  are  free  at  one  end,  work  from  the  free  end. 

Bending  Moment  at  a  section  is  equal  to  the  algebraic  sum  of  the  mo- 
ments of  the  forces  on  either  idde  of  the  section  about  an  axis  in  the  sec- 
tion. The  sign  of  the  bending  moment  is  usually  called  poaitiTe  when  the 
algebraic  sum  of  the  moments  on  the  left  of  the  section  is  dookwise.  In  a 
beam  on  two  points  of  support,  a  poative  moment  causes  ocMnpression  in 
the  top  fibers  and  tension  in  the  bottom  fibers.  The  sum  of  the  moments 
of  the  forces  on  one  side  of  a  section  wHl  have  the  same-  numerical  value, 
but  the  opposite  direction,  as  the  sum  of  the  moments  of  the  foroes  on  the 
opposite  side. 

Curves  of  Shear  and  Moment  If  the  value  of  the  shear,  or  moment, 
is  found  for  different  points  thruout  the  length  of  the  beam  for  some  fixed 
loading  and  these  values  ore  plotted  and  connected  by  lines,  the  resulting 
curve  is  called  the  curvb  of  shears,  or  thi  cuRva  or  houhtb.  Such  a 
curve  is  of  assistance  in  showing  graphioally  where  the  maximum  and 
minimum  values  of  these  functions  occur.  It  will  be  notioed  that  at  the 
ptHnt  where  the  shear  passes  thru  sero,  the  moment  will  be  a  maximum. 

Influence  linea.  An  influence  line  shows  the  effect  of  a  toad  unity 
passing  over  the  structure,  at  some  particular  section,  on  some  particular 
function  such  as  shear,  moment,  or  stress.  It  is  constructed  for  a  load  of 
unity,  and  for  a  particular  section.  As  the  load  of  unity  passes  over  the 
structure,  the  value  of  the  function  under  consideration  is  plotted  below  the 
load,  thus  forming  a  curve,  the  ordinate  to  which  at  any  point  is  the  value 
of  this  function,  at  the  section  assumed,  due  to  the  load  of  unity  over  the 
ordmate.  It  is  oftentimes  used  to  study  the  position  of  the  loading  which 
wHI  give  a  msxtmum  or  minimum  of  the  function  under  consideration. 

Two  General  Cases  must  be  ocmaidered  tor  both  shear  and  bending 
moment.  Case  I.  Bbahb  wrmour  nooa  bbahb.  Case  2.  Bbaus  with 
rLOOR  BSAHS.  Each  of  these  cases  must  be  ocHuddered  for  both  dbad 
LOAD  and  UVE  load.  Case  1  includes  the  conditions  of  loading  usually 
mjplied  to  the  atringara  of  any  bridge,  while  case  2  includes  the  oondi- 
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tioDi  nnully  applied  to  the  girders  or  trusses  whoa  floor  beams  are  used. 
Altiio  caM  2  is  made  to  inctude  concentrated  or  wheel  loads,  it  should 
be  noted  that  the  stresses  in  the  trusees  or  girders  <A  hi^way  bridses  are 
usually  found  by  considering  a  uniform  live  load  vfaich'may  be  reduced 
to  comieatrated  panel  loads,  and  appUed  at  the  panel  points.  When  such 
kwdinffi  are  used,  the  rules  tor  fi filing  the  position  of  the  loads  to  gi-n  a 
piMimim  tnoment  or  shear  ar*  simplified  as  indicated. 

Cabs  1.  SaBAilwnHDBAD  Loads.  Ina  beam  oo  two  points  irfnmwrtfiillT 
loaded  with  a  uniform  load,  Aiis  H  w  Land  the  shear  at  any  section  will  be  H 
%o  L  —  w  z.  At  the  center  of  the  beam  this  becomes  aero.  To  the  right  of  the 
center  it  is  negative.  At  an  infinitely  small  distance  to  the  right  of  Ri  the 
shear  will  btf  a  maximum  with  a  positive  sign  and  will  /  ^ 

equal  Ri,    In  esse  the  uniform  load  does  not  cover  ^"^  £i  —  bj 

the  entire  space,  and  only  extends  a  distance  b  from   Ri  —  

the  Mi  end,  Ri  will  equal  the  value  gives  by  the  .  L 

formula  {<x  Ri,  and  the  shear  at  any  soctioo  will  equal  Ri  minus  the  load  firom 
Bt  to  iiiB  section  in  the  same  manner-  as  before.  At  an  infinitely  amsJI 
distance  from  Rt  the  shear  will  be  a  maximum  with  a  negative  sign  and  w3L 
equal  Si.  In  case  concentrated  loads  are  upon  the  span,  Ri  is  found 
due  to  t^ese  loads  and  the  shear  at  any  section  is  equal  to  Ri  minus 
the  loads  between  Ri  and  the  section.  The  total  shear  for  both  uniform 
and  concentrated  loads  is  the  sum  of  each  shear  found  as  indicated  above. 

Casb  1,  Bbhdino  Moubnt  wrra  Dkah  Loads.  In  a  beam  on  two  pc»nts 
M  support  fully  loaded  with  a  uniform  load,  Ai,is  y^wL  and  tii»  momoit 
at  any  section  is  ^tvZix  —  wx */2.  At  the  center  of  the  hmm  the 
moment  is  iivL*—u>  L'/S  —  lo  L*/9.  The  moment  at  each  end  of  tbs 
beam  is  sero.  The  maximum  moment  oomes  at  the  center  and  the  curve 
of  moments  is  a  parabola,  with  its  origin  at  the  highest  point  and  axis  ver- 
tical. The  sign  of  the  moment  is  positive  thniout  the  span.  In  case  the 
uniform  load  does  not  cover  the  entire  span  find  Ri,  as  in  the  case  explained 
for  shear,  the  moment  will  equal  Rix  minus  the  moment  of  the  uniform 
load,  between  At  and  the  section,  about  the  section.  In  case  oonoentrated 
loads  are  upon  the  spans,  Ri  is  found  due  to  these  loads  and  multiplied 
by  the  distanoe  to  the  section,  and  the  mnaenta  of  any  loads  coming 
between  Ri  and  the  section  subtracted  therefrom.  The  total  moment  for 
both  uniform  and  concentrated  loads  is  the  sum  of  each  moment  as  indi- 
cated above. 

Cabs  1.  Subab  with  Livb  Loads.  A  live  load  may  be  either  uniform 
or  concentrated.  To  find  the  maximum  positive  shear  at  a  section  X, 
the  load  is  moved  on  the  strueture  from  the  right  up  to  the  section.  The 
ahsar  will  equal  Ri,   To  find  the  maximum  negative  shear  move  the  load 

on  from  the  left  up  to  the  section  and  the 
Y     l>     I*         dtear  will  equal  £t -load,  or  Xt.  Inorder 
iT  °*T  "mi  ^       the  maximum  positive  shear  due  to 


ooncentrated  toads,  the  position  of  the 
loads  causing  a  maximum  must  first  be 
found.    In  Fig.  8,  let  Pi  +  Pt  +  Pa  + 
g  P<  -  P.    Move  up  the  sjrstem  until  Pi 

ia  at  the  section.  The  riiear  is  now  equal 
to  Ri.  Now  move  the  system  until  Pj  is  at  the  section.  The  shear  will  be 
increased  provided  the  increase  in  Ai  is  greater  than  Pi,  which  must  now  be 
subtracted  firom  Ri  to  obtain  the  shear  under  this  last  loadinit  In  graeral, 
move  up  the  loads  until  a  position  is  found  where  the  increase  in  becomes 
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leas  than  the  eum  of  loada  to  the  left  of  section,  and  then  move  the  eyetBm 
back  to  the  right  until  the  tusxt  load  to  the  left  is  at  the  section.  It  may 
become  necessary  to  consider  the  effect  of  a  new  load  which  may  come  on  the 
span  from  the  right,  or  a  load  which  may  leave  the  span  on  the  left,  provided 
such  a  oonditioii  oceun  during  the  opnatioa  of  moving  from  the  load  at 
the  eeotion  to  the  next  one.  The  maximum  end  shear  will  be  equal  to 
the  ipaTimiiTn  wtuch  Can  be  obtained.  It  will  usually  occur  when  a 
heavy  load  is  over  Ri  and  the  other  loads  as  near  as  possible.  In  general, 
begin  by  placing  a  heavy  load  at  Bi  and  move  up  the  system  so  that  the 
next  load  will  come  at  this  point.  The  end  shear  will  be  increased  by  so 
doing,  provided  that  the  increase  in  Ri  due  to  moving  up  the  entire  system 
is  greater  than  the  load  first  placed  at  Ri,  which  is  now  moved  off.  Pro- 
ceed until  the  opposite  condition  is  found  and  then  move  back  to  the  rij^t 
until  the  next  load  to  the  left  is  over  Bi. 

Casi  1.  MonNT  wtiH  LivB  ZjOliw.  The  position  of  the  loads  for  a 
mniriminn  must  fiist  be  determined.  In  general,  the  average  load  on  the  ri^t 
of  the  section  must  be  equal  to  or  greater  than  the  average  load  on  tlw 
left.  With  a  uniform  load  it  can  be  placed  so  that  w/(L  —  x)  »  w/x. 
In  the  case  of  one  concentrated  load,  it  should  be  placed  at  the  section. 
In  the  case  of  several  concentrated  loads,  the  method  of  moving  up  the 
loads  is  to  be  used,  first  placing  some  heavy  load  at  this  section.  In  apidy- 
ing  the  above  rule,  always  consider  the  load  at  the  section  as  beii^  in  the 
sum  on  the  right.  Move  up  the  loads  until  a  load  is  fbund  which,  irbaa 
considered  in  tlus  sum,  ^ves  the  average  on  tba  left  greater  than  the  aver- 
age on  the  right,  and  then  move  the  ^tem  back  one  load  toward  the 
right.  Find  the  moment  under  this  load.  In  a  long  series  of  concentrated 
loads,  several  poaitionB  may  be  found  which  will  satisfy  the  rule.  In 
general,  the  moment  must  be  ealeulsted  for  eaoh  and  the  largest  result 
taken. 

Absolctb  Maxucuh  Moksnt.  This  applies  to  beams  without  floor 
beams  only.  The  section  where  the  largest  moment  due  to  concentrated 
IcmkIs  oociUB  is  not  known.  From  mechanics  it  is  shown  that  the  bend- 
ing moment  is  a  maximum  when  the  shear  passes  thru  sero,  but  this 
point  changes  pomtion  with  the  moving  loads.  In  general,  this  section 
win  be  as  far  from  one  end  of  the  beam  as  the  resultant  of  all  the 
forces  is  from  the  other.  In  applying  this  rule,  find,  by  the  rule  in 
the  previous  paragraph,  the  load  which  gives  a  maximum  moment  at  tiie 
oenter  of  the  beam.  Find  the  position  of  the  resultant  of  all  the  loads 
on  the  structure  and  move  the  loads  so  that  the  load  which  gave  a  maxi- 
mum at  the  center  is  as  far  from  the  center  on  one  side  as  the  resultant 
is  on  the  other.  See  if  shear  psawoe  thni  sero  at  this  load  and  if  so,  find 
the  moment  under  it.  Due  eonsideratacm  must  be  given  to  any  loadi 
which  pass  on  or  off  tb»  beam  in  the 
firooese  of  placing  the  resultant  on  one  ac 
ado  or  the  other  of  the  center  of  the  ~ 
beam.  - 

Casb  2.    ShbarwithDeadLoads.  ~ 
In  order  to  understand  the  action  of 


floor  beams  upon  shear  and  moment,  pig,  9 

ibB  path  by  which  the  loads  are  con- 
ducted to  the  reactions  must  be  fully  comprehended.    Fig.  B  showi 
the  arrangement  of  the  floor  of  a  highway  bridge:  aa  repreeents  the  gird- 
era  or  trusses;  &&,  the  floor  beams;  cc,  the  lines  of  strinosts,  and  dd,  tin 
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p&Del  points.  The  lottd  u  first  taken  from  the  [dank  floor  of  the  bridge 
to  the  itringers  and  tbeo  by  the  floor  beanui  to  the  girdera  and  by  them 
is  transmitted  to  the  reactions.  It  may  thus  be  Men  that  no  load  can 
be  applied  directly  to  the  girders  between  flocv  beams  except  ita  own  wei^t, 
as  any  load  coming  on  the  floor  between  must  be  distributed  by  the  stxingm 

to  adjacent  floor  beams.  The  shear  will 
then  be  oonstant  between  panel  points 
for  any  particular  loading.  The  shear 
in  a  panel  as  ob.  Fig.  10,  due  to  a  uni- 
foim  dead  load  will  be  Ri  —  rv  ai  — 
wp/2.  In  other  words,  not  only  the 
load  to  the  left  of  a  must  be  subtracted 
from  Ri  but  also  the  panel  reaetaon  at  a  due  to  the  load  in  the  panel. 

Cabb  2.  Moment wrra  Dau>  Loads.  In  Fig.  Il.a,  b,  e  shows  tiie  curre 
of  moments  for  a  beam  without  floor  beams,  while  a',  V,  e'  shows  the  curve 
for  the  same  span  introdudng  the  floor  besms.  It  m^  be  seen  that  the 
moments  for  both  curves  are  the  same  at 
the  panel  points  and  that  between  panel 
points  the  moments  with  floor  beams  are 
less.  Find  the  mommts  at  the  panel 
points  in  the  same  manntf  as  in  Cash  1, 
mnroBM  load. 

Cask  2.  Bhbabs  witb  Ioym  Loadb. 
To  flnd  the  maximum  positive  shear  in 
any  pand  with  a  system  of  eonoentrated 
loads,  the  loads  are  moved  on  from  the 
rie^t  up  to  the  panel  considered.  In  gfia- 
eral,  witb  the  usual  loads,  no  loads  will 
pass  beyond  the  panel.  Move  the  loads 
up,  always  considering  the  load  at  the  pand  pcnnt  to  be  included  in  the  sum 
to  the  light,  until  a  position  is  found  w^iwe  the  average  in  the  panel  is 
greater  than  the  average  to  the  right  and  then  move  back  to  the  pre- 
vloua  position  and  calculate  the  shear  in  tin  panel.  For  hi^way  bridges 
where  panel  concentrated  loads  are  usually  applied  only  at  the  panel 
point,  this  rule  reduces  to  loading  all  panel  pants  Uf  the  right  of  the  panel 
considered. 

Cass  2.    Moubntb  with  Lrva  Loads.   This  condition  reduces  to  Casb  1 
as  the  moments  at  the  panel  pants  are  the  same  as  if  no  panels  existed. 
If,  however,  panel  loads  are  used,  load  each  panel  point  to  obtain  a 
moment  at  any  panel  p(»nt. 

The  Bfsilinnin  Floor  Beam  Reaction  is  the  largest  reaction  which  can 
be  obtained  in  any  floor  beam  and  is  found  by  loading  the  stringers  on 
each  side  of  a  floor  beam  as  heavily  as  possible.  In  the  case  of  a  uniform 
hve  load,  the  entire  floor  and  sidewalk,  if  any,  between  two  floor  beams 
ia  loaded  and  the  amount  carried  by  each  stringer  to  the  floor  beam  is 
calculated.  The  reaction  of  the  floor  beam  due  to  these  loads  is  then 
found.  The  dead  load  of  the  floor  covering  and  weight  of  stringers  is 
also  found  and  concentrated  on  the  floor  beams  at  the  stringer  connec- 
tions from  which,  together  with  the  weight  of  the  floor  beam  its^,  the 
dead  reactitm  may  be  found.  In  case  it  Is  aeoossaty  to  investigate  also 
for  oonoentrsted  loads  (see  Art  4,  ixvm  load),  such  as  heavy  teams,  dec- 
trie  oars,  road  roUers,  eto,  the  ivobtem  becosnea  more  oompliaated.  For 
this  condition,  place  the  oonoeatrated  loads  so  that  one  axle  will  be  over 

  D.qiti;MC>v  Google 


Fig.  11 


Art.  A 


Steel  Highway  Bik^^ 


1413 


ibo  Boat  beam  and,  taking  into  aooount  the  apace  occnined,  load  the  re- 
nuinder  with  UDiform  loatf.  Tbm  find  the  reaction  of  eJX  Btringera  nlueh 
support  the  load  and  tUa  wiU  give  the  amounta  trannnitted  to  the  floor 
beun.  LaftfTt  fliut  the  reaction  of  the  floor  beam  due  to  these  ooncen- 
tratioDB* 

6.  Sted  Hlifhiny  Bzldces 

RoD*d  Beams  of  steel  are  made  in  various  shapes,  the  two  most  oom- 
mon  bting  the  I-beam  and  the  channel.   Properties  of  these  Bbapee  may 

be  found  in  the  varioua  steel  handbooks,  see  (6)  and  (7).  Beams  are 
designed  by  the  formula  M  "  3I/c  where  M  is  the  mazimuin  moment 
in  inoh-HDOimds,  S  is  the  allowable  unit  value  of  the  material,  /  ia  the 
moment  of  inntia  of  the  sectioa  about  its  neutral  axis,  and  c  is  the  dis- 
tance from  the  neutral  axis  to  the  extreme  fiber.  In  this  formula  I/c  ia 
constant  for  any  tfvu  beam  and  is  tabulated  as  sbction  hodolith. 

ExmrUL  Derign  a  ited  I-bMm  16  ft  long  to  mar  a  load  of  800  lb  par  ft  niddi 
Indudes  the  cA  the  beam.   Allow  a  tSavt  BtraM  of  10  000  lb  per  tq  in. 

M  -  X  X  800  X  16  X  16  X  12  -  116  200  in  lb. 

Jf/S  -  //«  -  U.6.  PnimCAUiBaiBiraflndaT  in  17.5  lb  1  has  a  aeetkm  moduioi 
of  11.^  and  an  8  to  1T.6  lb  I,  a  modnlns  of  14.6.  Btther  of  thaae  would  prabaUy  do^ 
bot  the  lattw  WDold  b^vb  a  gNater  strangth  tor  the  was  wrfght  per  ft. 

Beam  Bridges  are  bridges  made  up  of  I-beams  or  channels,  o>  both, 
with  their  ends  resting  on  abutments  (see  Fig.  12).  The  number  U  beams 
necessary  depends  upon 
the  loading  and  they  are 
usually  from  2  to  3  ft 
apart.  Spiking  pieces 
are  bolted  on  the  top  of 
each  beam  to  idiioh  the 
plank  flooring  is  spiked. 
A  spacing  of  3  ft  would 
call  for  a  plank  flooring 
of  about  3  in  in  thick- 
ness. The  maximum 
economical  length  of 
such  bridges  is  from  25 
to  30  ft.  Wooden  rail- 
ings may  be  used,  altho 
iron  pipe  is  to  be  pre- 
ferred. In  designing 
such  a  bridge,  after  the 
span  length  is  found,  the 
loading  which  applies  to 
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the  probable  traffic  is  taken  from  the  specifications  and  the  maximum  mo- 
ments on  the  stringers  computed  by  the  methods  explained  in  Art.  6.  After 
finding  the  moment,  the  I-beam  may  be  designed  as  in  the  preceding  ex- 
ample. In  general,  the  side  stringeis  will  not  receive  as  much  load  as  those 
between  them  and  may  be  made  of  channel  sections  which  are  designed  in 
the  same  manner  as  in  the  case  of  the  I-beams.  In  loading  for  maximum 
live  load  shear  and  moment,  it  is  allowable,  when  considering  concentrated 
or  wheel  loads,  to  assume  that  each  stringer  takes  only  %  of  the  load 
directly  above  it,  provided  the  floor  plank  is  continuous. 

Girder  Bridges  are  usually  of  the  plate  girder  type  with  the  general 
airangement  as  diown  in  Fig.  9.   The  sbingen  and  floca-  beams  aie  usually 
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made  up  of  I-beams  altho  in  some  oases,  H  may  be  oeoesaarr  to  use  built 
beams  for  the  floor  beams.  The  plate  girder  is  a  built  beam  and  is  made  up 
of  the  WEB  and  Fii&Nass.  The  flanges  are  composed  of  angles,  or  angles  and 
plates.  A  plate  girder  bridge  may  be  eitber  deck  or  thru.  Unlike  a  imilroad 
deck  bridgie,  both  kinds  require  stringers  and  floor  beams,  the  prindpal 
differeuoe  being  that  in  the  deck  bighwiQr  bridss,  the  flcxv  beams  ate 
idaced  with  the  tops  fai^m  than  in  the  thru  brides.  Fur  onUnaiy  ttaffie, 
twogirdnsara  nqnirad,  iriiile  for  heavy  d^y  traffic,  indudiin  heavy  sIsBfaie 
oats,  three  or  vna  four  girden  may  be  neoeasaiy,  in  iriiich  ease  a  deck 
bridge  should  be  used,  if  posaiUe,  in  order  to  alknr  a  dear  roadway.  The 
striogem  of  a  i^te  ginte  bridge  are  designed  in  a  manner  similar  to  that 
explained  for  beam  bridges.  The  floor  beams,  if  made  up  of  I-beams, 
m^  be  selected  in  a'  manner  similar  to  the  stringers  by  finding  tbo  maxi- 
mum moment,  remembering  that  the  live  toads  can  only  bs  applied  at  the 
stringer  oonneetion.  If  made  up  of  built  beams,  the  same  general  iwin- 
dplss  to  be  eiQilained  tw  the  design  ot  the  giidsn,  wfaidt  an  heavfar  hoM 
beams,  wiU  apply.  Remember  Uiat  the  floor  beam,  unlike  the  sirder, 
is  a  beam  without  panel  points,  and  the  rules  for  maximum  shear  and 
moment  should  be  applied  accordin^y.  In  the  design  of  the  girderB,  the 
rules  for  moment  and  shear  applied  to  Case  2  apply.  In  designing  a  girder, 
the  web  is  assumed  to  carry  the  shear  and  the  flanges  the  moment.  Henoe. 
with  the  loading  assumed,  the  "■■•"""i""  shear  is  obtained  m  each  paad 
and  the  maximum  momeat  at  eadi  pand  pmnt  up  to  the  oentv  itf  the 
Imdge. 

Sttffanen.  As  the  combined  action  of  the  horisoatal  and  vertical 
shear  tends  to  budde  the  web,  stiffenem  are  usually  required  to  prevent 
this  action.  These  are  in  the  form  of  an^es  in  pairs  riveted  vertieally 
to  eadt  ride  of  the  web.  It  is  the  usual  practice  to  provide  two  pairs  of 
Btiffenen  at  each  end,  the  distance  apart  being  a  little  less  than  the  bear- 
ing plate  directly  under  tbem.  The  distance  apart  of  intermediate  stifTenets 
differs  sli^tly  according  to  the  various  authorities.  Cooper  recommends 
that  this  distance  shall  not  be  greater  than  the  depth  of  the  girder  with 
a  maximum  distance  of  5  ft  whenever  the  shearing  stress  per  sq  in  exceeds 
tbie  stress  allowed  by  the  fonnula,  allowed  ^fif^g  stress  >  12  fiOO  —  00  H, 
iriiere  H  -  ratio  of  depth  of  web  to  its  thtekneas.  Cooper  abo  zeotHnnieoda 
that  all  stiffenere,  both  end  and  intermediate,  shall  be  e^wble  of  canying 
the  maximum  vertical  shear  without  exceeding  the  allowed  unit  stress  as 
given  by  the  fonnula,  iS  12  000  —  55  L/r,  where  S  -  allowed  unit  stress: 
L  "  length  of  stiffener;  r  -  radius  of  gyration  of  an^em  at  ti^t  an^kes 
to  the  web,  ne^ecting  incloeed  portion  of  fillers  and  web.  Ketchum  also 
gives  the  above  formula  for  allowed  shearing  stress,  but  for  the  croea- 
section  of  the  stiffener  recommends  the  following:  iS  -  16  000  -  70  L/r, 
when,  in  this  case.  L  is  one-half  the  depth  ot  the  axda.  AU  stiffeum 
should  connect  to  the  webs  ewHigh  rivets  to  transfer  the  shear  to 
or  from  the  mbe.  End  stiffenws  and  those  under  conomtrated  loads 
should  be  placed  upon  fillers  and  should  have  their  ends  fitted  to  the  flange 
angles.  Intermediate  stiffeners  may  be  placed  upon  fillers  or  crimped. 
In  the  latter  case,  this  allows  the  stiffeners  to  rest  directly  fe»'Ti*t  ths 
web  and  at  the  flange  angjes  it  is  bent  or  crimped  to  St  over  these 
angles. 

The  Economic  Depth  of  built  beams  used  as  girdms  is  usually  about 
ftom  1/8  to  1/10  of  the  span  length.  For  short  beams  which  cany  th« 
load  directly,  such  as  stringers  whan  used  with  baavy  loading,  the  depth 
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should  be  more,  and  for  long  girders  it  is  usually  taken  from  l/lO  to  1/12, 
with  s  i"™tniiiiii  deitth  of  about  10  ft  on  account  of  shipping. 

The  Deiiga  of  the  Web,  having  aSHUmed  the  depth,  conaista  of  taking 
a  pUtte  of  croee-eection  sufficient  to  withstand  the  vertical  shear.  If  V  ~ 
vertical  shear,  S,  =  the  allowable  shearing  value  for  web  platee  and  A 
the  area  required,  then  A  =  V/S^  As  there  is  usually  a  line  of  rivet 
holes  near  the  section  of  niP^Tniim  shear,  the  available  net  area  will  be 
approximately  ^Ih  where  t  is  the  thickness  and  h  the  height.  Then  ^th 
V/S^  It  is  usual  in  girders  designed  under  ordinaiy  conditions  to  make 
the  web  of  uniform  cross-section  thruout  the  span  length.  The  minimum 
thiokneasof  webetorbii^way  bridges  ia  5/16  in.  In  many  easeB  this  require 
ment  will  call  for  weba  which  have  an  ezeeaa  of  metaL 

]>eiisn  <rf  the  Flanxai*  See  Fig.  13.  The  flanges  may  be  designed  eitbw 
by  the  moment  of  .  inertia  of  theirnet  section  or  by  assuming  that  the  flange 
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areas  are  oonoentrated  at  Uieir  centers  of  gravity.  The  latter  method  is  prob* 
ably  the  more  common.  The  flanges  are  assumed  to  carry  the  bending 
moment.  This  does  not  change  the  fact,  however,  that  a  portion  of  the 
moment  must  be  borne  by  the  web,  and  some  specifications  allow  a  reduc- 
tion in  required  flange  area  due  to  this  fact.  If  the  latter  method  is  used, 
it  is  common  to  allow  >^  of  the  gross  area  of  the  veb  for  flange  section. 
If  A  is  the  distance  between  the  centera  of  gravity  of  flangee,  and  Mr  the 
resisting  moment  of  the  beam,  P  the  total  stress  in  each  flange,  then  Mr  » 
Ph.  As  the  resisting  moment  must  equal  the  bending  moment,  M  ^  Ph 
or  P  >  M/h.  Total  area  A  required  for  one  flange  will  equal  P/S  where 
,  iS  is  the  aDowable  unit  stress.  If  tha  veb  is  assumed  to  oany  its  Aan  of 
the  moment,  ^  of  its  area  is  subtracted  from  the  total  area  as  determined 
above.  The  tension  flange  is  usually  designed  first  and  the  same  sectaoo 
used  for  the  compression  flange,  but  the  latter  must  be  stayed  against 
transverse  crippling  at  a  distance  apart  not  to  exceed  from  12  to  14  times 
its  width.  In  case  this  is  not  possible,  it  must  be  designed  as  a  column 
by  applying  a  column  formula  which  will  reduce  the  allowable  unit  stress 
depending  upon  the  values  of  its  length  and  radius  of  gyration,  the  latter 
taken  about  a  vertical  axis.  In  making  up  the  section  of  a  plate  girder, 
it  is  a  common  reqoimnent  that  at  least  ^  the  area  of  the  flange  section 
shall  be  angles  or  else  the  largest  sae  of  anides  shall  be  used.  Other  author^ 
ities  require  40%  to  be  in  the  antfes.  The  remainder  ol  the  area,  which- 
ever method  is  used,  is  in  cover  plates.  Also  the  width  of  the  cover 
plates  are  hmited  so  as  not  to  extend  beyond  the  outer  line  of  rivets,  which 
connect  them  to  the  angles,  more  than  6  in  or  more  than  eight  times  ths 
thickntos  of  the  first  pbte.   Where  two  or  more  platee  are  iised  m  cpv^r 
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plates,  they  shall  be  of  the  same  thickneoB  or  else  they  shall  deoeaae  in 

thickness  outward  from  the  angles. 

Rivet  Spacing  in  Flanges.  Let  Vk  »  horisontal  shear  per  lin  in;  V  - 
total  vertical  shear  at  point  considered;  Q  ~  statical  moment  about  neutrsJ 
axis  of  the  portion  outflide  of  the  section  upon  which  the  horisontal  shear 
is  to  be  obtained;  /  >=  moment  of  inertia  of  whole  aectiou  of  girda*  about 
neutral  axis,  and  h  «  distance  between  centers  of  gravity  of  flmif-  Tba 
Vh  VQ/I.  Various  appronmattons  aro  used  for  tl^  exact  expnaAa, 
the  most  common  of  which  is  «  V/h,  To  obtain  the  rivet  apactni 
in  the  vertical  legs  of  the  flanges,  find  the  vertical  shear  at  vatioua  ponrts 
and  from  these  Gnd  the  horiiiontal  shear  as  above,  usually  using  the  approxi- 
mate  formula.  Divide  the  rivet  value  by  the  horizontal  shear  and  make 
ibo  spacing  equal  to  or  lees  than  the  quotient.  This  spacing  is  the  ife- 
tanoe  between  center  of  rivets  measured  horisontally.  In  btult  stringm, 
compute  the  horizontal  shear  at  two  or  three  points  between  end  and 
center;  in  deck  girders,  every  2  to  6  ft.  Vary  the  spacing  to  merge  from 
one  result  into  another.  In  thru  girders,  as  the  live  vertical  shear  is  coo- 
staat  between  jwnel  pointB,  the  madmuin  dead  shear  may  be  Added  ami 
the  spacing  be  made  uniform  in  each  pand.  It  is,  however,  a  eenend  rule 
that  in  no  case  shall  the  spacing  of  rivets  be  lees  than  three  diametera  of  thr 
rivet  or  more  than  6  in.  In  tiie  case  of  beams  uaed  aa  striogers  covering 
concentrated  loads,  the  rivets  cany  a  direct  vertical  shear  in  addition  to 
the  horizontal  shear,  and  in  such  cases  the  resultant  shear  is  the  one  to 
be  used  with  the  rivet  value  to  find  the  rivet  spacing.  To  obtain  this 
resultant  shear,  assume  that  the  concentrated  load,  ooming  over  the  point 
under  consideration,  is  being  transmitted  thru  the  flooring  and  into  the 
beam  and  extends  over  a  distance  of  3  ft.  Then  the  sciuBTe  zoot  <rf  the 
sum  of  the  aciuaree  of  1/36  ot  oonomtrated  load  and  the  botiaontal  dwir 
per  linear  inch  will  idve  the  resultant  shear  per  unit.  The  rivet  't^'*€ 
in  cover  plates  is  usually  made  the  same  as  that  figured  for  the  verticel 
leg,  altho,  if  thought  neoessary,  it  may  be  obtained  in  a  similar  manner  to 
that  slready  explained. 

Cutting  off  Flange  Plates.  Two  methods  may  be  uaed,  the  analytical  and 
the  graphical.  In  the  first,  since  A,  the  area  required  —  M/Sh.  an  ex- 
pression may  be  written  for  M  at  any  point  in  terms  of  X,  the  distaacc 
from  left  support,  and  this  put  equal  to  AS  in  which  At  ia  the  fluce 
area  minus  tho  top  plate.  Solving  for  X,  the  distance  from  the  «Bd  raae- 
tion  to  a  point  where  the  top  plate  is  not  required  ia  obtained.  Aptif 
the  method  as  many  times  as  there  are  plates.  At  being  the  flaoce  aica 
minus  two  plates,  etc.  This  method  can  only  be  used  where  an  e»pie>- 
sion  for  M  may  be  easily  written. 

In  the  graphical  method,  lay  off  to  some  cooveoient  scale  at  the  prefer 
points  on  a  straight  line  perpendiculars  which  represent  the  flange  area 
required  at  each  point  (see  Fig.  14).   In  the  ease  *d  a  thru  girder,  these 

points  will  be  the  panel  points  aad  tht 
Aigm  diagram  will  be  drawn  for  the  net  ana 
iM»MPk«  reqtured  in  the  bottom  flange  &t  these 
aSSmZtSS  points.  The  area  will  be  deternued 
by  A  -  M/Sh  where  M  is  the  my- 
ment  at  the  particular  panel  poiot. 
Connect  the  ends  of  these  perpendiculars  by  a  curve  or  a  broken  line,  re- 
■Mmbering  that  the  moment  varies  uniformly  between  panel  pointe  ka 
m  esc^t  the  dead  weight  of  the  girdw.   Meamre  <^  on  a  perpemlirvhu- 
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at  the  center  to  the  ume  scale  as  before,  (1)  H  area  of  web,  if  used,  (2)  net 
area  of  flange  angles,  (3)  net  area  of  the  eevenil  plates.  Draw  thru  these 
points  hortiontal  lines  and  the  intersection  of  these  with  the  broken  or 
curved  line  will  show  the  points  where  the  several  plates  may  be  cut  off. 
Each  i^te  should,  however,  be  extended  about  1  ft  beyond  the  point,  and 
it  is  usual  to  run  the  bottom  plate  of  the  top  flange  to  the  ends  of  the  girder. 

Flange  Splicing.   When  the  length  of  the  girder  exceeds  about  60  ft, 
the  flange  angle  and  plates  should  be  spliced.    The  splice  angle  or  splice 
plate  should  contain  the  same  net  area  as  the  angle  or  plate  to  be  spliced, 
and  should  have  rivets  enough  to  develop  the  section  sphoed,  that  is,  to 
carry  the  stress  value  out  of  tiie  out  member  into  the  spUce  piece  and  back 
I    into  itself  again.   Where  then  are  several  plat«a  in  a  flange,  cut  off  accord- 
i    ing  to  the  method  as  npUuned,  splices  for  the  longer  plates  are  frequently 
made  by  increasing  the  length  of  the  plate  on  top  of  it  a  suffieient  distance 
I    for  a  splice  plate  and  cutting  the  plate  to  be  spliced  underneath.    As  a 
BpUce  is  considered  to  be  a  point  of  weakness,  they  should  be  distributed, 
that  is,  flange  angles  should  not  be  spliced  at  the  same  section.    It  ia  cus- 
I    tomaty  to  splice  them  on  opposite  sides  of  the  center. 
1       Web  Splicing.   When  a  mb  plate  can  not  be  obtained  of  a  length  equal 
I    to  the  span  of  Uie  girder,  it  must  be  spliced.   For  Imgths  of  plates,  see  the 
I   various  steel  handbooks.   The  splice  is  made  by  two  plates,  one  on  each 
t   side  of  tiio  web.    If  the'  web  is  assumed  to  take  a  part  of  the  moment,  it 
I   must  be  spliced  for  both  shear  and  moment.    If  all  the  moment  was  as- 
I   Bumed  by  the  design  to  be  taken  by  tho  flanges,  then  the  q)lice  need  be 
f   made  for  shear  alone,  altho  some  authtnities  claim  that  the  web  should 
,   always  be  spliced  for  moment  and  that  in  many  cases  under  this  condition 
I   shear  may  be  neglected.    In  either  case,  it  is  first  necessary  to  assume  a 
,   splice  with  say  two  rows  of  rivets  spaced  from  3  to  4  in  apart  on  each  side 
of  the  cut  web,  and  test  it  for  the  given  conditions.    In  ^e  case  for  shear 
f  alone,  assuming  two  rows  of  rivets,  divide  the  maximum  shear  at  the  sphce 
f   by  the  number  of  rivets  to  find  the  stress  rs  per  rivet  due  to  shear.  In 
.  case  the  bending  moment  is  considered  n>  the  vahie  left  for  bending  is 
Vr>  —  rs\  where  r  ia  the  value  of  one  rivet,  in  tlus  case  probably  in  bear- 
f  ing  on  the  web.    Suppose  in  Fig.  15a,  the  outside  rivet  at  distance  m  from 
I  the  neutral  axis  to  be  stressed  to  this  moment,  then  the  load  on  any  rivet 
f  at  distance  of  y  from  the  neutral  axis 
will  be  y  n/yi  and  the  moment  of 
f   this  about  the  neutral  axis  will  be 
'  I/*  n/tn  and  the  moment  of  a  row  of 
J  these  will  be 

o      yi       yi  9 

(I  The  bending  moment  whidi  the  web 

i  can  bear  as  a  beam  is  81 1 c  irtiich, 

j(  for  rectangular  shapes,  reduces  to 

^  1/6  5tt»  (6).    Then  the  required 

,f  numberof  rows  will  equal  ({>)  divided 

,(  by  (a).   If  the  result  is  say  2>^  rows, 

^  rwpace  the  rivets  and  try  again. 

f  FiK-  15b  shows  a  second  type  of 

^  splice  which  is  used.   The  top  and  bottom  splice  plates  are  figured  with 

:  their  rivets  to  carry  the  moment  uid  the  vertical  plate  in  the  center  to 

4  carry  the  shear. 

/ 
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Rivet  ValvoB.  In  conndering  the  cooditKaia  to  which  liveta  an  usually 
subjected  in  bridge  work,  they  may  be  reduced  to  those  of  (1)  liticLe  diaar 
and  (2)  double  shear  or  beariiis>  In  the  finfe  oase.  the  rivets  an  asaoifisd 
to  f  sit  by  (dwaring  off  on  the  one  area  between  the  two  idatsa.  In  the 
seoqad'  ease,  Hfaear.will  occur  on  two  areas  and  the  rivet  is  twice  as  strong 
provided  the  plate  does  not  crush.  The  value  of  the  rivet  in  m^io  shear 
.  is  the  area  of  the  rivet  multiplied  by  its  Bhearing  indue  per 

]    »      "T  unit  area  aa  determined  by  the  spedScatioiu.    The  bearing 
jk  value  of  the  rivet  ifl  the  diameter  of  the  rivet  multiplied  by 

the  thicknesB  of  the  i^te  multiplied  by  the  bearing  value  per 
unit  area.  In  any  cose,  detomine  the  action  to  whioh  the 
rivet  is  sabjeeted  aai  take  the  lesHr  vafaie.  TaUea  giving 
these  valiMs  for  differeot  rise  of  rivets  may  be  found  in  the  steal 
handbooks,  see  (6)  and  (7). 

Trusses  are  framed  structures  so  proportioned  and  eonneeted 
that  they  act  together  and  carry  the  Imown  loads  to  which  they  are  sub- 
jected. In  sh^w,  a  truss  is  usually  made  up  trf  a  combinBtioo  o(  triangjes. 
The  different  members  are  usually  subjected  to  either  tension  or  oomprea- 
sion.  and  are  connected  together  by  either  lans  or  rivets.  A  few  memben 
are  designed  to  withstand  both  teoaoa  and  compression,  and  occasionally  a 
member  is  subjected  to  a  live  oroas  'o«d*''g-  The  staving  of  a  truss  to 
find  tba  stresses  in  tbe  merobecs  is  a  problem,  or  suocsnsion  of  problena, 
in  mechanics  which  genwally  depends  upon  the  fundamuital  oonditioas 
for  equilibrium  for  ocmeunmit  and  non^ooncurreot  forees.  A  truss  is 
said  to  be  btaiicallt  DVTBiuEtmD  with  regard  to  the  inner  forces  when  it 
ia  possible,  by  the  principle  of  statics,  to  obtain  the  stresses  in  all  of  its 
membos.  If  »  ia  the  number  of  jt^ts  in  a  truss  and  m  the  number  of 
bars,  the  condition  that  the  structure  shall  be  statically  determined  witt 
regard  to  the  inner  forces  ia  that 
m  —  2»  —  3.  In  determining 
the  stresses,  it  is  assumed  that 
the  parts  are  hinged  together  so 
that  there  is  perfect  freedom  of 
motion  without  friction.  This 
assumption  is.  however,  never 
fulfilled  and  the  rigidity  of  the 
joints  causes  a  tendency  for  bend- 
ing of  the  parts,  and  thus  othcv 
icwees,  called  secondary  strsssss, 
are  thought  into  aoticm.  These 
latter  forces  are  generally  omit- 
ted from  oonstderatioD  even  tho 
th^  may  be  of  considerable  mag- 
nitude. Two  trusses  connected  together  by  means  of  the  floor  and  latenl 
bracing  form  a  bridge  which  may  be  either  deck  or  thro.  Fig.  17  shows  a 
diagram  of  the  different  members.  Sometimes  trosses  are  used  in  which 
the  top  lateral  bracing  must  necessarily  be  omitted  on  at^unt  of  low  head 
RXHO.  Flfls.  18  and  Ift  diow  two  such  trusses  ia  which  will  be  noticed 
the  method  of  side  bracing  iriiioh  takes  the  place  of  the  top  lateral  system. 
This  type  of  bridge  Is  apt  to  lack  in  latml  sUffneas  awl  should  be  used 
with  care. 

PiN-CoHNxcTKD  trusses  are  used  for  highway  bridges  of  about  from  120 
to  180  ft  and  over.   Rmnm  fmnraonom  are  used     spans  of  the  diorter 
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lengths.  In  the  pln-ooonected  trusaea,  the  tennoD  members  are  usually 
eye-bars  and  all  mam  concectiooB  of  truss  members  are  made  by  pins. 
If  pins  are  not  used,  tEese  connections  are  made  by  means  of  plates  and 
livets  and  the  members  are  built  aectioDs,  no  eye-bars  beinx  used. 

Types  tt  TnMMi.  The  most  common  types  in  use  for  steel  highww 
bridfss  are  the  Pratt,  Warren,  Camel-Back,  Baltimore,  and  Petit.  Moat 
of  these  are  capable  of  modification.  Fig.  20  illusbvtea  the  diffisnnt 
ftrpee. 

Tha  Method  al  Coapotiac  StrMMt  is  based  upon  the  ^^dloatioD  of  the 
three  equatknu  of  equilibrium  Z  F  -  0,  S  0  —  0,  and  2  M  «  0  upon 


CROSS  SECTION 

Wf.  18 

a  aeetion  of  the  truss.  When  the  section  is  taken  about  a  joint  where  all 
the  mem  ben  intersect,  the  last  equation  is  eliminated.  A^hen  the  section 
is  t^cen  vertically  or  diagonally  thru  the  truss,  all  three  apply.  In  gen- 
eral, this  application  may  be  reduced  to  three  methods:  (1)  hbtbod  or 
aHKABs;  (2)  METHOD  or  JOINTS;  and  (3)  method  of  MnHENTS.  It  is  usually 
posrible  to  select  the  section  in  such  a  way  that  only  one  method  need 
be  applied  in  order  to  determine  the  stress  in  any  one  bar.  In  general, 
the  mathod  of  prooedure  is  as  follows:  (1)  Take  a  section  cutting  not  more 
than  three  unknown  members.    Never  take  the  section  thru  a  j<HnL  (2) 


Remove  the  truss  on  one  aide  of  the  section.  (3)  Replace  the  out  members 
by  foroes.  Place  these  forces  outside  of  the  secticm  and  asBume  oompres 
aion  to  act  toward  the  section  and  tension  to  act  away  from  it.    (4)  Write 
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•quatiou  of  equilibrium,  and  solve  tham  tat  the  unknown  quutitias. 
Usually  the  direction  o!  the  f orow  applied  to  the  cut  nwmben  wiU  faie  known 
from  the  nature  of  the  problem.   If  one  direction  ta  not  known,  it  mar 
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be  assumed,  and  if  the  roaulting  value  as  determined  by  solvine  the  equation 
ia  negative,  it  should  be  reversed. 

In  Fig.  21a,  nippoae  it  b  dMfnd  to  obtain  thm  tbrtm  in  tka  dla(«ud  m«nb«r  cnt 
by  •eetltm  m  n.  Remov*  that  part  of  tb«  truas  to  tbe  right  ot  the  Mction,  and 
216  results.  It  Is  known  that  under  the  loading  the  top  obord  la  In  niiiiiiiiraaiiai  and 
the  bottom  chord  ia  in  tension,  hence  place  forcee  Si  and  5t  aa  ahowD.  Aaaurne  S  to 
ba  in  ten^  aa  diown.  Writtng  S  V  -  0,  200  -  26  -  100  +  Stw  -  0,  from  whiA 
^  -  —  76.  diowlnf  that  S  aeta  in  the  oppoalta  dfnctlon  or  hi  compr— loa.  It  iboald 
be  noticed  that  iutead  of  removing  that  portion  of  the  troaa  to  tbe  right  of  tbe  eae- 

tion.  the  Mt  side  could  hmw 
fG    »t  tt      36       «  IB   m        bean  tarooved  and  tbe  aama  lanU 

.S,  obtabiad. 

Ftatt  Tnut.  As  an 
■mi^  of  Uw  m^oation  of 
the  ftnvgoing  prinoqdes,  as* 
Bume  a  truss  as  shown  in  Fig. 
22.  Width  of  roadway  17  ft. 
'  live  load  1600  lb  per  ft  of 

bridge,  dead  load  600  lb  per  ft.  This  will  give  panel  loada  of  16  000  and 
6  000  lb  for  one  truss.  Assume  %  of  the  dead  load  applied  to  the  bottom 
chord  and  H  to  the  top  chord. 

Dead  Load  Strsaaaa.  Snee  the  dead  load  la  a  fixed  loading,  the  attwaw  eauaad  br 
ft  niay  be  GonvaidanUy  footid  by  a  method  of  DiDBC  BTBBMtB,  obtainad  by  the  iiatRQD 
or  jonns,  aa  toUowa;  Begin  at  Joint  Ut  and  take  a  aeetieB  around  the  joiat  h  dannb 
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RamoT*  the  rat  of  the  truM  ud  place  utowb  on  the  foroM  eut,  eonaiderinc  cmnpn*- 
■ion  aetinc  toward  the  joint  (im  Fig.  22a).  ApidyinK  SV-0,  -  2+1-O,  or 
S  »  2  la  compraMloD.  Proceed  to  Lt,  take  wrtion  aa  before  and  apply  3  V  «  0 
Caae  fc).  -2-4  + 25 -  0.  5-S.ln  t«naion.  Proceed  to  Ut  (see  «). 
—  2— 8+£"0.  5-6,1b  Bompreadop.  Proceed  to  Li  (see  d).  -  6  -  4  + 
S  *  0.  5  «  ft,  ia  tanaUn.  Prooead  to  Li  (see  e).  -  «  +  5  -  0.  5  -  4,  In 
t«iudon.  Proceed  toUi(aee/).  -2-9-4+S-O.  S-lBfn  eomproHloD. 
Proceed  to  Lo  (see  j).  Bi  -  IB  -  0,  R  -  18.  Aa  R£  -  2}{  X  6  -  15,  then 
two  resuita  check.  It  should  be  noted  that  the  vahtea  foond  are  iwtleal  KHnposenta 
and,  DiiIeH  the  member  la  nrtiOBl,  Oeaa  nnat  ba  mtdttpUed  by  L/h  to  obtaia  tha 
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Fig.  22 

atnaa,  whan  L  is  tbe  length  at  tba  mnbar.  Now,  lawadlng  agafai  to  JJx,  and  taldng 
a  aaedon  around  tbe  Joint,  the  foroea  are  aa  in  A.  Apply  3  H  *  0.  16  p/k  +  9  p/t— 
S  -  0.  S  -  24  p/A.  AtTdn,  It  mnat  be  remembered  that  both  16  and  9  are  vertical 
oomponenta  and  to  And  tha  horlumtal  component  of  a  force,  havtng  giTen  Ita  vertical 
component,  multiply  by  the  horixontal  ow  tbe  vertieal  In  the  trian^e  of  foroea,  or  If 
p  ia  the  panel  length,  mulUply  by  p/A.  Proceed  to  V\  (aee  Vj.  24  p/A  +  8  p/A  - 
S  —  0.  S  —  27  p/A.  In  tbia  way,  figurefl  may  ba  written  on  both  top  and  bottom 
chorda  which,  when  multiplied  by  p/A,  become  the  ilimmi  in  tlteae  chords.  The  top 
chord  Btreae  may  alao  be  obtained  by  the  UBTHOD  OP  UOMBNTS  as  follows;  Take  « 
vertical  section  such  aa  m  n  cutting  the  top  and  bottom  chords  and  tbe  diagonal, 
and  remove  that  part  of  the  truaa  to  the  right,  and  apply  Z  M  »  0  at  the  Interaee- 
tion  of  the  iMttom  chord  and  di^o&al,  the  latter  being  alao  aaaumed  as  unknown. 
16X3p-6X2p-6Xp-SA-0.  from  which  S  -  27  p/A  aa  before.  Any  of 
the  chorda  may  be  found  in  a  aimilar  manner.  Tbe  diagonal  utfoaasa  may  also  ba 
•obtained  by  the  hbthod  of  shbub  aa  follows:  Use  tbe  same  Kction  m  a  and  remove 
that  part  of  tlie  tnua  to  the  right  as  before,  apply  Z  V  -  0  to  thoae  forcea  on  the  left 
xA.  tbe  aection.  IS  -  2X4-2X2-5-0,  from  which  5  -  8  as  bdore.  It  wm 
be  noticed  that  the  value  of  tba  ahear  on  this  aeetlon  ia  8,  heno*  this  method  has  been 
called  tba  method  of  sbeata.  and  is  appUeable  to  any  truss  which  has  parallel  ebords. 

Lire  Load  Stresaea.  Usually  take  a  section  entirely  thru  tha  panel  eontalnlng  the 
^aamber  in  qiMrtkm,  and  for  dwrda  load  tor  ■■■»<"""■«  noiBnt.   For  1^*1^1  tain 
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Metfammm.  Remove  part  of  truM  to  ri(fat^  azid  wribe  zmmenti  of  forae  to  Wt  eboot 
Lf.   The  dlBgonsI  and  bottom  chord  which  u«  cut  by  ttSa  mden,  and  are  nnknowa, 

mn  1^1^n*"^*^^  because  they  pass  thru  Li,  the  center  of  moioentB.  As  the  (bordi 
nay  be  cooMdeied  to  take  the  moment,  a  r*' moment  ii  deeired  at  Li  wkkb 
wfU  oocur  with  the  entire  bridge  loaded.  £^  -  2H  X  1«  -  40.  40  X  -  16  X 
2p  -  16  X  p  —       »  0.   S  —  66^   The  moment  at  the  eeotar  is  also 

1/S  X  16/20  X  120  -  1440.  1440/22  -  66.6.  As  the  web  memben  talrn  the  riiear. 
the  live  loadins  should  be  plaesd  for  a  maximum  shear  on  the  section  cottlnf 
the  ntember  eonsldned.  For  Ot  Lt  tain  Beotira  m  n.  Load  from  risht  to  Lj.  Ri,  - 
(1  +  2  +  8)  16/6 -  IS.  Apply  £V-Ousin(aUforeaa  to Mto(eectiao.nBMaiberiBg 
that  the  top  and  bottom  ebon),  altho  cut,  can  not  take  a  vertical  eiMapoBssit.  16  - 
8k  -  0  or  5  »  16  L/k.  For  Ut  Lt  take  section  m'  ii',  load  (or  a  marimum  podthr* 
shear  on  this  section,  and  the  loading  is  the  same  as  f or  L*.  fti,  ~  16.  3  V  '0 
siYBB  16  -  S  -  0  or  S  a  16.  [7i  Li  b  a  tension  member  and  can  only  be  atxcased 
by  a  load  on  Li.  If  tba  live  fiom-  beam  teMtton  la  larser  than  the  pand  load  of  M, 
It  rtKKddbatakmfBiilaoeof  thelattvAirthlsmambw.  To  find  iriietber  •  ooum^ 
Ut  la  im  required,  load  for  maximum  nscative  Asar  on  sootko  m  n.  Fine*  llv*  load 
onLiandt*.  Rl  -  (4  +  6)  16/6  -  24.  Shear  -  24  -  82  -  -  8.  This  Aows  that 
tar  this  loading  Ui  Lt  would  be  in  eompreadon,  and  as  this  compreaiion  is  Kreatsr  than 
tiie  dead  load  tensimi,  and  as  an  eye-bar  ean  tain  no  Gonvnadon,  a  member  Ut  Lt\m 
necessary.  An  InTsatjgatton  of  the  next  paml  to  the  Wt  win  durw  positive  dtmr 
even  when  loaded  for  a  nagtUn,  tad  no  eonntar  la  aeeded. 

Warraa  Traat.  See  Fig.  23.  Aasume  a  dead  load  of  700  lb  per  ft 
and  a  live  load  (rf  1600  lb  per  ft  of  Ixidge.   TIub  ipves  a  live  panel  load  <tf 

16  000  lb  (or  each  trues. 

lu. « ;»..o"!L"LL  '    I    !  tf^r-^li^ 

-£  be  difltnbuted  aa  shown. 
-V  x»«ad  Load  Strsaaea  maj 
_  f  be  found  by  writinc  ladeK 
•tresses.  Take  a  seetfam 
about  Ui  (see  a).  Apply 
2V  -  0.  -  2  +  2S  -  0. 
S  - 1.  Proeeed  ta  L«  (see 
«.  IV-0  Klves-l-«  + 
S  -0.  5-6.  Proeeed  in 
this  way  Iran  Joint  to  ioiot 
until R£  Isrsa^ad.  Rl  aisB 
equals  8X6+SHXZ- 
'a,  wbUb  dw^  the  reatdt 
alnady  (dond.  For 
chords,  take  Mtfan  at  Vt 
^se  «).  Apply  Z  B  «  0,  mmbtaint  that  the  ficures  on  the  chorda  |uat  foond  at* 
vertical  eompoMnts.  22p/2A  +  20ti/2A  -  5  -  0.  S  -  42  p/2k.  Proesed  to  Us 
<sso  d).  42  p/2k  + 16  p/2h  + 18  p/2M  -  5  -  0.  S  -  70  p/2*.  Not*  that  the 
horixontal  leg  of  triangle  for  reducing  components  is  p/2.  Cbldc  the  last  result  by 
method  of  moments.  Take  section  «  a,  and  feraovo  il^U  part  of  troaa.  Take  eanfev 
of  momenU  at  L<  and  write  mcnsents  of  all  forces  to  Mt  ot  aaetloa.  St  Xtp  — 
6  X  p  -  2  X  2p  -  -  0.  5.  -  35  p/A  -  70  p/2A.  Tbe  bottom  dwrda  may  bo 
found  in  a  similar  manner,  taking  the  center  of  momiaita  above, 

live  Load  Streasaa.  As  the  loading  for  »ii^yiiptfm  moment  at  any  sactloo  is  a  fol 
one,  tbe  live  load  chord  stnaas  may  be  determlnod  In  a  manner  dmOar  to  that 
idahied  for  dead  stressss.  It  should  be  noted  that.  If  index  stresaes  are  written  tor 
live  loading,  the  values  written  on  the  web  members  are  of  use  only  In  datermlaiac 
the  chord  streaae^  as  web  streaseo  have  *wi[4niiini  values  for  partial  loadtnga.  T» 
and  the  maximum  streas  in  Ut  Lt  tain  section  »'  n'  and  load  for  a  maxiraam  peritii* 
shear  on  this  seeCioa,  or  from  the  right  up  to  La.  Rl  ~  16/7  X  16  -  22.9.  Apply 
SV-  0  and  tbe  stress  In  member  Is  22.9  L/k  tendon.  -  The  maximum  dress  In  oUksr 
web  manbsrs  may  be  found  in  a  dmilar  manner,  always  taUag  a  sadtw  euttioc  tba 
bnrlnqusBtfaB.  Thoa  for  CTkLi  the  aadloa  would  be  «  a  aad  Uw  loa*ic  the  mm  m 
lor  UtLu  and  the  atfiw  wm  be  tba  saw  as  before  but  will  be  wmaudHmu 
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(ouatan  are  uasd  in  a  tnua  of  this  Idnd,  the  web  mem  ben  mwt  be  inratigatod  for  » 
nveraal  of  rtreoB  ud  il  such  ia  fotukd  they  muat  be  propwtioiied  aeccn^sly-  Thns 
UtLt  im  in  twuion  undw  m  full  loid  or  undar  poritiTe  iImw.  Load  for  nc«ative  oliMr 
m  nctttm  «  n.  Load  from  latt  iu>  to  Ri  -  (11/7)  16  -26.1.  Shaar  on  ne* 
tlon  is  2S.1  -  82  •  -  8.9.  Aa  tha  dead  load-tenioa  la  6,  tlila  naana  that  a  mmd 
•f  OS  occur*.  See  Art.  4.  The  maxtoum  necative  live  ■hew  on  m'  n'  will  aJeo  be 
1.9  aad.  M  the  dead  ibear  Is  8  poaitiva,  do  rewaal  aaa  occur  in  tliis  memtier  or  in  lay 
•f  the  wab  mombecs  to  the  lafu  A  ravenal  wiU  oooarin  UiLt,  mad  will  be  found  by 
loadtng  tram  tha  left  up  to  L<.   Proceed  aa  b^ore. 

Camel-Back  Trosa.  See  Fig.  24.  This  truas  is  also  called  the  Parker 
TrusB,  and  may  be  used  for  spans  from  about  175  ft  to  about  250  ft  ia 
length.  The  top  chord  approaches  a  parabola  in  form,  the  length  of  the 
hip  vertical  beinc  made  long  enough  to  provide  sufScieut  head  room,  and 


at  the  same  time  give  a  portal 
deep  enough  to  provide  sufficient 
stiffness.  Assume  a  dead  load  of 
800  lb  per  ft  of  truss  and  a  Uve 
loadof  1550  lb  per  ft  of  truss.  This 
gives  a  live  panel  load  of  15500 
lb  per  .truss.  Assume  dead  load 
distributed  aa  shown. 

Stretsea.  Attho  the  matbod  of  Index 
atitaaoa  may  be  uaed  for  dead  loada,  it 
amat  be  OMdifled  as  the  chorda  are  not  pualM.  Tlda  method  will  be  omhted  here.  Tiie 
dead  and  Uva  atnmo  may  both  be  conveniently  found  by  the  method  of  momanta. 
Ik  geoaral  the  chorda  wfU  be  a  maximum  for  a  full  live  loading  and  the  web  membeta 
wQl  be  a  ntazlmura  for  the  Uva  loa^ng  wUeh  givas  a  nuudmom  ahear  on  the  aeetlaii 
eatting  the  member.  To  find  dead  (treat  In  Ut  [/«,  take  aeetion  m  n.  Write  momenta 
■bout  L4.  A/,  -  4  X  8  -  82  dead.  3ZX4p-8>:Sp-SiuX84-0.  She - 
boriaontal  component  "  47.1  S  -  47.1  L/p  where  L  —  length  of  membv.  The  live 
atiaaa  may  be  datarmined  by  multi|ilying  this  vahw  hy  the  ratio  of  the  Hve  load  to  the 
And  load*  or  1S.B/B.  Tha  aboaa  In  tUa  mandiaf  oould  also  be  datarminad  by  taUng 
the  aana  aaatioB  and  anlying  2V  *  0,  after  Ant  finding  the  vertkal  eompoaaiit  in 
Ut  L4  for  this  loading,  which  la  not  the  loadtng  for  a  naxinnun  In  this  diagonal,  nib 
would  obtain  the  vertical  eomponent  of  Ui  La  Instead  of  the  horiaontal.  Thia  reault 
multlpled  by  L/2  riioald  equal  that  found  by  the  other  method.  To  find  the  majdmum 
■tnaa  in  Ut  Li  talsa  aame  aeetton  and  load  with  live  load  up  to  £.4.  Rl  dead  and 
S&S  live.  Find  where  Ut  U,  bitenaeta  the  bottom  chord  and  take  thIa  point  aa  the 
esntar  of  momants.  oonaidarlng  the  diagonal  f^i  ^  to  be  r«aoIved  hi  to  Ita  horiaontal 
and  wrtloal  aonpenants  at  Lfe  IMX  -  distanee  from  tUalnterBeetlen  to  Lo.   JC  + 
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4p:  84    X  +     :  82  from  wUeh  X  —  ]8p  (lae  a).   Talv  momenta  about  this  ptrint. 

-  82  X  18p  +  8  (Hp  +  15j>  +  l«j>)  +  S«  X  lTj>  -  0  tnm  which  S,e  -  S.8  dead. 

-  25.8  X  18p  +  S*c  X  17p  -  0  fran  which  -  19.7  Uve.  To  find  the  wtnm 
multiply  tbeae  value*  by  L/k.  Thia  miM  ham  counters  In  panela  wfa«r«,  by  loadliv  (or 
natpUlw  riiear,  the  iftraMa  in  the  main  diacooali  an  revenad.  The  maximum  tuna 
in  diatonals,  vertical*,  and  eountm  may  be  found  aa  expWned  for  Ut  /-«,  bcinc 
careful  to  load  eomctly  and  uae  the  proper  center  of  moments.  In  the  oatar 
panel,  tlie  ehordi  an  paralM,  wfatdi  almpUfhw  the  caleulatioDa  for  utrawiji  In  then 
membwa. 

Baltimore  ^bm.  Seo  Fig.  25.  This  tnuB  is  of  the  Pratt  type  with 
a  aeeondaiy  Hystem  of  webbing.   This  allom  economy  in  the  length  <tf 


FIc.  Z6 


(c> 


panels  and  slope  of  diaaonals.  It  may  be  used  for  spans  of  about  the 
same  length  as  for  the  Camel-Back  truss,  altho  the  Petit  type  would  -proh- 
ably  be  selected  in  preference  for  spans  approaching  the  upper  limit.  This 

is  not  always  the  case,  bon'e^'OT,  as  Balti- 
more  trusses  of  over  300  ft  in  length  ai» 
found.  The  secondary  system  may  be  ax- 
ranged  as  in  Fig.  26,  and  in  some  cases  the 
short  verticala  are  extended  to  meet  the  top 
chords  and  aid  in  supporting  the  dead 


Lq  L,  Lt  W  L, 
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load  of  these  heavy  members.  Counters 
are  required  in  those  panels  where  the 
main  diagonal  may  be  reversed  in  stress 
by  the  live  load.  Neglecting  the  action 
of  the  counter  Lt  Mi,  the  only  way  in 
which  a  bar  like  Mt  fg  can  be  stressed 
is  by  the  loading  on  Lt  in  which  case 
the  stress  is  one-half  the  load.    To  see  Ffe-  27 

what  effect  a  load  on  has  on  M$  Lt,  draw  an  influenee  line  for  vertidal 
oomponent  of  this  bar       Fig.  27).   As  the  load  of  unity  paaeea  from  Rg  to 
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Lt,  the  vertical  component  in  Jfi  Z«  is  the  shear  in  the  panel.  For  these 
batfings.  Aft  Vt  is  not  in  acUon,  and  for  the  load  at  Lt  eqtials  1/2.  When 
the  load  is  on  L»  the  stress  in  Af i  [/«  is  1/2,  and  Ri.  -  7/12.  Applying 
2K  »  0  on  aaection  thru  the  panel,  7/12+  1/2-12/12  -  8vc  0  S  •= 
1/12.  With  a  load  on  L4  the  counter  ia  in  action  and  the  stress  in  Mt  Lt  is 
sero.  If  no  counter  waa  present  the  stress  would  show  a  reversal  of  4/12. 
From  an  inspection  of  this  iafiuence  line,  it  is  plainly  seen  that  to  obtain  a 
maximum  streas  in  Lt,  the  live  load  should  be  placed  up  to  and  includ- 
ing Lt  from  the  right  If  the  loads  differed  in  weight,  the  heaviest  loads 
should  be  placed  as  near  to  Li  as  possible.  As  a  concentrated  system  of 
unequal  moving  loads  is  seldom  used  for  highway  bridge  analyus,  the  method 
of  determining  such  loading  by  ^  further  use  of  the  inSuenoe  line  ia  omitted. 

D«id  Load  Stresses.  AMume  a  dead  lomd  900  lb  per  ft  of  bridge  and  a  Hve  load 
of  1600  lb  per  ft  of  bridga.  Ahwbb  tha  dead  load  diatributed  ai  aliowii  and  wiit« 
indox  rtroawa.  FInt  write  itl'eiM  on  afaort  verticals  and  abort  diagonals,  and  then 
Uke  section  around  Ut  (see  Fig.  26a).  Apply  ZV  -  0.  -  6  -  8-  S  +  a  -  0. 
S  ->  12.  Proceed  to  L«  (see  b).  -  12  -  8  +  2>  ~  0.  S  -  9.  Proceed  to  Mi  (aee 
e).  sr -Ogives  S -9 -6 +s»  0.  S-  12.  Proceed  In  rimUar  nuomer  from  joiat 
to  joint  as  in  previous  tmasaa.   Notke,  In  obtaining  chord  atrenea,  that  2p/k  —  1. 

Lire  Load  Stresses.  Take  K  Cf«.  Section  m  a  cats  three  bars  only  as  the  eoimter 
is  not  in  action  under  a  full  load.  Rl  ~^'A  X  16 «  S2.6.  Write  momoita  about  Lt, 
82.6  X  6p  -  16  X  14p  -  Sh  -  0.  S  -  142.6.  For  bar  Mi  V,  take  section  m'  it'. 
From  a  study  of  the  influmee  line  ^vm  in  Fig.  27,  H  waa  decided  to  load  np  to  Lf. 
fi£  -Sfi.  Apply  XV  -  0  on  eection,  reoHmbarinc  that  strasi  in  Jtf|II«*  7.S. 
S5  -  16  +  7.6  -  -  0.  5k  -  27.6.  For  vertteal  U*  Lt  take  a  diagonal  aeeUon 
cutting  Vt  Ui.  the  votical,  and  Zm  Lt-  Tbe  wont  posable  condition  for  thia  member 
wiU  occur  whan  the  bridge  Is  loaded  from  the 
right  up  to  Lt,  omitting  the  load  on  L4.  This 
may  be  sew  Gram  Fig.  28,  which  is  the  Influ- 
■nee  line  tor  stress  hi  VtLt,  emisidertng 
counter  Z.4  Ms  out  of  action.  With  this  load' 
ing  apply  Z  V  —  0  on  tbe  sectitm. 

Petit  Trusa.  This  truss,  also  called 
thePena^lTaoia  TruaStisof  the  Balti- 
more type  with  an  inclined  top  chord. 
This  trusB  is  used  for  long  spans.  Tbe 
analy^  consists  of  the  triplication  of  the  principles  given  for  tbe  Camels 
Back  and  Baltimore  trusses.  It  will  be  noticed  that  a  member  in  the 
Petit  truss  corresponding  to  MtUi  in  tbe  Baltimore  truss  does  not  have  the 
same  slope  as  the  main  diagonal  and  in  general  takes  more  than  one-half 

of  the  load  on  Lt.  As  the  panel  lengths 
are  usually  equal,  tbe  vertical  comi>onent8 
of  the  stresses  in  these  two  diagonab  may 
be  found  as  follows.  See  Fig.  200.  Let 
AC  load  on  Lt  drawn  to  any  conveni- 
ent scale.  Draw  A  B  parallel  to  lit  Aft 
and  C  B  parallel  to  Mx  Ut,  locating  point 
B.  Then  D  B  is  vertical  component  of  the 
main  diagonal  and  B  E  U  vertical  com- 
ponent of  the  short  diagonal.  This  prin- 
ciple may  be  performed  very  quickly  analytically.    From  the  dimensions 


Fig.  28 


(a) 


Fig.  29 


given  in  Fig.  296: 

DB  -  30/76  ot  AC.  and  BE 


45/75  of  A  C. 


ParaboHc  Trusses  have  been  used  to  a  considerable  extent  in  certain 
parte  of  the  country  for  highway  bridges.   The  two  most  common  types 
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are  the  Sickle  and  the  Lenticular  typea.  The  former  may  be  either  deck 
or  thru  and  has  the  loaded  chord  straight  aod  the  panel  pointa  <rf  the  unloaded 
chord  located  upon  tiie  arc  of  a  parabola.  The  Lenticular  trOBB  is  of  ttw 
tlmi  or  half  thru  type,  and  has  the  panel  pointB  of  both  chorda  located 
on  the  arcs  of  iwralx^is.  The  same  [ttinciples  of  analyns  already  deaenbed 
apply  to  these  trusaee.  The  following  peculiaritiea  should  be  kept  la 
mind.  For  a  full  uniform  loading,  the  homontal  component  oi  i^onl 
stress  ia  constanL  For  this  Condition  there  will  then  be  no  atreaa  in  any 
of  the  diagonals.  With  equal  live  panel  loads,  placing  them  to  obtain 
a  maximum  in  the  different  diagonals,  the  hoiiaontal  component  of  maximuia 
diagonal  stress  is  constant.  It  is  neoeasary  to  have  counters  in  each  pand. 
For  thru  bridges,  the  verticals  will  be  subjected  to  tension  under  «  fuU 
loading,  and  oompreaaion  under  a  partial  inmAini  By  iqiplyiiic  thtm 
principles,  the  truss  is  very  simple  of  analysiB. 

Methods  of  Detign.  Tbnbion  Mkicbkbb  are  usually  dedgnBd  hy  the 
formula  A  —  P/S,  where  A  »  net  area  required,  P  —  maximum  ntiiiai. 
S  »  allowable  unit  value  of  material  in  tension.  In  bnilt-up  mem  ben. 
take  account  of  area  lost  in  any  section  by  rivet  holes,  so  that  groas  ana 
will  make  up  the  loss  and  required  net  area  will  be  obtained.  In  liveted 
trusses,  tension  members  are  usually  made  of  angles,  or  channds,  or  a 
comlnnation  of  plates  and  angles,  or  idates  and  chflJineV  In  pm-coo- 
neeted  troMae,  eya-faaa  am  uaad  eieept  for  members  mbiert  to  a  reretaal 
of  ftresB.  It  is  oommon  to  make  the  fint  two  panela  of  bottom  dtoid 
fA  built  BBCttons  for  this  reason.  In  case  it  is  desired  to  obtain  the  streaa 
in  the  bottom  Shet  of  an  eye-bar  due  to 
ita  own  wMght,  to  see  that  iS  is  not  ex- 
ceeded, after  having  obtained  sise  hy 
above  method,  use  following  formula 
where  h  "  breadth  of  bar  in  in: 

CoupRBSBioN  Mbhbbbs  are  made  of  built  seetioas,  ibe  most  oobudob 
examples  being  as  shown  in  Fig.  30.    Note  tiiat  ths  dotted  lines  rspnaant 

        lattice  bars.   For  top  fdiords  and 

end  posts,  e  and /are  the  moat 
oommon,  altho  aaodrfare  i 


41MO0O0fc 
~  -1-23000  000 


1.1  □  li  II 


ir  1! 


Ma-'KS^ 


Fbrths 


timee  used.    For  intennediate  posts,  a,  b,  d,  and  s  are  conunon. 
hip  vertical,  o  and  A  are  exaraplee. 

Doslga  ot  a  Top  Chord  Section.  Let  it  be  required  to  design  a  top 
chord  section  whose  length  is  254  in  for  a  live  streaa  of  181  700  lb  and  a  dead 
atreas  of  166  000  lb.  For  unit  stresses  see  spscincATiONa.  Add  the  Vrn 
and  half  of  the  dead,  and  use  live  load  formula  5  -  12  000  -  55  L/r. 

Amizne  two  16  In  ehatnids  and  a  H-l"  cow  plate.  The  \mat  radtua  ot  gyrHw 
rmarba  aaHaiiadBB4/10ofdiedipthfaratiMana,we.l.  Tbrna-Vntm^A' 
SG0  700/9710- 26.7  aaia.  Hake  op  aaodos  as  ahewn  ia  flg.  81.  Vlnd  tvaa 
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■mdiaa  of  gyntion,  1^  obtalnlnc  mODteoti  ot  famtia  ftbcmt  txm  AA  mi  BB,  wfaoi 
*  -  I/A.  Fbrt  loemt*  ub  AA,  wUdi  !■  the  snvt^  axb  «f  tha  Mttam.  Tabs 
noments  about  hnrar  edga  (rf  netim  and  divide  by  ran  of  areaa.  6.76  X  16.19+ 
HL68  X  T.S  -  2B8.S8.  266.88/27.88  ■*  9.4.  9.4  -  7.6  -  1.9.  Fw  tabulated  mo- 
nenta  of  iMttia  Of  abapw,  aas  atoal  batid-boolau  /xa-  640  +20.68  X  1?  +6.76 
XBIt?  -  940.66.  f*- 940.66/27.88  -  84.41.  r  -  6.86.  /^b  -  16.96  +  20.58  X 
eTse'  +  ViiX  H  XTS*  -  1082.  r«-  87.76.  T  -  6.1.  Allowable  unit  stren  -  S 
-  12  000  -  56  X  264/6.86  -  9616.  Actual  unit  atien-  269  700/27.88  -  9602  and 
the  area  b  suffldent  for  direct  strew.  The  wind  atma  waa  not  oonaldered  aa  it  waa 
lOBB  than  80%  of  that  allowed  for  live  and  dead. 

The  W bight  or  the  Mekbm  teada  to  caiue  compieesioQ  in  the  top  fibers 
and  tensioa  in  the  bottom.  The  location  the  pins  detenuinea  the  points 
of  application  of  the  axial  forces  (see  Fig.  316).  If  tbeee  points  are  bdov 
the  center  of  gravity  axis,  there  is  a  tendency  for  tension  in  the  top  fibers 
and  compreeaion  in  the  bottom.  It  is  therefore  posidble  to  place  tlie  pins 
at  a  distance  e  below  the  center  of  gravity  axis  so  that  these  two  tendeociea 
frill  neutraltie  each  other.  M  =  y^wL*,  where  w  —  weight  per  foot.  M  due 
to  eccentricity  Fe.  If  these  two  moments  are  placed  equal,  e  »  to  L*/8F. 
Conditions,  such  as  necessary  clearness  for  eye-bar  j^g 

heads,  will  not  alwasn  allow  this  location,  in  which  case    '&  "  pTi 

the  sbeesee  cuued  by  tiieae  two  factors  may  be  found  /  — 

by  the  following  fomuila:  ^ 
Si^fiberstiesB  due  to  cross  bending.  Jf— bending  nxnnant  in  inch-pounds 
e  —  distanoe  from  neutral  axis  to  moat  extreme  fiber  on  side  under  con- 
sideration. I  —  moment  of  inertia  of  section  about  neutral  axis.  P  — 
total  direct  stress  in  member.  L  —  length  of  member  in  inches.  B  «■  modu- 
lus of  elasticity  of  material  and  X  —  a  constant  usually  taken  aa  10  for 
a  member  having  hinged  enda,  24  for  one  end  h^d  and  the  other  hinged, 
and  42  for  both  ends  fixed.  If  P  ia-tenaion,  change  negative  rign  in  denom- 
inator to  positive. 

Deriga  of  Bnd  PeiL  In  addition  to  direct  stress  due  to  live,  dead  and 
wind  loads,  and  flexure  due  to  weight  and  eeoentiieity,  the  end  post  is 

subjected  to  a  flexure  caused  by  a  bending  moment  due  to  action  of  the 
wind  on  the  portal  bracing,  which  may  amount  to  considerable.  It  is, 
however,  seldom  that  wind  stresses  and  live  load  stresses  are  a  maximum 
together,  and  this  is  especially  true  in  highway  bridges.  For  this  reason, 
direct  wind  stresses  are  ne^ected  in  main  truss  members  unless  they  exceed 
a  E?ven  percentage  of  the  dead  and  live  in  the  member  considered,  or  unless 
they  produce  reversals  or  a  bending.  See  Art.  4,  spscincATioMB.  When 
direct  or  flexural  wind  BtiBasee  are  considered,  the  allowable  unit  stress  is  in- 
creased by  this  percentage.  Some  specifications  give  this  inorsase  as  25%; 
Cooper  lives  30%,  and  Ketchum  allows  60%  for  both  direct  and  flexurtd 
wind  stresses.  Some  designerB  in  computing  flexure  in  the  end  post  of 
long  spans  assume  only  half  the  live  toad  with  the  wind  load.  Unless 
the  end  floor  beam  is  rigidly  connected  to  the  end  post,  it  is  customary  to 
consider  the  latter  hinged  at  both  enda,  altho  the  foUowing  rule  may  be 
used  when  this  condition  does  not  exist.  Multiply  wind  reaction  at  top 
of  end  post  by  half  distance  from  Lo  to  portal  bracket  and,  if  this  is  lees, 
t^an  haJf  the  dead  stress  in  post  multiplied  by  distanoe  e  to  e  of  hearinga 
on  jAn.  call  poet  fixed  at  bottmn,  and  take  point  of  contra  flexure  half  way 
from  Lt  to  [>ortal  bracket. 

In  order  to  show  effect  of  wind  on  flexure,  let  It  be  required  to  flxamlne  the  section 
riMwn  in  Pig.  82.   live  atren  indudlnt  Impart  186  600.  dead  atna  188  60a  866 
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Loe^MUtntuli.  2(U8  X  7.5  +  •  X  Ift^ 
V  1016/29.68  -  &«.      /bs  -  S  • 


Fig.  82 


iLiJ. 


8.48  +  2  X  1029  X  sS?  +  1/lS  i 


HX  18  -  1092.  r  -  6.0S. 
point  (rf  eontn  flenin  m  in  FS^.  31 
DirMt  eompwrion  due  to  latn 
foroM-  IS  000  X  U.1T/21.S  —  14  2« 
'Total  dlraet  compreadoa  -  3SS  4* 
M  ftt  foot  of  knee  hnae  —  8  000  > 
10.6  X  12  -  1  008  000  in  lb.  Uwe  1m- 
nnik  S  -  16  000  -  70  L/r.  S  - 
M  000  -70866/6^86  -  11  T60l  Am 
nqdnd  br  Htb  ftnd  dnd  loadi  >•  27.16  aq  In.  For  atnM  dua  to  wind  »»wmwBt? 

1008  000  X9 


1092  - 


8S3  400  X  2S0 


24  XSOOOOOOO 

jkotml  flbwitNH- 8602  +  -  19  788.   Alimble  unit  atiM- l.fiO  x  11  79 

t  29.58 

-  17  626.  Effldeney  -  89%.  Rederixn  for  as  Mdmy  ot  100%.  The  all  iiw  d« 
to  mi^t  and  oeoantxidOr,  it  derirad.  may  ba  foosd  aa  bafon  Indicrtad  and  Mwi^iMj 
with  the  abova  valiML 

DMicn  ot  Intarmedlats  Posts.  The  intomediate  posts  are  designed  in 
n  manner  aimilar  to  that  already  explained  for  top  chord  and  end  port. 
Id  investigating  flezural  stress  due  to  sway  frame  hrace,  assume  half  tap 
panel  wind  load  aa  transferred  iato  bottom  lateral  system  thru  the  post. 

Stringers  and  Floor  Beams  should  be  designed  as  plate  vrders,  or  if 
I-beams  are  used,  they  are  selected  as  in  Art.  6. 

Pins  are  figured  as  a  beam  and  should  be  designed  for  bending^  shear, 
and  bearing.  Having  determined  the  packing  of  the  members  on  tbt 
|dn,  the  horisontal  and  vratujsl  components  of  the  stresses  of  theee  mem- 
bers are  found.  Note  that  a  maximum  stress  will  not  occur  to  all  membeis 
at  the  same  time  and  that  in  geoeral  two  or  mors  cases  must  be  ocnuid- 
ored,  such  as  (1)  miurimum  in  diagonal,  (2)  in  chord.  Ctunpute 

moment  at  center  of  bearing  of  each  member  on  pin  for  both  horisontal  sod 
vertical  component  and  take  the  resultant  for  the  combination  which  (pves 
B  maximum.  Do  this  for  each  case  and  take  iargoat  resultant.  TabUs 
in  steel  handbooks  will  give  sise  of  pin  for  different  allowable  fiber  stresses. 
Obtain  maximum  shear  and  determine  if  the  pin  selected  is  of  sufficient 
size  to  withstand  shear  and  allow  a  safe  bearing  aa  required  in  specifica- 
tions. Usually  built-up  members,  such  as  posts,  need  reinforcing  plates 
riveted  on  to  Batisfy  the  conditions  for  bearing.  Before  figuring  moments, 
it  is  well  to  determine  if  these  plates  are  required  assuming  the  sise 
of  pin.  After  pins  are  computed,  it  is  usual  to  limit  them  to  two  sites, 
altho  sometimes  three  are  used. 

Camber.  The  deflection  of  a  beam  or  truss  under  its  own  weight  and 
the  loads  which  come  upon  it  is  caused  by  the  elastic  properties  of  the 
materia  and  by  imperfect  workmanship.  In  short  spans,  the  deflection 
is  not  important,  but  in  spans  of  average  or  considerable  lengths  it  ahoukl 
be  taken  into  consideration.  This  is  especially  true  in  pin-oonoected 
bridges,  where  tha«  must  be  more  or  less  play  in  the  jointa.  It  u  usual, 
in  all  except  short  spans,  to  provide  a  camber  1^  making  the  top  ebord 
sUgbtly  longer  than  the  bottom  chord,  in  order  that  the  truss  shidi  assume 
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ita  theoretical  form  when  fully  loaded.  The  most  oommoo  method  in 
highway  bridgbs  is  to  make  the  lengths  of  tfae  top  chord  panels  longer 
than  the  bottom  chord  panels  by  3/16  in  for  every  10  ft.  This  method, 
while  empirical,  gives  good  results  in  moat  cases.  If  it  is  necessary  to 
use  more  re&ned  methods,  as  might  be  the  case  for  extra  long  spans,  can- 
tilevers, and  draw  spans,  the  deformations  may  be  figured,  and  the  ten- 
sion members  decreased  and  the  oompreesioa  members  increased  in  length 
accordingly.   For  the  more  exact  methods,  conmlt  references. 

7.   Timber  Hi^way  Bridges 

Wooden  Beams  are  designed  by  the  formula  M  »  SI/C,  where  M  is  the 
rfiftrimiiTn  bending  moment,  /,  the  moment  of  inertia  of  the  section  about 
the  neutral  axis,  and  C,  the  distance  from  the  neutral  axis  to  the  most 
strained  fiber.  Fot  the  usual  case,  a  wooden  beam  is  of  rectangular  shape 
and  of  constant  oross-eection.  For  this  condition,  /  -  1/12  hh^  and 
C  "  A/2.  The  above  formula  roducee  th«i  to  If »  Slbh*/6,  Beams 
wbkh  are  unusually  abort  and  deep  should  then  be  investigated  to  see 
that  the  safe  longitudinal  shearing  strength  is  not  exceeded.  If  «  is  longi- 
tudinal shear  per  sq  in,  K  is  external  shear,  and  A  area  of  cross-section, 
then  a  —  3  Vf2  A.  It  is  usually  only  necessary  toobtain  the  bending  moment 
M,  and  select  the  safe  working  value  S  for  the  timber  used,  and  figure 
b  h*,  from  which  the  dimensions  may  be  selected  to  conform  to  commer- 
cial siies.    For  working  unit  strosses  see  Sect.  2,  Art.  5. 

Wooden  Columns  are  designed  by  the  use  of  a  column  formula.  See 
taUe  in  Sect.  2.  Art.  5. 

Trussed  Beams  are  used  when  the  span  length  becomes  too  great  for 
an  efficient  use  of  simple  beams.  This  limit  is  about  20  ft.  There  are 
two  types,  the  King  Post  and  the  Queen  Post  (see  Figs.  33  and  34). 
The  King  Post  is  used  for  spans  from  about  20  ft  to  about  25  ft,  and  the 
Queen  Post  for  spans  over  25  ft.  Each  may  be  used  as  a  deck  bridge, 
instead  of  thru  as  shown.  In  case  of  the  deck  structure,  it  should  be  not«d 
that  the  inclined  members  become  tension  pieces  and  the  vertical  mem- 
bers compression  pieces,  and  that  the  beams  become  the  top,  instead  of  the 
bottom  chord.  The  beam  is  ususlly  one  timber,  or  two  or  more  timbers 
bolted  together,  extending  over  tfae  entire  span,  and  is  therefore  subject 
to  continuous  beam  action.  In  designing  such  a  structure,  it  is  common 
to  find  the  stresses  on  the  assumption  that  the  members  together  act  as 
a  truss,  and  add  to  the  unit  stress  in  the  beam  due  to  this  action,  the  bend- 
ing unit  fiber  stress  due  to  direct  loads.  In  the  thru  structure,  the  top 
chord,  including  the  inclined  members,  are  timbers,  and  the  verticals  are 
rods.  In  the  deck  structure,  the  bottom  chord  is  usually  one  or  more 
rods  and  the  verticals  become  timbers.  Care  should  be  token  to  make 
suitable  joints  at  the  intersection  of  timbers  and  to  use  washers  and  plates, 
or  cast-iron  caps,  of  sises  sufficient  to  transmit  stress  without  producing 
too  great  unit  prenure  on  the  wood.  If  the  floor  of  the  bridge  is  sup- 
ported directly  upon  the  chords,  as  would  be  the  case  in  a  deck  structure, 
the  load  becomes  uniformly  distributed  and  the  beam  is  subjected  to  a 
cross  bending  in  addition  to  the  stress  due  to  truss  action.  If  the  floor 
rests  upon  joists,  which  in  turn  are  supported  by  beams  at  points  a,  the 
load  becomes  concentrated  and  the  only  cross  bending  is  due  to  the  dead 
weight  of  the  beam  which  under  usual  oonditions  may  be  neglected.  The 
follnwiag  formulas  arc  sufficient  for  practical  purposes. 
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Kins  Post  (see  Fig.  33),  tnizroBM  ioad.  Let  w  kuul  per  ft,  +  - 
teoaioa,  and  —  —  oompresdoo.   ab  —  +6.8»i&, «6"  — wL m/2  h,  ae  ' 

+  w  L*/8  h.  Unit  BtTOBB  va  ac  ~  + 
to  L*/B  bdk,  and  to  find  total  unit  atreas  add 
to  tioB  the  greatest  fiber  strms  due  to  croa 
bending  obtained  by  the  formida  Si  ^  -i- 

2.25  V>  Vjh  d*.    CONCBKTIUTBD  bOAD  of  V 

at  a:  a6     +  IF;  eft  -  —  IT        A;  oe  - 

+      L/4  fc. 

^  Queen  Post  (see  Fig.  31),  tjnivobm  mud. 

aft  =  +  ll/30wL:  c6--»Lm/3A;  ec-  + 
V  L'/g  A,  66  -  -  w  I>>/9  /L  Unit  atnss  in  oc  - 
vL*/9hdh,  and  to  find  total  unit  stiess  add 
to  this  Si  -  +  to  L*/h  <P.  Concentrated 
LOAD  of  IF/2  at  points  oo:  oA  =  +  IF/2;  c6- 
-lFm/2A;cc-+lFV6A;  IA.-IF/i/6A. 

Timber  Bridges  of  the  Howe  Type  (see 
Big  35),  attho  formerly  very  oommon  in  certain  aectioDS,  are  not  now  boih 
except  in  specif  eases,  such  as  for  temptmry 
traffic,  falsework,  etc  These  bridges  are  usual- 
covered  by  a  roof  and  aides  to  i»ok»ic  their 
life.  Many  are  in  exiatmioe  in  New  l!^gl«w«i 
rural  sections,  but  they  are  gradually  beinc 
replaced  by  steel  bridges  or  concrete  arches.  The  chorda  and  diagonslt 
are  made  of  timbers  and  the  verticals  of  rods.  The  stresses  may  be  figund 
in  the  same  manner  as  for  the  Pratt  truae,  which  see.  Usually  counters  of 
timber  are  placed  in  each  panel,  the  same  as  shown  in  the  figure  for  the  two 
oontcff  panda. 

8.  Highway  Bridge  Floors 

Width  of  Roadway.  See  also  Art.  4,  Clkahancbs.  The  width  of  road- 
way for  a  highway  bridge  is  much  more  variable  than  for  a  railroad  bridge. 
In  general  there  is  little  variation  in  the  clear  width  of  the  lattw,  the  chief 
factor  being  the  number  of  railroad  tracks  to  be  accommodated.  The  width 
of  a  highway  bridge  depends  upon  the  volume  oT  traffic,  which  in  turn  reg- 
ulates the  Idnd  of  wearing  surface;  the  latter  regulating  the  floctf,  or  sup- 
ports for  tJie  wearing  surfaoa.  Thus  a  country  Mdge  deaiciwd  for  loads 
under  Art.  4,  Coopbb  Cubs  D,  would  probably  have  a  floor  of  simple 
construction,  such  as  plank,  resting  directly  upon  stringers,  with  a  dear 
width  of  not  less  than  12H  ft.  while  if  Ci.ab8  C  were  used,  the  width  would 
be  at  least  14  ft.  If  it  is  desired  to  have  vehicles  pass  each  other  on  the 
bridge,  these  figures  must  be  increased.  Good  practice  inclines  toward 
bridges  of  greater  widths  than  these  figures.  The  length  of  span  must  alac 
be  taken  into  consideration.  Ketehum  and  the  Mass.  R-  R.  Conun.  re- 
quire the  width  between  0  to  c  trusses  to  be  at  least  1/20  ^»ao  l«igth,  and 
tiie  fcamer,  pref«tably,  at  least  1/12  span  leocth. 

CiTT  Bridges  which  carry  almost  constant  traffic,  must  have  a  weating 
surface  of  more  duraUe  material  than  plaok.  This  requires  a  different 
arrangement  of  the  floor  system,  and  a  iridth  sufficient  to  take  care  of  the 
traffic  in  both  directions.  This  does  not  mean  that  it  Is  seceaaary  to  have 
the  same  width  as  the  city  streets  for  traffic  ov^  a  bridge  is  continuoos, 
there  being  no  necessity  for  stopjrfng  at  the  curb.  There  should  be  no  diffi- 
culty in  selecting  a  width  of  roadwiv  in  the  o«M  of  oountiy  bridaaa,  with  « 
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without  electric  can.  For  the  case  of  suburban  or  cits'  bridges,  the  case  may 
call  for  study.    The  foUowing  data  by  Spoptohd  (68b)  will  be  of  inteiest. 

Hona-Dnwn  VeUicles.  The  width  (A  ordinary  horae-dnwn  vehielea  u  mMflursd 
In  the  streets  of  Boettnt  is  civm  bi  the  foUo«4tw  teUa,  In  whleh  (1)  iqtrssents  dktance, 
in  fseU  out  to  out  of  hufae:  (2)  the  distenee,  in  ftat,  out  to  cmt  ol  iriieds;  (3)  the  dto- 
bUMSk  bi  feet,  out  to  out  at  wUnetms: 


(X) 

m 

7.76 

7.00 

8.00 

7.6S 

6.70 

7.90 

7.80 

0.70 

7.60 

7.40 

6.60 

7.00 

e.os 

6.26 

6.88 

8.60 

10. 8S 

nectric  Can.  In  comment  upon  the  widths  of  electric  cars,  ft  may  be  noted  thet 
tbe  Mess.  Public  Service  Comm.  spedfica  that  the  distance  center  to  center  of  tist^ 
^onld  be  9.71  ft,  and  that  for  thia  spadnc  a  total  width  in  the  deer  of  18.6  ft  Is  i»- 
qniied  by  two  ham  of  tbe  widest  can,  8.79  ft  fat  width,  used  In  Boston. 

indlh  of  Vafleva  BiUcea  wtth  TralBe  Statistics.  Bbooklyn  Bbidoh.  Width  of 
roedway,  two  roadways  16  ft  9  In  eacb  between  curbs,  with  dn^  street-ear  trade 
on  eedi.  TrsAc  in  1912,  sarfsee  can,  round  trip,  1  474  610;  averacs  per  day,  includ- 
ing Sundays,  4029  dnflfl  tripe;  other  vehicles,  exdudve  of  trains,  1 282  000;  averaie 
per  day  of  24  hr,  indudinf  Sundays,  8603  sln£te  tripe. 

ICANHaRAM  Bbdob.  Odo  roadway  86  ft  lietwesB  eorfaa,  irithoat  straet-csr  tradts 
In  nwhray.  Total  roadway  vdilels  trafBc  In  1912,  1 607  800;  averege  per  day. 
Indudinc  Sundays.  4881  sla^  tripe. 

CONOREBB  Steut  Bmidob,  BOSTON.  One  roadway  44  tt  between  eurbe  on  fixed 
spans;  81  ft  4  in  between  curbs  on  draw«patt.  This  bridge,  mctuding  draw-span, 
is  ueed  regularly  by  three  lines  of  vehides,  and  can  be  used  by  four  liras.  No  street 
can.    Traffic  on  Sept.  11,  1908,  7362  vehidee. 

RuBR  Slun  BuDOB,  Cbicaoo.  Two  roadways  17  ft  4  la  between  curbs.  Two 
Hnes  ot  traflle  on  «adt  roadw^r.  TralBe  on  Feb.  4, 1016,  betwew  7  A.H.  and  'iTVL 
consisted  of  11 694  faon^drawn  and  motor  vehidee. 

Tbe  following  figures  are  from  the  1911  Report  td  tbe  London  Trafih:  Biandi  of  the 
Board  of  Trade  and  rc/ers  to  tralBc  <m  1  day  fn  1911,  between  8  A.M.  and  8  P.U.: 

Watklod  Bbidob.  Width  of  roadway  Id  the  dear,  27  ft  6  In;  10 192  horse  and 
motor  vefaicks;  no  strsefrw. 

WBsmnmn  Bhdok  WMtfi  of  roadway  In  the  dear  64  ft;  14  618  horse  and 
motor  vehides,  Indoding  2976  electric  tram  cars. 

Blackfbiabs  Bbidob.  Wdth  of  roadway  in  the  dear,  78  ft  6  In;  14  007  horse 
and  motor  vehicles,  including  1829  etectric  tram  cars. 

LiHiDOM  Bbidob.  Wdth  of  roadway  hi  tite  daar,  87  ft;  18  771  hoiw  and  laator 
vehidee;  no  streetcars. 

Weifftted  Traffic  Units.  In  ordtf  to  accurately  measure  the  capadty  of  a  bridge 
or  street  in  relation  to  traffic,  it  Is  evidently  necessary  to  consider  the  character  of 
the  vehidas  and  their  speed,  as  well  as  thstr  number.  For  the  purposes  of  nuUdng 
Bueb  a  eanyiarban,  tba  London  Board  of  Trade  sets  up  as  a  unit  a  motored  or  ear- 
lisca,  and  aaigaa  ths  foUowing  Buaibm  to  other  dassn  of  vsUdoa: 

TndoVehlolaa 

1  Hmse,  fast   8 

1  Horse,  slow   7 

2  Hone,  fsst   4 

2  Hone,  slow   10 

Motor,  fsst   a 

Motor,  alow   6 


Paasen^  TsUdet 


Electric  trams   10 

Omnibuses,  horss   6 

Omnibuses,  motor   8 

Cabs,  horse   2 

Cabs,  motor   1 

Carriagee,  horse   2 

Carrisges,  motor    1 

Barrows   6 

Cyd»   H 
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The  Bo&rd  Ikjtb  down  the  following  deflnltlooii 

Traffic  Volume  at  a  point  is  tb«  Kv«r«ge  «ggrecat«  number  of  traffic  unltb  attribu- 
table to  Tehlclea  wbicb  pM  it  per  min  dming  tbe  12  hr  bom  S  AM.  to  8  P.M. 

AWAM  Tsunc  Dbnbry  to  the  agptgatm  number  of  trcflle  units  attributable  t» 
veUdea,  wliieb  paai  tbe  point  durinc  the  12  far,  per  ndn.  per  10  ft  of  avaOabia  eanlat*- 

w»y. 

Gbbatbbt  Traffic  DENSiry  la  the  average  density  per  mia,  per  10  Ik  ol  mv^lafala 
carri^eway,  during  tlie  busleat  htnir,  wpraeeed  in  traffic  units. 

With  tbe  above  unite  and  ddnltioni  in  mind,  the  following  eonparlaoB  at  traffic 
on  Loudon  bridgei  b  clear: 


WeA- 
Bttdge 

Waterloo 
Bridge 

South- 
warii 
Bridge 

Bladc- 
Mara 
Bridge 

LoiMian 
Bridge 

90.4 

60.6 

lOfi.9 

16.6 

89.3 

Average  traffic  deoaity . , . 

20.8 

22.0 

U.4 

6.8 

24.1 

Hour  of  greatest  d«udty. . 

6  to  T 

&  to  6 

6  to  7 

11  to  12 

23.8 

22.6 

16.8 

27.4 

4.2 

3.9 

6.0 

'4!i 

4.0 

Wearing  Surfaces  and  Their  Supports.  See  Art.  4,  floods.  The  sur- 
fs cea  mo8t  oommonly  used  are  plank,  wood  block,  stone  block,  umI  brick. 
Sheet-asphalt,  bituminous  pavementa,  and  oement-ooBorete  are  alao  used 
under  special  conditions.  Drowne  (41)  in  a  report  to  the  3rd  lot.  Road  Cong.,  ' 
1813,  concluded  that  "  If  the  support  furnished  the  surface  is  unyieldiBs, 
the  wear  of  bridge  surfaces  of  wood  block,  sheet-asphalt,  stone  block,  brick 
and  other  similar  types  is  not  any  different  than  it  is  undw.the  sfttne  oon- 
ditioos  on  the  street." 

Plans  is  used  mostly  for  country  tmdges  and  may  be  one  thifkneM 
or  two.  The  life  of  a  plank  floor  is  very  variable,  depending  ohidly  upon 
the  amount  and  tdnd  of  traffic,  and  also  upon  the  webiees  (rf  the  eeasona. 
This  variation  will  be  from  a  few  months,  if  used  near  a  city,  to  several 
years  if  in  a  place  where  travel  is  very  light.  Spruce  is  the  most  common 
plank  oltho  yellow  pine,  Douglas  fir,  oak  and  chestnut  are  used.  Tbe 
planka  may  be  laid  either  at  rigdt  angles  with  the  axis  of  the  bridge  or  dias- 
cmolly,  the  latter  method  making  a  floor  which  will  be  much  stiffw.  FUnka 
should  not  be  laid  lengthwise  of  the  taidgs  exoq»t  under  q>ecial  e<»ditioiia. 
They  should  usually  be  laid  with  the  l^art  ride  down.  A  pUak  floor  is  i 
supirarted  upon  steel  or  wooden  stringets,  spiking  pieoes  being  bolted  to  tbe  ' 
steel  stringers.  It  is  not  customary  to  crown  a  single  plank  floor,  hut  if 
two  thickBesses  are  used,  a  crown  is  more  neoeesary. 

Wood  Block  Paveuents  are  in  use  in  the  more  thickly  settled  dis- 
tricts. The  blocks  are  usually  about  3  or  4  in  square  and  6  to  10  in  knig 
and  should  always  be  treated  with  preservatives.  They  are  usually  laid 
upon  a  cuahioQ  of  sand,  asphalt,  cement  mortar  or  tar  [Htch  resUng  upcn  a 
sub-base  of  wood  or  cmicrete.  The  wooden  baas  is  uBuaUy  from  3  to  6  in 
in  thiclmees  and  is  either  treated  with  tHvaervatives  or  water-proofed  in 
some  way,  and  the  joints  made  ti^t.  The  concrete  base  is  usually  supported 
by  a  buckle  plate  floor  or  by  a  reinforoed  concrete  slab  floor,  or  by  oonereting 
between  I-beuns.  A  longitudinal  expansion  joint  1  or  2  in  in  width  should 
be  provided  next  to  the  wheel  guard. 

Stone  Block  Patbiibnt  is  duraUe  but  elusive,  and  very  heavy. 
It  is  uaed  when  traffic  is  extremdy  heavy.    It  is  laid  on  a  cuaUon 


L.ooQle 


Art.  8 


Highway  Bridge  Floors 


1433 


of  sand,  and  should  have  the  joints  filled  with  tar  pitch.  A  concrete  base 
is  a  common  method  of  support  altho  eometimea  the  wooden  base  is  uBed. 
Stone  makes  a  much  better  foothold  for  horses  than  the  other  surfaces. 

Brick  Paveueht  is  much  lighter  and  less  noisy  than  stone  and  is  cheaper 
than  wood  block  pavement.    The  method  of  laying  is  similar  to  wood- 


CnHSNT-CoNCHaTB  may  be  used  directly  as  a  wearing  surface.  Its  con- 
struction will  be  obirious.  SomeUmeH  a  eiHicrete  surface  is  jtrotected  by  a 
bitmninouB  surface  coating. 

Spedficatioos.  Altho  Art.  4  gives  an  outline  of  several  spedfioations 
which  include  Soors,  the  following  paragraphs,  being  more  complete  in 
themselves,  give  further  data. 

Wooden  Joists.  Wooden  floor  j^sts  shall  be  spaced  not  more  thui  2}j  ft  centers, 
and  shall  lap  by  aadi  other  so  as  to  have  a  full  bearing  on  the  floorbeanu.  Thdr 
iridth  sbaD  not  be  kas  than  8  is,  or  M  the  depth  of  jtM.  When  spaced  not  mors 
than  2  ft  cantos,  one  Jdst  shall  be  coisidered  as  eam^  >^  of  the  concentrated  live 
load. 

Steel  Joists.  Steel  beams  when  used  sa  JiArts  shsU  havs  a  deptb  of  not  kss  than 
i/m1  d  the  spsn,  sad  )/»  of  the  span  when  used  as  track  strincers.  When  »  slni^ 
thickness  of  plank  floorioB  Is  used  the  spsdng  of  steel  joists  shsll  not  exceed  S  ft  6  to, 
centara;  when  s  heavier  fioor  is  used  this  limit  may  be  S  ft  When  spaced  not  to 
exoead  Mt  cnaten,  one  jdst  shall  be  coOsldarad  as  carrying  ^  the  concentrated  knd; 
whn  spaced  nore  than  2  ft  and  not  ntors  than  S  ft,  one  Jdst  sliall  be  eonalderad  as 
carrying  K  td  As  eoneentrated  load. 

Floor  Beams.  AH  floor  beams  shall  be  rolled  or  riveted  sted  girders,  rigidly  connected 
to  the  trusses  at  the  pan^l  points,  or  may  l>e  placed  on  the  top  deck  bridges  at  panel 
points.    Floor  beams  shall  preferably  be  square  to  the  trusses  or  girders. 

CMnectioas.  All  steel  joists  snd  stringers  shall  preferably  be  attadied  to  the  floor 
beams  by  means  of  connecting  angles,  altho  In  or<Unary  country  bridges  of  Class  D 
the  joists  may  be  decked  on  top  £nge  of  floor  beams.  In  case  shelf  angles,  stiffened 
with  vertical  angles,  are  used,  the  rirets  in  such  angles  and  stiffenera  may  be  eoonted 
as  carrying  end  shear. 

Solid  noor.  For  dty  and  suburban  bridges,  a  solid  floor,  oonriadng  of  wooden 
blocks,  brick,  stone  blocks,  shnnt  anphall'.  etc,  on  a  concrete  bed,  fs  recorumouied. 
For  this  ease  the  floor  shall  otuudst  of  bucUe  pistes  or  corrugated  sections  or  other 
satlshctory  rdnfarcemsnt,  and  a  wataqmnf  eancreta^  Utuminoits  or  Portland  ennent 
sMTtar,  bed  not  kas  than  8  In  tUi^  tor  the  roadway  and  2  In  tUck  f  «r  the  footwalk, 
ow  the  hi^wst  pmnt  to  be  covered,  not  counting  rivet  or  bolt  heads.  The  floor 
shall  be  laid  with  a  slope  of  at  least  1  in  in  10  ft.  Buckle  plates  shall  not  be  less  than 
t/ie  in  thick  for  the  roadway  and  H  in  tiiick  for  the  (ootwalk.  The  crown  of  the 
plates  shaC  not  be  leas  than  2  In.  For  aoUd  floor  the  curb  hoWng  the  paving  and 
acting  as  a  wheel  guard  on  each  side  of  the  roadway  shall  be  of  stone  or  steel  project- 
ion about  6  in  above  the  finished  paving  at  the  gutter.  The  curb  shaU  be  so  arranged 
that  it  can  be  runoved  and  replaced  when  worn  or  injured.  There  shall  also  be  a 
metal  edging  strip  on  each  aide  of  the  footwalk  to  protect  and  hoU  the  paving  in  place, 
lavements  Gonsistlng  of  wooden  blodcs  may  rest  upon  a  wooden  floor,  consisting  of 
planks  laid  traasversdy  and  at  least  4  in  thick.  The  ^rpe  of  blodi  uid  method  d 
laying  shall  be  approved  by  the  engineer. 

Plank  Floor.  For  single  thldcnees  tlie  roadway  planks  shall  not  be  less  than  2}^  In 
thidc  for  oak,  southern  yellow  idae  and  chestnut  or  3  in  for  white  pinsi  spruce  and 
Dou^as  fir,  nor  lees  than  1/12  of  tbe  distance  between  centos  of  j<dBts,  and  shall  be 
laid  transversely  with  ^-In  openings  and  securely  ^riked  to  eat^  jcdst.  All  plank 
shall  be  laid  -wUb  heart  idde  down.  When  an  additional  wearing  auriace  is  reqidred. 
It  sksD  be  l>j  in  thick,  and  tbe  lower  planks  of  a  minimum  tfaiekness  of  2^  in  sbaU 
bs  laU  diagonally  with  >^-In  openings.  Footwalk  plank  shall  be  not  less  titan  2  in 
tUdt  nor  more  than  6  in  wide,  spaced  with  H-In  openings.  All  plank  shall  be  laid 
with  heart  side  down,  shall  have  full  and  even  bearing  on  and  be  firmly  attached  to 
the  joiit*,  and  aluUl  be  aawod  in  a  straight  line  along  the  outside  of  roadway  and  walk. 


Wheti  Qwndf.   Wbesl  guards  ot  a  cross  section  of  not  less  than  6  by  4  in  siisU 
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be  provided  on  mch  ride  of  tlw  iMtdwKT-  They  ihall  be  wpSxai  with  halt-aiMl4wlf> 
jolnto  with  6-Id  U4>,  end  ihaU  be  bolted  to  the  strincm  or  Jdrt  wIA  bollix 
qiMed  Dot  to  esewd  5  (t  apert. 

Wood  Block  Pntnc  ahell  be  Uld  on  «  pUak  base,  ■•cured  to  tpiklnc  pieoM:  all  of 
which  •hall  be  of  aauitd  merchantable  soutbeni  ytUow  pine,  free  from  looae  or  unaoand 
knota  or  other  ImperfectknH  wUch  would  impair  Ibi  atnmgth  or  dniabtUty.  All  to 
be  cut  btxn  sound  Uve  tnm.  The  apOdng  irieoee  U  laid  on  top  ol  idata  wOl  be  6  in 
In  width  aod  not  laaa  than  4  In  in  depth.  The  under  eoone  at  the  floor  wOl  be  of  S  in 
idank  liaed  to  an  even  thUknefle  of  not  leea  than  2  H  In  and  laid  with  dcaa  iointi. 
All  unavoidabl«  opening*  to  be  thoroly  calked  with  oakum  or  other  aaitable  matefiaL 
npeo  thk  base  will  ba  laid  the  wood  block  pavlns  ....  Indtea  in  depth. 

The  PAVniG  BLOCKB  wIU  be  truly  rectangular  In  lonn  and  ihaB  be  dnaed  oo  all 
ridei  accept  the  top  and  bottom,  both  at  whlcli  ahall  be  amoothly  Mwn.  The  bloda 
riiall  not  vary  in  width  or  depth  more  than  i/is  In.  Thdr  width  ahall  be  the  aame  for 
the  io^  and  muat  not  be  leat  than  3  nor  more  than  4  In.  Thtfr  length  ahall 
■ot  be  loM  than  S  nor  more  than  10  in. 

Tbutunt.  The  «pildng  iriecee,  planldng  and  track  tfaa  ihaO  be  ereoaoted  with 
12,  and  the  paving  bloda  with  18  lb  of  dead  oil  of  coal  tar  per  ea  ft  ot  lomber.  b- 
jeeted  by  the  preeaure  prooeB  in  doeed  tyUndeta.  The  awaote  ofl  ahall  have  a  apedAe 
gravity  between  1.03  and  1.07  at  88°  C  (100°  F).  The  bloda  when  ready  for  uae  ahaS 
not  atoocb  w«t«  more  than  an  average  of  <d  dieir  dry  wei^t  after  bring  bwtad 
•t  88^  C  (lOV  r)  dnrbic  12  hr  and  than  i^wed  under  water  12  hr. 

COMRBUCnoN.  The  blo^  wQl  be  aet  on  a  euehlon  mnriting  ot  a  heavy  coat 
of  coal  tar  paving  pitch  applied  while  hot  to  the  pUuJdng.  They  murt  be  aet  and 
tamped  quickly  before  the  pitdi  bardana.  The  jobtta  muet  then  be  thoroty  |4tched 
and  the  aurfaee  fliuhed  with  an  applies tioo  of  the  hot  paving  pitdi,  tmtU  all  jolata 
are  eompletriy  filled.  The  blochi  wiQ  be  aet  irith  the  grain  vertical  and  with  dom 
iaintB  and  In  uniform  coureea  at  right  anglea  to  the  center  Hne  of  the  bridge.  In  mA 
a  manner  that  the  loogjtudinal  jolnta  will  be  brolnn  at  leaat  2  In.  They  muat  be  forced 
together  aa  doee  aa  poHible  by  hand  when  laid  and  properiy  tamped  to  a  firm  liwilag 
and  uniform  siufafe.  An  ezpenaion  joint  of  such  widtti  aa  directed  by  the  i  iigTmiii 
>will  be  provided  nert  to  the  wheel  guarda.  The  expand  on  joint  to  be  flnaQy  filled 
■with  the  paving  fdtdi.  A  thin  layer  of  dry  nuid  wUl  be  ipread  over  the  aaiteea 
iU  reijilred  by  the  engineer. 

9.  Reinfoxced  Coicrate  Beam  and  Girder  B3|)nnj  Bridges 

:  RdnforMd  ConcMte  B«am  Bridges  may  be  dtvidad  into  two  rliwns 
First,  those  bridges  of  short  span,  not  exceeding  about  20  ft,  and  having 
onty  ordinary  country  highway  traffic,  which  are  reinforoed  ooQcrete  alaba 
bearing  from  12  to  18  in  on  each  abutment.  Such  sUbs  may  be  demgned 
the  same  as  the  tops  of  reinforced  concrete  bos  culverts.  The  Connecticut 
standard  design  for  this  type  of  bridge  for  l&-ft  span  is  shown  in  Fig.  36. 
The  second  class  is  made  of  similar  reinforced  concrete  slabs,  but  bear  not 
only  on  the  abutments,  but  also  on  two  or  more  reinforoed  concrete  beams 
^oh  in  turn  bear  also  on  the  abutments.  The  beenu  in  this  ease  ate 
not  loaded  uniformly  thruout  tiieir  dear  span.  If  the  dear  span  of 
the  beam  is  at  least  1.5  times  the  clear  distance  between  the  beams,  tbe  max- 
imum bending  moment  may  be  taken  as  if  the  beam  were  uniformly  loaded 
and  is  found  by  the  formula  M  -=  is  £.*/&  wbuets  is  the  load  in  pounds  pw 
foot  and  L  is  the  dear  span  in  feet.   For  less  span  ot  beam  use  tbe  fonmda: 

ii  ■"^-|—  (  '  ~  ^  -^^itlwie  La  is  dear  distance  between  beams.  This 

result  should  be  multiplied  by  12  to  get  3f  in  inch-pounds. .  To  obtain  the 
dimensions  of  the  beam,  a  simple  approximate  formula  is  bd*  ^M/ 100,  where  b 
is  tbe  width  of  the  beam,  and  d  is  the  depth  troto  the  top  of  the  beam  to  the 
middle  «(  the  rnnf«rdng  eted.  Both  b  uid  tf  are  in  inches.  A  value  for 
ettbsr  bmd mm  t«  assumed  and  tbes  tbe  f onnula  soM  for  tbe  nthm 
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TTsually  b  ofaould  be  about  H  to  H  as  great  as  d.  As  (2  is  depth  to  the 
Bteel,  the  total  depth  of  the  beam  should  be  about  d  +  13^.  The  reinforcmg 
ate«l  ia  made  up  of  round  steel  rods  whose  diatpeter  is  from  }^  to  1  is.  The 
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total  area  of  steel  in  the  beam  should  be  about  bd/lOO.  The  rods  may  be 
spaced  from  2  to  6  in  center  to  center.  Unless  the  clear  span  of  the  beam  ia 
at  least  100  times  the  diameter  of  the  reinforcing  steel,  twisted  square  rods 
>>hould  be  UEed  in  place  of  plain  round  rods.    About  ^  of  the  rods  in  a 
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beam  or  slab  may  be  left  horiiontal  thruout  their  entire  length.  Half  of 
the  remainder  should  be  bent  up  near  the  supports  according  to  each  of 
the  two  sets  of  dimensioofl  in  Fig.  37.  The  reinforcement  is  bent  up  at  an 
angle  of  30°  to  45°  until  it  reaches  a  point  about  1  in  from  the  top  of  the 
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beam,  and  then  it  is  carried  horisontaDr  lor  the  rest  of  its  leoEtfa.  -  TUi 
diagotial  reinforcetnent  takes  part  of  the  diagonal  tension  icmlting  bom 
vertical  and  horisontal  shear.  In  addition  to  bending  the  roda,  it  is  good 
practice  to  reinforce  against  diagonal  ten^n  by  the  iiae  of  stimipe.  Slii^ 
rups  are  usually  made  of  round  or  square  steel  rods  about  half  the  siae 
of  the  longitudinal  reinforcing  bars.  These  rods  are  bent  into  complete 
rectangles,  the  ends  being  welded  together.  The  dimensions  of  the  rec- 
tangle are  such  that  they  will  just  surround  the  longitudinal  and  bent  ban, 
that  ia  they  will  be  from  1  to  2  in  inside  of  the  surfaces  of  the  beam.  The 
stirrups  should  be  wired  firmly  to  the  longitudinal  bats.  One  stiRup  ii 
placed  at  a  distance  H  <i  from  the  support;  the  second  ^  d  from  the  fint; 
the  third  ^  d  from  the  second ;  and  the  fourth  d  from  the  third  (see  Fig.  37). 
The  reinforcing  steel  of  a  dab  bearing  on  all  four  edges  milsl  be  divided 
between  the  two  directions.  If,  however,  one  dimension  of  the  slab  it 
more  than  IM  times  the  other,  the  slab  should  not  be  considered  as  bearing 
on  the  ends  of  its  long  dimensions,  but  may  be  designed  as  simple  slab 
having  a  span  equal  to  its  shorter  dimension.  If  the  slab  is  square,  H 
of  the  load  is  considered  as  carried  by  each  set  of  reinforcement. 

Taylor  tad  ThnapKHt  (20)  give  the  folknrinc  tabla  lor  tba  ratio  at  load  tmiM 
by  tlw  sbortar  ipsa: 


Ratio  of  Longth 

Ratio  4rf  Load 

Ratk)  of  Lmgth 

Ratio  of  Load 

to  Braadth  of 

Carried  by 

to  Breadth  of 

Carried  by 

Shorter  Span  ' 

Slab 

Sbort«r  Span 

1.00 

O.M 

1.80 

0.M 

l.OB 

0.65 

1.86 

0.«6 

1.10 

0.60 

1.40 

0.90 

l.IS 

o.es 

1.46 

0.96 

1.80 

0.70 

1.50 

1.00 

1.26 

0.75 

In  can  a  slab  or  beam  ia  eontfaiuoaa  over  thre«  or  more  aapport*,  the  maxfansn 
ing  moment  will  come  over  an  interior  aupport,  and  may  be  takw  as  if  —  w  L'/12, 
and  tenaicn  will  exist  in  the  top  <4  the  alab  at  thaae  poiBta  wUdt  anuat  be  proTfaM 
for  In  the  i^forefag. 

SsTeral  Girder  Spans  may  be  used  in  place  of  a  long  sted  Iwidfe  whne 
the  necessary  piers  would  not  result  in  a  serious  obstructioa  in  the  rirer 
bed.  For  principles  of  design,  see  Sect.  2,  Axt.  3,  BBimroBCED  COHCUCTB. 
For  design  of  beams  reinforced  both  top  and  bottom,  see  (20)  and  (21). 
They  may  also  be  used  where  arches  would  be  impracticable  on  account 
of  lack  of  the  rigid  foundations  so  necessary  in  aroh  oonstruction.  An 
investigation  carried  on  by  the  III.  Highway  Comm.  on  a  40-ft  thru  girdtr 
concrete  bridge  shows  that  there  ia  a  great  increase  in  rigidity  <rf  mieh 
structures.  When  the  structure  was  over  3  years  old,  it  took  twice  the  load 
to  produce  the  same  deflection  as  at  age  of  90  dayt.  It  should  bo  noted  that 
in  the  design  of  reinforced  concrete  bridges,  the  dead  weight  may  be  semcal 
times  that  of  the  live  load,  and  that  the  latter  may  cause  very  little 'propW' 
tional  increase  in  stress  in  the  materials.  The  4th  Report  of  the  HL  High- 
way Comm.  calls  attention  to  the  following: 

"Hie  abatmenta  for  slab  bMgm  are  nmally  knr  and  eMsparwUTCly  rigid,  aad  « 
it  baa  been  found  ifflpratAicable  to  pmlda  aUdtng  e(  the  aapststnMtBM  mar  A*  abat- 
menta,  it  has  been  found  mom  econoiBlaal  for  Mab  biidgaa  to  provlds  aoflktet  atari 
to  take  care  of  the  combined  dead  load.  Hva  load  aad  tvmperatora  atnaaaa  than  to 
provide  a  mwe  or  leaa  complicated  aad  npoiriva  sspanrfoa  td  km  bietka.   la  tte 
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d«sign  tA  rdnforced  concrete  girder  bridgea,  however,  it  has  been  found  more  economics! 
to  provide  for  expansion  at  ont  end  of  the  bridge  than  to  use  auflldcnt  reinfordng 
Bted  to  take  care  of  the  temperature  Btreaa  in  addition  to  the  dead  load  and  live  load 
Btreeses.  The  use  of  an  exiMndon  device  of  low  friction  justifies  the  use  of  a  higher 
dead  and  live  load  unit  stress  in  the  steeL  This  is  of  considerable  importance  pertic- 
ul«rly  for  long  span  reinforced  concrete  girders  wh«e  the  space  available  for  packing 
the  ^rder  steel  is  limited.  Two  methods  ot  providing  for  expansion  in  girder  bridgce 
have  beeo  used  and  both  have  proved  satUa^ory.  (1)  In  this  method,  the  wing  walls 
of  one  abutment  are  entirely  separated  from  the  abutmuit  wall  proper,  the  latter 
belnc  trut  to  more  at  tba  top  with  ti>e  expansion  ot  cwttraetiin  of  the  superatntetoi*. 
Tlie  wing  wsUa  are  designed  to  be  eelf-eupporting.  As  girder  spans  dedgned  by  the 
Commission  have  so  far  been  limited  to  60  ft,  the  amount  of  movement  either  way 
from  the  normal  is  small  and  Is  taken  up  by  deflection  of  the  main  waD  or  a  alight 
rocking  of  tiw  wall  on  the  footing.  (2)  The  prea«it  method  of  providing  for  expsndon 
tm  to  dMign  the  abutments  and  wings  in  the  ordinary  way,  separating  the  superstructure 
ootnpletriy  from  one  of  tba  abutmeoto  by  a  thick  paper  joint  and  supporting  each 
girder  at  the  free  aid  on  a  idn^  cast  Iron  rocker  of  Isjie  diameter.  The  reaction  is 
transmitted  to  the  girder  and  abutment  from  tlte  rodcer  thru  planed  structural  steel 
plates  stiffened  with  I-beams  wlien  neccessry.  The  rocker  surfaces  in  contact  with 
tiie  bearing  plates  are  turned  to  insure  perfect  bearing  on  the  platen.  The  diameter 
of  the  rodier  is  made  proportional  to  the  load  Imposed  per  lineal  indi,  in  the  same 
manner  as  is  commonly  used  In  proportioning  roller  neate  for  steel  bridges.  The 
upper  and  lower  plates  are  bedded  in  the  concrete  ti  the  mpemtrueture  and  abut- 
menta.  The  rodur  is  located  in  a  pocket  built  in  the  abutment.  This  podcet  is  filled 
with  a  soft  ssphalt  to  prevent  tlie  entrance  of  water  or  dirt  and  to  protect  the  metal 
from  corrosion.  The  rocker  method  of  providing  fw  expansion  haa  proved  wy 
eatisiactory,  and  is  but  little  more  eq>aiBive  than  the  other  method." 


Types.  There  ore  two  general  types  of  reinforced  concrete  arch  bridges, 
the  spandrel  Oiled  arch  and  the  open  spandrel  arch.  In  the  spandrel  filled 
arch  the  ring  is  continuous  for  the  full  width  of  the  arch  and  the  load  oo 
the  rib  is  the  weight  of  paving,  earth  fill,  the  rib  itself,  and  the  five  load. 
The  open  spandrri  arch  may  be  built  with  a  continuous  arch  rib  or  with 
two  or  more  separate  ribs,  and  the  load  is  transferred  either  by  columns 
or  walls  when  the  rib  is  continuous  and  by  columns  when  there  are  sep- 
arate ribs.  In  the  open  spandrel  type,  the  bridge  floor  is  usually  the  ordi- 
nary girder  and  slab  construction,  and  is  designed  by  the  usual  methods 
of  reinforced  concrete,  namely,  for  its  own  dead  weight,  the  weight  of  paving 
and  fill  and  the  specified  electric  car  or  road  roller  concentration.  The  rib  is 
usually  designed  for  an  equivalent  imiformly  distributed  load  unless  the 
span  is  so  small  that  the  concentrations  of  the  moving  load  cause  a  worse 
ecmdition.  "nie  ^ical  problem  which  follows  deals  wiUi  an  open  spandrel 
arch.  The  spandrel  filled  aroh  is  computed  in  the  same  way  except  a  slice 
of  arch  1  ft  wide  is  used  and  all  loads  are  for  this  width.  Loads  in  this 
case  are  conveniently  considered  to  act  at  center  of  divisions. 

Shape  of  Arch  Rib.  The  curve  of  the  rib  be  anything  that  fits  the 
line  of  pressure.  It  is  usually  circular,  three  or  five-centered,  elliptic  or  even 
parabf^o.  The  circular  curve  is  usually  satisfactory  for  open  spandrel 
arches  and  the  three-oentered  and  elliptie  curves  are  ooaaaon  and  satisfactory 
for  spandrel  filled  arches. 

Loads.  The  dead  load  is  the  actual  wd^t  of  the  structure  based  on 
ISO  lb  per  cu  ft  for  reinforced  concrete  and  100  to  120  lb  per  cu  ft  of  fill 
plus  the  weight  of  paving  and  track.  Suitable  live  loads  depend  upon 
the  location  of  the  structure,  dty,  suburban  or  country,  and  whether  the 
bridge  cfuries  tiectric  cars.   AU  hi^way  bridges  should  be  designed  to 
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carry  a  road  roller.  Equivalent  uniformly  distributed  live  loads  for  tht 
arch  ribs  <^  highway  bridges  cairyiug  electric  cars  aa  well  aa  tbe  loadi 
on  roadway  aud  sidewalk  are  shown  in  Fig.  38  by  Taylor  and  Tbompaoe 
(20).    Live  loads  for  floors  and  oolumns  are  shown  in  Fig.  30. 

IiBpact.  There  is  no  unanimity  of  opinion  as  to  the  proper  impact 
allowaooe  for  highway  arch  bridges.   It  aeena  proper  to  vary  the  impact 


tOmVALENT  UNIFORMLY  DtSTftlBUTED 
LIVE  LOADS  FOR  ARCH  RIBS 
<a}  CHj  BridTM  ElMtrle  Ckn  — 

(b)  8ubarb>u  BridgM  Soadvv  u4 

(vj  CouDtTT  BridffM  Slilewalka 


OCMCENTDATtD  UVE  LOADS 
FOR  FLOORS  ANO  COUJItW 

b,}0>ntvBiUsw 

nm  ft  par  vkMl  for  ta>  a^ 

•Meib|>M'*bMlfar(e> 


BpulatMt 
FIf.88 


stress  from  sero  in  U^t  country  bridges  with- 
out electric  cars  to  not  more  than  50%  in  heavy 
aty  bridges  with  electric  cars,   A  common  Sot- 
150 

mula  is  /  -  S  .  ■,  in  which  5  —  live  load  effect. 
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due  to  moment,  shear  or  stress;  L  =  loaded  length  pro- 
ducing maximum  effect;  I  =  impact  effect.  Impact  is 
more  important  upon  tbe  floor  than  upon  the  tibs. 

Temperatnra.  Open  spandrel  arches  are  usually  as- 
sumed to  have  a  variation  of  temperature  of  22^  C 
(40°  F)  above  and  below  the  mean.  Spandrel  filled 
arches  are  not  subject  to  so  large  a  variation,  11*  C 
(20°  F)  above  and  below  the  mean  being  a  common 
assumption.  These  figures  apply  in  the  northern  part 
of  the  United  States.  If  temperature  stresses  are  not 
computed,  the  dead  and  live  load  compression  stress  in  Qie  concrete  oui^t 
to  be  limited  to  about  500  lb  per  sq  in. 

Rib  Shortening.  Stresses  due  to  rib  shortening  are  similar  to  those  due 
to  a  fall  in  temperature,  and  it  is  usually  not  necessary  to  compute  them 
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except  in  very  flat  arches.    In  a  rib  with  ratio 


spaa 
rise 


5,  the  effect  is  about 


30%  of  that  due  to  fall  in  temperature  of  11°  C  (20°  F)  ot  15%  doe  to 
a  fall  of  22°  C  (40°  F). 

H aterials.  First-class  1:2:4  broken  stone  concrete  ooght  to  be  used 
for  all  concrete  above  foundations.  In  many  cases  abutnoeats  or  foun- 
dations may  be  1 :  2<^  :  5  or  1 :  3 :  6  concrete. 

Unit  Stresses.  The  unit  stresses  recommended  by  the  Joint  Com- 
mittee on  Concrete  and  Reinforced  Concrete  (24)  are  satisfactory  for  the 
slabs,  beams  and  oolumns  of  open  spandrel  arch  bridges.   This  Joint 
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Committee  was  oompoaed  of  28  represeotatives  from  the  Am.  Boo.  C  E., 
the  Am.  8oc.  Test.  Sifat.,  the  Am.  Ry.  Eng.  Asbd.,  the  Ann.  Am.  Portland 
Cement  Mnfrs.  and  the  Am.  Concrete  Inst.  The  recommendBtions  of 
this  Committee  for  allowable  workiiig  stressee  on  pkun  and  reinforced  coi^ 
crete  are  made  in  percentagee  of  the  ultimate  compressive  stress,  developed 
in  28  days  on  cylinders  8  in  in  diameter  and  16  in  long.  The  recommended 
unit  stresses  for  a  1  :  2  : 4  oonciete,  developing  an  ultimate  comin«esive  stress 
in  28  dajra  of  2000  lb  per  sq  in,  are  as  follows: 

Int«aritiei  «f  Wmfcliic  Straisoi  for  Reinforced  Concrete 

Percent-  In  Pounda 

KnfDs  or  Steub 

2000  lb  Indt 

Compn—ion  on  concrete  in  atreme  fibres  of  beams         32.6      '  650 
Comi»esmon  on  ccmcrete  in  »treme  fibres  of  con- 
tinuous beams  at  suppcnts   87.5  750 

Conoeatric  compression  on  a  plain  concrete  pier,  the 

length  of  which  doee  not  exceed  four  diameters         22.5  450 
Searing  on  plain  concrete  applied  to  a  surface  whose 

area  is  at  least  twice  that  of  the  loaded  area. . . .  S5.0  700 

Craicentric  compression  on  a  column  reinforced  with  - 

not  less  than  1  %  and  not  more  than  4  %  of  lonip- 

tudinal  ban  only,  the.length  of  which  is  Imb 

than  12  diameters   22.6  450 

Conoentrjo  compression  on  columns  reinforced  witli 

not  less  than  1  %  and  not  more  than  4  %  of  longi- 
tudinal bars  and  with  circular  hoops  or  spirals 

not  less  than  1  %  of  the  volume  of  the  concrete 

and  in  which  I/d=-I0.    (The  effective  area  of 

a  hooped  column  is  the  area  within  the  circle 

enclosing  the  spiral  hooping)   35.0  700 

Punching  shear  on  footings   6  120 

Shear  on  concrete  in  beams  with  horiaontal  reinf  oroe- 

ment  only   2  40 

Shear  on  oonorete  in  beams  with  varying  kmcb  of  web 

rdnforoement   4.S  to  6   90  to  120 

Bond  stress  between  concrete  and  plain  bars   4  80 

Bond  stress  between  concrete  and  deformed  bars. ...  5  100 

Bond  stress  between  concrete  and  drawn  wire   2  40 

Tension  and  compression  on  steel  in  reinforcing  bars  16  000 

The  Joint  Committee  makes  no  recommendations  for  working  intensities 
of  stress  on  plain  or  reinforced  concrete  arch  ribs.  The  usual  specifications 
give  the  following  values  for  highway  bridges:  Compression  on  concrete 
in  extreme  fibers  of  arch  ribs  when  live  and  dead  loads  only  are  conadered, 
500  lb  per  sq  in.  Compresrion  on  concrete  in  extreme  fibres  of  arch  ribs 
when  Btresees  due  to  dead  and  live  loads,  temperature  and  rib  shortening 
are  considered,  600  per  sq  in.  These  two  values  are,  however,  seldom  con- 
sistent inasmuch  as  stresses  due  to  temperature  and  rib  shortening  are 
frequently  much  larger  than  the  difference  of  100  lb. 

Temperature  stresses  vary  a  great  deal  in  different  arches  so  that  the 
omission  of  such  stresses  can  not  be  recommended.  It  is  better  practice  to 
oompute  the  streaees  due  to  the  dead  and  live  loads,  temperature  (40°  F 
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in  northeni  part  of  the  United  States)  and  rib  iborteninB,  in  which  case 
it  is  believed  that  ribs  havins  l/d^lO  can  properly  be  deagned  by  unng 
a  maKfanum  oompresai'vc  worldnc  stress  of  700  lb  per  aq  in.  I^unstifFeiMd 
length  of  rib  and  d>"iBUiUeBt  transverse  dimension  of  rib.  If  both  imiMrt 
and  temperature  stresses  are  conaiderAi  it  is  permissible  to  use  /"ISO  lb 
per  sq  in  compreesion  in  1  :  2  :  4  broken  stone  concrete. 

Porition  of  Live  Load  for  Marimum  Stresses  in  Arch.  For  the  rib  itself, 
approximately  the  worst  position  ia  when  half  the  bridge  is  covered  witk 
live  load.  This  is  due  to  largely  increased  moments.  In  a  series  of  airfaes 
the  worst  condition  of  loading  for  a  pier  occurs  when  the  longer  spma  is 
covered  with  hve  load  and  the  shorter  one  carries  dead  load  only. 

The  Method  of  Design  outlined  below  is  the  bustio  kxtboo  adopted 
to  filed  ends  since  the  great  majority  of  eonente  arohee  are  of  this  iype. 
For  derivation  and  full  discusrion,  see  Tumoaure  and  Maurers*  Princiija 
of  Reinforced  Concrete  Construction  (21). 

Approximate  Thickness  of  Arch  Rib  at  Crown.  It  is  convenient  to 
start  the  design  knowing  the  approximate  thickness  of  the  arch  nb  at 
the  crown.  A  common  formula  is  given  hy  F.  F.  Weld,  appbring  to  q>andnl 
filled  arches  only,  as  follows:  d-  Vl'+0.1Z<  +  0.005  W  +  0.0025  D.  in 
which  d  depth  of  arch  rib  at  crown  in  inches,  L  ■"  dear  span  in  feet, 
W  —  live  load  in  pounds  per  square  foot  uniformly  distributed,  D  —  deed 
load  of  material  above  the  crown  of  the  arch  per  square  foot  in  pounds- 
The  arch  rib  is  ordinarily  from  one  and  one  half  to  twice  as  thidc  at 


the  springing  line  as  at  the  crown.  No  formula  can  be  given  to  detenniiis 
the  tentative  size  of  the  rib  in  open  spandrel  arches.  When  oonditiaBf 
are  known  it  is  usually  possible  to  compute  the  approximate  thrust  at  the 
crown  by  moments  from  which  a  trial  thickness  and  width  can  be  selected. 

Fill  Over  Crown.  -In  solid  spandrel  filled  highway  arch  bridges,  the  earth 
fill  over  the  crown  is  usually  equal  to  or  somewhat  greater  than  tbe  thick- 
ness of  the  rib  itself. 

Locating  the  Une  of  PreHors.  Fig.  40  represents  any  arch  cut  at  tks 
crown  with  the  two  halves  moved  apart  an  appreciable  distance  d,  a?  thai 
they  can  be  considered  temporarily  as  cantilever  beams  fixed  at  tbe  vring> 
ing  lines.  From  the  foUowing  equations,  the  values  of  the  thrust,  moroenl. 
shear  Md  eccentric!^  at  t3»  onnm  ore  deteimined  in  twma  of  x ,  y,  s^ 
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and  n,  Bummed  up  about  the  fienters  of  the  divisions  1,  2, 3,  etc,  as  all 
below. 

„        nZmy'-  ZmZy  ^ 
2l(2;y)« -n2y»] '„  *   "  * 

 S  

2C!I^-_p^   (3> 

 (*> 

l£~m+Mt:  +  av±  VeX  (5) 

(+)  sign  in  the  last  term  of  equation  6  is  to  be  used  on  the 
left  half  of  arch  and  ( — )  sign  is  to  be  used  on  the  right 
h^,  when  live  load  is  on  left  hand  half  of  arch; 
in  wbioh  He  ~  the  horiaontal  thrust  at  the  crown; 

Mc  ~  the  bending  moment  at  crown,  assumed  positive  when 
the  stress  on  the  upper  fiber  is  compression  and 
negative  when  the  strns  in  upper  fiber  is  tension; 
Ve  ~  the  shear  at  the  crown,  asaumed  to  be  positive  when 
acting  upward  on  left  half  of  arch  as  shown  in  Fig,  40; 
1£  "  actual  moment  at  any  section; 

tn  the  bending  moment  at  any  point,  assuming  arch  to  be 
cut  as  in  Fig.  40  and  computed  as  tho  the  half  we^  a 
cantilever  beam,  that  is,  —  the  moment  of  loads 
Pi  and  Pt  about  point  2,  center  of  the  second  divi- 
sion on  the  left  from  crown;  m  is  alw&ys  negative; 

n  "  the  number  of  divisions  in  one  half  the  arch  deter^ 
mined  below. 

V  *"  the  horizontal  and  vertical  coordinates  respectively  of 
any  point  on  the  arch  axis,  referred  to  the  crown  as 
the  origin,  all  values  for  both  halves  being  positive; 

1^  ■  the  eccentricity  of  the  Une  of  pressure  from  the  arch 
axis  at  the  crown,  positive  when  above  uid  negative 
when  below; 

/  **  mcnoent  of  inertia  of  any  cross-eection  »     +  r  Ii; 
T  "  ratio  Sg/Be,  usually  IS; 
S  "  length  of  any  (Uvirion  of  the  arch  ring. 

Inequations  1,2, 3, 4  and  5,  Ve  is  positive  when  Uve  load  Is  on  left  half  only 
and  equals  tero  when  the  live  and  dead  loads  are  equal  and  symmetricatly 
placed  on  the  two  halves.  The  quantities  y,  y*.  and  are  for  one  htdf 
the  arch  only;  2m  is  for  the  entire  arch  and  equals  Zmn  4-  Sm^;  ZCmji  — 
m^)  x  is  a  summation  in  which  trr  and  m/,  are  the  bending  momenta, 
as  cantilever  beams,  at  corresponding  points  in  both  halves  which  have 
equal  abscissas  x.    limy  is  for  the  entire  arch  and  equals  "^{fiR  +  m^)^. 

Equations  1,  2,  and  3  require  that  1/S  must  be  a  constant,  because 
t/S  has  been  cancelled  from  the  theoretical  equations  on  this  assumption. 
E^h  half  of  the  arch  is  divided  into  the  same  number  of  diviaons,  and 
the  centers  of  corresponding  divisions  are  numbered  alike  from  the  center 
out.  To  avoid  too  large  divisions  toward  the  springing  lines,  arches  of 
ordinary  span  require  from  seven  to  ten  divisions  in  each-Jtalf.    Jhe  cen- 
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ten  of  these  divi8ion§  are  the  pointa  about  which  the  momenta  m  are  com- 
puted and  have  no  connection  with  the  points  at  which  loads  are  applied. 
For  coDvenjcQce  only  it  is  customary  in  the  spandrel  filled  arch  to  assume 
the  loads  to  1U:t  at  the  centers  of  the  divisions.  If  it  happens  that  a  load 
comes  exactly  at  the  center  over  the  crown,  it  is  considered  that  half  the 
dead  load  acts  on  each  half,  and,  if  loaded  with  Uve  load  over  one  hair, 
then  the  whole  of  the  Uve  load  goes  to  the  loaded  side.  In  showing  these 
loads,  as  in  Fig.  41,  it  is  likely  to  save  trouble  if  loads  K  L  and  L  M  are 
separated  slightly  at  the  crown. 

Cost  of  Reinforced  Concrete  Archei.  Ordinary  spandrel  filled  arch  bridges 
from  40  to  100  ft  span  carrying  electric  can,  and  having  1:2:4  broken 


stone  concrete  in  spandrels  and 
rilMt  and  1:3:. 5  rock  t-unrrete  in 
jibutmontR,  cosl  uImjuI  $13  per  fii 
yd  of  concrete  iiirliidiriK  cunatruc- 
tion  iuid  tho  riintnictor's  profit. 
For  long  sy)iind  tin-  (ij^n  Apandrel 
type  is  cheaper  air  lio  costins  more 
per  cu  yd.  The  typical  problem 
given  below  i»  a  bridge  of  18  ft 
roiKlway,  100  ft  spini  of  arch  and 
240  ft  clejir  .•^puti.  It,  eost  $29 
per  eu  yd,  w-ilh  ii  total  cost  of 
S14  700  under  iiornial  condilionn. 

TjpJcol  Problem.  Fig.  41  rep- 
resent* an  open  spandrel  highway 


Fig.  41 


arch  bridge  carrying  2000  lb  Uve  load  per  lin  ft  of  bridge  or  1000  lb  Uve  load 
per  Uo  ft  of  rib.   The  floor  design  is  not  giveo.    From  the  completed  d»- 
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sign  the  varioiu  loada  including  floor,  earth  fill,  oolumiu,  arch  rib  and 
live  load  ova*  left  half  only  were  taken  as  follows: 


Loads  on  One  Arch  Rib 


Daad,  lb 

Itn,  lb 

Total,  lb 

A-B  

79  000 

IS  000 

94  000 

B-C  

56  000 

10  000 

66000 

C-D  

65  000 

10  000 

66  000 

D-E  

49  000 

10  000 

69  000 

E-F  

47  000 

10  000 

67  000 

F-G  

40  000 

10  000 

60  000 

G-H  

SO  000 

7  600 

37  600 

H-I  ,  

20  000 

6000 

25  000 

I  -J  

20  000 

6  000 

26  000 

J  -K  

20  OOO 

6  000 

2S000 

K-L  

10  000 

2  600 

12  600 

L  -M  

10  000 

10  000 

M-N  

20  000 
20  000 
20  000 
80  000 
40  000 
47  000 
49  000 
K6  0OO 
66  000 
79  000 

20  000 
20  000 
20  000 
80  000 
40  000 
47  000 
49  000 
66  000 
66  000 
79  000 

MO  000 

N-O  

O-P  

1:1:;:;::;;;;;;;;;;;:;;;;;;;::;;;:; 

S-T  

T-U  

v-v  

V-W  

Total  

Divide  each  half  of  the  arch  axis  so  that  1/8  -  a  constaot.  See  Fig. 
Alb.  The  sise  of  the  rib,  the  amount  of  reinforcemect  and  its  position 
must  be  tentatively  assumed.  In  this  case  the  rib  is  5  ft  6  in  deep  at  the 
springing  line  and  3  ft  deep  at  the  crown  with  a  constant  horizontal  thick- 
Dees  of  3  ft  6  in.  Eight  1-in  square  rods  are  used  in  each  flange  tbniout, 
6  in  from  center  of  rods  to  edge  of  rib  at  the  springing  line  and  3  in  from 
center  of  rods  to  edge  of  rib  at  crown.  Lay  off  the  boriiontal  line  ad, 
(see  Kg.  41b),  equal  to  one  half  the  length  of  arch  nxia.  that  ia,  from  epring- 
ing  line  to  erown.  Select  not  less  than  four  points  on  the  arch  axia  at 
proximately  equal  distances  apart,  springing  line,  crown  and  two  interme- 
diate points,  and  compute,  as  explained  below,  the  transformed  momenta 
of  inertia  of  the  normal  cross-sections  of  the  rib  at  these  points.  At  some 
convenient  scale  erect  perpendiculars  at  a,  b,  c,  and  d,  the  corresponding 
points  in  Fig.  41&,  so  that  half  the  values  of  /  for  each  point  is  on  each 
side  of  the  line  abed.  Then  draw  symmetrical  curves  thru  the  eztremi- 
tiee  of  these  perpendiculars.  Commencing  at  a,  draw  an  iDclined  line 
a  e,  then  the  perpei^icular  «/.  Continue  this  process  until  the  last  in- 
dined  line  passes  thru  d.  It  may  require  several  trials  to  secure  a  suitable 
number  of  divisions.  The  horisfmtal  interoepta  iSi,  8%,  St,  etc,  on  abed 
now  represent  the  lengths  of  the  divisions  of  the  arch  such  tjiat  J/S  » 
a  constant  when  /  for  any  division  is  measured  perpendicularly  be- 
tween the  curves  at  the  middle  point  of  the  division.  Divide  each 
half  arch  axis  into  divisions  equal  to  8i,  8%,  etc,  numbering  the  middle 
points  of  the  diviiBioDa  from  tbo  erown  toward  the  qjningiiig  liiie  as  in 
Fig.  41a. 

D>qiti;e<J  by  Google 


14M 


Highway  Bridges,  Culveats,  Hetaiiiing  WaUs 


Sect.  26 


Ttw  tnuu^erred  uKnnait  <rf  inertia  is: 
I  ~  Ic  +r7. 

in  which  le  »  moment  of  inertia  of  the  concrete  about  the  horisontal 
axis  thru  the  center  line  of  gravity  of  the  cross-aectioiL 
It  —  moment  of  inertia  of  the  steel  alxMit  the  aaine  azb, 

usually  taken  tm  At  d*. 
At  B  area  of  ated  in  arch  rib. 

d      distuiee  frinn  center  line  of  ^vity  of  crow  aectioa  to 
center  of  steel. 

r   —  theratioctf  the  moduli  of  elasticity  of  8teclaiuleotKXBie> 
Bt/Ec  "  15  by  usual  specifications. 

The  computations  for  the  location  of  the  line  of  pressure  are  all  tabulated 
in  Table  I.  The  origin  is  taken  at  the  crown  with  the  X  and  Y  axis  u 
shown.  Coliinms  3  and  3  give  the  values  of  the  x  and  y  coordinates  of  the 
center  points  of  the  divisions  correeponding  to  the  numbois  in  column  I. 
Columns  6  and  7  give  the  moments  about  the  center  points  of  the  diviaons, 
umiTniTu  the  arch  out  as  in  Fig.  40,  and  considering  each  half  to  be  a 
jsantilevar  beam  fixed  at  the  BEwinging  line.  The  results  in  oolunm  8  are 
products  of  the  sum  of  oolurans  6  7  multiplied  hyyUa  the  eoneapcmd- 
ing  points  and  all  qufuititiee  are  negative.  Colunm  9  gives  results  tar  the 
difference  between  moments  mji  and  m£  for  any  point  multiplied  by  i 
for  the  corresponding  point,  theee  results  being  positive  whan  the  lin 
load  is  on  the  left  half. 

The  quantities  He,  Ve  and  «c  are  now  computed  from  the  Table  hj 
means  of  equations  1,  2,  3,  and  4.  The  line  of  pressure  can  now  be  located 
by  graphical  methods  as  follows:  Lay  off  the  vertical  loads  from  left  to 
right  on  the  line  ah  e — «>,  as  in  Fig.  4L&  From  1,  dnw  a  horimttal  hm  > 
ffe  -  660  000  lb  and  at  its  left  extremity  erect  a  popendieular  »  > 
13  550  lb,  upward  in  this  case  because  Ve  is  positive,  s  is  now  the  coi^ 
rect  pole  position  and  rays  are  drawn  from  <  to  a  b  e — u.  Scale  the  dis- 
tance —  —  0.128  ft  downward  from  origin  or  arch  axis  at  crown,  and 
thru  this  point  draw  a  line  between  the  continuation  of  the  load  lines  for 
loads  K  L  and  L  M,  parallel  to  I  e  in  Fig.  41&  This  process  is  continued 
by  drawing  segments  of  the  line  of  pressure  between  the  load  lines  parallel 
to  the  correeponding  rays.  The  letter  at  the  extremity  of  the  ray  always 
indicates  tiie  space  in  witich  the  corresponding  se^eiit  is  drawn.  B* 
and  Ve  are  plotted  to  the  same  scale  as  the  vertical  loads.  The  Iragth 
of  any  ray  representa  the  stress  along  the  corresponding  segment  of  thr 
Une  M  pressure,  the  last  two  segments  of  which  locate  the  resultant  arch 
pressure  on  the  abutments.  The  remaining  columns  of  Table  I  afford 
an  accurate  check  on  the  graphical  construction.  Columns  10  and  II  arr 
self-explanatory.  Columns  12  and  13  are  computed  from  equation  (5) 
and  are  the  true  moments  at  the  corresponding  points.  Columns  14  and  15 
give  the  vertical  intercepts  from  arch  axis  to  line  of  pressure.  The  mo- 
ment at  any  point  as  shown  in  columns  12  and  13  divided  by  /fc  equals 
the  vertioal  intercept  at  the  corresponding  point,  and  these  intnvepts  can 
be  immediately  used  to  check  the  position  cS  the  line  of  pressure. 

Temperature  Streties.  The  following  formulas  are  used  to  detennine 
the  stxesses  due  to  temperature: 
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(8) 


Mu  Xv 

''-If,  ^ 

Mt  ~Mu  +  Ha  (9) 

ia  which  Ht  "  thnut  at  crown  due  to  temperature,  poativw  tor  m 
and  aesativB  for  a  fall  in  temperature; 
If  It  V  moment  at  crown  due  to  tmniwrature  and  always  op- 
poflite  in  uga  to  Ht,  in  foot-pounda; 
moment  at  any  point  due  to  temperature; 
eccentricity  of  temperature  ttmut  measured  down  from 
the  origin  in  feet  (a  horixontal  line  drawn  below  arch 
Bzifl  at  crown  by  an  amount  ei  cuts  the  arch  axis  at 
two  points  where  moments  due  to  temperature  ace 
0,  and  this  line  locatea  the  true  pooitioa  of  the  temper- 
ature thrust); 

e  ■■  eoefficient  of  ezpanutm,  usually  taken  as  0.000  006  per 
degtee  F; 

L  »  tpm  aS  arch  aiu  meosared  betweui  qiringtng  Unas; 
t  —  diange  in  temperature  in  degrees  F,  eithw  plus  or 

minus. 

In  equations  (6)  to  (9)  inclusive,  E,  I,  L,  and  s  are  in  isches,  Ht  in  pounds, 
Mt  in  foot-pounds,  et  in  feet,  y  in  feet,  and  [2(nSj/*  —  is  in  feeL 

The  latter  expieesion  ia 


)R  A  FALL  IN  TEMPEfiATUHt 


-  7,  (  -  ±  40' 
temperature. 


F.,  2(n2:i/»  -  (Sv)*) 


taken  from  TaUe  I,  and 
'  is  the  same  as  in  the  de- 
nominator  for  value  of 
He  except  the  signs  are 
changed  to  give  a  positive 
value  to  Ht  for  a  rise  in 
temperature. 

I''lg.  42  represents  the 
ooadittons  for  a  fall  in 
temperature,  monuuits  and 
thrusts  having  opixwite 
signs  from  those  abown 
for  a  liae  in  temperature. 

In  the  illustrative  prob- 
lem. 1/S  =  2300,    E  " 
2  000  000,  c  "  O.OOO  006, 
L  -  IM  ft  -  1968  in,  a 
4382  sq  ft.    And  for  a  rise  in 


Ht  - 


2  000  000  X  Snoo  (n.OOO  OOe  X  40°  X  1968  in  X  7) 


Mu  -  - 


43»2  X  144 
^;^^*?-_14fi200ftlb 


-24  2001b 


— —  —  —  (8  ft)  at  springing  line  from  equation  (8). 


Moment  due  to  a  rise  in  temperature,  Mu  "  —  145  200  ft  lb  +24  200 
X  29.6  ft  =  +  670  000  ft  lb,  or  more  directly  Ma  -  24  200  lb  X  23.6  ft 
=  +  570  000. 

The  Dormal  Umist  on  any  croBs-section  due  to  temperature  can  be  deter- 
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mined  by  the  method  of  Fic.  42,  in  which  Hi  is  resolved  into  two  oom- 
ponents,  ocainal  and  parallel  respectively  to  the  cross-section.  Tba  tam- 
penture  thrust  is  taken  as  the  diameter  of  a  semicircle  E  F.  Then  any 
Une  drawn  from  the  extremity  of  the  diameter  aa  EG  parallel  to  a  normal 
on  toy  crosB-Bection,  to  its  intersection  with  the  drcle,  measuree  the  normal 
thrust  at  the  section,  which,  in  the  case  shown,  is  at  the  springinB  line. 
The  line  G  F,  always  at  right  angles  to  EG,  measures  Che  shear  on  the  seo- 
tion  due  to  temperature.  The  normal  thnut  at  any  section  due  to  vertical 
loading  is  obtained  from  Fig.  41c  by  resolving  that  ray,  that  cuts  the  sec- 
tion in  question,  into  two  components  at  right  angles  such  that  one  is 
normal  to  the  section. 

Stresses  In  tiie  Ardi  Ring.  Hie  stresses,  in  tito  arch  ring  are  obtuned 
by  combining  the  effects  of  thrust  and  moment  at  the  given  aectioo.  When 
temperature  stresses  are  considered,  it  is  convenient  to  combine  the  mo- 
ments due  to  vertical  loads  and  to  temperature  and  to  similarly  combine 
the  thrusts,  using  the  resulting  values  for  moment  and  thrust  in  the  equa- 
tions. If  the  line  of  pressure  is  everywhere  within  the  middle  half,  middle 
third  for  plain  concrete,  the  usual  formulas  tor  combined  stress  are  ac- 
curate enough.    These  are  as  follows: 

■        "     ■±r^  (.0) 


Ae+rAtlc+rls 

rN  rNe.   ^^^^ 


in  which        unit  stress  in  extreme  fiber  of  concrete; 
fj  •=  unit  stress  in  extreme  fiber  of  steel; 
N  =  normal  thrust  on  cross-section; 

u  —  distance  from  center  hne  of  gravity  of  cross-section  to  ex- 
treme fiber  of  concrete; 

t  —  distance  from  center  line  of  gravity  of  cross-section  to  ex- 
treme fiber  of  steel ; 

r  »=  ratio  Et/Ee  and  usually  ~  15; 

The  denominators  of  equations  (10)  and  (11)  are  respec- 
tively the  transformed  areas  and  moments  of  inertia  of 
the  cross-sections,  the  lattei^  of  which  can  be  scaled  di- 
rectly from  Fig.  41b; 
Ar«  —  the  moment  at  the  section,  equals  normal  thrust  times  eocen- 
tridty,  but  when  temperature  momenta  have  hem  com- 
bined it  is  more  convenient  to  substitute  directly  the  total 
moment  for  ffe. 

The  formulas  involve  the  assumption  that  every  fiber  in  the  cross-section 
carries  its  proportion  of  the  stress.  When  therefore,  a  solution  shows  a 
tensile  stress  in  concrete  of  about  150  lb  per  sq  in,  about  the  ultimate 
strength  of  concrete,  the  formulas  begin  to  be  unrehablo.  If  the  fine  of 
pressure  is  very  eccentric  or  the  temperature  thrust  is  very  large,  it  may 
be  found  that  these  formulas  do  not  apply  and  others  suitable  for  such 
oonditicm  may  need  to  be  used.  Such  equations  are,  however,  difficult  to 
solve  without  proper  curves  and  cannot  be  given  here.  The  equations 
and  accompanying  curves  are  given  by  Taylor  and  Thompson  (20) .  The 
usual  equations  are  satisfactory  for  the  illustrative  example,  but  it  will  be 
found  that  they  reach  this  limit  of  usefulness  in  the  solution  for  stresses 
at  the  springing  line. 

Stresses  at  crown  of  nn>h.    See  Fig.  41a. 
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Thnut  due  to  vertioal  loads   -+    560  000  lb 

Thnub  due  to  rise  in  temperature  of  22°  C  (40°  F)..  -  +     24  OOOlfa 

Total  thrust  at  crown   684  200  lb 

Momuit  due  to  vertical  loads   -  —      72  000  ft  lb 

Moment  due  to  rise  in  temperature  of  22**  C  (40°  F) . .  -  —    14fi  aOO  ft  Ht 

Total  moment  at  crown   —  —    217  200  ft  Di 

-  -  2  60e40Qial]i 

Transformed  area  at  crown  -=  A*  +  r  A*  =-  1736  aq  in 
Transformed  /  at  crown     -      +  r  /«  •=  213  400  sq  in 

u  -  19.5  in  V  -  16  in. 


M^T*""""  compressive  stress  in  lowm  fiber  of  concrete  from  equatioiL  (1(0: 
'584  2001b     2  606  400  in  lb  X  19.5  in 
'*  "  1738  BQ  in  213  400in* 

»  336  tb  per  sq  in  +  239  lb  per  sq  in 

—  575  lb  per  aq  in  compreesion  In  concrete. 
Minimum  compression  stress,  /c,  on  upper  fiber  at  crown: 

U  "  336  lb  per  sq  in  -  239  lb  per  sq  in 

97  lb  per  sq  in  compression  in  concrete. 
Maximum  compression  stress  in  steel  at  crown  in  lower  fiber  horn  ei]ss> 
tion  (11): 

684  200  lb  X  15     15(2  606  400  in-lb  X  18  in) 
■''  "      1738sqin      "*"  213  400  In* 

B  5040  lb  per  sq  in  +  2940  lb  per  sq  in 

—  7980  lb  per  aq  in  in  compression  in  sted. 
M'lf'""™  oompresaive  Btresa  in  steel  at  crown  in  upper  fiber: 

ft  »  5040  lb  per  sq  in  —  2940  lb  per  sq  in 
o  2100  lb  per  sq  in  compression  in  steel. 


Stress  at  springing  line  of  arcb  (see  Fig.  41<0>  On  account  of  greftter  ec- 
centricity, the  right  side  is  selected. 

Thrust  due  to  vertical  loads                                  =  +  712  000  lb 

Thrust  due  to  rise  in  temperature  of  22"  C  (40°  F) . .  -  +  18  500  lb 

Total  thrust  at  Bpringing.Une.  r  =  +  730  5001b 

Moment  due  to  vertical  loads                                   —  +  670  000  ft  lb 

Moment  due  to  rise  in  temperature  of  22°  C  (40°  F) .  .  -  +  570  000  ft  lb 

Total  moment  at  springing  line  ^4.  1  240  000  ft  lb 

-  +  14  880  OOOialb 

Transformed  area  -       +  r  A<  at  sprin^ng  line  -  2906  sq  in 

Transformed  /      —  /«  +  r  /«  at  springing  line  ■<  1  ITO  000  in* 

u  B  33  in  *  »  27 JI  in. 


Manmum  compression  stress  In  eonente  at  springing  line  in  upper  fibs 
fenn  equation  (10): 

730  5001b     14  880  OOP  in  lb  X  33  in 

"  '  2996  aq  in  1  170  000  in* 

244  lb  per  sq  in  +  420  lb  per  aq  in 
—  664  lb  per  sq  in  compression  in  concrete. 

Maximum  tensile  stress  in  concrete  at  sprin^g  line  in  lower  fitw, 
Se  •=  244  lb  per  sq  in  —  420  lb  per  sq  in 
"  176  lb  per  sq  In  in  tension. 
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Maximum  coifapreBdon  atren  in  steel  at  apringing  line  in  upper  St>^' 
from  equation  (11): 

15(730  500  lb)      15(14  880  OOP  in  lb  X  27.5  in) 
"     2996  aq  in  1  1 70  000  in' 

=  3660  lb  per  aq  in  +  5240  lb  per  sq  in 
"  8900  lb  per  sq  in  compreasioa  in  steel. 

Maximum  tensile  stress  in  steel  at  apringiiig  line  in  lower  fiber: 
/«  =-  3660  lb  per  sq  in  -  6420  lb  per  sq  in 
«  1580  lb  per  aq  in  tension  in  steel. 

Without  considering  temperature,  the  maximum  compression  stress  \a 
concrete  at  the  sprioging  line  is  found  to  be  465  lb  per  sq  in  and  no  tension 
exists,  These  stresses  are  satisfactory  for  the  sections  selected.  If  the  unit 
stress  should  prove  to  be  too  large  or  too  small,  the  shape  of  the  arch  rib 
would  need  to  be  revised  and  new  computations  made. 

11.   Stone  Masoniy  Arch  Highway  Bridges 

The  masonry  arch  has  been  largely  superseded  by  the  reinforced  concroto 
arch.  Only  brief  mention  will  hero  be  made  of  some  of  the  characteristicM 
of  such  arches,  and  it  should  be  noted  that  no  attempt  has  been  made  to 
give  any  principles  of  design.  For  complete  discusaions,  reference  should 
be  had  to  works  on  masoiuy  and  arches,  see  (2),  (12a)  and  (16b). 

Parts  of  an  Arch.  Baker  (2)  gives  the  following  definitions:  Abdthbnt, 
B  skewback  and  the  masonry  which  supports  it.  Backing  the  masonry 
outside  and  above  the  arch  stones,  which  usually  has  joints  horixontal  or 
nearly  so.  Crown  the  highest  part  of  the  arch.  Extradob,  the  convex 
curve  which  bounds  the  outer  extremities  of  the  joints  between  the  voui^- 
9oirs.  Haunch,  the  indefinite  part  of  the  arch  between  the  crown  and  the 
skewback.  Intradob,  the  concave  line  of  intersection  of  a  vertical  plane 
ivith  the  lower  surface  of  the  arch.  Keystone,  the  center  or  highest 
irotissoir  or  arch  stone.  Ribe,  the  vertical  distance  between  the  highest 
part  of  the  intrados  and  the  plane  of  the  springing  lines.  Skewback, 
the  inclined  surface  or  joint  upon  which  the  end  of  the  arch  rests.  Bpa  n'. 
^he  horizontal  distance  perpendicularly  between  the  lowest  joints  of  the 
irch.  Sfrinoino  unb,  the  inner  edge  of  the  skewback.  Spandrel,  the 
ndefinite  space  b'  ween  the  extrados  and  the  roadway.  The  wall  at 
.be  end  of  the  arch  above  the  extrados  is  called  the  spandrel  wall;  and  th(> 
naterial  between  the  end  walls  and  above  the  extrados  is  called  the  apandi  el 
illing.  Vqubsoir.  one  of  the  wedge-shaped  stones  of  which  the  arrh 
s  composed;  also  called  an  arch  stone.  The  voussoirs  which  show  at  the 
nds  of  the  arch  are  called  rinq  stonkb;  and  those  which  do  not  thus  shn^v 
,re  called  arch  BHESTiNa.  If  the  intrados  is  a  semicircle,  the  arch  is  n 
ULL  CENTERED  ARCH,  and  if  less  than  a  aeolicircle,  it  is  a  beoubntal  arc '^i. 

Methods  of  Failure.  An  arch  may  fail:  (1)  By  crushing;  (2)  by  sliding 
f  one  voussoir  on  another,  or  by  sliding  upon  the  foundation;  (3)  by  rota- 
ion  about  some  joint.  Settlement  of  the  foundation  ia  a  common  primary 
aiise  of  failure.  Baker  (2)  states  that  to  prevent  (1)  "  the  line  of  resi^t- 
nce  should  intersect  each  joint  far  enough  from  the  edge  so  that  the  max- 
num  pressure  will  be  less  than  the  crushing  strength  of  the  masonry  ";  to 
revent  (2)  "  the  angle  between  the  Une  of  resistance  and  the  normal  to  any 
>int  should  be  less  than  the  angle  of  repose,  angle  of  friction,  for  those  siir- 
i,ceB;  that  is  to  say,  the  tangent  of  the  angle  between  the  line  of  reaiatan'o 


1450  Highway  Bridges,  Culverts,  Retaining  Walk        Soot.  3B 


and  the  normal  to  any  joint  should  be  less  than  the  coeffideot  of  frietioD 
to  prevent  (3)  "  it  is  necessary  that  the  line  of  resiataoec  shall  eveiywhaw 
lie  between  the  intrados  and  the  estndoe."    For  good  deoisa,  the  line  of 
resistance  should  be  inBide  the  nuddle  third  of  the  arch  ring. 

Uneof  Redatanc*.  Hfr 
43  shows  the  forces  actins 
upon  ^  of  amoaixiryaTdL 
This  arch  has  been  divided 
into  imagiDary  sections  bjr 
lines  as  shown.  Aasumiitf 
tiiat  the  arch  is  symmetn- 
cally  loaded  and  that  afl 
loroee  are  known  in  mac- 
nitude.  direction  and  Hne 
of  application,  B  and  P\ 
may  be  combined  giving 
JIi  which  intersects  /  n 
at  a.  H\  is  combined  with 
Pt  giving  R]  which  inter- 
sects n  o  at  &.  etc.  The 
pmnts  a,  6,  e,  d, «  are  called 
craters  of  resistance  and 
the  polygon  dev^pad  by  connecting  them  is  called  the  line  of  reaistanee, 
which  approaches  a  curve  as  the  number  of  divinons  of  the  arch  is  inereaaed. 

CULVERTS 

12.   Location  and  Design  of  Colverts 

Culverts  are  usually  placed  on  the  Une  of  natural  water  coursee,  at  the 
bottom  of  the  sag  in  the  profile  of  the  original  ground.  Nearly  always,  they 
are  placed  under  fills,  and  occasion^ly  under  cuts.  They  should  cron 
under  the  highway  as  neariy  as  possible  at  lig^t  anglas  to  its  center  liar. 
This  saves  in  cost. 

The  Sixe  of  a  Culvert  depends  upon  the  rate  of  rainfall  per  hour  for  t 
period  of  time  equal  to  the  time  requited  t<x  water  to  reach  the  culv»t 
from  the  farthest  part  of  the  drainage  area.  That  is,  if  all  the  rain  faUing 
on  an  area  reaches  a  culvert  in  10  min.  and  a  maximum  rainfall  of  H  in 
in  10  min  is  recorded,  then  the  rata  of  rainfall  for  that  culvert  would  be 
3  in  per  hr.  For  large  areas,  the  maximum  rainfall  in  1  br  is  used.  The 
sixe  depends  on  the  sixe  of  the  drainage  area,  and  ^so  upon  its  diape  and 
oonfiguiation;  thus  a  neariy  square  or  cireular  area  requires  a  laisv  culvert 
than  one  which  is  long  and  narrow,  one  with  well  defined  valleys  requires  a 
larger  culvert  than  one  consisting  of  a  flat  slope.  The  sixe  depends  ahs 
upon  the  amount  of  vegetation  and  cultivation ;  trees  and  br\ish  by  retarding 
the  flow  of  water  and  cultivation  by  making  the  soil  more  afaeorbent  may 
decrease  the  sixe  of  culvert  neeessaiy.  In  warm  climates,  sixe  depends 
upon  porofdty  of  soil.  On  extremely  sandy  soils  30  to  50%  of  rainfiJl  will 
reach  the  culvert;  on  heavy  clays,  90  to  100%.  Long  heavy  rains  will  satu- 
rate any  soil  until  nearly  the  entire  rainfall  will  run-off  to  the  culvert.  FroKO 
ground  will  give  100%  run^iff,  to  which  should  be  added  allowanea  lor  rain 
malting  snow. 

Formvlas.  ProbaWy  the  two  formulas  which  have  bsra  ussd  more  than 
any  others  for  aise  of  eulverts  ate  as  fidlowa:  In  Atlantio  states,  Myer^ 
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formula  A  •"C  V  acres  ly  draikaqe  area;   in  MiMMippi  valley  aiB^t'^^ 

Talbot's  loimuUi;  A  '—  CV  (acres  in  drainage  area)*.  InbothfonnulE»s,  ^ 
is  the  crosB-sectioD  of  the  culx'ert  m  square  feet;  (7 varies,  in  Myer'o  fomauJ^ 
from  1  for  rolling  countfy  and  1.5  for  billy  ground  to  4  for  iiiountainou« 
or  rooky  ground;  and  in  Talbot's,  fronf  }i  for  long,  narrow  valleys  to  1 
for  steep,  rocky  ground.     The  foUomng  method  is  recommended  for 
determlniog  the  size  of  culvert:  V  *=  CV  s,  where  V     velots^  of  water 
in  miles  per  hour,  C  varies  between  10  where  contours  are  straight  and 
40  where  there  is  a  well  defined  valley,  and  a  is  the  ratio  of  slope.  If 
by  this  formula  V  is  greater  than  7,  use  V  =  7.    7"  =  D/V,  where  T 
is  the  time  in  hours  required  for  water  to  reach  the  culvert  from  the  most 
remote  part  of  the  area,  and  D  ia  the  distance  from  that  point  to  the  cul- 
vert in  miles.     Q  ~}^t  ^  S  A*,  where  Q  is  the  discharge  in  cubic  feet 
per  second,  r  is  the  rate  of  rainfall  in  inches  per  hour  for  time  7*,  S  is  slope 
in  percent,  A  is  acres  in  area.   The  cross  section  of  the  culvert  equals 

18.  Construction  of  Culverts 
For  Pipe  CnlvertS  under  low  fills,  use  two  or  three  pipes  side  by  side  in 
place  of  one  larger  pipe.  Use  pipe  culverts  up  to  capacity  of  two  24r-in 
pipes.  Be  sure  that  conditions  at  the  lower  end  of  the  culvert  will  carry 
off  water  as  fast  as  the  culvert  discharges.  Lay  all  pipe  culverts  nearly 
level  from  upper  end  for  half  its  length,  then  slope  at  least  one  in  ten  to 
lower  end,  rounding  oit  change  of  slope.  Settlement  of  fill  is  thus  taken 
care  of.  The  bottom  of  the  inside  of  the  pipe  at  each  end  should  be  at  the 
elevation  of  the  natural  soil.  All  pipe  culverts  liave  at  least  1  ft  of  fill 
over  them,  and  where  traffic  causes  very  heavy  loads,  2  ft.  If  the  fill  is 
not  over  10  ft,  double  strength,  vitrified  sewer  pipe  may  be  used.  Tliis 
comes  in  lengths  of  24  in,  30  in  or  36  in  dependent  on  the  sise  of  the  pipe. 
If  the  soil  is  firm,  excavate  about  1  ft  wider  than  the  size  of  the  pipe  and 
about  8  in  below  the  pipe  grade.  Fill  in  with  gravel,  bedding  the  pipe 
thereon,  but  use  care  that  the  pipe  bears  entirely  upon  its  barrel  and  not 
on  its  belt  ends.  Lay  the  pipe  to  the  true  Une  and  grade  beginning  at  the 
lower  end  of  the  culvert  and  facing  the  bell  ends  towards  the  upper  end  of 
the  culvert.  Caulk  joints  with  oakum  and  fill  in  the  reminder  of  the  joint 
with  a  mixture  of  one  part  Portland  cement  and  one  part  sand.  In  back- 
filling, fill  slowly  in  thin  layers  and  tamp  thoroly  on  both  sides  of  the  pipe. 
As  pressure  on  top  of  the  pipe  tends  to  burst  out  the  sides,  do  not  tamp  hard 
directly  over  it. 

Cast  Iron  Pipes  are  always  better  than  vitrified  pipe  culverts  and  the  extra 
cost  is  more  than  compensated 
for  by  their  greater  permanency. 
They  are  constructed  similarly 
except  that  the  joints  of  the  cast 
iron  pipes  are  filled  with  lead, 
instead  of  cement  mortar,  which 
gives  a  much  more  pliable  joint. 

Orrock's  "Railroad  Structures 
and  Estimates"  (18)  gives  the 
folk)wing  weights  for  cast  iron 
pipe,  and  cost  at  S35  per  ton: 

Corrugated  Hetal  culverts  ka\'e  come  rapidly  into  use  in  highway  con- 
struction, as  corrugation  gives  a  very  high  strength  in  proportion  to  the 
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par  Ft 

C«t 
per  Ft 

68  lb 

$0.93 

10  in  

73  lb 

1.28 

12  in  

96  lb 

1.66 

14  in  

119  lb 

2.09 

l«in  

147  lb 

2.67 

18  in  

176  lb 

8.08 
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wei^t  of  the  material-  Corrugated  metal  cxilverts  come  from  the  factory 
in  sectioas  of  Bemi-ciroumference  2  ft  in  length,  taking  two  s^ctioDS  to  form 
a  complete  pipe.  It  is  made  in  eisee  of  from  8  in  to  72  in  in  diametv. 
Trenching  ifl  done  as  for  other  pipe  culverts  except  that  there  are  no  bdl 
endfl  to  be  oared  (or.  Owing  to  ita  light  weight,  the  culvart  may  be  pot 
in  plaoe  with  less  tiouUe  than  with  any  other  idpe.  Baokfilliiis  aboidd  be 
done  with  just  as  great  care  as  ia  used  for  other  iripes- 

Conuvited  metal  culverts  are  alao  made  in  tme  i»eoe  complete  circular 
seotionB  in  lengths  up  to  86  ft.  These  Imigths  are  fastened  toeetber  by 
corrugated  metal  collars  oovering  adjoining  ends  and  bolted.  All  eomixated 
metal  cidverts  should  be  galvanised;  the  coating  should  contain  not  Im 
than  H  oa  of  sine  per  sq  ft  of  each  side  of  the  metal.    The  approxiinata 

cost  per  lin  f t  is  about  as 
fcdlows:  &4n.54  oenta;  12- 
in,  73  eenta;  18-fai,  S1.<H; 
24-in,  91.44:  36-in.  S2^; 
4»4n,  HM. 

Concrete  Pipe.  Altbo 
both  plain  and  ntinforoed 
concrete  cidvert  pipe  is  on 
the  market,  the  reinforced 
inpe  is  much  better,  be- 
cause of  its  lighter  wei^ 
for  a  given  strengtli.  This 
pipe  is  made  in  a  variety  of 
tMm  ft,  sisee,  the  smaller  siiea  bcang 
reinforced  with  wire  mesh. 
fr4n  Pipe  Cnlwt,  one  end,  4  It  2  En  lone:  and  the  larger  with  boopa 
0.77  cu  yd.  and  longitudinal  bars.  Care 

lO-ia  npe  Cnlwt,  ons  and.  4  ft  10  is  loBr.  must  be  uaed  in  lajring  as 
OM  ea  yd.  the  hoop  reinforcement  is 

lft4nnpeCid»rt,0M»d.Sft  10  ialoiif  t        the  inaide  of  the  pipe 
l^euyd.  .t  the  top  and  bottom  and 

near  the  outside  at  the  aides 
of  the  pipe.  These  pipes  are  east  in  2H  and  3-ft  lengths  and  have  beO 
and  spigot  jfnnts,  which  are  filled  with  oement  mortar,  one  part  FMtland 
cement  and  one  part  sand. 

End  Walla  for  Pipe  Cnlrerta.  Maasaohuaetto  standard  concrete  end  walls 
(or  pipe  culverts  are  shown  in  Fig.  44.  It  is  estimated  that  end  walla  cost 
about  $8  per  cu  vd  of  oonorete  in  place. 

Stone  Box  Cuhreita  may  be  uaed  where  large  blooka  of  sttme  are  available 
and  where  the  use  of  concrete  materials  would  require  a  long  hauL  The 
cover  stones  must  be  large  ouni^  to  overlap  for  at  least  1  ft  on  each  nda 
wall.  This  type  of  culvert  may  be  built  double  in  order  to  increaae  its 
e^wcity,  ihe  center  wall  being  buUt  witii  a  cut-water  end.  The  side  and 
center  walls,  which  should  have  a  thickness  of  not  less  than  0.4  their  hei|dtt> 
are  built  of  large  stone  laid  in  Portland  cement  mortar  and  extend  at  least 
to  3  ft  below  the  natural  aurfaoe  of  the  ground,  with  spread  footin^L. 
if  neceesaiy,  to  secure  a  proper  bearing.  The  floor  of  the  culvert  is  paved 
with  cobblestones  set  on  end,  ao  that  their  tope  are  in  the  same  general  plane, 
and  grouted  with  Portland  oement  mortar.  Massachusetts  standards  for 
stone  boK  culvert*  with  end  walls  and  alao  with  stepped  ends  are  iu 
Fig.  45. 


Notts: 


Art.  13 


ConstructitHi  of  Culverts 


1453 


RdnfdTMd  Concrtt*  CulTerti.  For  sp&iu  of  4  to  10  ft  thru  mull  fills,  um 
l^ain  oon crate  sidM  and  reinforM  the  top  and  bottom  by  embedding  old 
railroad  rails  in  10  to  12  in  of  couerete.  Plaoe  rails  12  in  oentera,  ezoept  under 


!■  I  .1-  I -I  I- 


a- 


Two  Iqr  Two  Vbot  Culvert 


heavy  traffic,  in  which 
case  the  raib  in  top  of 
culvert  should  be  8  w 
10  in  craters,  the  top 
to  bear  at  least  1  ft  on 
each  aide  walL  The 
side  walls  should  be  2 
ft  thick  at  the  top  and 
should  batter  on  the 
earth  side  to  a  thick- 
neas  at  the  bottom  of 
not  Ie«H  than  0.4  their 
height.  If  soil  is  firm, 
make  the  floor  of  pav- 
inz  stone  as  for  a  stone 
box  culvert.  If  soil  is 
not  firm,   make  the  Ibor  hy  Four  Foot  Culvert' 

floor  similar  to  the  Notes;  £  by  2  ft  CnlvKt,  one  md:  Above  foundation,  1.69 
top,   but  place  rails     «i  yd;  loUDdatian,  1.20  cu  yd;  sproo,  4  by  2  by  0.6  ft. 


 Itv.  p. 

d  , 

both  transversely  and 
longitudinally.  This 
is  not  strictly  rein- 
foroed  concrete,  as  the 


O.IS  ea  yd;  waUi^  eoverm,  pavlnc,  0.864  cu  yd;  paving, 
8  in  deep. 

2  by  2  ft  Ciilvwt,  end  abapped,  one  end:  Above  foundation, 
1.7  cu  yd;  foundstioii,  2.10  cu  yd;  aimn,  4  by  2  by  0.6 
11^  046  CH  yd;  walh^  eovcn^  paving,  0.864  cu  yd. 
load  u  earned  entirely  4  by  4  ft  Cnlvwt,  one  ml:  Above  fouBdatkm.  4.92  en  yd; 

the  rails,  the  oon-  foimdation,  2.81  cu  yd;  vron,  6  by  2  by  0.K  It,  0.28  cu 
Crete  merely  protect-  yd;  walls,  paving,  Cu  eu  yd;  eovan^  0.28  ea  yd;  pav- 
ing the  rails  and  mak-     iag,  18  In  deap. 

ing  them  act  together.  *  ^  *  ^^^T^^  Above  A»i>daaw, 

RAkorm  iriv«,  thB  4A)euyd;lounds«on,4J6euyd;apron,6by2by0.6ft. 
Baker  (2)  gives  tbe  ^  ^  pt^,  141  ea  yd;  eovet*  0.2S  ea  yd. 

followmg      FOBMULAA  ^ 
for  the  design  of  regu- 
lar reinforced  concrete  box  culverts:  ForUv^M^'Mttom:  Jf =S*(100fl+£i); 

for  side  walls,  U  =1.4  (2£V  +A*); 
where  M  maximum  bending  moment 
in  inch-pounds,  S  —  clear  span  in  feet, 
H  "  height  of  embankment  above  in- 
side of  culvert  top  in  feot,  h  =  live  load 
in  pounds  per  square  foot,  A  =-  clear 
height  of  culvert  in  feet  Consider- 
ing 1  ft  of  length  of  either  top,  bot- 
tom or  side  as  the  beam,  tbq  thick- 
ness may  be  foUnd  &om:  rf*  —  M/f,pi 
or  d*  Ml  fa  kj.  Ordinary  values 
of  Jfc  -  3/8,  j  -  H  and  p  -  0.008 
to  0.015.  Working  values  of  /,  - 
12  000  to  15  000  and  of  /«  -  400 
to  650.  As  reinforcement  should  be 
bedded  2  in  in  concrete,  thiekneM 
'  (d  +  2)  in.  Area  of  st«el  reinfom** 
ment  per  ftot  of  length  -  if //■>  d. 


Notes:  Rcinf(medConerate2by2ftCaI- 
vert.  Data  par  footof culvertaeeUoni 
Conerete,  0.2346  eu  yd;  sted,  )^-in 
ban,  0.318  lb  and  }i-in  bars,  6.96  lb. 

Data  tor  one  end:  Concrete,  1.72  cu  yd; 
steal  bars,  one  ^-In  bar,  fl  ft  long,  two 
H-ln  bars,  8  ft  long,  two  H-in  bara, 
2  ft  loi«;  weights,  M-la  bats,  6.8  lb 
and  ^4n  ban,  4.24  lb. 

F^.  46.   Two  by  Two  Foot  Rab- 
foresd  Ceoosta  Culvart 
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Massacbusette  itandard  reinforoed  oonoiete  box  oulTerts  are  aLowa  ic 
Figa.  46  and  47. 

Remforced  concrete  culverts,  as  well  as  all  other  kinda  vary  exceeding 
in  cost  according  to  location  and  conditions  of  constniction.  A  culvert  in 
one  place  may  coat  twice  or  three  times  what  ita  exact  duplicate  may  han 
cost  elsewhere,  but  a  fair  average  for  estimating  the  cost  of  reinforoed  ex- 
crete culverts  is  about  S14  per  cu  yd  of  concrete.    Inaamuch  as  reinforced 


NotM:  Reinforced  Concrete  6  by  6  tt  Culvert.  DaU  pv  foot  of  culvert  eeetaoa: 
CoDcrata  0.727  ni.  yd;  steel,  H-in  ban,  21.248  lb  and  ■>«-tn  ban,  8.824  lb. 

Data  for  ooe  tnd:  Concrete.  8.02  cu  yd;  stsd  bsn.  six  J-V-l"  ben,  9  ft  kmc  two 
H-in  ban,  8  ft  6  in  long,  oiu  !4-in  ber,  7  ft  long,  four  H-in  bsn,  11  ft  loog,  four  \i- 
in  bars,  8  ft  5  in  long,  two  ii-ln  ban,  7  ft  long,  fourteen  ^-in  ban.  2  ft  long;  w«ght«, 
}4-in  bsn,  103.658  lb  and  i^-in  ban.  16.041  lb.  AU  slscs  calculated  for  deformed 
square  ban  o(  medium  steel. 

Fig.  47.    Six  by  Six  Foot  Reinforoed  Concrete  Culvert 

concrete  box  culverts  are  now  built  with  a  clear  apace  as  great  aa  20  ft.  there 
is  little  advantage  in  using  arch  culverts,  aa  they  require  more  head  room, 
and  the  expense  of  forms  is  much  greater  than  for  concrete  box.  _ 

Timber  Box  Culverts.  In  country  where  timber  is  very  plentiful  and 
it  is  difficult  to  bring  in  pipe  or  materials  for  concrete,  timber  box  culvena 
may  be  used.  They  should  be  built  large  enough  to  build  pipe  culvert  innde 
before  the  expiration  of  the  life  of  the  timber.  Double  4  by  4  ft  box  ia 
the  largest  capacity  that  it  is  economy  to  build.  Side  walls  should  be  built 
of  12  by  12  in  timber,  laid  lengthwise  of  culvert,  and  drift  bolted  together. 
The  cover  should  be  of  8  by  12  in  timber,  laid  with  8-in  vertical,  pl&ced 
across  the  culvert,  with  a  12  by  12  in  every  4  or  5  ft  let  in  so  that  tbe 
lower  4  in  may  act  as  a  strut  between  the  side  walls.  The  bottom  should 
be  of  3  by  12  in  plank  laid  longitudinally  thru  the  culvert  on  2  by  12  in 
battens  placed  at  intervals  of  about  5  ft. 


RETAINING  WALLS 
14.   Design  of  Retaining  Walls 

Efforts  to  obtain  formulas  for  the  design  of  retaining  walls  have  bem 
made  by  generations  of  engineers,  but  owing  to  almost  itmumerable  com- 
biuations  of  conditions  met  with,  it  is  practically  impossible  to  give  theoret- 
ical formulas  for  their  design.  All  theories  are  baaed  on  the  asaumpttoD 
that  the  surface  or  rupture  of  retained  earth  is  a  plane.  It  is  a  well-known 
fact  that  ordinary  soila  may  be  dug  out  to  a  vertical  plane  and  will  stand  is 
that  condition  for  a  short  time  due  to  cohesion  of  the  particles  oompcwing 
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it.    First  failure  will  leave  tjie  surface  concave  upwards.    Weather  -wr£Z/ 
change  this  surface  near  the  top  to  convex  upwards.  The  surface  of  ruptuin^. 
therefore,  is  not  a  plane.  Theories  are  also  based  on  the  assumption  that  t/x« 
point  of  application  of  resultant  preeeure  ia  at  one-third  of  the  height  ca/ 


the  wall  above  the  bottom.  In  wet  soils  the  point  of  applicatioa  will  bo 
Dot  mueh  higher  than  this  owing  to  large  water  pressure;  but  with  drier 
Boils,  the  point  will  be  hi|dbw,  depcoiaent  upon  tha  quali^  of  retained 
material,  and  mar  be  as  l>iiEh  as  the  nuddle  of  the  wall.  Ordinarily  this 
point  is  about  0.4  of  iho  height  above  the  bottom.  The  most  used  theory, 
Rankine's,  assumes  the  direction  of  preasure  as  parallel  to  the  aurfaoe  of 
retained  earth.  As  this  would  make  a  given  wall  more  stable  when  retaining 
earth  with  suroharge  than  with  earth  with  level  top,  it  is,  of  course,  unten- 
able. All  experiments  show  that  the  direction  of  pressure  is  not  horiaontaL 
Experiments  have  proved  that  there  is  a  very  material  amount  of  friction 
between  the  earth  and  Uie  back  of  the  wall.  This  does  not  appear  in  any 
theoretical  formulas,  but  oBTtainly  incroaBCe  the  ataMlI^  of  a  wall.  Ingeneral, 
then,  the  cohesion  of  the  particles  making  up  the  retained  earUk,  and  the 
adhesion  of  these  particles  to  the  back  of  the  wall  make  theoretical  formulas 
of  Uttle  value  for  ordinary  retaining  walls  used  in  highwiv  work.  If  a 
wall  is  built  to  retain  a  highway  in  fill,  the  material  comprising  the  fill, 
and  the  method  of  placing  it  may  be  such  as  to  decrease  the  load  against 
the  wall.  Such  fills  should  be  made  in  layers,  sloping  away  frtnn  the  wall 
thus  decreasing  both  earth  and  water  pressures.  Also  pressure  is  decreased 
by  providing  proper  drainage  for  water.  If  the  retained  roadway  is  higher 
than  tlM  top  of  the  wall,  the  extra  height  ia  known  as  suscbabob,  and  the 
wall  must  be  heavier  in  such  a  location.  Heavy  highwiQr  traffic  should  be 
figured  as  so  much  surcharge,  and  consider  soil  to  weigh  100  lb  per  cu  ft. 
Retaining  walls  used  where  the  highway  is  in  cut  will  often  be  heavily  sur- 
charged, as  sloping  ground  may  rise  for  a  considerable  distance  above  the 
wall.    Such  cases  require  walls  of  maximtmi  thickness. 

Ketaining  walb  may  fail  (1)  by  budinq  ob  shbarinq  alot^  a  plane  that  is 
horixontal  or  nearly  so;  (2)  by  ovebtcbnino  about  the  front  edge  of  the 
base;  or  (3)  by  oansHiMO  at  the  front  edge  of  the  base  or  oUier  luMiiontal 
joint.  It  is  general^  oonceded  that  a  well-built  stone  masonry  wall  that 
will  not  fail  overturning,  is  strong  enou^  not  to  fail  by  diding  either  on 
its  base  or  any  horiiontal  joint.  As  most  retaining  walls  are  now  built 
of  concrete,  and  are  keyed  to  the  foundation,  the  resistance  to  sliding  is 
materially  increased  and  is  amply  sufficient  even  with  light  reinforced 
concrete  walls. 

In  order  not  to  overturn  or  crush,  the  thickniibb  or  ibb  wali<  at  the  base 
should  be  about  35  to  40%  of  its  height,  and  the  sloi>e  or  step  back  of  the 
wall  to  a  thickness  of  2  ft  at  the  top  of  the  main  wall.  For  ordinary 
BurchargQ  make  the  thickness  at  base  60%  of  heii^t.  The  oopinK  at  the 
top  should  not  be  considered  as  part  of  the  retaining  wall.  The  face  of 
wall  may  be  vertical,  altho  a  batter  of  ^  or  1  in  to  the  ft  gives  a  better 
appearance.  Walls  buUt  of  first-class  material  and  of  above  thickness 
should  not  crush.  Most  failures  of  retaining  walls  are  due  to  poor  founda- 
tions and  not  to  failure  of  the  wall  itself.  As  most  soils  are  at  least  slightly 
compressible,  unless  sufficient  spread  is  given  to  footing  courses,  the  extra 
pressure  at  the  front  edge  of  the  base  may  cause  tmdue  settlement  and  a 
tilting  of  ihb  wall.  If  great  enough,  this  unequal  settlement  aacy  cause 
actual  faihixe  in  a  wall  which  otherwise  would  be  perfectly  safe.  Therefore 
if  the  soil  is  at  all  ques^nable,  pile  foundations  should  be  used.  Under 
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tbe  above  omditloiu  small  walla  aie  built  to4eau  aligbtly  toward  the  earth, 
thua  tbrowing  the  oenter  of  preOBUre  on  tbe  base  back  of  the  center. 

The  moat  oommon  bbotion  a  tetainins  wall  is  as  given  above,  namdjr. 
nearly  vertical  face  and  sloping  or  stepped  back.  AHao,  as  noted  above, 
considerate  saving  in  material  may  be  made  by  sloping  both  face  and  back 
of  wall  back  towards  the  retained  earth.  In  this  latter  section,  care  should 
be  used  to  keep  the  vertical  thru  th^  center  of  gravity  within  the  base. 
This  section  is  not  advised  for  high  walls  because  of  the  heavy  action  of  frost. 
Stalnlity  of  these  sections  is  dependent  entirely  upon  the  weight  of  the 
masomy.  With  reinforced  concrete,  the  weight  of  part -of  the  retained 
earth  makes  up  for  decrease  in  masonry. 

Good  drainage  is  very  important.  Wet  eofl  is  much  heavier  than  dry. 
Wet  clay  has  but  UtUe  cohesion  and  the  wall  has  to  resist  the  thrust  of  a 
much  greater  mass  of  earth.  The  force  of  water  {reeling  back  of  tbe  wall 
is  liable  to  cause  serious  trouble.  To  drain  off  the  water,  build  a  3-in  pipe 
thru  the  wall  near  the  bottom  at  intervals  of  from  10  to  20  ft.  If  the  earth 
back  of  the  wall  is  sand  or  gravel,  water  will  reach  these  outlets  easily, 
otherwise  a  vertical  layer  15  to  20  in  thick  composed  of  broken  stone  or 
clean  gravel  diould  be  placed  back  of  the  wall. 


Nearly  all  aueh  walls  for  highway  work  are  of  the  cantilbveb  ttpb,  having 
a  base  of  concrete  somewhat  wider  than  half  the  height  of  the  wall  and  from 
I  to  2  ft  thick.  From  near  the  middle  of  this  baes  rises  the  wall,  leaving 
nearly  half  of  the  base  covered  with  the  retained  earth,  the  weight  of  which 
helps  to  resist  overturning.  '  For  high  walls,  over  20  or  25  ft,  or  where  foun- 
dation and  wall  must  not  cross  the  property  lino,  a  couNTEBFORTsn  wali.  may 
be  used.  This  differs  from  the  cantilever  in  that  the  wall  rises  from  one  edge 
of  the  bsM,  tbo  remainder  being  loaded  with  retained  earth.  Also,  counter* 
forts,  vOTtical  walls  at  right  ani^ee  to  face  of  wall,  are  |daced  about  every 
8'  ft  which  are  of  the  same  thickness  as  the  main  wall  at  the  base  but  taper 
to  nothing  at  the  top. 

To  Dedgs  Reinforced  Concrete  Retaining  WsUb,  first  assume  the  seetioa 
for  a  plain  concrete  retaining  wall  according  to  the  rules  given  above. 
Assume  that  this  plain  concrete  wall  is  a  dam.  retaining  a  fluid  of  such 
weight  as  to  cause  the  resultant  pressure  to  pass  thru  ths  front  end  of  tbe 
middle  third  of  the  base.  Taking  1  ft  of  length  of  this  plain  concrete  wall, 
the  mfnnent  of  its  wei^t  is  its  wet^t  times  the  distutee  Anm  the  fourt 
end  of  tbe  middle  third  ctf  the  base,  taken  as  the  center  of  moments,  to  the 
point  where  the  vertical  thru  the  center  of  gravity  cuts  the  base.  This  reost- 
ing  moment  »  1/6  to  A',  where  h  is  hoght  of  wall  and  v>  is  wei^t  of  fluid  as 
above  stated.  Solve  this  for  u.  Now  assume  that  the  reinforced  concrete 
wall,  together  with  the  retained  earth  verticaQy  above  the  back  end  of  the 
concrete  base,  is  a  dam,  retaining  fluid  having  a  wei^t  of  w  lb  per  cu  ft. 
Design  for  1  ft  of  length  of  wall.  Assume  weight  of  concrete  as  ISO  lb 
per  cu  ft  and  the  weight  of  earth  above  back  part  of  base  as  100  lb  per  cu  ft. 
Find  center  of  gravity  of  these  and  draw  a  vntieal  line  thru  the  oenter  <rf 
gravity.  Thru  a  point  1/3  h  above  the  base  draw  a  boriiontal  Bne.  From 
intersection  of  these  lines  lay  off  to  some  SMle  on  the  vertical  line  the  misht 
of  concrete  and  earth  as  given  above,  and  on  Uie  boriiontal  line  tbe  vmhw 
of  H  A*.  If  the  resultant  of  these  forces  cuts  the  bottom  of  the  base 
within  its  middle  third  the  wall  will  be  safe  from  overturning  or  crushing. 
As  reinforced  cfmcrste  walls  are  thin,  tbe  matter  of  horisontal  abear  is 
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important.  The  (oroe  tendlsg  to  shear  is  H  v>  for  each  foot  of  length. 
Aagumipg  ooacrete  to  have  a  safe  renstance  to  shearing  of  25  lb  persqin, 
the  tout  thickness  at  the  bottom  of  a  vertical  wall  to  safely  reaiot  shear 
is  10  AVWO  in  per  ft  of  wall.  !Bven  reinforced  concrete  walla  are  usually 
muoh  iihiitbftr  than  this. 

16.   Constnictioa  vt  K«talnlnc  Walls 

Sioa*  Haaonry  retaining  walls  should  be  buUt  of  stones  free  frcan  Ihh 
perfectiona  and  durable  in  coumea  not  less  than  12  in  thick.  To  secure 
proper  transvme  bond,  every  fourth  stone  should  be  a  header  and  at  least 
as  wide  as  thick.  The  headers  should  extend  entirely  thru  the  wall  unless 
it  is  more  than  4  ft  thlok.  The  stretchers  should  be  at  least  IH  times  as 
wide  M  thick,  and  at  least  4  ft  long.  The  beds  and  vertical  jconts  should  be 
abtmt  H  in  tiiiek,  dressed  and  squared  at  least  10  in  back  from  the  face  of 
wall,  ease  being  takm  that  a  vertical  joint  in  one  course  does  not  oome  within 
8  in  of  the  vertical  joint  in  the  course  next  below  and  spalls  should  be  used 
where  needed.  Backing  of  wall  should  consist  of  large  stones,  well  bedded 
on  borixontal  beds  without  spalls.  The  wall  should  be  comi^etely  covered 
by  a  coping  composed  of  large  stones  not  less  than  8  in  thick,  unless  the 
wall  is  over  4  ft  thick.  This  coping  must  not  overlap  the  plane  of  the  back 
ol  the  wall,  as  frost  will  lift  it 

Plain  CoacreM.  Moorefleld  (56)  gives  the  foQowing  data  for  plain 
concrete  retaining  walls,  see  fig.  48:  IF  «  H/12',  nnw  toss  than  10  inj 
b  -  4/IO/r,  never  less  tlian  10  in;  for  J?  <  fl  f t,  need  never 
be  greater  than  4/10  H+  1;  for  H  >  6  ft,  B  -  4/10  H  + 
9.75  rock  foundation,  B  *  4/10  H  +  1  good  gravel  foundation, 
B  -  4/10  n+  1.25  medium  gravel  foundation,  B  —  4/10  H+ 
1.5  good  clay  foundation,  4/10  H+  1.75  day 
roundation. 

Forms  for  plain  oonorete  walla  should  be  made  of  green 
lumber  which  will  not  swell  from  contact  with  wet  concrete. 
The  boards  should  be  1  in  thick,  tongued  and  grooved.  For 
(be  back  of  the  wall,  H  is  not  necessary  to  plane  either  side 
iut  the  face  of  the  boards  against  face  of  wall  must  be  planed, 
ind  better  results  are  obtained  if  the  faces  in  contact  with  the 
soncrete  are  also  planed  as  the  forms  will  come  off  cleaner.  Fig.  4S 
rhe  lumber  must  be  free  from  all  loose  knots,  the  beat  being 
laed  for  the  face  of  the  wall.  Straight  parallel  edges  are  necessary  to  make 
igbt  joints.  Studding,  2  in  by  4  in  for  low  walls  and  2  in  by  6  in  for  higher 
vaUs,  should  be  spaced  2  ft  center  to  oenter.o  Forma  for  the  backs  of  walla  are 
vdinarily  braoed  from  the  ground,  for  even  small  failure  in  bracea  wilt  have 
jod  results,  if  only  on  the  appearance  of  the  walla.  Forms  for  faces  of  walls 
ihould  be  braoed  as  follows:  Fasten  small  2-in  wooden  blocks  inside  each 
brm,  one  opposite  the  other,  having  ^in  holes  thru  forms  and  blocks;  from 
>lock  to  block  have  piece  of  >^-in  pipe  to  separate  forms;  thru  the  boles  in 
be  forms  and  thru  the  pipe  pass  H-in  iron  rods,  threaded  at  each  end,  and 
ong  enou^  to  pass  thru  the  entire  form  and  have  nuts  screwed  up  outside 
if  forms  at  both  ends.  When  forms  are  removed,  remove  rods  and  fill  up 
lolee  in  wall  formed  by  the  2-in  wooden  Uocks  with  rich  mortar.  Before 
tlacing  forms  in  position,  ooat  their  faces  with  soft  soap  to  permit  of  forms 
>0iiig  Temoved  earlier,  thus  allowing  the  concrete  to  set  more  rapidly, 
rius  also  permits  aurfadng  faoe  of  wall  iriiile  concrete  is  Still  green. 
Xeavy  oU  or  otiwr  grease  may  be  used  in  place  of  soft  soap;  but  latter  is 
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not  inJuriooB  to  oemttit  and  ii  easily  aoluUe  in  water  whm  f«ni  fa  "Wp^rf 
Before  |4acins  oonorete  in  forma,  clear  out  all  sawdust,  pieoes  ot  wood,  etc 
Use  1:3:6  concrete  for  base  of  wall,  1:2K:5  concrete  for  main  wall,  and 
1 : 2:4  concrete  for  coping.  The  Portland  cement  must  meet  the  (Hdinaiy 
commercial  tests,  the  sand  must  be  coarse  and  clean,  and  the  gnvid  fa- 
broken  stone  clean,  that  ia  free  from  dust  and  organic  matter.  The  pieoes 
making  up  the  gravel  or  broken  stone  should  be  of  hard  and  duraUe  TT^«tMi-i«J« 
and  of  epheiical  or  cubicalshape,  not  long  and  thin,  the  stone  forplain  concrete 
being  not  greater  than  3  in  in  any  dimension.  In  large  mnsses  of  ooncoete. 
however,  large  stones,  called  pLinca,  may  be  inserted  to  decraass  the  amount 
<tf  oonerete  necessary.  Such  stones  should  be  rammed  into  the  eoneiele 
in  order  to  tning  them  into  intimate  contact  with  the  concrete  on  all  eidSi 
and  must  not  be  within  2  in  of  any  form  or  of  each  other.  Their  totsl 
volume  should  not  exceed  30%  of  the  volume  of  the  wall.  Mix  ounent  and 
sand  dry  until  color  is  uniform,  then  add  stone  and  water  and  mix  vnti 
each  stone  is'thoroly  coated  with  mortar. 

Contraction.  Concrete  contracts  when  eetting  due  largely  to  drying 
out  of  water.  To  prevent  a  wall  from  cracking  in  an  unsightly  manner, 
provide  vertical  oontraotion  jmnta  ervecy  25  to  40  ft  by  fauildinc  wall  to  foil 
height  in  secttons  of  this  length  and  fsstodng  on  the  inside  of  the  end  of  tiis 
form  a  2  by  4  in  vwtieal  scantling  so  that,  when  form  is  maovad,  there  will 
be  a  vertical  groove  in  end  of  seotkm.  In  casting  the  next  section,  this  groove 
will  be  filled  with  a  concrete  tongue.  The  bond  between  the  new  eooorete 
and  the  old  will  be  so  poor  that  contraction  wilt  break  it.  but  the  tongue  and 
groove  will  maintain  the  strength  of  the  wall.  Unless  ooneivte  is  put  in  plan 
rather  dry  and  in  cold  weather,  there  ia  little  probabili^  of  its  ever  having 
a  tendency  to  increase  in  volume.  Such  an  expansion  would  call  into  play 
the  oompresdve  stnngth  of  the  otmotete,  iHiieh  in  praetieally  all  oases 
would  be  sufficient  to  withstand  the  strsssos  withobt  danger  of  buckling. 

Reinforced  Concroto  Walls.  Mocvefield  (6S)  gives  the  fidlowinc  dau 
for  reinforced  concrete  retaining  walls. 
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>  AUfTSBta  ban  mA  8  ft  up  fraett  1 
Fig.  49  '  Altarnate  ban  meA  9  ft  op  Cm  beM. 

■OB»4hlrd  of  bus  md  at4  ftaadoavMf 
at  10  ft  up  trombus.  The  note  (3)  ragsrdingapadm  in  20-ft  wall  would  probably  bMttr 
TtmA  ooa-thlrd  of  bars  end  at  7  ft  sad  oaehaU  of  the  reraalndv  at  14  ft  up  tra«  baa 

Forms.  Even  greater  oare  is  necessary  in  the  building  of  forms  for 
reinforced  oonorete  than  for  plain  oonorete  oq  aooount  of  the  thin  imn  \i 
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concrete.  All  reinforced  concrete  should  be  a  1:2:4  mixture,  the  stone 
uaed  being  not  greater  than  1  in  in  any  dimension.  Reinforcement  should 
be  firmly  held  in  place  by  fine  strong  wire  conitecUng  various  rods  to  each 
other  tmd  to  the  forms.  At  joints  of  longitudinal  reinforcement,  lap  rods 
at  least  25  times  the  least  dimension  of  the  rod  and  bind  tboroly  with  strong 
ductile  wire.  In  placing  concrete  use  great  care  not  to  displace  the  rein- 
foroement,  and  to  have  the  concrete  oome  into  intimate  contact  with  the 
reiof  (oeement  on  all  aidfls. 

FOUKDATIOIIS 

17.   Bearing  Power  at  SoUs 

Wherever  the  abutments  or  luers  of  a  bridge  are  to  be  placed,  and  in  a 
lesser  degree,  wherever  a  retaining  wall  is  to  be  placed,  the  soil  should  be 
thoroly  examined  as  to  its  ability  to  sustain  the  load.  The  soil  at  the  site 
of  a  retaining  wall  may  be  examined  by  driving  sections  of  gas-pipe  by  hand 
from  .a  scaffold.  Great  changes  of  conditions  of  the  soil  are  obtainaUe 
la  this  manner.  For  bridge  foundations,  it  is  better  to  obtain  samplee  of 
the  soU  at  various  depths  by  means  of  a  post-hole  auger.  But  these  sam- 
ples are  not  entirely  satisfactory  as  ihey  do  not  ^ve  the  condition  of  com- 
pression of  tbe  soil  in  place.  For  important  bridges,  probably  the  beet 
way  to  determine  the  bearing  power  of  the  soil  is  to  excavate  a  well  a 
considerable  depth,  if  possible  to  the  bottom  trf  the  estimated  footingB,  and 
load  a  vertical  timber  12  in  square. 

Bed  Rock  will  undoubtedly  carry  any  load  which  may  be  placed  upon  it 
under  these  conditions.   But  if  the  surface  of  the  rock  slopes  to  any  con- 
siderable degree,  great  care  must  be  used  to  bond  tbe  maeonzy  to  it  in  such 
a  way  that  it  cannot  possiUy  slide.   The  lowest  portionfl  ci  concrete  should  - 
be  rich  in  cement. 

Gravel.   Thick  beds  of  dean,  dry  gravel  will  safely  carry  loads  of  from 

6  to  10  tons  per  sq  ft. 

Sand  and  Clay  may  give  good  bearing  power  if  perfectly  dry,  or  nearly 
so  in  tbe  case  of  sand.  But  under  ordinary  conditions,  it  is  difficult  to  pre- 
vent the  entrance  of  water  into  such  soils,  and  then  the  bearing  power 
decreases  very  uksterially.  If  clay  is  on  top  of  rock,  a  little  moisture  makes 
it  impossible  iot  foundation  work,  wboeas  the  mixture  of  a  small  amount 
of  day  in  good  sand  or  gravel  will  increase  its  bearing  power. 


Table  II. — Safe  Bearing  Power  of  Soils  by  Baker  fi) 
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18.  Foundation  Footings 

The  load  to  be  carried  by  the  foimdoUon  may  be  obtained  by  fi'tHiixg  the 
weight  ol  the  entire  etracture  to  be  supported  and  adding  to  that  the  eztn 
preasure  due  to  retained  earth  in  retaining  walls  and  bridge  abutments; 
and  the  live  loads  and  impact  due  to  heavy  traffic  over  bridge  abutments 
and  piers.  This  latter  affect  is  very  small  and  often  negligible.  Having 
found  the  load  to  bo  sapported,  the  area  of  support  is  found  by  dividing 
this  load  by  the  safe  bearing  power  of  the  soil.  In  order  to  obtain  area 
enough  at  the  bottom  of  the  masonry  to  decrease  Uie  load  on  the  soil  to  a 
safe  value,  and  also  to  make  the  resultant  pressure  on  the  soO  pass  as  nearly 
as  possible  ttmi  the  middle  of  the  base,  it  is  necessary  to  spread  the  footinitB. 
The  amount  of  this  spread  is  dependent  upon  the  ability  of  the  mostmry 
to  withstand  the  upward  prewure  of  the  uoil.  Hating  found  ^e  width  of 
masonry  in  contact  with  the  soil  necessary  to  make  the  pressure  fairly  uniform 
thruout  that  width,  and  also  to  make  the  maximum  unit  pressure  a  safe  one, 
the  next  step  is  to  determine  the  decrease  in  width  possible  for  the  course 
of  masonry  on  top  of  the  bottom  course,  and  so  on  up  until  the  main  part 
of  the  abutment  or  pier  is  reached.  This  offset  as  used  for  masonry  footing 
courses  is  given  in  the  following  TaUe  III  by  Baker  (2),  iriueh  gives  a 
factor  of  safety  of  10. 

TaUe  UL — Safe  Offset  lor  Haaoary  Footing  Ceonea 
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of  tb«  Coune  tar  a  Prwira  fa 
Tom  p*r  Sqnai*  Foot  on 
the  Bottom  d  the 
Coom  of 


Soils.  Nearly  all  natural  soils  are  compressible.  Some  not  materially 
so.  others  considerably  so;  usually  due  to  the  presence  of  a  comparatively 
smalt  amount  of  water.  In  some  eases  greater  bearing  power  may  be  ob- 
tained hy  simidy  going  dseper.  The  wai^t  of  the  eoU  eauaes  it  to  be  more 
compact  at  a  greater  depth.  Another  simple  and  very  effective  way  of 
increasing  the  bearing  power  is  by  effident  drainaca.  Drain  tile,  pkoed 
a  little  lower  than  the  bottom  of  a  footing  course,  will  materially  increase  the 
bearing  power.  But  such  drainage  must  have  a  proper  outlet.  If  quingi 
are  enoountered  in  making  excavation,  they  should  be  led  away  by  proper 
drainage.  Efforts  to  plug  them  are  liable  to  cause  serious  damage  as  thry 
are  often  backed  by  a  high  head  of  water.  Where  soQ  contains  considerable 
moisture,  clean  sand  or  gravel  may  be  spread  over  the  bottom  of  the  ex* 
ravation  in  layers  of  from  6  to  13  in  and  rammsd  into  the  soiL   fWoall  wood 
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piles  may  be  driven  into  the  soil.  These  are  about  6  ft  long  and  6  to  8  in 
in  diameter.  Such  piles  are  in  no  sense  bearing  piles,  but  merely  oompact 
the  soil  and  act  with  it  in  fonning  a  bed  for  the  foundation.  Additional 
bearing  power  siay  be  obtained  by  withdrawing  these  wooden  piles  and 
filling  the  holes  with  dry  sand,  ramming  the  sand  into  place.  This  ramming 
increaaeB  the  om  of  holea  and  further  oompacto  the  soU. 


Where  the  is  very  wet  and  eaonot  be  comproesod  so  as  to  fljve  suffioient 
bearing  power,  piles  are  commonly  used.  The  most  common  piles  are  of 
wood.  These  should  be  fairiy  straight  thniout  their  length  and  be 
not  lees  than  7-in  diameter  at  die  tip.  In  hard  driving,  hard  woods  are 
best.  In  easy  driving,  soft  woods  are  nearly  as  good.  Woods  that  split 
readily  do  not  make  good  piles  for  drop-hammer  driving.  There  are  two 
different  kinds  of  pile-drivera.  The  drop-hammer  driver  has  an  iron  ham- 
mer weighing  from  1500  to  2000  lb  falling  fre^  between  two  vertical  tim- 
ber leaders  40  or  45  ft  high.  The  hammer  is  ndsed  by  a  rope  which  passes 
over  a  Uock  at  the  top  of  a  leader  and  winds  np  on  a  drum  at  the  ground 
levsi.  This  driver  ^ves  heavy  Uows  at  oomparatively  long  intervals. 
The  steam  hw«w»T  has  a  harnxDer  wei^iing  2600  to  8000  lb  driven  thru  a 
short  Uow  by  ateam  piston.  The  entire  wei^t  of  the  frame  holding  the 
steam  cylinder  and  hammer  rests  on  top  of  the  pile  and  is  guided  by  a  leader 
as  in  a  drop-hammer  driver.  The  steam  hammer  gives  very  rapid  blows, 
not  allowing  the  earth  to  come  to  rest  about  the  pile.  It  is  a  well  authen- 
ticated fact  that  in  most  soils,  the  pUe  has  greater  bearing  poww  some  time 
after  being  driven  than  it  has  immediately  after  the  last  blow  of  hammar. 
The  steam  hammer  takes  advantage  of  the  reverse  of  this  condition. 

In  soils  composed  of  nit,  elay,  fine  sand  or  other  fine  materials,  the  sink- 
ing or  driving  of  lales  may  be  greatly  assiBted  by  use  of  a  jbt  or  watsb 
applied  at  the  tip  of  pile.  This  is  carried  by  a  hose  or  pipe  down  the  side  of 
a  pile  to  the  tip.  It  makes  no  apparent  difference  if  the  discharge  is  not 
under  the  center  of  the  tip.  The  action  is  not  to  foroe  the  material  out  of 
place,  but  to  flood  the  soil  under  pile  so  that  the  weight  of  the  pUe  with 
the  hammer  on  top  will  cause  the  pile  to  sink  into  it.  Therefore,  a  large 
amount  of  water  is  required  rather  than  high  noszle  velocity. 

In  some  cases,  the  upper  portion  of  the  soil  may  have  no  supporUsg 
power  whatevn*,  so  that  even  if  a  pile  penetrates  hard  pan,  the  upper  part 
of  the  pile  will  act  as  a  column  fixed  at  the  bottom.  But  in  all  ordinary 
cases,  its  resistance  to  buckling  is  greater  than  its  bearing  power  under 
such  conditions.  Bearing  power  is  dependent  upon  the  bearing  power 
of  soil  under  the  tip,  usually  small,  plus  friction  between  the  sides  of  pile 
and  the  surrounding  soil.  Most  commonly  used  formulas  for  bearing 
power  are  Engineering  News  Formulas,  devised  by  Wellington :  For  drop- 
hammer  driver,  safe  load  in  pounds  2  wh/^a  -\-\).  For  steam  hammer 
driver,  safe  load  in  pounds  2  wk/  («  -|-  0.1).  In  both  ffnmulas,  w  r^>reseDte 
wn^t  of  hammer  in  pounds,  h  the  fall  of  hammer  in  feet  for  last  blow, 
and.s  the  penetration  of  pile  in  inches  under  that  blow.  This  last  blow 
should  be  struck  on  solid  wood  and  not  on  a  broomed-out  «id.  For  large 
structures,  or  where  the  soil  is  very  irregular,  inles  may  be  loaded  to  deter- 
mine the  bearing  power.  This  ia  the  only  practical  way  to  find  the  bearing 
power  of  concrete  piles.  Knowing  the  load  to  be  carried,  and  the  safe  bear- 
ing power  of  pile,  tW  number  of  piles  may  be  determined  by  ample  division, 
It  is  common  to  apaoe  piles  on  3-ft  centers  in  staggered  rows. 
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CMKMte  PUm.  Exospt  for  tempwuy  Btruotuns,  wood  pOos  abau 
not  be  used  except  where  they  will  always  be  wet,  unleaB  they  are  titan 
oreosoted.  Recent  years  has  seen  the  inttoductioo  to  a  Urge  extent  of  co 
orete  piles.  These  not  only  withstand  ordinary  decay,  but  are  also  uzuiffeeb 
by  the  various  wood  destroying  Mtimftln  in  southern  waters.  The  Raytncx 
concrete  pile  is  made  by  driving  into  place  a  tapering  shell  of  sheet  iiv 
covering  a  collapsible  core.  These  may  be  bad  of  almost  any  ordinAi 
sise.  After  driving,  the  core  is  collapsed  and  withdrawn.  The  abeU  i 
filled  with  concrete.  The  Standard  Mmplea  pile  is  made  by  first  drivin 
a  oast  iron  oyUndar,  to  the  bottom  end  of  whieh  is  loosely  fastened  a  Uua 
pdnted  cast  iron  oone.  After  driving,  conoiete  is  plaoed  to  a  d^tfa  a 
2  or  3  ft  and  the  iqrlinder  Is  raised  leaving  the  ptnnt  in  plaee.  The  ocMicrei 
ia  in  contact  with  soil,  and  hy  tamiung,  further  oonii»e8Rion  of  the  aoS  & 
obtained.  This  process  ia  repeated  until  the  top  of  the  pile  is  reached 
Both  Raymond  and  Simplex  i^ee  may  be  reinforced.  The  use  of  iron  and 
steel  piles  has  been  almost  entirely  discontinued  by  the  introduction  oi 
concrete  pilee. 

Sheet  Piling  is  used  for  coffer-dams  idiere  it  is  necessary  to  mvrk 
several  feet  below  the  normal  water  leveL  Wood  sheet  piling  is  made  bgr 
driving  2  by  6  to  10  in  planks  edge  to  fidge.  Theas  should  be  earefulljr 
guided  in  order  to  keep  tiie  jt^ts  ti^t.  Waling-i»eces  are  used  to  help 
giAde  the  piling.  Also  the  tip  to  one  edge  of  plank  is  sharpened.  Two 
or  three  thickneesee  of  planks  will  give  the  best  results,  each  thickness 
breaking  joints  with  those  already  driven. 

Steel  Sheet  Piling  will  withstand  much  greater  pressures.  Tbey  an 
driven  in  just  the  same  way  as  the  plank,  except  that  they  interlock  on  thdr 
edgee,  and  thus  assure  practically  tight  joints.  Joints  may  be  made  ti^t 
hy  driving  wooden  sbipa  into  the  interlofsk.  These  swell  and  ti^iten  the 
Joints.  While  sted  pUing  has  a  higher  initial  ooat,  it  m^  easily  be  whb- 
drawn  and  used  again,  whereas  the  plank  is  largely  destroyed. 

If  bed  rock  can  be  reached  without  serious  difficulties,  footing  cooisae 
for  bridge  abutments  and  piers  should  be  plaoed  on  such  rock.  This  does 
away  for  all  time  with  any  trouble  from  scour  during  spring  floods.  Even 
with  sand  and  gravel,  the  footings  should  be  carried  well  down  below  the  top 
surface  unless  piles  are  ussd.  And  in  all  cases,  other  than  rock  bed,  lane 
stone  or  rip-rap  should  be  piled  around  the  bottom  of  the  abutment  or  pier 
in  sufficient  quantity  to  avoid  all  dasgar  due  to  sooor. 

See  (2),  (9)  and  (12b). 


The  most  common  method  <rf  placing  footings  and  tonndatioas  uodtt 
water  is  to  build  some  form  of  coffer-dam  around  the  site  and  pump  oat 
the  water.  If  the  water  is  not  over  3  or  4  ft  deep,  and  there  is  prartieallT 
no  current,  the  coffer-dam  may  be  built  of  material  excavated  from  the  ate 
of  foundation.  If  there  is  a  current,  washing  away  ef  such  a  wall  may  be 
prevented  by  surrounding  it  with  bags  filled  with  gravel  or  with  gravd  mod 
clay.  If  tiie  current  is  very  consideraUe,  buikl  the  entire  wall  of  bap 
filled  with  gravri  and  day.  For  depths  up  to  6  or  8  ft,  idaak  rinet  pffi^ 
may  be  used  witinut  a  puddle.  A  puddl»-waU  ooffn^dam  is  boilt  bgr 
driving  two  rows  of  sheet  piling  sU  around  tlie  site  of  foundatioo.  The 
distance  between  the  two  rows  ^ould  not  be  lees  than  H  the  depth  briow 
the  water  level.  This  space  Is  always  filled  with  gravel,  gravel  and  ehy, 
or  gravel  and  loam.   Gravel  should  always  be  preeent,  as  leaks  thru  tk 
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puddle  will  often  stop  themoelves  by  gravel  filling  the  leak.  Clay  or  loam 
will  arch  over  such  a  leak  and  not  fill  it.  For  depths  up  to  about  10  ft, 
the  rows  of  sheet  piling  may  be  braced  by  8  by  8  in  timbers  forming  a  hori- 
sontal  frame  all  about  the  inside  of  the  piling.  These  timbers  are  called 
Wales.  For  greater  depths,  it  may  be  ueoesBsry.  to  drive  ordinary  wood  piles 
from  6  to  10  ft  apart  and  brace  the  sheet  piling  to  these.  See  (9}  and  (12b). 


The  use  of  coffer-dams  involves  the  use  of  some  kind  of  pump  to  keep 
the  site  of  the  fotmdation  free  from  water.  If  the  water  is  shallow  and  the 
dam  is  tight,  the  water  may  be  removed  by  an  ordinary  plunger  pump 
worked  by  hand.  Such  a  pump  is,  however,  seldom  sufficient.  The 
diaphragm  pump  oonsists  of  a  short  cast  iron  cylinder  with  a  flexible  rubber 
diai^uagm  horiKintaUy  across  at  the  tnid-height  of  the  cylinder.  The  pump 
handle,  fastened  to  the  middle  of  the  diaphragm,  gives  the  piston  action  1^ 
the  rise  and  (all  of  the  diaphwigm,  in  oentw  of  which  is  the  tsIto.  It  b 
operated  hand  or  by  gasoline  en|^  and  has  a  cspmaty  of  26  to  100 
cal  per  min. 

Steam  Slph<m  Pomps  operate  by  the  creation  of  a  partial  vacuum  in 
the  intake  pipe  by  the  injection  of  steam  within  or  near  the  entrance  to 
the  discharge  pipe.  Of  the  several  siphon  pumps  on  the  market,  the  most 
common  is  the  pulsometer.  If  water  in  large  quantities  must  be  handled, 
the  centrifugal  pump  should  be  used.  This  is  a  siphon  pump  irtiere  the 
vacuum  is  created  1^  a  fan  revolving  in  a  eylindrical  case.  The  intake  is 
at  the  oento-  of  the  cylindw  and  the  discharge  is  at  the  aircumfemioe. 
The  amount  of  water  handled  is  dependmt  uptm  the  gpeed  of  the  fan  which 
may  be  run  at  from  400  to  700  rev  per  min.  The  most  common  sixes  have 
discharge  pipes  of  6,  8  and  10  in  and  the  largest  at  high  speed  having  a 
capaci^  of  14  000  gal  per  min.  See  (9)  and  (12b).  Another  important  ad- 
vantage of  a  oentrifugfd  pump  is  that  the  only  valve  is  the  flap  valve  at  the 
foot  of  the  intake.  When  in  use,  this  is  constantly  open  and  pennits  the 
bee  passage  thniout  the  pump  of  stones  of  considumUe  aise. 


Along  both  sides  of  fills  of  any  considerable  depth,  there  should  be  built 
guard  rails  or  fences.  Wooden  fences  are  built  of  oedar,  white  oak  or  chest- 
nut posts  6  in  in  diameter.  These  are  6  ft  6  in,  Msasachusetts  standard, 
or  7  ft,  Connecticut  standard,  in  length,  placed  3  ft  6  in  above  the  ground. 
The  top  of  the  post  is  fish-tailed  in  the  line  of  the  fence  and  Uie  top  rail  is 
made  ot  Ahy  4  in  timber  set  into  fish-tail  so  that  the  diagonals  of  croas- 
seetion  of  Umber  are  horisontal  and  vertteaL  Or  the  top  of  post  may  be 
sloped  about  30°,  and  2  by  6-in  planks  sinked  across  the  tops.  Posts  are 
set  8  ft  apart,  and  rails  should  be  16  ft  in  length.  Another  rail  of  2  64n 
plank  should  be  fastened  to  highway  side  of  the  poets  so  that  the  top  edge 
of  this  rail  is  about  1  ft  6  in  below  the  top  of  the  post.  AU  joints  in  the  top 
rail  should  be  covered  with  a  sheet  of  lino  thoroty  nailed  down  to  prevent 
water  from  getting  into  the  joint.  The  entire  fence  should  be  painted  with 
two  coats  of  white  lead  and  oil,  making  them  visile  at  night.  Sudi 
guard  nOe  cost  from  25  to  40  ceata  par  lin  ft. 
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Across  culverts  or  where  the  road  is  retained  by  masonry  walls,  pipe 
fences  may  be  used.  The  Massachusetts  standard  iron  inpe  fence  requiiea 
the  posts  to  be  of  2-in  pipe  sod  rails  to  be  of  IH-in  pipe-  There  are  3  mPs 
spaced  13  in  center  to  center,  the  center  of  bottom  rail  being  10  in  above 
the  ground.  The  Connecticut  standard  requires  poets  to  be  of  3-in  pipe 
and  rails  to  be  of  2-in  pipe.  Two  rails  15  ia  center  to  center,  the  center 
of  bottom  rail  being  15  in  above  ground.  Posts  are  set  not  more  than  S 
ft  center  to  center  and  are  sunk  10  to  12  in  into  the  masonry  thru  east  iron 
flanges,  which  are  8  in  in  diameter  for  2-in  jape  and  7  in  in  diameter  for 
3-in  pipe.   The  flanges  are  bolted  to  the  eonofete  by  four  or  9i-ui 

bolts.  The  fences  should  be  painted  with  two  ooats  of  white  lead  paint. 


Concrete.  Wherever  there  is  slightest  danger  from  brush  fires,  or  where 
timber  ie  more  expensive  than  concrete  materials,  concrete  and  wire  fences 
or  concrete  ftmoes  may  be  built.  Concrete  posts  should  be  about  7  ft  kmc 
with  3  ft  6  in  in  the  ground.  They  are  6  in  square  at  top  end  and  6  in 
square  at  bot'tom  end.  For  wire  fences,  place  H-in  round  rods,  greased, 
in  the  forms  in  which  the  posts  are  cast,  in  such  a  way  that  the  rods  may  be 
withdrawn  leaving  holes  for  the  wire  strands  to  pass  thru.  Or  take  pieces 
of  No.  12  copper  wire,  bend  in  the  middle  and  insert  them  in  the  post  forms 
so  that  about  2  in  of  the  free  ends  will  be  outside  the  face  of  the  posts  to 
fasten  the  wire  leaciug  to  the  posts.  Cost  will  vary  from  10  to  26  esnts 
per  lin  ft. 

Concrete  guard  raib  may  be  built  of  concrete  rails  set  on  top  of  concrete 
posts.  The  rails  sre  built  with  a  rectangular  trough  section  fitted  with 
cross  diaphragms  connecting  the  side  and  top.  The  rails  are  generally 
reinforced  and  are  set  about  3  ft  2  in  above  the  ground.  The  ooat  of  eco- 
erete  guard  rails  is  estimated  to  be  about  50  cents  per  Un  ft. 

Concrete  Psrapet  Walls  in  place  of  pipe  rail  fences  may  be  built 
2  ft  6  in  high  and  8  in  thick  with  panels  1  ft  2  in  high  and  not  over  7  ft  4  in 
in  length  for  8  ft  center  to  center  of  panels,  sunk  1  in  deep  into  each  side  of  * 
the  wall,  making  the  wall  6  in  thick  at  panels,  and  leaving  8  in  of  thickness 
around  the  panels.  This  wall  should  be  reinforced  hy  3-in  lO-^uge  expanded 
metal  weighing  0.9  lb  per  sq  ft,  i>laced  in  the  middle  of  the  thictoieBS  of 
the  wall  running  its  entire  length,  and  extending  from  the  bottom  of  the 
wall  to  within  3  in  of  the  top.  Also  in  the  middle  of  the  thickness  of  the 
wall  and  wired  to  expanded  metal,  should  be  placed  ^-io  twist«d  aqpuare 
rods  extending  vertically  from  3  in  below  top  of  wall  to  20  in  into  concrete 
below  parapet  wall.  These  should  be  spaced  not  over  4  ft  center  to  center, 
that  is,  two  to  every  panel  length;  to  2  in  inside  the  two  top  comen 
of  the  wall  should  be  placed  H-in  twisted  square  rods  running  horixoo tally 
tia  entire  length  of  mil.  At  each  end  of  wall  and  east  as  an  inteval  part 
of  the  wall,  place  concrete  post  12  in  square  and  2  ft  8  in  high,  having  the 
comers  chamferred  to  match  the  paneling  of  the  wall.  The  top  of  post 
should  be  a  square  pyramid,  1  in  bi^.  Place  one  of  the  H-ia  vcrticsl 
rods  in  the  middle  al  the  pt>st  and  continue  the  expanded  metal  thru  10 
in  of  the  post,  that  is,  within  2  in  of  the  end  of  concrete. 
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CORROSION  Ain>  PRESERVATION  OF  IRON  AND  STEEL 

1.  Corrosion  of  Metal 

CauiM  of  CofxorinL  Iron  corrosion  is  eenerally  due  to  aelf-electrolysis 
which  is  distinct  from  the  type  of  external  corromon  caused  by  escaped 
currents  from  hi^  potential  electric  Ugbticg  or  power  circuits.  Iron 
always  oontains  impurities  such  as  carbon  and  manganese  which,  when 
segregated,  in  the  preeenoe  of  moisture,  are  electrically  opposed  to  iron. 
These  impurities  are  generally  of  an  electro-negative  nature  and  thus  force 
the  electro-positive  iron  into  solution.  The  air  present  oxidises  the  iron 
in  solution  and  precipitates  it  out  as  rust.  The  vater  thus  freed  from  the 
iron  oxide  again  attacks  the  metal,  serving  as  an  electrolyte  for  the  currents 
that  flow  from  different  areas  of  the  surface.  Under  favorable  clrcum- 
stftDces.  this  reaction  may  proceed  until  the  metal  Is  entirely  transformed 
into  rust.  This  would  indicate  that  the  apinnaoh  of  iron  or  steel  to  chemi- 
cal purity  will  lead  to  added  resistance  to  ooirosion.  The  presence  of  im- 
purities invites  segregation  which  causes  surface  diEFerencee  of  potential 
and  stimulates  electrolytic  action.  Freedom  from  gases  is  also  an  impor- 
tant factor  in  the  manufacture  of  coirosion-reBistiDK  metal.  Scratches, 
pitholes  or  abrasions  on  steel  become  centers  of  corrosioo,  as  they  are 
electro-txHritive  to  surrounding  areas.  In  assembling  metal  parts  in  struo 
tural  work,  metals  containing  different  percentages  of  carbon  or  other 
impurities  are  apt  to  set  up  corrosion  at  points  where  th^  touch,  the  electro- 
positive metal  being  rap^Uy  destrojred.  It  ia  therefore  advisable  to  have 
Ul  rivets  of  the  same  oompositifm  as  the  plates  which  they  fasten  together. 
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Aoidfl  preseot  in  water  stimulate  electrolytic  action.  Cont«ct  with  car- 
bonaoeouB  Bubstancee  also  stimulates  oorrosioa.  as  such  BUbataaoes  tend  Co 
make  iron  more  electro-positive,  and  thus  increases  the  differeoces  of  poten- 
tial. Unequal  abrains  or  stresses  on  the  surface  of  the  metal  alao  have  a 
corroBive  tendency^ 

Effect  of  Watsr  and  ImpotittM  in  Water.  Hie  presence  of  carbonie  and 
■nlphurio  acid  hi  tiie  air  hi  indtutrial  ootomtmities  oausea  oonddanfale  man 
oorroeion  at  such  iwinta.  These  impurities  are  abeorbed  tnm  tbio  wr  bf 
rain  water  which  may  fall  upon  iron  structuras.  Waters  oontaioins  moat 
salts  or  acids  increase  the  electrical  conductivi^  of  the  solutioD  and  there- 
fore stimulate  the  galvanic  action  which  is  reqjooaible  for  corrooioD.  Salt 
water  atimulates  corrosion  rapidly  on  account  of  its  conductivity.  Mhu 
waters  stimuUte  corrosion  on  accotmt  of  the  pr«eenoe  of  sulphuric  acsd. 
Strong  alkalioe  water  actually  inhibits  corrosion,  as  it  trads  to  make 
the  surface  of  the  metal  passive  to  electrdyais.  Very  dilute  alkaline  water, 
however,  causes  a  tendency  to  pit.  The  pressnoe  of  dissolved  ozycen  fa 
water  "canses  rapid  corroaion.  If  water,  which  is  to  be  used  for  bofler 
purposes,  is  first  freed  from  its  ozj^gen  content,  much  less  oorroBim  of  the 
tubes  will  occur.  The  ozs^ten  in  sewage-laden  waters  haa  been  used  up 
in  oxidising  the  organic  matters  present.  For  this  reason,  aewace  water 
does  not  exert  as  corrosive  an  action  upon  metal  as  ordioaiy  fresh  water. 
Iron  assumee  a  passive  state,  in  which  it  will  not  rust,  after  it  has  been 
dipped  into  a  strong  solution  of  certain  oxidising  agents,  such  as  chnHnio 
add,  potassium  bichromate  or  strong  nitric  acid.  This  passivity  of  sur- 
face rouains  for  some  time,  even  aftn  removal  from  the  reagenta. 
Biohromate  oi  potash  is  i»obably  the  most  effldmit  inhOator.  Two  pounda 
of  the  salt  dissolved  in  3000  gal  of  water  fumishea  a  solution  which  wjD 
keep  steel  l»ight  when  immersed  therein.  The  surface  of  the  steel  is  ten- 
dered pasrive  and  does  not  rust.  Immersion  of  steel  in  a  6%  solution 
oi  potassium  bichromate,  subsequently  washing  off  the  solution,  produees 
a  passivity  which  resists  conodon  in  the  air  for  some  time.  Id  rapidly 
moving  waters  highly  charged  with  oxygen,  the  corrosion  of  iron  would 
not  be  as  great  as  in  still  waters  similariy  charged.  This  is  especially  tnie 
ol  pipe  lines.  It  is  due  to  the  fact  that  the  ecmatant  swiil  of  the  waten 
prevanta  differences  of  potential  oa  various  sorfaoea  from  beinc  pena' 
nntiy  established,  aa  would  be  tiw  eaae  if  the  water  was  qiiiet. 


Zinc  Coatings.  Zinc  is  a  highly  electro-positive  metal  and  is  beat  suited 
to  use  as  a  metal  protective  coating  on  iitm.  On  account  of  its  eleetro- 
I>ositive  nature,  it  goes  into  stdutifm  in  water,  the  iron  bdng  dectro- 
negative  in  this  reaction  and  thus  i?Eoteated  from  eorroslon.  Hun  ai* 
thiee  methods  of  applying  sine  ooatings  to  htm.  Hie  hot  dip  tanaoa  is 
oanied  out  by  dipping  or  drawing  the  iron  thru  a  tank  of  melted 
spelter,  subeequuitly  drawing  thru  asbestos  wipers  or  putting  thru  loOs  to 
remove  the  excess  sine.  The  iron  is  first  pickled  in  acid  to  remove 
the  scale  from  the  surface.  The  presence  of  any  considwable  peroeotage 
of  arsenic  in  the  tine  produces  an  inferior  onating.  Alloys  of  nnc  and 
iron,  when  formed  in  the  bath  and  coated  upon  metal,  reduce  the  eleotro- 
positive  nature  of  the  coating  and  thus  reduce  its  eflBdenoy.  In  the  blbo- 
TBOitTno  lormoD  ow  ouirANtUNa,  the  sioo  is  deposited  in  a  pun  oooditioa 
far  eleatnilyBjB  of  a  aioo  aohitioo.  The  metbod.  howmr,  mquina  oosMii- 
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arable  time  and  oonmimes  much  current.  Heavy  smooth  coatingB  eannot 
alwi^  be  obtained.  The  tapor  process  of  depositing  sine  ia  known  as 
BBBRABDiziNO.  The  article6  to  be  coated,  generally  small  articles,  such  as 
hardware,  are  placed  in  an  iron  drum,  in  contact  with  sine  dust,  and  a 
temperature  of  316°  C  (600°  F)  reached.  In  one  prooess  the  articles  are 
fdaoed  in  a  rotating  cage  in  contact  with  the  gfm  from  a  reeervoir  of  moltoi 
line.  In  vapor  proeoanoB  very  wen  ooatiogs  are  obtained,  the  inner  put 
of  which  is  generalb'  alloyed  with  the  inm.  Artades  vitfior-galviuiiied 
have  a  surface  which  takes  paint  much  better  than  the  Kxuxtth  spani^ed 
surface  produced  by  hot  galvanising. 

Tin  Plate.  Tin  is  extremely  resistant  to  corrosion  and  is  therefore  used 
in  a  large  way  for  coating  iron  to  form  tin  plate,  especially  for  roofing  pur^ 
poses.  It  is  difficult  to  apply  a  coating  of  tin  to  a  metal  so  that  pinholes 
are  not  left;  in  fact,  moet  all  tin  plate  contains  pinholes  at  various  spots, 
the  uncoated  iron  upon  exposure  going  into  wdution  and  fcsiming  rust 
spots.  These  are  eadly  detected  on  new  tin  floating  over  the  surface 
of  the  plate  a  solution  of  hot  gelatine  contfuning  a  small  amount  of  potas- 
sitmi  ferri-cyanide.  The  gelatine  hardens  upon  cooling.  The  pinholes  will 
be  shown  by  a  brilliant  color  which  indicates  reaction  between  the  uncoated 
iron  and  the  potassium  ferri-cyanide,  with  the  formation  of  Prussian  blue. 
Heavily  coated  tin  plate  will  show  very  few,  if  soy,  spots. 

Copper  is  used  to  a  considerable  extent  for  the  coating  of  metal;  copper- 
coated  wire  and  coppw-clad  steel  being  especially  valuable  for  some  pur- 
poeee.  In  case  of  abnudon,  howevw,  rapid  enrronon  is  apt  to  occur,  ainoe 
iron  is  strongly  electro-positive  to  copper.  This  ooiTodon.  howerer,  jno- 
ceeds  for  a  time  and  then  stops,  a  thin  film  of  copper  compounds  forming 
as  a  preservative  coating  over  the  iron. 

Lead  is  used  to  a  consideraUe  extent  for  coating  iron  (twne  plate),  and 
for  some  purposes  is  very  usefuL  It  is  not  as  durable  as  well  galvanised 
or  heavily  coated  tin  plate. 

Special  Protective  Treatmenta.  There  are  many  other  methods  of  treat* 
ing  iron,  among  which  may  be  mentioned  the  Bowaa-BARFr  pROcBas  of  pro- 
ducing a  surface  of  black  magnetic  onds  by  heating  the  metal  to  81A°  C 
(1500°  F)  in  a  chunber  to  wld(Ax  is  admitted  superheated  steam  or  producer 
gas  rich  in  carbon  monoxide,  Uack  magnetic  oxide  being  thus  formed  upon 
the  surface.  This  is  quite  extensively  used  for  small  articlee,  such  as  iron 
grilling,  builders'  hardware,  stove  pipes,  etc.  The  cost  of  the  treatment 
ranges  from  $5  to  S20  a  ton.  Articles,  thus  coated,  are  resistant  to  corro- 
sion, but  when  they  are  scratched  or  abraded  rapid  corrosion  will  occur, 
since  the  coating  is  electro-negative.  Many  articles  made  of  iron  which 
eannot  be  subjected  to  the  various  treatments  previously  mentioned  are 
BometimeB  made  of  alloys  oontaining  duoniiam,  vanadium  and  other  metals. 
These  are  resistant  to  corroaion  but  are  ezpenave.  Immersion  of  iron  in 
fused  sodium  nitrate  and  other  salts  givee  surfaoe  oxide  coatings  which 
are  more  or  less  resistant  for  a  time  to  oorroave  tendendea  but  are  less 
effective  than  the  protection  given  by  paint. 


Paint  for  Matal.  In  the  itosign  of  protective  coatings  for  metal  surfaces, 
the  modem  practice  has  been  to  apply  the  resists  of  recent  studies  into 
the  causes  of  ocMTOsion.  Sinoe  in  these  studies  it  was  found  that  substances 
of  »  baaio  nature  or  materials  wbid)  contain  soluble  obrpmates  prevent  the 
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ooiTosioD  of  iron,  pigments  of  a  boaia  nature  or  pigments  which  coDt&in 
the  ohroniate  radical  have  been  widely  adopted  toe  use  in  paints  (or  the 
piDtecUon  ot  metal  from  oorrodon.  In  ezpomire  tmtB  at  Atlantic  City 
to  deteimiDs  Uw  durabUi^  oi  various  pigments  in  oil  as  proteetiv«s  cl 
metal  Hurfacee,  over  300  lai^  eteet  teat  panels  were  exposed  m  1908.  8ae 
Proo.  Am.  Soc.  Test.  Mat..  1910-1917.  These  van  all  ghren  three  eaato 
of  paint  made  of  various  materials.  Careful  inspeotions  wore  made  wtry 
year,  the  rating  of  10  indicating  perfect  protection  and  0  iadioating  total 
failure.  The  t«i  panels  reoMving  the  hii^ieet  rating  durins  3  ysan  of 
inspeDtion  aie  ^vbd  herewith: 


Ten  Bj^MBt  Ratings 


1912 

1918 

19U 

FlpMDt 

Rkt- 
iog 

Pignsnt 

Rat- 
ma 

FIgBMnt 

a* 

Atneriesn  vennitlon.. . 
Zfauyand^ead 
chrotnata  

9.9 

9.2 
9,0 
8.8 
8.6 
8.6 
8.6 

8.5 
8.1 
8.1 

American  vcnniUon. . 
Zino-«nd-l6Bd 

9.8 

8.3 
8.0 
7.9 

7.8 
7.8 
7.6 
7.2 
8.8 

8.7 

American  vermilion. . 
Sublimed  blue  lead.. . 

T.5 

«.a 

5.1 
B.I 
4.S 
4.0 
4.t 
4.t 

4.0 
4.0 

Sublimed  blue  lesd. . . 

Willow  cluureosl 

Willow  charooal  

Zh)c~UMl-bvium 

Magnettc  black  oxide' 

Sublimed  blue  lead.. 

Prualaa  blue 
(water  stlmulBtlve). 

Matcnetle  black  oxide 
Zlne«nd-bRriuni 

Natural  snphlts .... 
Zine-and-lead 

Subllmad  whiUlewl.. 
Bedlewl  

Uagaetie  black  oxide 

Unfortimately,  ohromate  pigments  are  expensive  and  are  therefore  used 
only  in  small  percentages  in  metallic  painta.  generally  in  combination  with 
iron  oxides.  The  sublimed  lead  pigments,  the  iron  oxide  pigments  sad 
red  lead  are  reasonable  in  price  and  have  therefore  been  adopted  as  tbe 
baaes  of  many  protective  coatings. 

Inspection  of  Metal  Surfaces.  In  inspecting  pamted  metal  to  detennaw 
ihe  durability  of  various  paints,  the  following  diould  be  noted.  Chalkiaf 
of  paint  is  shown  when  the  paint  ia  rubbed  with  the  hand  or  a  Ukck  dodL 
This  indicates  destruction  of  the  oil.  Moderate  chalking  is  not  detri- 
mental. Checking  or  enuring  of  surface  is  shown  by  paints  which  are  not 
dastio  and  which  become  t»ittle  upon  exposure.  Elasticity  of  film  caa 
be  determined  by  scraping  the  paint  with  a  bciife.  Brittle  coatings  crumble; 
dastio  painta  produce  long  daatic  films.  The  imderljring  metal  should  be 
axamined  with  a  magnifying  glass  for  evidences  of  rust.  Hardnesa  of  paint 
and  resistance  to  moisture  are  shown  by  drawing  a  line  wiUi  a  fountaio 
pen  upon  the  surface.  If  the  ink  does  not  qnead,  the  surfaoe  is  hard  aikil 
does  not  absorb  moisture. 

Painting  Galvanized  Iron.  Galvanised  iron  is  widely  used  for  adiuL 
roofing,  railings,  cornice  work,  drain  pipes,  fence  wire,  etc.  On  account 
of  the  smooth,  spangled  surface,  ordinary  painta  will  peel  after  a  abort 
period  of  time.  This  may  be  overcome  by  first  treating  tbe  metal  before 
painting  with  a  eidution  made  by  dissolving  4  os  of  oopper  aoetat»,  rappv 
mdphate  or  copper  chloride  in  1  gal  of  water.  Tbe  ^pvUcntion  of  tim 
auation  iaoda«se  a  rou^  dwk  surface.   A  few  hours  after  the  ^plk»< 

Google 


Art.3 


Faints  for  Iron  and  Steel 


1473 


tioQ,  the  Hurface  may  be  lightly  brushed  and  then  painted  vdth  a  nut  io- 
hibitive  paint.   The  paint  will  firmly  adhere  to  such  a  surface. 

Painting  Tinned  Suifaces.  The  rapid  comMoon  of  tin  plate  pcnnte  to 
the  neoeesity  of  painting  tin  roofs  a  day  or  so  after  placement.  The  palm 
oil  or  other  grease  upon  the  surface  may  be  removed  by  wiping  with  a 
cloth  saturated  with  bensine.  The  paint  may  then  be  applied.  Iron 
oxide  punts  oontaimng  10%  of  sine  chroma te  have  given  ezcdlmt  zesulta 
for  this  purpose. 

Painted  Cttlrerta.   Culverts,  plain  or  corrugated,  are  usually  galvaniied. 

If  the  coating  is  heavy,  the  corrosion  resistance  ia  usually  emellent  ezoept 
in  strong  alkaline  soil  that  has  a  solvent  effect  upon  cine.  Black  iron 
culverts  that  have  been  painted  may  replace  galvanized  culverts  for  some 
purposes.  The  black  culvert  segments  should  be  coated  at  the  factory 
with  a  rust  inhibitive  priming  coat  of  paint  made  of  red  lead,  blue  lead, 
ohnmiated  or  litharged  iron  oxide,  etc.  After  forming,  the  culverts  should 
be  dipped  at  the  fabricating  shop  in  a  Uaclc,  watni^edsting,  liquid  bitu- 
minous paint  made  of  asphalt  or  blown  petroleum  reodue.  Such  i>ainta 
dry  nqndly  and  do  not  become  soft  during  shipment  as  would  be  the  case 
if  the  culverts  were  dipped  in  hot  asphalt  or  tar.  CiUverts  treated  in  the 
manner  outlined  above  should  withstand  corrosion  for  many  years,  if  the 
base  metal  is  corrosion  resistant. 

Bitnminoua  Paints.  Tar  and  asphaltio  paints  have  c»me  into  wide  use 
for  coatings  upon  cast  iron  or  riveted  steel  water  carriers.  Some  of  these 
are  made  by  blending  asphalt  with  coal  tar  pitch,  linseed  oil,  resinous  var- 
nishes and  similar  ingredienta,  altho  the  modem  practice  is  to  use  heavy 
petn^eum  residue,  Bometimes  fluxed  with  gilsonite.  This  is  usually  heated 
to  150"  C  (302**  F)  or  over  in  order  to  bring  it  to  a  molten  condition,  the 
heated  pipes  being  plunged  tJkerein  and  removed.  The  adba«d  coating 
becomes  hard  in  the  air  in  a  short  period  of  time.  Subsequent  baking 
produces  a  more  resistant  film. 

Coal  tar  paints  for  brushing  purposes  should  be  made  from  refined  tar 
that  has  been  freed  from  ammonia  and  water,  which  cause  saponification 
and  noQ-adherence.  The  presence  of  much  naphthalene  or  free  carbon 
is  detrimental  to  such  paints  and  is  apt  to  cause  cnudng  and  early  disinte- 
gration. For  the  preparation  of  coal  tar  paint,  refined  tar  should  be  heated 
to  120*  C  (248°  10  until  the  water  is  evaporated.  Ten  percent  itf  quick- 
lime may  then  be  added  to  neutralise  the  free  atnds.  A  small  quantity 
of  Portland  cement  may  also  be  added,  if  desired.  This  mixture  may  bo 
applied  hot.  When  making  a  thinner  paint  to  be  applied  with  a  brush, 
there  may  be  added  to  the  heated  coal  tar  5%  of  quicklime,  5%  of  red  lead 
and  20  %  percent  of  gloss  oil  made  by  dissolving  rosin  in  an  equal  part  of 
benzine.  This  paint  dries  rapidly  to  a  hard  film  having  a  high  gloss. 
Coal  tar  paints  are  not  very  serviceable  when  exposed  to  the  sun,  since 
alligatoring  or  checking  takes  place,  the  action  of  the  sun  causing  disin- 
tegration of  the  tar  and  the  formation  of  free  carbon.  This  ia  partially 
overcome  by  the  addition  of  Chinese  wood  (h1  and  asbestine  to  a  ooal  tar 
paint.  These  paints  have  proved  very  aerdoeaUe  vhoi  iq>plied  to  metal 
diat  is  to  come  in  contact  with  acid  fumes,  such  as  pipe  fines  or  tanks  in 
or  near  acid  factories. 

Tunnel  Work.  Iron  in  tunnel  work  may  be  protected  from  oorrosion 
by  the  application  of  a  prime  coating  of  red  lead  or  other  inhibitive  paint, 
subsequently  applying  an  asphaltic  or  ooal  tar  paint,  such  as  those  outlined 
Above.    An  asphaltic  paint  vhicfa  gives  good  results  for  this  purpoee  may 
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be  prepared  from  a  heavy  Uown  petnJeum  reridue  fluxed  with  gjlatwite. 
Thia  IB  dissolved  in  bensol,  turpentine  or  a  mixture  of  these  aidvsiits  with 
petroleum  distillates. 

Marine  Paints.  Metal  that  is  to  be  ezpoeed  in  salt  water  or  mmnhy 
land  is  subject  to  rapid  oorromon  and  incruatation  with  marine  growtliBL 
It  is  advisable  in  some  cases  to  apply  to  such  metal  paint  coatings  <tf  an 
anti-fouUng  type,  which  contain  soaps  of  copper  or  other  poisonous  com- 
pounds, or  which  contain  oxide  of  mercury  or  bichloride  at  mercury.  Such 
paints  are  usually  made  upon  a  shellao-alcohol  base,  lino  and  irtm  foidea 
oonstituting  the  major  part  of  the  pigment  porticKi. 

Tank  and  Steel  Timber  I^lnts.  Inm  'watK>4anlBi  along  raadwaam  win 
rapidly  corrode  unless  iKtinted  both  on  the  faiside  and  outside.  A  vcty 
satisfactory,  hard  drying  paint  for  this  purpose  may  be  prepared  by  addhiB 
2  lb  of  litharge  to  a  ready  mixed  red  lead  paint.  A  water-resisting  bitu- 
mioouB  paint  should  be  applied  as  a  tc^MMatw.  Steol  mine  timben  wfaick 
are  subjected  to  the  effect  of  sul^>faur  water  and  gases  ia  wiam  may  bi 
protected  with  the  same  paints. 

General  Structoral  Ste^  Bridges,  gmeral  structural  atmH  work  of  afl 
lands,  lamp-poets,  letter  boxes,  omauMntal  ironwork,  ete  may  be  ti&- 
eiently  preserved  b<om  eMroeicm  by  the  application  td  prspwed  rust  faiia- 
Utive  paints  such  as  those  shown  bdow. 

Red  Lead  Paints.  When  red  lead  is  ground  in  oQ  to  a  stiff  paste.  100  tb 
of  the  paste  may  be  reduced  with  2  gal  of  and  2  pints  of  tuipentiDe 
drier.  This  will  furnish  a  Uttlo  over  4  gal  of  paint,  containing  about  33  lb 
dry  red  lead  per  gallon.  The  spreading  rate  qf  this  paint  will  be  abont 
400  to  500  ft  per  gal.  The  cost  of  the  punt  will  be  about  S2.50  per  gaL 
Red  lead  paste  is  uaiudly  made  of  red  lead  that  does  not  contain  any  fne 
Utbarge.  Consequently,  the  protective  quality  of  the  red  lead  is  reduced. 
The  best  pnetioe  is  either  to  purohase  a  ready  mined  red  lead  paint  or 
to  use  pure  dry  red  lead  purehased  on  the  fdlowing  apecafioatioDS,  mixing 
the  paint  on  the  job: 

SpDcmcATioifB: 

1.  The  dry  pigment  to  be  of  the  beet  quality,  fne  tnm  aU  adulterants, 
and  not  to  contain  leas  than  85%  nor  more  than  00%  FbiOi,  the  mnaindw 

being  practically  pure  lead  monoxide,  PbO. 

2.  It  shall  contain  not  more  than  0.1%  of  metallle  lead  nor  more  than 
0.1  %  of  alkaU  figured  as  NatO. 

3.  It  shall  be  of  such  finenees  that  not  more  than  0.5%  remaina  aflcr 
washing  with  water  thru  a  No.  21  silk  bolttng-doth  aeve. 

FoBKuia.  roB  MixiNQ  Dbt  Ran  IdUB  Paimt: 

Specification  red  lead   38  ib 


This  will  yield  about  gal  of  paint  ovrting  about  $1.75  per  gal.  For 
tinting  this  paint  to  a  chocolate  color  tor  final  ooat  woric.  add  4  os  erf  lamp- 
black in  ofl  to  I  gal  of  paint  This  punt  may  be  used  upon  all  stnietural  work. 

Bine  Lead  Paints.  Bhw  lead  paints  msy  be  purchased  in  prvtMnd  form 
on  the  following  formula  which  can  be  used  ior  the  priming  ooat  on  sH 
types  of  structural  work: 

SubUmed  blue  lead   04  Ib 

Linseed  oil   32  \h 

Turpentine  drier   3  lb 


Raw  linseed  oil 
Turpentine  .  , . 


28  gills 
4gills 
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If  desired,  blue  lead  m»y  be  purchased  ground  io  oil  in  the  proportioD  of 
90  parte  of  pigmeat  to  10  parte  of  oiL  For  Grat  coat  work  100  parts  of 
the  paste  should  be  thinned  with  gal  of  oil  and  I  quart  of  turpentioe. 
For  seoond  and  third  ooat  work,  100  parts  of  paste  may  be  thinned  with 
5  gal  of  oil  and  1  pint  of  drier.  The  cost  of  blue  lead  paints  will  average 
about  $1.50  per  gal.   The  spreading  rate  will  average  about  900  ft  per  gal. 

Iron  Olid*  Paints.  Rust  inhibitive  paints  made  upca  tat  iron  oxide  base 
and  eontaining  from  10  to  lfi%  of  imo  diromato,  red  lead,  sine  oxide 
and  similBr  inhibittve  pigments,  ooms  in  prepared  iorm  ready  iat  usa. 
The  cost  is  usually  about  11.60  per  gal  and  the  ^wsading  rate  about  900 
ft  per  gal.  These  paints  are  especially  suited  for  ^^dioation  to  tin  roc^ 
and  metal  siding  or  for  general  structural  purposes. 

Black  Paints.  Carbon  black  and  grapUte  form  the  pigment  base  for 
many  prepared  protective  paiote.  Litharge,  red  lead,  siUca  and  other 
pigmente  are  sometimes  added.  These  paints  should  be  used  as  top-coaters 
over  a  thoroly  inhibitive  priming  coat  of  paint.  Black  iron  oxide  is  coming 
into  USB  as  a  permanent  blaok  protective  ooating.  In  imotiee  it  has  given 
servioe. 

Estimating  Aims  and  Psints  (or  Stesl  Stroetores.  Chapman  (9)  gives 
the  following: 

"  The  surface  area  of  a  steel  structure  may  be  calculated  by  use  of  the 
following  -formulas  in  connection  with  the  material  lulls  giving  the  tonnage 
of  the  various  shapes; 

"  Let  3  =  square  feet  of  surface  per  ton  of  metal,  and  to  —  wdght  d 
shape  per  running  foot,  pounds.    Then,  for 

"  I-beams:   5  =>  (56  800A  +  64  800)/w,  where  h  -  dqith  of  beam,  inches. 

"  Channels:   8  -  (4346  +  500) /w,  where  6  -  width  of  channel.  Inches. 

"Angles  (equal-leg):  £F  •=  (6606  —  2I)/u>,  where  width  of  each 
leg,  inches. 

"  Anf^  (unequal-leg) :  iS  "  3220b/w,  where  b  -  sum  of  widths  of  both 
legs,  inches. 

"  Z-bars:   S  -  (52h  +  1000)/u>,  where  h  -  depth  of  web  (out  to  out), 


"  Plates  (both  ndes):   jS  —  100/t,  where  t  "  thicknesst  inches." 

The  spreading  rate  of  metal  paints  will  averaffe  from  600  to  1000  ft  per 
sal,  acoording  to  the  pigments  used  and  condition  of  surface.  Red  lead 
paints  generally  average  700  ft;  iron  oxide  paints,  prepared  rust  inhibitive 
paints  and  Uue  Isad  paints,  900  ft  per  gal. 

4.  Prmntioii  <rf  Electrolysis  in  Concrete  Strnctnres 

Paints  to  Prevent  Elsctrolysis.  Rapid  corrosion  takes  place  when  an 
electric  current  is  passed  thru  an  iron  anode  immersed  io  an  electrolyte, 
aueh,  for  instance,  as  sidt  water.  When  damp  oement  contains  an  em- 
bedded iron  anode  the  c«nent  sots  ss  an  elecfcrdyte,  and  the  same  rusting 
action  takes  place,  regardlees  of  the  faat  that  concrete  contains  sufficient 
lime  to  inhibit  corrosion  when  no  electrical  currents  are  present.  With 
the  electrolytic  change  of  metal  into  oxide  comes  an  increase  in  volume 
of  the  products  of  reaction,  and  there  is  developed  an  enormous  expansive 
force  of  mechanical  pressure,  which  is  sufficient  to  crack  the  strongest 
forms  of  concrete. 

Sources  of  Cturents.  Corrosion  may  therafore  be  expected,  with  its 
attendjunt  results,  whui  sufficiently  hi^  voltage  direct  currents  enter  the 


inches. 
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Iron  of  a  concrete  fltructura,  eitha'  thru  oontaot  with  conductors  of  light 
and  power  circuita,  contact  with  water  or  ■»  pipw  cairyiiiK  dinct  cor 
rents  from  grounded  power  lines,  thru  defective  insulation  of  eleetncml 
wiring,  or  from  similar  souroes.  That  the  damaie  is  greatest  to  new  ajuc- 
tuiCB  is  due  to  the  foot  that  the  oonerate  is  then  damp  and  a  better  deetio- 
Ijrte  tlum  when  it  beoomee  dry  tram  ace.  Much  of  thie  damase  mar  b» 
prevented  the  adoption  of  euitaMe  forms  of  foundation  wateri»oofinft 
exterior  insulating  joints  for  pipe  lines,  isolation  of  lead-oovored  rshks 
entering  buildinga,  and  otiier  insulating  devices.  Of  equal  importaooe. 
howevw,  should  be  the  safeguarding  of  the  metal  with  suitable  insulatoig 
and  bonding  paints  before  it  is  embedded  in  oemeot. 

Method  of  HtUaf  Good  Bending  Stufaces.  In  maldog  up  speciineu 
for  test,  the  objection  to  using  paints  which  dry  upon  metal  to  a  ^ow 
surface  and  which  prevent  proper  bonding  of  the  cement  mi^t  be  over- 
come by  api^ng  to  the  painted  surface,  while  tt  is  still  tacky  (not  dry), 
■harp  partieleB  of  sand  or  similar  materiaL  Emeiy  powder,  abrasive,  and 
fine  quarts  sand  have  been  used.  When  allowed  to  drain  upon  a  painted 
rod,  the  particles  become  attached  to  the  paint  and  dry  with  it,  forming 
a  rough  surface  resembling  coarse  sandpaper.  After  thoroly  drying,  the 
particles  are  solidly  embedded  in  the  paint,  which  thus  preaenta  a  dull 
zather  than  a  ^oss  film.    Fine,  clean,  white  sand  was  found  most  useful. 

This  te  BoBdiBg  Snifues.  la  one  swfaa  of  tests  th»  wpaOmmm  w»  mUt  tj 
— .1— In  eoaarsts  ejdlndan  pentad  anoths  ta  la  dlswislsr  sad  IS  ia  fai 
The  rodt^  prevloas  to  psintfnt,  were  thoroly  dBsaiJ  fMu  sesle  sad  nvL  Thay  wn« 
painted  with  two  eoata  of  point.  The  rods  were  plaead  fai  S  H  in  by  8  tn  iim4^  b 
an  uprisjit  posttkn,  sad  a  mlxturB  of  om  part  of  Portland  eentent  md  two  part*  •( 
■and  was  poured  around  the  rods  sod  tamped  into  idace.  Tin  ipeehiteua  for  thii 
■erica  woro  very  eareftiOy  pnpsnd.  '  Altsr  nttinc  for  two  iagm,  tho  molds  wcc*  r- 
nwred  from  the  pieoea,  which  were  then  oged  for  a  month.  Tb«y  ware  than  placed 
in  water  for  24  hr,  and  the  next  day  were  placed  in  Indi-ridual  oorthaiwara  Jan  etm- 
tabibv  aheetrfrOD  cathodes,  eoQed  ao  ae  to  aumxind,  but  not  toueh,  tb«  eyUndcra. 
The  jan  were  filled  with  auffldant  nttr  to  cover  the  eyUndera  op  to  within  1  ta 
their  top  surfaces.  Tbe  ipecimatu  were  eonneetad  up  in  parmllel  mad  In  aarlea  witk 
rarfatanee  to  radnee  tbe  voltage  from  110  to  80  vtrits  direct  current.  Tbe  teats  wan 
continued  for  £40  hr  at  80  volts.  The  voltage  waa  than  tneieaaed  to  S6  and  eon- 
t^ued  for  60  hr,  at  whlA  time  the  teata  were  diaeontinued. 

Test  of  Boadhig  Value.  In  ordH-  to  datermlna  the  ecMnparative  bonding  strengtfc 
diown  by  the  various  painted  rods  with  tbe  surrounding  etmcrete,  a  awfea  of  tert 
■padmena  waa  prepared,  the  rods  being  placed  flush  with  the  bottom  amfeee  of  each 
cjriiadsr.  Aftar  a^ng  (or  thieo  week^  tbe  apedmaBa  wwe  taatad  in  a  RlahU  taKi^ 
mac'iine,  belag  plaeed  on  sa  Iron  dab  drilled  thru  the  enter  with  a  1-in  hole  to  aBow 
an  entraaea  apaoe  for  the  rod  in  tbe  teat  ipedBWB  wbeo  subjected  to  preaanre.  Eaek 
test  tpaefaMB  waa  placed  in  audi  a  podtlon  that  the  lower  end  of  the  eontafaied  iroa 
■node  would  be  tn  alignment  with  the  hole  below.  Preaaure  was  ipidied  until  the 
p»tnt'>^  iron  rod  was  pushed  away  from  tbe  sorrouBdlnc  cemant  and  the  bond  diinijiwl 

ObeafTStloM  oa  KesoHs.  In  the  teat  t— wbere  eraddng  had  oeeumd  tke 
anodes  abowad  eouUersMe  rast,  the  paint  eoaOnfi  artgbiaDy  sn>ll*d  liavl^  be« 
deaCroyed.  On  the  cathodes  tbe  paint  coatings  were  (till  intact,  altho  aome  bad  ap- 
parently been  affected  by  the  moiatura  and  the  hydiated  lime  on  tbe  wet  coneceta 
chalky  sarfacea  belag  shown.  Wherever  there  were  mall  voids  in  the  rnnuuta,  st 
or  aroimd  the  pslnted  anodes,  corrorion  was  most  aeven,  and  at  suefa  plaeee  plHtag 
waa  ihown.  T\m  protective  coatings  upon  the  anode  and  cathode  bara  aeabedded  to 
tbe  coaereta  cylinders  which  did  not  cnck  and  which  carried  but  little  comtit  wnc 
later  found  to  be  in  a  very  good  state  of  pteaaivatfaw. 

tecidental  ReaotionB.  Tbe  bro^dng  down  of  a  fllin  iqion  the  embedded  ben  rodi 
was  slwaya  rseocdad  br  arinrp  rlss  In  the  amparsge,  due  to  tts  decieaaed  iiaialaiiii 
eftaed  to  the  flew  of  the  snrwat  hstwewi  ttn  ilssfaedaa.   Tbe  hydmgan  gM  Itemed 
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■MBwd  to  bsvB  B  radndns  sr  ■cftltng  mUob  opon  mw  ol  tba  oxtdfaad  iwffnjg, 
■nd  otfried  to  the  ■nrfawi  ol  tha  eyUndera  toortdOTMa  quMtWai  ■oft  ofly  pfodiwli^ 
which  deporitfid  around  the  anodes  and  later  hardened  la  contact  with  the  air.  Inn 
oode  wu  alao  carried  to  the  top  surfacea  trf  aame  of  tba  qieeinieas  by  the  aeUoB  of 
the  gm  ml  water,  and  wa*  there  depodted  aa  a  dark  brown  ataia. 

Vilw  of  Dried  ud  Satnratad  niju.  Paint  films  that  have  been 
tpaind,  on  account  of  tbeir  fully  saturated  condition,  do  not  act  as  depolar- 
inrs.  It  would  obviously  be  impractical  to  bake  paint  ooatinga  upon  most 
forms  of  reinforcing  metal,  but  quite  thoroly  oxidized  coatings,  which 
wcHild  probable  have  but  slight  depolarizing  action,  would  result  by  allow- 
ing a  period  of  00  days  for  the  drying  of  oil  paints  aftdr  application  to  the 
metal  and  previous  to  immersion  in  the  cement.  It  is,  moreover,  possible 
to  apply  coatings  which  do  not  depend  entirely  upon  oxygen  absorption  for 
their  hardening  and  which  contain  ingredtents  of  a  fairly  saturated  nature. 
Among  these  could  be  mentioned  such  ooatin^  aa  are  composed  oS  nuns 
disBohwl  in  vobttile  soIventB,  as  well  u  some  apeinid  types  of  oil  coatings. 

Vm9  (rf  Pfgnifllits.  The  additim  of  a  i^gment  to  an  oil  usually  incxeasea 
the  moisture  leeiBtance  and  makes  a  more  impermeable  film. 

Condttrions.  The  corrosion  of  metal  embedded  in  concrete  structures 
by  stray  currents  of  high  voltage  is  often  productive  of  serious  effects.  The 
use  of  properly  made  paints  upon  such  metal  constitutes  a  safeguard  that 
should  not  be  neglected  by  the  engineer.  Such  paints  may  be  prepared 
from  the  following  substances.  The  vehicle  should  contain:  Boiled  or 
bodied  oils  or  products  which  dry  to  a  fairly  saturated  film;  oils  which 
dry  by  semi-polymerisation  rather  than  oxidation;  oils  which  dry  to  a 
flat  rather  than  a  highly  ^ossy  surface.  The  aoUd  portloD  ahould  contain 
a  percentage  of:  Figmrats  vhieh  an  eoane  and  which  therefore  tend 
to  form  films  having  a  rough  surface;  pigments  which  are  inert  and  which 
do  not  act  as  conductors  of  dectricity;  pigments  which  are  either  basic 
or  of  the  chrotnate  type.   The  painted  metal  should  be  sanded  if  possible. 

DECAT  AND  PRESERVATION  OF  WOOD  AND  MASONKT  ' 
6.  Decay,  and  Preserrative  Treatments  of  Wood 

Causes  of  Wood  Decay.  The  decay  of  wood  is  generally  due  to  low 
forms  of  plant  life  called  fungi  which  produce  micella  (roots)  or  contain 
spores  which  are  blown  about  by  the  wind.  Theee  fungi  have  the  prop- 
erty of  secreting  chemicals  which  dissolve  wood  fiber,  the  wood  thus  serv- 
ing as  a  food  for  the  fungi.  The  chemicals  evolved  are  t»med  ensymes 
or  ferments.  Various  forms  of  insect  Ufe  have  a  destructive  action  upon 
wood.  Some. of  these  are  called  borers,  timber  worms,  etc.  They  bore 
channels  into  which  water  enters,  thtis  destroying  the  wood.  Mechanical 
nhrasion  is  another  cause  of  wood  decay.  Alkaline  soils  may  also  have 
some  effect  in  the  destruction  of  wood,  but  fungous  growths  are  mainly 
responsible. 

Effect  of  Seasoning.  Seasoning  of  timber  tends  to  prevent  decay,  in- 
creases duralality  and  strength,  prevents  shrinking  and  cracking,  reduces 
weight,  and  conditions  the  fibw  for  the  injection  of  preservatives.  Open 
air  seasoning,  hot  afr  seasoning  and  seasoning  in  steam  and  oO  are  used  for 
this  purpose. 

Rre— rvattw  l^rMtmsnts.  Linseed  oil  paint  is  probably  the  most  im- 
Itortant  wood  preservative  and  should  be  used  wherever  posnUe.  The 
film  produced  1^  the  dried  paint  effectively  endudas  fun^  and  other  causes 
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of  decv,  and,  at  the  same  time,  beautifiee  the  struoture.  For  oertain  pur- 
poaeo,  preserration  with  crecwote  and  aubatanoes  of  a  hi|^  fuD^oidal  vahie 
is  neoeaaary.  Various  treatments  are  used  for  this  purpose,  among  which 
is  the  so-called  bruab  treatment,  the  preservative  being  applied  with  a 
tvush  to  dry  wood  after  air  seaAooinB.  Oof>d  results  are  obtained  with 
oteosote  that  has  been  beated  to  180"  C  (356"  Ti  before  appUcation.  The 
preservative  will  penetrate  about  K  in.  This  treatment  is  cheap  and  con- 
venient. By  dipping  the  wood  into  the  preservative,  more  efTective  results 
are  obtMned.  This  treatment  requires  a  tank  and  is  welt  adapted  to  such 
products  as  shinies,  posts,  poles,  etc.  Impregnation  processes  give  the 
beet  results,  as  the  preservatives  are  forced  deeply  into  the  wood.  Im- 
pregnation processes  are  more  expensive,  however,  and  require  coDsiderable 
apparatus.  They  include  various  aon-pressure,  pressure  and  vacuum 
laocB—i.  The  impregnation  is  usually  deep  and  eflbetive.  In  the  opan 
tank  proeesB,  l\imber  is  idaoed  in  a  batli  of  hot  ofl  in  order  to  drive  oat 
the  air,  sap  and  water.  The  wood  is  tbea  placed  in  a  cold  eolutiOD  ci  pre- 
servative which  is  drawn  in  contraction.  Pressure  prooesses,  ilt  ivUdi 
the  timber  is  plaoed  in  tanks  or  wells  containing  preservatives  under  pree* 
sure,  include  the  Bethell,  Buehler,  A.  C.  W.,  Lowiy,  Burnett,  etc.  The  Hfo 
of  piling,  road-ties,  poles,  croes-arms,  etc,  is  increased  greatly  by  them 
treatments.  In  the  kyanizing  process,  timber  is  kept  submeiged  sevml 
days  in  a  solution  of  Uohioride  of  mercury,  lliia  is  not  a  good  treatment 
for  timbw  that  is  to  be  kept  in  a  wet  place  wfasre  the  biehl<vide  salt  woidd 
leach  out 

Materials  Used  for  Preterratfres.  Of  the  various  water-soluble  pre- 
servatives used,  copper  sulphate,  mercuric  chloride,  tine  chloride  tad 
sodium  fluoride  have  given  the  best  results.  Sodium  fluoride  has  an 
extremely  high  fungicidal  value.  Zinc  chloride  is  low  in  cost.  Creosote 
is  a  very  important  preservative  on  account  of  its  phenol  content,  thb 
Bubstanoe  having  a  insh  antiseptic  value.  Various  forms  of  coal  tar  creo- 
eote,  wateritu  creosote,  wood  tar  creosote,  mixed  creosotes,  etc,  are  used. 
Thar  value  depends  upon  tiieir  toxiofty. 

Tax  treating  poles  utd  posts,  the  brush  beatment  is  ^ective  after  prapar 
seasoning  of  the  wood.  The  life  of  the  wood  may  be  increased  five  yean 
by  this  method.  Treatment  of  the  ends,  to  a  ho^t  of  20  in  above  ground, 
in  a  tank  tor  five  days  is  very  eCfeotive.  Coal  tar  creosote  is  often  used 
for  this  purpose.  Zinc  chloride  (6%  solution  hot)  or  other  antiseptic 
salts  may  be  used.  Application  of  an  <^  paint  will  prevent  leaching  out  of 
the  preservative.  The  cost  of  brush  treatment  of  &-in  posts  with  coal  tar 
creosote,  or  impregnation  with  sine  chloride,  varies  from  3  to  d  oents.  A 
simple  fbrm  of  treating  tank  may  be  made  from  a  100-gal  iron  drum  mounted 
on  a  plain  l»iok  foundation  which  can  be  used  as  a  fire-box.  The  preaervn- 
tive  is  placed  in  the  tank  and  heated,  the  posts  subsequently  being  placed 
in  for  treatment. 

Painting  Wood  That  Is  to  Be  Preserved.  Wood  may  be  first  bmsh- 
treated  with  sine  chloride,  mercuric  chloride,  sodium  fluoride  or  bichloride 
of  mercury,  lineeed  oil  paints  may  then  be  iq>pUed.  This  process  is 
especially  valuable  for  treatment  of  wood  in  greenhouses,  dye  houses,  et«, 
wboe  there  is  much  moisture  and  heat.  For  rendering  wood  fire-retard- 
ant,  it  may  be  coated  with  a  ohemioal  like  sodium  silicate  which,  when 
heated,  wfU  tvm  and  tetaid  oombostioa,  or  it  may  be  impregnat«d  with 
uuaonium  salts  iriudi,  whsn  heated,  wiU  Uberate  non-combustible  gases. 
Sodium  Uoarbonate,  (nalio  acid,  boiaxi  ammoidum  ohloride  and  ^'nfiwiri'"" 
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fluoride  are  also  valuaUe  fir«-retarding  salta  for  impregnation  purpoaea. 
Painta  should  be  applied  after  impregnatioD,  in  order  to  prevent  leaching 
out  of  the  aalto. 

t.  Paints  for  Wooden  Snxfaces 

Paints.  The  pigments  which  are  used  in  paints  for  wooden  mirfaeea  are 

those  opaque  white  pi^ents,  such  as  corroded  white  lead  (basic  carbonate- 
wliite  lead),  sublimed  white  lead  (basic  sulphate-white  lead),  sine  white 
(sine  oxide),  and  leaded  sine  (mixture  of  lead  sulphate  and  tine  oxide).  The 
so-called  white,  inert,  cryataUine  pigments  include  barytes  (barium  sul- 
phate), asbestine  (magnesium  silicate),  silex  (silica),  china  clay  (aluminum 
silicate),  whiting  (calcium  carbonate),  gypsum  (calcium  sulphate).  White 
lead,  wlwQ  used  alone,  will  chalk  rapidly  and  will  often  check  deeply.  When 
line  oxide  is  used  alcme.  scaling  and  cracking  may  be  Aawn.  When  wliite 
lead  and  sine  oxide  are  combined,  the  defects  of  each  are  overcome  and 
an  excellent  paint  is  obtiuned.  These  mixtures  of  lead  and  sine  pigments 
are  Bometimes  combined  with  small  poroentagea  of  the  inert  crystalline 
pigments  mentioned  above.  These  comtHnationa  are  finely  ground  in 
pure  linseed  oil  by  machine  and  thinned  down  to  painting  consistency  with 
turpentine  and  drier.  They  are  sometimes  tinted  with  color  pigments, 
such  as  Prussian  blue,  lead  chromate,  lampblack,  umber,  sienna,  ochre,  etc. 
A  good  specification  upon  which  to  purchase  prepared  paints  of  the  above 
type  is  sivan  herewitli. 

Spedflcatiaas  for  Fnpsred  Pafata  for  Voodea  Sufacet  adopted  in  IMS  hy  United 
States  Wu  DepartaMot. 

The  paint  must  be  (orniahed  in  ftnpmi  form,  ready  for  applfeatkm.  White  paint 
must  contain  not  lev  than  65%  nor  more  than  70%  of  pigtnenia,  the  bslanee  to  be 
liquids.  The  liquids  shall  eonaiat  of  pure  raw  llnaeed  oQ  eontafning  a  total  of  not  over 
10%  of  turpentine  and  turpentine  drier.  The  pigment  ptntion  of  the  paint  shall  coo- 
dst  of  white  lead  (baaie  carbonate  or  baale  aulphate)  and  tine  oxide.  There  sfaaQ  not 
be  leaa  than  25%  nor  man  than  60%  by  weight  of  line  ooddc  Pslnta  of  thb  compo- 
sition containinK,  in  additltn,  not  over  16%  by  weight  ta  the  pigment  portion  of  audi 
white  ptEmenta  as  barytea,  cfalns  day,  wUth^  aabeatine  and  aUica  will  be  aee^ted 
under  these  spedfieationa. 

Oils  Used  in  Paint.  Linseed  oil  dries  more  rapidly  and  with  a  harder  film 
than  other  types  of  oil,  and  is  therefore  preferred  for  general  work.  Raw 
oil  ia  used  in  most  prepared  paints;  boiled  oil  is  used  for  special  types  of 
paint  where  a  glossy  surface  is  required.  The  normal  price  of  linseed  oil 
is  60  cents  per  gal,  altho  the  price  often  goes  as  high  as  $1.  Soy  bean 
oil,  which  may  be  pressed  from  the  soy  bean,  grown  extensively  in  China 
and  in  the  southern  part  of  this  cotmtry,  has  been  proposed  as  a  substi- 
tute for  Unseed  oQ.  It  is  rather  slow  in  ita  drying  properUee  and  requires 
admixture  with  linseed  oil  or  a  large  amotmt  of  drier.  Refined  menhaden 
oil  has  come  into  some  use  for  paints  which  are  subjected  to  exposure 
along  the  coast  or  for  special  technical  purposes.  Com  oil  and  cottonseed 
oil  dry  very  slowly  and  paints  in  which  they  are  used  become  darkened  by 
adherence  of  dust  particles.  Chinese  wood  oil,  which  is  expressed  from 
the  nut  of  the  Chinese  tung  tree,  when  heat-treated  with  the  proper  drien, 
is  very  valuable  for  certain  typea  of  waterivoofing  painta.  Petroleum  oO 
dries  slowly  and  is  injurious  to  most  paints.  Rosin  oil  dirintegrates  very 
rapidly  and  should  not  be  used  in  paints  for  wooden  surfaces. 

Thinning  Liiiuids.  Turpentine  ia  used  as  a  thinner  for  Unseed  oil  pasta 
paints.  It  aids  in  the  penetration  and  drying  of  the  paint.  High  boiling 
point  petroleum  spirits,  which  an  often  referred  to  as  mineral  qiiritB  and 
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which  have  the  same  boUibg  point  and  gravity  aa  turpentine,  are  banc 
widely  used  in  place  of  turpentine  and  with  exceedinfdly  good  reoulta.  Water 
white  coal  tar  benzol  is  used  in  special  painta  and  as  a  base  for  paint  removcn. 
Spedflcatioaa  for  TorpeatlBe: 

1.  Then  apedfieatlona  apply  both  to  the  turpentliM  that  is  diatSfed  ham  pin*  otea- 
redna,  and  commooly  known  as  pan  turpentine  or  iptrita  turpeotfaw,  and  to  the  tar- 
pontine  commonly  known  aa  wood  turpentine  that  la  obtained  from  lerfiiiiiw  wooi, 
whether  by  eztrsetion  wHh  vrdatile  aol  rents,  or  by  steam,  or  by  deetrwU^o  dMIBa- 
tlon. 

2.  The  purduuer,  vbm  ard«fB|  andv  these  ■pnriflnetliw^  nay  epodfy  whihw 
lom  aptilta  or  wood  bupentlDe  la  dMbod.  Tlw  tarp*>tf**  A*U  bselaaraad  baataM 
■uapend«d  matter  and  water. 

5.  The  edor  ehall  be  btandard  or  bettor.  The  tem  sTANDAKO  refers  to  the  eokr 
recognized  as  ataDdard  by  the  "Navml  Storea  Trade."  Turpentine  la  of  stambtd 
color  when  a  depth  of  60  mm  in  a  perfectly  Sat  pdlshed  hottom  tube  sinMinilMalelf 
matefaea  a  No.  1  yeUow  Lovlbond  fbsa. 

4.  The  apedls  gravity  doll  be  sot  lea  than  OMt  nor  man  thai  0.tR  at  tU*  C 
(WV). 

6.  The  retraetivo  faidegi  at  16.fi*  C  (60*  F)  shall  bs  not  Ian  ttaa  IM  mm  MR 
thsn  1.478. 

6.  The  iniUal  boiling  point  diaH  be  not  lem  than  ISO*  C  (SOE*  F),  nor  mOM  tea 
180*  C  (820"  P). 

7.  Ninety  peromt  of  the  tarpeatina  duOl  dIstU  below  170*  C  (8M*  V). 

8-  ThapolymsHtatlonrealdasdwUnotaieetdt%aD«ltfntaedi«MM«tlM*C 
(19- F)  abdi  m*  be  isw  tbw 
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Driers  for  Paints.  Lead  and  manKanese  in  the  form  of  oxides  are  boQed 
with  oil  ta  order  to  form  salts  or  oil-aoluble  soaps.  They  act  as  catalytic 
ageDta  in  carrying  oxygen  from  the  air  to  the  oil,  thus  causing  rapid  diyiog. 
The  lead  should  be  in  greater  peroentace  than  the  manganese  when  used 
together.  Zinc  sulphate,  nno  resinate  and  lead  aeetat?  are  other  fannB 
of  driers  which  are  used  for  special  paints. 

Paints  in  Paste  Form.  White  lead  oontuns  approximately  9  lb  of  oil 
to  100  lb  of  paste.  When  used  in  a  paint,  there  should  be  added  from 
4  to  5  gal  of  oil  for  reduction.  Zinc  paste  contains  apinxixiniataly  16  lb 
of  oil  to  100  lb  of  pigment.  When  used,  there  should  be  added  approxi- 
mately 6  gal  of  oil  or  liquids. 

AppUcation  of  Paint  to  Wooden  Stirfoces.  For  the  applioatioa  of  paint 
to  all  types  of  new  wooden  surfaoes,  the  wofid  ahould  first  be  mndpapored 
to  remove  the  rough  spots.  Any  knots  In  the  wood  will  xiltimately  oome 
thru  the  paint  unless  they  are  first  treated  by  the  application  ol  a  daub 
of  turpentine  or  60°  water  white  coal  tar  bensoL  When  the  knots  have 
become  softened  by  this  application,  the  paint  may  be  applied  to  the  whole 
wooden  surface.  A  bond  is  thus  formed  between  the  softened  rosin  of  the 
knots  and  the  paint.  When  the  i>aint  is  in  prepared  liquid  form,  from 
a  pint  to  a  quart  of  turpentine  to  the  gallon  of  paint  should  be  added  for 
the  priming  coat.  This  will  cause  greater  praetration  and  a  hard  dicing 
surface.  Nail  holes,  groovee  and  cracks  should  then  be  stopped  up  with 
putty  and  the  second  and  third  ooats  of  paint  applied.  |  At  least  24  hr  should 
be  allowed  between  coats.  If  a  week  is  allowed,  better  results  will  be 
obtained,  as  durability  depends  upon  obtaining  hard  undercoats.  When 
an  old  surface  is  to  be  repainted,  any  scaled,  blistered  or  alligatored  paint 
should  be  removed  by  sandpapering. 

Paint  Tests.  Large  wooden  test  structures  erected  by  the  Faint  Manu- 
facturers' Association  of  the  United  States  at  Atlantic  City,  Pittsburgh, 
Nashville  and  Washington,  and  painted  with  various  single  pigment  paints 
as  well  as  combination  i^gment  paints,  have  demonstrated  the  superiority 
of  the  combination  pigment  paint.  The  test  fence  at  Arlington,  Va^,  erected 
by  the  Am.  8oc.  Test.  Mat.  haa  shown  similar  results;  the  report  of  the 
inspection  committee  for  1914  iueluding  the  following  statement:  "  The 
panels  painted  with  compomte  paints  containing  both  lead  and  lino  pig- 
ments show  superiority  to  those  painted  with  sin(^e  primary  pigments." 

Comparative  I>iiral)ilit7  of  Pa^ts.  The  addition  of  color  pigments  to 
white  paint  increases  the  durabihty  at  least  25%.  For  this  reason  tinted 
paints  are  preferred  to  white  paints  wherever  durability  is  the  prime  requisite. 

Spreading  Rate  and  Cost  of  Paint.  Upon  new  surfaces,  prepared  paint 
will  usually  cover  from  300  to  350  ft  per  gal  for  the  priming  coat  and  from 
400  to  700  ft  per  gal  for  the  second  and  third  coats.  This  varies  with  the 
type  and  finish  of  lumber  to  be  pidnted.  The  cost  of  prepared  paint  aver- 
ages about  $2  per  gal.  The  cost  of  labor  is  generally  twice  the  cost  oS 
the  paint. 

7.  Decay  and  Preserration  of  Stone  and  Mawniy 

Catisei  of  Decay.  The  deoay  of  stone  is  doe  to  constant  exposure  to 
the  donenta,  eraoldng  eaosed  by  freesing  of  flssufe-Mitrained  water,  seep- 
age of  wateraoluble  constituents,  etc.  Porous  stones,  such  as  sandstone, 
are  less  affected  by  freeiing  than  those  having  capQIary  pores,  but  are  not 
as  durable  as  the  highly  non-porous  stones.  Granite  shows  a  porosity  trf 
about  1%;  limestone  up  to  10%,  and  sandstone  up  to  20%. 
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Pres«rTfttiTe  TrMtment.  Stones  may  be  moisture-proofed  by  brmb- 
ooatiog  wiUi  a  solution  made  by  dusolving  B  lb  of  paraffin  in  100  lb  of 
betuioe.  EvsporBtioa  of  the  beniine  leaves  a  colorless  protective  comting 
of  parafiBn.  Another  treatment  consists  in  applying  a  solutioD  of  a  me- 
tallic salt,  such  as  chloride  of  sine,  copper,  or  caloium,  or  the  sulphate  of 
aluminum  or  chromium,  and  subsequently  applying  a  coating  of  onlinary 
■oap  ^rtiieh  leaets  to  produoe  insoIuUe  metallic  soaps  having  high  mc^sture- 
imoSns  valuM.  Alkaline  sdutioiii  of  eaaeuk  «ra  also  useful  fix  this  par- 
pose.  Brush  treatment  trith  coal  tar,  fdlowed  by  HmMwg  nith  hot  Mpbalt 
oompositionB,  is  useful  for  waterproofing. 

Concrete  may  be  protected  from  the  effect  of  alluline  water  containiBg 
soluble  sulphates,  which  has  a  marked  dianteKfatlng  influence,  by  the  a|q)liea- 
tion  of  wateP'sas  tar.  Concrete  mixed  with  10%  of  ordinary  petroleum 
road  oil  is  also  reeietant  to  alkalis.  Portland  oement-concrele  structures 
of  all  types,  bridges,  buildings,  walls,  eto,  may  be  preserved  and  hi^y 
decorated  thru  the  application  of  i»^>ared  linseed  oil  paints,  such  as  those 
outlined  under  the  PRorsKniON  or  woodkm  subtacbb.  If  the  concrete  b 
damp  or  freshly  laid,  there  riiould  first  be  applied  a  20%  water  sidution 
of  lino  auli^iata  wfaieh  neutnliisB  any  free  fime  inesent.  Urns  pteventinc 
possiUe  s^Kmifloation.  Two  dqn  later  the  paint  may  be  an>lied.  Prcpazed 
paints  containing  Chinese  wood  ofl  are  also  very  useful  for  this  purpose: 
especially  if  highly  ^ossy  surfaces  are  desired.  Waterproofing  of  under^ 
ground  concrete  waUa  requiree  the  application  of  special  bituminous  painta, 
alternate  layers  of  Mt,  paper  and  hot  petroleum  asphalt,  etc. 

Cement  Drain  Tile.  Cement  drain  tile  that  is  to  be  laid  in  alkalirM> 
sinl  may  be  preserved  from  the  disintegrating  action  of  the  sodium  sul- 
phate 1:^  protection  with  a  bituminous  coating.  Water-gas  tar  is  a  very 
efficient  jtreeervative  for  this  purpose.  The  drain  tile  mtgf  be  dipped  into 
tin  tar,  withdrawn  and  allowed  to  drain.  If  deaited,  ctdor  pigments,  mA 
as  red  oxide  of  iron,  may  be  added  to  the  paint  in  order  to  give  the  tile  a 
more  pleasing  cokw.  Tile  treated  in  this  manner  is  very  moisture-pmnf 
and  resiataiit  to  the  action  of  alkalis. 
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VARIETT  OP  PROBLEMS 

1.  The  Rural  District 

The  Hlghwayi  in  Rural  Districts  have  until  lately  been  greatly  neglected 
owing  to  the  facte  that  they  were  considered  matters  of  local  concern, 
that  the  mileage  of  roads  was  great  in  proportion  to  the  number  of  abut- 
ting owners,  and  that  the  cost  of  their  improvement  was  very  large  in 
comparism  witii  the  value  of  the  tooperty  snred  hy  them.  Even  in  such 
districts  the  conditionB  varied  greatly.  Where  land  was  productive  and 
intensively  cultivated  and  where  markets  or  transportation  lines  to  markets 
were  accessible,  the  cost  of  road  improvement  would  be  more  than  com- 
pensated for  by  the  lessened  expense  of  hauling  due  to  the  possibility  of 
greater  loads  and  better  speed,  but  no  plan  had  been  worked  out  to  secure 
such  improvements.  Where  the  land  was  unproductive,  population  sparse, 
and  tnffic  light,  the  expense  of  better  roads  was  beyond  the  means  of  the 
disUkl  In  either  case  the  traffic  was  almost  entirely  local  and  the  town- 
^pp.  Bonty  or  state  did  not  feel  called  upon  to  bear  the  cost  of  better- 
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mentfl  which  did  not  promiee  to  be  of  advantage  to  the  entire  poHtieal  unit. 
The  advent  of  the  motor  vehicle  has  changed  these  oonditioBB.  Hm  urban 
population  is  spreading  out  into  the  rural  districtB,  frequently  to  eatabliah 
bomea  and  more  frequently  for  their  pleasure  riding.  Improved  nwtbods 
of  agriculture  with  better  returns  both  in  quantity  and  in  pricea  have 
placed  the  motor  ear  within  the  reach  of  the  rural  population  and  the 
demands  for  general  hi^nray  improvement  have  beootne  inriatept  and 
irreeistiUe. 

State  Aid.  The  first  reapoiwe  to  thia  demand  was  thru  state  aid,  the 
coet  <rf  road  improvement  being  divided  between  tbo  state,  the  county, 
the  township,  and  in  some  cases  the  abutting  huid  cnmera.  The  tendeocar 
has  been  to  consider  such  improvements  more  and  more  as  a  gNMral  bsn^ 
fit  and  len  and  leas  a  local  oUigation  until  the  state  itself  has  sasuined  the 
larger  part  of  the  burden.  The  rural  districts,  induding  not  only  tboaa 
well  adapted  to  agriculture  but  thoea  where  the  land  values  are  n^igibb 
and  where  the  principal  asset  is  the  scenery,  are  being  covered  with  a  net- 
work of  improved  roada  which  will  result  in  removing  the  isolation  io 
which  many  seemed  doomed  to  dwell  and  in  enabling  those  living  in  the 
citiea  and  towna  to  know  the  country  as  they  had  not  known  and  apfire- 
dated  it  before.  Whether  this  work  should  be  undertaton  and  paid  lor 
by  tiie  state  witliout  any  conti^tion  from  the  loodily,  particularly  wbttk 
the  needed  funds  are  borrowed  for  long  terms  of  years,  is  at  least  a  debat- 
able question  which  will  be  discussed  in  subsequMit  articles.  While  much 
progress  has  been  made  in  developing  systems  of  improved  highways  in 
the  several  states,  much  still  remains  to  be  done.  In  1911  Baron  d*EB- 
tournellea  de  Conirtant,  in  speaking  of  the  highway  situation  in  this  country, 
said,  "  You  have  no  real  railways  and  highways.  You  think  you  have 
but  you  have  not.  You  have  only  fragments.  You  have  not  the  im- 
mense network  of  roads  neoeaaary  for  tito  activi^  and  produettvity  of 
your  country.  Get  to  wrak;  for  this  immmae  taak  you  will  never  have 
too  much  money,  too  many  men,  too  much  time."  In  diaeoHbiB  tlw 
relative  demands  for  new  highways  for  purpoeea  oi  hndnem  and  pleaauce^ 
Clifford  Richardson,  in  a  paper  pieeented  to  the  Third  International  Road 
Congress  held  in  London  in  1913,  distinguishes  between  what  he  calls  utili- 
ties and  satisfactions.  In  the  former  class  he  places  roads  wliich  are  im> 
proved  in  order  to  cheapen  transportation  and  to  bring  the  producer  neater 
to  the  market.  In  the  latter  he  includee  improvements  whi<^  are  prompted 
by  the  demands  of  automolnle  users  and  others  who  wish  to  secure  good 
roads  for  pleasure  traffic  He  points  out  that  motor  vriiioles  are  tte 
principal  cause  of  the  rm»d  deteiioratiou  of  mad  surfeeea  and  that  mkIi 
improvements  should  be  largely  paid  for  by  thoae  using  motor  ears.  If 
this  be  true,  the  policy  prevailing  in  Great  Britain  oS  p'adng  a  heavy  tax 
on  gasoline  or  petrol  apppears  effectively  to  reach  thoae  who  are  rmjion 
siUe  for  the  wear  an^  *ear  on  highw^s.  From  this  sourae  the  Britirii 
Government  in  1913  rai^  more  than  t6  000  000,  which  sum  was  turned 
over  to  the  British  Road  Board  for  use  in  general  highway  improvemeat. 


In  Small  Centof*  of  P^ralatioa  iriieie  there  ia  a  eertain  amoont  of  bai^ 
naas  drawn  from  the  aurroundins  oountry  and  a  omiaiderable  eoauntaity 
of  int^est,  the  situation  ia  different.  The  main  street  or  streets  of  the 
town  are  frequented  by  neariy  all  of  the  inhafaatanta  and  all  have  an  btw. 
eet  in  making  their  nMtdwaya  paaaaUe  and  the  roadiidaa  aa  atlnntfnai 


2.  Tlie  Town 


Art.  3 
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poniUt.  The  improvement  of  the  n>ads  is  Hbenitm  a  mattm  of  goaiprnT/ 
public  ooDoern.    Many  of  these  towDs  have  grown  up  about  a  village  gr&^JJ 
oraputdic  square  around  which,  or  sometimes  in  which,  the  town  hall  aA</ 
the  cfaurohea  have  been  grouped.   All  of  the  publio  activities,  including, 
perik^ps,  recreation  uid  Hmusement,  center  here,  and  it  will  be  conceded  thiatf 
tbe  condition  in  irtiich  the  open  space,  the  roadways  and  ndewalka  are 
is  a  mattu*  of  puUie  oonoon,  and  it  is  Bz^ued  that  the  cost  of  theor 
impiDvement,  maintanaoee  and  r^air  should  be  bome  tqr  the  town.  The 
most  valuable  propOTty  will  be  that  fronting  upon  this  square,  so  that  if 
its  improvement  imd  upke^)  rssult  in  special  benefit  to  tbe  sumnmdinK 
property  that  proj>erty  will  bear  a  corresponding^  large  part  of  the  burden. 
If  tfM  main  street  of  the  town  needs  widenins,  straightening,  extending  or 
a  suriaoa  improvement,  the  benefit  will  again  apply  to  the  entire  com- 
munity.  It  is  customary  in  Buoh  localities  to  improve  one  street  at  a  time, 
beginning  with  those  of  gFeateat  imiiortance,  a  special  tax  being  levied 
for  each  improvement,  and  in  the  course  of  time  nearly  all  of  the  streets 
will  have  been  fanpraved  in  turn,  each  property  owner  having  oontributed 
in  prcqxirtioD  to  tbe  value  of  his  holdhiss  to  the  fanpvovement  not  only 
of  hb  own  but  of  hk  fdlov  townsmen's  sU«ets,  and  everybody  is  aa  well 
satisfied  as  poedUe  where  the  payment  of  taiee  is  involved. 

Devdopmant  of  a  Street  System*  But  as  the  town  grows  the  number  td 
what  are  called  main  streets  increasee;  other  cent«rB  of  activity  or  recrea- 
tion are  needed.  The  new  projects  will  still  result  in  some  general  benefit 
but  in  a  large  measure  of  special  benefit.  The  effect  upon  the  property 
in  their  neighborhood  will  be  proportionately  greater  and  more  ezdoatve 
than  in  the  case  of  tbe  first  village  green  or  town  square.  The  entire  com- 
munity will  doubtUea  feel  die  benefit  of  the  new  inqHovements  but  ia 
less  degree,  as  they  tend  to  create  new  centers  and  diffuse  rather  than 
concentrate  busineas  and  other  activities.  The  town  can  still  afford  to 
oon tribute  toward  the  expense,  but  the  fair  portion  to  be  assumed  ft 
will  be  lees  in  proportion  to  the  amount  of  special  benefit  resulting  to  the 
partioular  locidity. 

bnprevement  of  Pavements.  With  this  growth  there  ia  a  demand  for  a 
more  substantial  character  of  pavement  on  the  principal  streets.  The 
broken  stone  or  gravel  which  formerly  answered  every  purpose  must  be 
replaoed  by  a  smooth  ■uifaoe,  such  aa  bituminous  or  Inick,  and  while  the 
interest  of  the  entire  town  in  such  an  improvement  is  still  keen,  the  benefit 
is  sotnewbat  more  localised  and  the  owners  of  property  on  streets  some 
Uoeks  away  who  use  the  original  main  street  leos  frequently  are  more 
reluctant  to  contribute  towards  the  cost  of  the  new  pavement.  To  avoid 
the  burden  of  a  special  tax,  reeort  is  likely  to  be  had  to  a  loan  which  seemed  I 
such  an  easy  way  to  raise  money  to  pay  for  the  water  supply  or  seweis 
which  may  have  already  been  installed,  and  the  policy  of  bonowinc  instead 
erf  paying  cash  for  street  improvement  is  inaugurated.  | 


The  SmaU  City,  as  the  term  is  here  used,  is  one  of  less  than  100  000  popu- 
lation. Tbe  trusition  from  the  town  to  the  small  city  is  gradual  and  the 
line  of  demarcation  between  tbe  two  ia  indefinite.  There  are  instances 
of  towns  of  15  000  or  20  000  inhabitants  which  are  called  villages  and 
are  governed  by  the  administrative  machinery  common  to  viUagea,  while 
many  so-called  cities  are  far  less  populous.    In  many  of  tbeee  centers  of 
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popul&tkm,  whether  they  are  called  villaeee  or  dties.  the  commnBity  of 
int««Bt,  cluncteriBtic  of  earlier  days,  still  perabte.  It  ia  when  this 
interest  is  ehiefly  concerned  with  ibe  larger  activities  and  enterprises,  micfa 
as  water  supply,  police  and  fire  protection,  the  disposal  of  wastes,  and  the 
care  of  dependents,  incompetents  and  criminals,  wltile  those  whose  benefits 
can  be  localised  attract  increaaingly  lees  general  attention,  that  the  town 
ia  classified  as  a  city.  There  will  be  a  limited  number  of  streets  in  which 
most  of  the  bustnees  will  be  carried  on  and  the  condition  of  them  will  con- 
tinue to  be  a  matter  of  flsneml  oonoem.  The  vtofia  will  have  beeoBS 
aooustomed  to  increasing  annual  tax  budgets  and  will  not  scrutiniae  them 
as  dosely  as  th^  did  in  the  viUaae  days;  they  will  probaUy  have  reacwtsd 
to  the  use  of  the  d^'s  credit  in  order  to  raise  funds  for  various  purposes 
and  the  annual  burden  of  providing  inteteet  and  ffiniripg  funds  for  their 
obligations  or  for  retiring  such  serial  bonds  as  may  have  become  due  will 
not  have  become  so  serious  as  to  deter  them  from  further  use  of  the  city's 
oredit  in  order  to  provide  new  pavements. 

Special  Assessmenti  or  I^ans.  Those  who  have  seen  other  streets  im- 
proved one  after  anotha-  from  the  general  town  funds  and  have  contri- 
buted their  share  toward  the  expense  will  resent  being  called  upon  to  pay 
for  their  own  pavements.  It  will  not  be  until  the  demands  upon  the  city's 
revenues  for  other  general  purposes  have  increased  to  sueh  a  degree  that 
they  see  the  annual  tax  budget  growing  at  a  rate  consideraUy  greater 
than  the  population  that  the  necessity  of  levying  special  asaeaaments  for 
eveiy  improvement  which  results  in  distinctiy  local  benefit  will  be  realised. 
The  small  dty  may,  after  much  disousaioo,  have  resolved  to  undertake 
the  oonstniction  of  some  important  boulevard  or  parkway  in  connectioa 
with  the  development  of  a  park  qystem,  or  it  may  have  decided  that  itt 
like  scnne  (d  the  larger  cities,  should  create  a  civic  center,  and  the  interaat 
in  either  or  both  of  these  projects  will  be  so  general  that,  while  the  idea 
may  be  encouraged  by  those  whose  property  will  be  required  for  the  purpose 
or  who  may  own  property  whtoh  will  be  substantially  increased  in  value, 
the  reasonableness  oi  imposing  a  i^iecial  share  of  the  burden  upon  property 
so  affected  ia  s^dom  suoipsted  and  the  only  method  of  financioa  seriousty 
considered  will  be  by  anothw  loan  for  wUdi  the  cmUt  of  tha  dty  w^ 
be  pledged. 

4.  Tha  Lazfe  Ciij 

Deralopilirat  of  Large  Citiet.  The  large  dty  is  frequently  created  by 
the  oonsdidation  of  a  number  of  towns  and  villages  and  in  it  all  of  the 

conditiooa  desoiibed  in  the  two  preceding  Articles  will  be  found.  The 
present  Ci^  of  New  York,  when  established,  included  what  were  pnjvioualy 
three  cities  and  a  score  or  more  of  towns  and  villagieB.  To  administer  the 
affairs  of  these  different  oonununities  under  uniform  laws  which  had  been 
evolved  to  fit  conditions  ™«*-'"g  in  the  largest  ci^  of  the  United  States 
was  one  of  the  most  difficult  pnAilanM  in  tity  govwnme&t  that  had  ever 
been  preeentod.  There  have  been  oertafai  instanece  of  municipal  ooOper»- 
tion,  as  in  Boston,  where  a  number  of  dtaes  and  towns  have  been  brmi^t 
together  within  a  metropolitan  distriot  for  the  emnam  of  sueh  funatians 
as  the  development  of  park,  water  supply,  and  sewerage  systems,  but 
where  they  retain  their  autonomy  in  the  administration  of  their  local 
affairs,  among  which  is  included  the  ooostruotion,  maintenance  and  r^iafr 
of  tbeir  highways.  Even  in  London  there  are  29  dty  or  borough  govero- 
loente  wititin  the  administrative  county,  each  one  of  iriiiob  detenninM 
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what  sums  it  bIuUI  spend  in  the  care  of  ite  streets,  altho  the  London  County 
I  Council  exercisM  jorifldictkm  over  oertttin  arterial  hij^waya  and  contributes 
'  to  the  expense  <rf  thdr  improvement. 

'  Locil  and  0«nerai  Aueumeots.  Where  highway  adminiatration  Is  een- 
I  traliied  and  conducted  under  laws  which  apply  to  the  entire  dty,  parta  td 
which  are  intensively  developed,  others  suburban  and  still  others  rural, 
some  very  difficult  problems  will  arise.  Streets  in  the  older  parts  of  the 
dty  may  have  been  paved  and  repaved  with  substantial  pavement  at  the 
expense  of  the  abutting  owners  until  it  is  believed  inequitable  to  Ask  them 
to  pay  for  any  more  surface  improvements,  and  laws  may  have  been  passed 
forfaiddiDg  furtiier  paving  aawMwrnenta  irtMre  a  modern  pavement  has  once 
been  laid  and  paid  for  hy  local  nssossment.  The  tazpayeiB  in  a  suburban 
distriot,  where  the  streets  may  have  been  improved  in  the  manner  described 
in  Art,  2,  are  likely  to  insist  that  they,  too,  have  paid  for  road  surfaces  which 
were  adapted  to  their  needs  and,  inasmuch  as  they  are  called  upon  to  con- 
tribute to  the  cost  of  pavement  renewals  in  the  older  parts  of  the  city, 
they  are  entitled  to  the  same  consideration.  In  the  undeveloped  sections 
where  no  pavements  have  yet  been  laid,  e£Forta  will  be  made  to  secure  for 
the  first  pavement  the  cheapest  type  which  can  be  constructed  and  which 
will  still  exempt  them  from  further  asaeastnent. 

Claaaiftcatlon  of  Pavementi.  In  New  York,  nHhere  thm  is  a  piDldbition 
against  assessments  for  repaving,  an  attempt  has  been  made  by  statute 
to  meet  such  cases  by  classifying  pavements  into  those  which  are  perma- 
nent and  those  which  are  prehminary,  the  term  permanent  not  bung  used 
in  a  Uteral  sense  but  as  indicating  the  character  of  pavement  which  will 
exempt  the  abutting  owners  from  further  assessment. 

New  York  Charter  Provision.  "  Pavements  which  were  laid  or  author- 
ised between  January  1,  1898,  and  June  20,  1910,  the  cost  of  which  was 
sflooceod  upon  the  property  deemed  to  be  benefited,  and  pavements,  the 
cost  o£  iriiiich  was  paid  for  by  assessment,  or  by  the  owners  of  adjoining 
property,  or  by  local  taxation,  or  by  bond  issues  paid  by  the  locality  prior 
to  January  1,  1898,  shall  be  deemed  to  be  permanent  pavomenta.  No  street 
or  portion  thereof,  that  shall  have  been  paved  with  a  pavement  deemed 
a  permanent  pavement  or  that  hereafter  may  be  paved  Vith  a  permanent 
pavement  paid  for  wholly  by  assessment  shall  be  repaved  at  the  expense 
of  the  adjoining  property  owners,  unless  a  majority  of  the  owners  of  the 
property  on  the  line  of  the  proposed  improvement  shall  petition  for  such 
repaying  at  their  expense  by  assessment.  Whenever  a  street  paved  with 
a  preliminary  pavement  shall  be  repaved,  the  repaving  shaU  be  done  with 
a  permanent  pavement,  unleas  the  owners  of  property  on  the  Ihie  of  the 
proposed  Improvement  petition  the  Local  Board  having  jtuisdiction  for  a 
aecond  preliminary  pavement,  to  be  laid  at  the  expense,  by  assessment, 
of  the  adjoining  property  owners,  and  in  such  event  a  second  preliminary 
pavement  shall  be  laid  if  said  Local  Board  so  orders,  and  the  Board  of 
Estimate  and  Apportionment  consents.  Whenever  a  permanent  pavement 
shall  be  laid  to  replace  a  prriiminary  pavement  laid,  in  whole  or  in  part, 
at  the  wpense  of  the  fffoperty  owners  by  assessment  or  to  rephice  a  pN^ 
manent  pavement  laid  at  the  expense,  in  part  only,  of  the  property  owners 
by  oaBeaamant  and  the  cost  of  the  replacing  pavement  shall  exceed  the 
amount  assessed  upon  the  property  deemed  to  have  been  benefited  for 
the  pavement  replaced,  the  ncess  of  such  cost  shall  be  assessed  upon  the 
property  deemed  to  be  benefited,  and  the  balance  of  the  cost  of  the  replac- 
ins  pavement  shall  be  borne  and  paid  by  the  city;  but  in  no  case  shall 
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the  cost  of  a  Becood  or  subsequeitt  preUminaiy  pavement  be  bo  deducted 
from  the  amount  to  be  assesaed  for  the  laying  of  a  permanent  pavmHoL 
The  class  of  a  pavement  shall  not  be  changed  after  tbe  same  is  laid." 

ClaseificatioD  adopted  by  the  Board  of  Estiinate  aad  AfiportioiiliieDt 
acting  under  authoiity  given  by  the  act. 

Ptnoaaent  pavementa.  The  foUowing  pawaments  laid  on  m  Pordand 
oement-coDcrete  foundation  6  in  or  more  in  thickneai:  StooA  Uook,  mod 
Mock,  asphalt  block  not  less  than  3  in  in  thioknw;  nhwit  anphah  witk 
wearing  tmrface  not  leea  than  2  in  in  thinlmiMi  aod  binder  not  lem  than 
1  in  thick,  vitrified  brick  and  iron  slag. 

Preliminary  pavements.  Stone  block  on  sand  foundation,  asphalt 
block  not  less  than. 2  in  in  tiuckneee  laid  on  a  otment-ooncrete  foundatioB 
not  lees  than  4  in  thick,  sheet-aephalt  laid  on  a  cement-oonorete  foundatkNt 
not  less  than  4  in  thick,  Intuminous  concrete  and  bituminoua  maoadam;  also 
cement^concrete  and  water^bound  broken  stcme,  not  leM  than  tt  in  Uuck, 
under  conditions  to  be  iweBcribed  by  the  Board.  It  will  be  seen  that  the 
statute  arlntrarily  classifies  as  permanent  all  pavements  iriddi  were  laid 
before  a  certain  date  and  paid  for  in  a  certain  manner  with  no  resud 
whatever  for  the  foundation,  the  materials  used  or  the  character  of  the 
work. 

Boulevards  and  Parkways.  Every  large  dty  has  certain  wide  streets 
which  are  described  as  boulevards  or  pafkwayu,  the  improvement  of  wfaiefa 
is  usually  carried  out  at  the  expense  of  the  city  at  large  under  the  theoiy 
that  th^  are  of  general  benefit.  Such  st(«ets  and  even  oUietB  wliioh,  far 
reason  oif  their  widths  and  poaitione,  ore  by  no  means  aneptional  an 
sometimes  placed  under  the  jurisdiction  and  oimtrol  of  the  park  authori- 
ties for  the  sole  reason  that  they  may,  as  a  rasult  of  sueh  oontrol,  be  in* 
proved  at  general  OEpense  and  the  abutting  owners  Ttuy  eao^ie  tbe  burdsa 
of  assBSBment  whioh,  under  other  oiroumstsnoest  would  be  plneed  upon 
them. 

Streets  in  the  Office  Building,  Shopping  and  Hotel  Districts  are  so  gmt- 

erally  used  that  it  is  commonly  conceded  that  their  repaving  is  a  proper 
charge  against  the  ci^  as  a  whole.  It  is  tnie  that  the  noat  eipenava 
property  in  the  city  and  the  greatest  producers  of  rsveone  from  *»»r^^ 
are  found  in  these  districts  and  their  ocmUibution  to  the  goneral  city  bud- 
get is  so  large  that  it  is  reascmably  argued  that  they  are  entitled  to  exemp* 
tion  from  local  assessment  for  the  replaoament  of  pavements.  But  the 
demands  ux>on  the  city's  resources  are  so  great  that  repaviog  cannot  always 
be  done  as  promptly  as  it  is  actually  needed.  The  value  to  such  pn^ierty  of 
thoroly  good,  smooth  and  quiet  pavements  is  so  great  that  the  cost  of  such 
frequent  renewals  as  would  always  keep  them  in  the  best  of  "Tftdttwa 
would,  if  imposed  mtirely  upon  the  owners,  be  trifling  in  oon^MiisMi  with 
the  added  attraoUvaneas  to  tenants,  shoppers  and  guests  and  tin  incnand 
TentKis  which  the  property  would  oommand. 


Province  of  the  Highway  Engineer.  The  preoeding  outline  of  the  gen- 
eral problems  of  financing  highway  improvements  aad  the  aaon  speeifie 
discussions  in  the  following  Articles  may  be  thou^t  to  be  outside  the  prov- 
inoe  of  the  highway  engineer.  There  is  a  notion  quite  generally  pnvakent. 
even  among  engineers  themselves,  that  their  proper  function  k  to  plan 
and  execute  the  work,  but  that  the  duty  of  det«rinining  gmml  poUoiH. 
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more  partdcululy  ibaae  relating  to  financial  eonsidarations,  bdongB  to  the 
adminutrntiTe  beada  of  the  hishway  department  whether  of  a  state,  county* 
township  or  dty.  Buoh  c^Sciala  are  oommonly  appointed  for  brief  terms 
of  office  tx,  when  the  term  is  nominally  longer,  some  excuse  is  quite  fre> 
Quently  found  for  terminating  it  after  a  change  in  administnition.  Each 
new  commiwdoner  or  superintendent,  or  whatever  he  may  be  called,  will 
have  some  ideas  of  his  own  even  tbo,  as  ia  too  frequently  the  case,  he  may 
be  entir^  inexperienced  in  this  kind  of  work.  His  ambition  ia  to  impress 
these  ideas  upon  the  organizatioa  of  which  he  is  the  head  far  the  time 
heins  and  he  may  think  it  especially  desirable  to  discredit  the  acts  and 
policies  of  his  immediate  {wedeoeesor. 

The  Highway  Engineer  as  a  Subordinate.  The  en^eer,  who,  tho  likdy 
to  be  continued  in  office,  is  merely  a  part  of  the  permanent  organization, 
is  quite  likely  to  accept  the  new  ideas  as  to  organisation  or  methods  of  financ- 
ing as  an  incident  to  a  change  of  administration,  even  tho  he  knows  them 
to  be  essentially  unsound.  Should  he  allow  what  he  knows  to  be  unsound 
financial  methods  to  be  adopted  without  entering  a  vigorous  protest?  If  con- 
tracts and  specifications  were  prepared  that  would  be  obviously  wasteful 
or  needlessly  eipmrnvo  or  would  probably  result  in  damage  claims  or  liti- 
gation which  would  increase  the  cost  of  the  work,  he  would  doubtless  fed 
it  his  duty  to  point  out  their  defects.  There  is  no  reason  why  he  should 
not  siniilariy  protest  against  uosoimd  and  reckless  plans  for  the  financing 
of  highway  improvements.  His  advice  may  not  be  taken  the  first  time 
such  objections  are  made,  but  they  should  be  placed  on  record  and  when 
their  soiudnesa  shall  have  been  demonstrated  his  next  protests  are  likely 
to  receive  more  consideration.  Engineers  appear  altogether  too  timid 
about  d'wni«""g  such  features  of  their  work  in  their  poiodical  reports. 
They  are  usu^ly  ready  """'g*'  to  discuss  what  are  commonly  admitted 
to  be  the  staietly  engineering  features  of  their  work  and  are  beginning  to 
include  such  subjects  as  the  organisation  of  the  engineering  staff  and  cost 
data,  but  the  questions  of  how  the  state  or  the  city  or  the  individual  iirop- 
erty  owner  who  is  benefited  is  to  pay  for  the  work,  the  relation  of  the  life 
of  the  road  or  pavement  to  the  period  during  which  it  is  to  be  paid  for, 
and  just  what  this  means  to  the  state,  the  city  or  the  individual,  are  sub- 
jects whioh  he  discreeUy  avoids.  His  experience  should,  however,  render 
him  peculiarly  well  qualified  to  discuss  and  advise  upon  tJiese  subjects. 
There  have  been  frequent  instances  of  the  greatest  recklessness  in  finano- 
ing  highway  improvements,  and  in  many  casoe  tbeee  questions  have  hem 
dotermined  hy  legislative  enactments  before  the  engineer  has  had  any 
connection  with  the  work.  Such  improvements  are  now  bmng  carried 
out  on  a  much  larger  scale  than  they  formerly  were  and  by  organizations 
which  are  in  existence  and  well  developed  and  which  have  ample  oppor- 
tunity to  impress  their  ideas  upon  the  entire  project  in  its  financial  as 
well  as  its  engineering  features. 

Responslbilitj  of  Highway  Endears.  The  engineer  has  a  distinct 
responsilHli^  for  every  phase  of  the  work  and  he  should  not  shirk  it  If 
the  road-imiHOveiDent  or  street-paving  policy  is  discredited  thru  bad  financ- 
ing or  an  unjust  distribution  of  the  burden  of  expense,  if  the  funds  are 
used  to  create  an  extensive  system  of  highways  and  nothmg  is  left  to  care 
for  them  after  they  are  built,  if  the  people  who  are  now  insistent  upon 
highway  improvement  find  that  the  roads  and  streets  are  worn  out  yean 
before  they  have  finished  paying  for  them,  the  public  m^  conclude  that 
the  benefits  they  expected  are  not  worth  the  price  they  have  to  pay  and 
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will  refuae  to  go  further.  The  engiiteeiB  aa  vtH  u  the  adminiitimtna 
officera  will  suffer  from  such  ao  unfortunate  situatioii,  so  that  aelfjntflrcit 
as  well  as  profa«ional  pride  aboukl  prompt  them  to  aasume  a  abaii|M> 
poation  than  they  have  heratofoie  taken  with  respest  to  this  phaae  of 
the  highway  |»oblem. 

METHODS  OF  FIKANCmO 

6.  LoDC-T«nii  B<uids 

Present  and  Future  Benefit   The  arsament  moet  frequently  advmnoed 

against  the  assessment  directly  upon  the  abutting  property  of  the  cost  td 
highway  improvements  is  not  only  that  all  street  improvements  are  of 
general  benefit  but  that  the  benefit  will  inure  to  the  next  generation  a§ 
well  as  to  the  present  owners,  and  that  the  next  generation  should  there- 
fore share  the  burden.  This  argument  is  made  not  only  wiUi  reaped  to 
the  acquisifiDn  of  property  for  new  streets  and  for  the  widening  and  sbvighi- 
eniog  of  old  stoeets,  which  are  permanent  im|»OTen)ents,  and  for  grading, 
aurfooe  drainasB,  eiUverts  and  bridgea,  whidi  an  leMonatdy  pmnueDt, 
but  also  for  the  ooat  of  the  pavement  itself.  The  moat  eOeetiw  way  to 
accomplish  this  transfer  of  the  burden  or  a  greater  part  of  it  to  sonieom 
else  is  to  raiso  the  money  required  for  the  improvement  by  the  issue  of 
bonds,  and  the  temptation  is  to'  make  these  obligations  nm  for  a  long  term, 
frequently  50  years. 

Increased  Cost  when  Bond  Istnet  are  Used.  With  interest  at4or4^%, 
as  has  frequently  been  paid,  the  total  interest  payments  would  be  twice 
or  two  and  one-quarter  times  the  actual  cost  of  the  wwk.  Tbe  annual 
amortisatiQn  ehaqns  for  50  years  on  a  3%  baaiB  would  be  0.88%,  ao  that 
f(v  Bveiy  $1000  of  original  oost  the  dty  or  tlw  state  would  pay  $2445  in 
the  case  of  4%  bonds  and  $2695  in  the  case  of  4H%  bonds.  Bat  the 
roadway  surfaoe  will  have  worn  out  long  before  the  expiration  of  the  50- 
year  period,  yet  the  public  at  large  will  keep  on  paying.  If  this  appar- 
ently easy  way  of  paying  for  street  improvements  is  onoe  begun  it  is  Hkety 
to  be  continued  and  to  be  applied  to  the  payment  of  the  cost  of  reidadng 
worn-out  surfaces.  Theore  are  many  cases  whwe  pavements  <m  country 
roads  and  city  streets  will  not  last  more  than  ten  years,  and  if  this  vo&ef 
of  fitianwwg  ia  continued  the  publio  will  after  40  yean  be  paying  for  five 
different  pavements,  four  of  which  wiB  have  entirely  disappearwi,  and 
the  annual  expense  dtiring  the  decade  from  40  to  50  yean  after  the  otigLnal 
pavement  was  laid  will  be  24.45  or  26.05%  of  its  origLnal  cost,  depending 
upon  whether  the  bonds  carry  4  or  4^%  interest.  The  above  estimates 
relate  only  to  the  surfaoe  pavement  itself  and  not  to  t£e  man  pomaneot 
portions  of  the  work  which  will  have  a  fife  much  greater  than  10  years. 
In  the  case  of  rural  highways  the  reBults  of  this  policy  are  equally  stutfing. 
Road  improvements  which  are  now  being  oarried  out  in  many  «tat«s  cwt 
tram  $13  000  to  $20  000  a  mile  and  in  some  earn  even  more.  With  state 
bonds  bearing  4%  intereat,  the  total  interart  and  amortiiation  diarges  for 
a  period  of  50  years  will  amount  to  $20  340  or  $48  900  a  mile  for  an  initial 
cost  of  $12  000  or  $20  000.  This  would  amount  to  from  $46  to  $76  an 
acre  for  all  of  the  land  within  half  a  mile  on  each  side  of  the  road.  8uch 
roads  are  commonly  16  ft  wide,  which  is  equivalent  to  9387  eq  yd  of  sup- 
faoe  per  mile  of  road,  and  the  surfaoe  of  Utuminous  macadam  roads  of  the 
type  m  oomaDn  use  may  be  aasumed  to  oost  an  average  of  5  eeota  a  sq  yd 
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for  maintenance  and  repair  during  tin  first  10  years,  and  to  require 
eomidete  leHurfaomc  at  the  expiration  of  tint  poiod.  Aasamlng  that 

such  resurfacing  costs  60  cents  a  sq  yd,  the  coet  of  maintenance  for 
five  10-year  periods  and  of  four  renewals  would  amount  to  f4.S0  a  sq  yd 
or  S4&  996.30  a  mile.  If  tliia  be  added  to  the  total  interest  and  amorti- 
sation charges,  the  coet  of  these  roads  before  th«y  are  finally  paid  for 
would  be  S75  336.80  in  the  case  of  a  road  which  originally  cost  tl2  000 
a  mile,  or  S94  890.30  if  the  initial  oost  were  S20  000  a  mile,  these  tottUs 
amounting  to  S118  or  $148  an  acre  for  the  area  extending  ^  mile  on 
each  ade. 

Bcmd  Iisaet  for  Surface  Renewal!.  If  the  state  wore  to  raise  the  funds 
for  the  decenniiU  renewals  by  60-year  bonds  instead  of  providing  it  in  the 
MtniiftJ  budget,  it  would  at  the  end  of  50  years  have  saved  S22  528.80  a 
mile  in  direct  appropriation  for  four  surface  renewals  but  it  would  have 
paid  S27  541.46  in  interest  and  amortisation  charges,  making  the  total 
cost  of  the  road  $80  348.96  or  $99  908.96  a  mile,  which  is  equal  to  $126 
or  $169  an  acre  for  the  area  already  described,  while  there  will  still  be  the 
sum  of  $27  541.46  a  mile  in  interest  and'  amortiaaticm  charges  on  the  funds 
bwrowed  for  periodical  renewals  wludi  will  not  be  entirely  paid  tiS  for 
anotbw  40  years. 

Relation  of  Total  Cost  to  Land  Valnes.  The  acreage  value  of  the  hmd 
along  such  roads  will  be  far  lees  than  the  sums  above  named,  while  the 

system  of  financing  road  improvements  in  this  manner  is  so  monstrously 
absurd  that  it  is  surprising  that  it  should  even  have  been  considered.  Yet 
great  cities  and  states  have  started  comprehensive  schemes  of  street  and 
road  improvement  on  this  very  basis.  The  folly  of  such  a  iKtlicy  will 
undoubtedly  be  apparent  before  they  have  gone  much  further. 


kdrantaces  of  Mioft-Term  Bonds  when  issued  for  highway  improvement 
may  be  generally  considered  as  those  whose  term  will  approximately  corre- 
spond with  the  life  of  the  improvement  for  which  the  funds  are  to  pt^, 
BO  that  the  road  will  not  be  worn  out  before  it  is  completely  paid  for.  Some 
portions  of  the  work  will  last  longer  than  others,  and  bonds  which  will 
correspond  in  their  tenn  with  the  average  life  of  the  improvemoit  may 
property  be  considered  short-term  bonds.  In  the  case  of  a  road  improve- 
ment which  is  to  be  entirely  paid  tm  bond  iaauee,  if  20%  of  the  cost 
is  represented  by  such  upensea  as  widening,  grading  and  substantial  cul- 
verts, that  portion  may  be  considered  as  virtually  permanent,  and  50  years 
would  not  be  an  unreasonable  time  in  which  to  pay  for  it;  if  20%  were 
for  curbing  and  for  gutter  paving  which  might  be  expects  to  last  for  20 
years,  bonds  issued  for  a  corresponding  term  for  this  part  of  the  work 
would  be  fair  and  reasonable;  if  the  road  surface  represented  the  remain- 
ing 60%  of  the  cost  and  the  surface  would  require  replacing  in  ten  years, 
it  would  be  unwise  to  borrow  the  money  to  pqr  for  that  part  of  the  work 
for  a  longer  period.  The  average  life  of  the  entire  improvement  mig^t 
in  such  a  case  be  considered  20  years  and  it  might  therefore  be  considered 
fair  to  issue  20-year  bonds  to  pay  for  it.  There  is  a  fallacy,  however,  in 
this  argument  as  the  interest  and  amortisation  charges  will  be  constant 
for  the  entire  20-year  period,  notwithstanding  the  fact  that  a  part  of  the 
wori^  representing  60%  of  the  total  cost,  will  have  been  worn  out  in  half 
that  time,  altho  there  will  still  remain  a  portion  representing  20%  <^  the 
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total  eoBt  which  will  last  tar  30  years  after  it  is  entirdy  paid  for.  A  mon 
conservative  plan  would  tb««fore  be  to  lunit  the  bonds  to  15  years  for 
improvement  of  the  load  described. 

Annual  Payments  for  Interest  and  SitiHng  Fond.  In  cities,  the  cost  oi 
the  first  pavement  ia  commonly  aaaeesed  upon  the  abutting  i>roperty  and 
the  city  at  large  pi^  for  replacements,  and  the  funds  lor  the  purpose  ue 
almost  always  rsdaed  by  bond  issues.  While  the  life  of  such  pavemenis 
varies  greatly,  depending  upon  their  oharactw,  the  kind  of  foundation 
used,  and  the  intensity  of  the  traffic  to  which  tbey  are  subiected,  it  is  piob* 
able  that  their  average  life  will  not  exceed  15  years,  and  this  period  seems 
a  logical  one  for  the  term  of  the  obligations  which  may  be  issued  to  pro* 
vide  funds  for  their  construction.  Amortization  charges  for  this  period  oo 
a  3%  ba^  amount  to  5.38%,  while  bonds  for  ao  short  a  term  will  probably 
carry  4)^%  interest  at  the  present  time,  making  the  total  mifhi^I  con- 
tribution to  care  for  them  at  maturity  9.88%.  If  the  bonds  are  for  but 
10  years  and  carry  4H%  interest,  the  annual  payments  for  interest  and 
■nlring  fund  would  be  13.22%.  As  the  terms  of  the  btmds  an  slKHiened, 
the  total  annual  expense  grows  impressively  larg^  but  it  must  be  mneiii* 
bered  that  there  is  less  ovo'lapping  of  the  different  issues  and,  after  tluf 
policy  of  paying  for  highway  improvements  by  bond  issues  has  been  fol- 
lowed for  a  period  corresponding  with  the  term  of  the  bonds,  the  total 
amount  to  be  provided  to  care  for  the  outstanding  debt  will  be  consider* 
ably  less  in  the  case  of  the  short-term  bonds.  For  instance,  if  a  constant 
Bum  of  S200  000  a  year  were  borrowed  for  hi^way  improvemonte  and  if 
60-year  bonds  were  issued  f<a  the  purpose,  at  the  end  of  50  years  then 
would  be  SIO  000  000  of  theee  bonds  outstanding,  and  during  this  time 
the  annual  interest  and  amortisation  charges  would  gradually  increase 
until  it  reached  9489  000,  when  it  would  remain  constant.  If,  however, 
the  funds  were  raised  by  iho  issue  of  10-year  bonds,  there  would  be  $2  000- 
000  outstanding  at  the  end  of  10  years,  during  which  time  the  annual  in* 
terest  and  sinking-fund  charges  would  increase  until  at  the  tenth  year 
they  reached  $264  400,  when  they  too  would  remain  constant.  Under  the 
latter  policy  there  would  at  the  end  of  50  years  be  an  annual  saving  to  the 
taxpayers  of  $224  600  a  year.  It  may  be  aaul  that  these  periods  we  so 
long  tJbat  such  a  dismission  is  academic,  but  street  and  road  impromnents 
are  going  to  ocmtinue  for  an  indefinite  time,  our  cities  aad  states  hope 
to  remain  advent  and  must  meet  their  financial  obliBstiona,  and  debts 
of  this  kind  must  be  paid  in  full,  so  that  13»  actual  facts  should  be  squarelr 
faced. 

If  eed  of  Control  over  Methods  of  Finandng.  In  the  United  States  thoe 
is  no  limitation  placed  upon  the  terms  for  which  our  citiee  and  stAtes  can 
borrow  money  other  than  the  williaguess  of  the  investing  public  to  take 
their  obligations.  The  need  of  some  oontroUing  authority  ia  becoming 
obvious.  Tfaia  frequently  rajsta  in  other  countries.  In  Great  Britain  it 
is  vested  in  the  Local  Government  Board,  which  is  a  Cabinet  departmmt 
and  the  ccmsent  of  which  ia  required  before  any  dty,  town  or  county  can 
issue  its  debentures.  All  of  the  facte  must  be  sutnnitted  to  this  Bo<ard, 
including  a  statement  of  the  purpose  of  the  loan,  a  description  of  the  im- 
provements to  be  undertaken,  an  estimate  of  the  cost,  and  the  probable 
life  of  each  particular  part  of  the  work,  and  the  Board  in  giving  its  oon- 
sent  specifies  the  term  for  which  the  funds  may  be  borrowed,  such  term 
corresponding  as  neariy  as  possible  with  the  reasonably  eetimAted  life  of 
the  structure  or  work. 
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AdvuitagM  And  DisadTsntages.  To  disUibots  tha  cost  of  street  or  road  > 
improvements  over  a  term  of  years  and  at  the  same  time  to  avoid  the 
necessity  of  accumulating  large  sinking  funds  which  return  small  rates  of 
interest,  reeort  La  frequently  had  to  serial  bonds.  In  this  case  provision 
must  be  made  for  retiring  a  certain  part  of  the  issue  each  year  and  for 
Interest  on  the  bonds  which  remain  outstanding.  If  $100  000  of  4%  bonds 
are  issued  in  serial  form,  $4000  falling  due  each  year,  the  provision  which 
must  be  made  to  care  for  bonds  to  be  retired  and  interest  on  those  ou^ 
standing  will  be  as  follows:  first  year,  $8000;  eleventh  year,  $6400;  twenty- 
first  year,  $4800;  twenty-fifth  year,  $4160.  One  advantage  of  this  plan 
is  that  as  part  of  the  work  is  worn  out  and  the  value  of  the  improvement 
becomes  less  there  is  a  corresponding  reduction  in  the  annual  burden. 
It  is  important,  however,  that  the  series  shall  be  so  arranged  that  the 
amount  outstanding  at  any  time  shall  not  exceed  the  actual  value  of  the 
original  improvement  at  that  time.  When  serial  bonds  are  issued  in  such 
a  manner  that  the  last  bonds  will  not  be  retired  lor  a  long  term  of  years, 
or  a  term  far  in  excess  of  the  probable  life  of  a  large  portion  of  the  work, 
the  plan  is  imeconomic  and  pernicious. 

Maine  I^an.  A  novel  scheme  for  financing  road  improvemente  is  that 
adopted  by  the  State  of  Maine.  Under  a  law  enacted  in  1913,  serial  bonds, 
the  last  of  any  series  being  payable  within  41  years,  were  authorised  to 
be  issued  in  amounte  not  exceeding  $500  000  in  any  one  year,  with  the 
provision  that  not  more  than  $2  000  000  of  these  bonds  should  be  out- 
standing at  any  one  time,  the  bond*  beariug  interest  not  ezeeeding  4%. 
The  extraordinary  provis<m  erf  this  law  is  thai  these  bonds  are  to  be  oand 
for  from  the  receipts  for  automobile  Oeeoaea.  With  $2  000  000  of  bonds 
outstanding  and  one-forUeth  of  this  sum  to  be  retired  in  any  one  year, 
$130  000  would  have  to  be  provided  annually  for  interest  on  the  outetand- 
ing  bonds  and  for  the  retirement  of  those  falling  due.  In  1912  the  receipts 
from  automobUe  license  fees  was  about  $100  000.  This  sum  was  ii^CFsased 
the  following  yeu  to  $140  000  and  in  1914  to  about  $180  000.  If  these 
increasee  continue  there  would  appear  to  be  some  margin  which  could  be 
devoted  to  the  annual  expenses  of  the  repair  and  maintenance  of  these 
roads,  but  the  capitalisation  of  estimated  reoeipts  from  this  souroe,  iriuch 
prudmoa  would  dictate  should  be  devoted  to  upkeep,  appears  to  be  a 
daniEerous  method  of  fi^^^^i^ctng  road  improvements,  especially  in  view  of 
t^e  faot  that  it  is  higjdy  probable  that,  before  the  last  of  any  series  will 
be  retired,  it  will  become  necessary  to  replace  the  road  surface  several 
times,  and  to  meet  this  expense  the  entire  receipte  from  automobile  licenses 
over  and  above  the  amount  required  to  care  for  the  bonds  would  doubtlea 
be  required,  and  even  this  would  probably  be  found  inadequate. 

Maryland  Plan.  In  marked  contrast  with  this  is  the  ptdiey  of  the  State 
*of  Maryland,  which  is  paying  for  its  highway  improvements  by  l&-year 
bonds,  BO  that  when  the  road  suifaoea  are  worn  out  there  will  be  little, 
if  any,  outstanding  flebt  incurred  oo  their  account,  provided  that  such 
renewals  of  the  surface  as  may  be  required  before  that  time  are  paid  for 
from  general  appropriations. 

Application  to  County-Road  System  in  DUnois.  An  excellent  illustration 
of  the  use  of  the  serial-bond  plan  to  finance  -a  system  of  highw^s  is  that 
adopted  by  one  of  the  counties  in  Illinois,  where  4%  bonds  to  the  amount 
•^SlfiOOOOn  have  been  authorised  fbr  avitem  of  eountr  xoada;  $75000 
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worth  of  these  bonds  is  to  be  retired  each  year  so  that  at  tbe  end  ol  30 
years  t&e  roads  will  have  been  paid  fop.  It  has  been  estimated  that  tbe 
annual  cost  of  providing  this  road  syst^  per  acre  of  farm  land,  which 
has  an  assessed  value  of  s  little  over  f30  an  acre,  will  be  a  maximum  of 
lOH  centd  in  the  third'year,  when  the  entire  improvement  will  havQ  been 
completed  and  the  interest  chargee  reach  a  maxtmum,  and  that  this  will 
graduaUy  decrease  until  in  the  twentieth  and  final  year  tbe  ooat  for  eadi 
aon  of  farm  land  will  be  but  6H  oents. 


Changing  from  Credit  to  CaA  System.   When  highway  iraprovements 

an  not  paid  for  with  borrowed  money,  that  is,  when  they  are  paid  fw  is 
caah,  resort  must  be  had  to  taxation,  tiie  amount  to  be  expended  each  year 
being  included  in  the  annual  budget.  It  is  apparently  so  much  easieT  to 
pay  with  borrowed  money  with  the  idea  that  the  next  generation  abould 
share  the  expense,  and  those  responsible  for  budget  making  are  eo  asns- 
tive  to  iho  flritidBn  that  invariaUy  fblknra  an  fnimase  in  the  tax  rate, 
that  it  18  difficult  to  secure  adequate  budgetary  uppropriatums  for  hiiii- 
way  Improvements.  Alter  a  long  period  of  bonowing  and  when  tiroviaoiM 
for  interest  and  sinldn^fund  charges  represent  a  large  part  of  Uie  annoal 
tax  budget,  tbe  need  of  a  change  of  policy  becomes  obvious,  but  with  a 
long  period  of  p^rments  on  outstanding  obligations  to  look  ftvnrd  to 
it  is  diEBcult  to  aha  age  to  sucB  a  basis. 

Hew  Tork-e  "  Pty-A»-Ton-G« "  Plan.  The  aty  of  New  YoA  hm 
issued  its  bonds  to  such  an  ertent  that  the  debt  service,  or  the  annual 
interest  and  amortiaation  charges,  amounted  to  37%  oi  the  total  mm 
raised  Iqr  taxation  in  1914.  A  chance  in  policy  was  then  detennbied  upon 
to  be  twDught  about  in  4  yean  in  the  fdlowing  mumer:  For  all  nvenne- 
producing  enterprises,  sudi  as  water  supply,  transit  Uiwe  and  improve- 
ments of  the  water  front,  60-year  bonds  are  to  be  issued  as  hnstofcwe: 
for  all  non-productive  improvements,  such  as  repavKnents,  brideos  and 
public  buildings,  three^fourths  of  the  funds  required  during  1915  are  to 
bo  raised  by  the  issue  of  l&-year  bonds  and  one-fourth  by  short-torn  kMiie 
provided  for  in  the  tax  budget  for  the  following  year.  During  tbe  year 
1916  one-half  of  the  funds  needed  for  these  purposes  are  to  be  raised  hr 
the  issue  of  Ifr-yesr  bonds  and  OQe-balf  hy  dwrfe-term  notes  ^ovided  lor 
in  the  budget  f<Hr  the  following  year.  In  1917  <me-4duxth  ol  the  reqoim* 
mente  will  be  met  by  the  sale  of  Ifr-year  botfda  and  tbne-fourths  wiU  be 
paid  for  as  above  described,  which  is  equivalent  to  cash;  while  in  1018 
and  thereafter  the  entire  expenditures  for  non^mrenue-produdng  improve- 
ments will  be  paid  for  without  incurring  any  bonded  debt.  Inasmuch 
as  a  \-ery  large  proportion  of  the  outstuiding  debt  of  New  York  City  will 
nm  for  from  30  to  50  years,  the  debt  service  budget  will  decrease  very 
fliowly  and  tbe  change  to  a  cash  bans  sill  necessarily  involve  a  substantial 
inereaae  in  tbe  tax  rate.  This  is  a  fair  illustration  of  tbe  diffietdtr  of  dtan^ 
ing  fnxnn  a  credit  to  a  oaah  baeu  in  flfianoing  improvements  wUcb  do  tio4 
produce  any  direct  revenue. 

l^fompt  Completion  of  Hi^way  System.  In  small  cities,  where  the  mBe- 
age  of  pavements  is  small  and  a  considerable  annual  expmditure  for  re- 
place men  ta  is  not  needed,  tbe  advantages  of  budgetary  i4M)ropriations  ore 
not  so  obvious,  but  in  a  large  city  ot  a  state,  wbsre  tbe  annual  expendituraa 
are  likely  to  run  Into  the  millioni,  tlugr  are  qoita  onMrent.   It  wh  Aowb 
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><     in  Art.  7  that  In  10  years  after  the  commencement  of  yearly  issues  of  10- 
i'-     year  bonds  the  annual  debt  charges  would  exceed  budgetary  appropriations 
*     to  the  same  amount  by  32.2%,  while  in  the  case  of  50-year  bonds  it  will 
be  found  that  20  years  after  beginning  to  raise  funds  in  this  way  the  interest 
'     and  sinking-fund  charges  will  almost  exactly  equal  the  annual  cash  expen- 
ft     diture  and  from  then  on  it  will  exceed  it  by  an  increasing  percentage  every 
l>     year  ics  another  30  years.    Ten  or  even  20  years  are  very  short  periods 
in  the  life  of  »  oi^.   The  creation  of  a  state  system  <rf  highways  is  Bomcf> 
what  different.   There  are  insistent  demands  that  such  a  system  be  devel- 
oped within  a  very  few  yean.     Annual  appropriations  to  the  amount 
required  to  provide  such  a  system  in,  si^,  6  years  would  be  out  of  the 
I      question.    The  people  of  the  State  of  New  York,  for  instance,  voted 
I      S50  000  000  of  bonds  for  highway  improvements  in  1905  and  another 
I      $50  000  000  in  1012,  all  of  these  bonds  running  for  50  years.    If  they 
I      pay  4%,  this  will  mean  an  annual  tax  of  S4  890  000  for  interest  and  sinking 
I      fund  charges  for  two  generations,  to  say  nothing  of  the  huge  budget  required 
for  muntenanoe  and  periodic  renew^  of  the  road  surface*.   Yet  annual 
apinoiHiiations  of  this  sum  would  have  provided  the  same  evvtem  of  im- 
I      proved  roads  in  20  years  and  there  would  have  been  no  debt  saddled  upon 
the  next  generation.    The  immense  sum  authorised  to  be  raiaed  by  bonds 
could  not  be  effectively  expended  in  less  than  10  years,  or  half  the  time 
within  which  the  entire  improvement  could  have  hem  carried  out  at  no 
greater  annual  burden  and  without  a  dollar  of  debt. 


Roads.  In-^view  of  the  enormous  demands  upon  the  resources  of  dtiea 
and  states  for  fturpoaeB  which  are  of  general  benefit,  it  is  necessary  either 
to  find  new  souroes  of  revenue  by  means  of  special  tsaras  or  to  raise  at 
least  a  part  of  the  cost  of  improvements  which  are  of  local  benefit  by  direct 
aseeasraent  upon  the  property  so  ben^ted.  Few,  if  any,  improvements 
involve  so  large  a  proportion  of  direct  benefit  as  those  /elating  to  high- 
waj^  In  the  rtiral  districts  the  property  fronting  upon  the  roads  is  of 
sut^  relatively  low  value  that  assessments  for  any  considerable  portion 
of  the  cost  of  their  improvement  cannot  be  imposed  upon  it,  but  the  county 
and  township  could  properly  be  required  to  share  the  burden  witii  the 
state  and  a  small  aaseasment  oould  with  equal  propriety  be  placed  upon 
the  land  fronting  upon  the  road.  This  was  the  tl»ory  of  die  first  state 
aid  laws  and  it  was  so  sound  and  just  that  it  seems  unwise  to  have  aban- 
dooed  it.  Improvements  under  this  law,  however,  were  initiated  upon 
petition  and  the  improved  sections  of  road  were  not  contiguous,  while  the 
demands  were  insistent  for  a  complete  system  of  good  roads  traversing 
the  state  in  all  directions,  and  to  meet  those  demands  the  state  itself  was 
obliged  to  undertake  the  task  of  providing  a  comprehensive  system  of  good 
highways  without  depending  upon  the  local  authorities. 

Straeta.  In  dties  the  conditions  are  different.  The  abutting  property 
is  BO  valuable  that  the  cost  of  good  pavements  is  but  a  small  proportion 
<rf  tiie  land  values,  whQe  tiiat  value  is  at  once  further  increased  as  a 
result  of  the  improvement.  In  most  large  cities  the  entire  cost  of  the 
first  pavement  is  assessed  directly  upon  the  property,  and  in  some  cases 
the  cost  of  repaving  is  similarly  assessed.  In  Rochester,  N.  Y.,  the  entire 
coot  of  all  pavements,  both  original  and  repaving.  is  assesBed  -upon  the 
abutting  property.   In  Uttoa,  in  the  same  state,  tme^third  of  the  cost 
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of  tiie  original  pavement  and  the  Rubeequent  renewak  is  bwne  by  the 
city  and  the  remainder  is  nepcwod  acoording  to  bowfit.  In  the  Amwieaii 
City,  November,  1914,  there  is  a  compilation  of  the  method  oi  niimiiiiin 
the  ooet  of  aoquiring  new  streets,  of  widening  existing  streets,  and  of  our- 
faoe  improvements.  While  in  the  smaller  cities  the  cost  of  the  first  pav- 
ing is  often  paid  by  the  city  at  large,  Washington,  D.  C,  is  the  ooly  city 
of  considerate  site  that  follows  this  practice,  and  conditioDB  in  this  city 
are  eo  exceptional,  owing  to  its  very  wide  streets,  that  it  cannot  be  taken  aa 
typical.  The  benefit  of  good  pavements  to  the  abutting  property  is  so 
great  that  the  coot  of  substituting  a  new  surface  for  one  wh^  is  wora  out 
could  often  be  asaeaaed  upon  the  abutting  property  without  great  hardahip. 
When  Budi  property  haa  a  very  hi^  value  Uie  expaise  of  periodic  repav^ 
ing  (rf  tito  atoeets  upon  which  it  fronts  would  actually  be  much  less  than 
its  share  of  the  general  expense  if  paid  by  the  city  at  large,  whetbo-  by 
budgetary  appropriations,  short-tenn  bonds,  or  long-term  b<mdB.  New 
York  City,  with  its  enormous  expenditures  for  pavement  rei^acements  and 
its  very  hi^  real-estate  values,  may  be  exceptional,  but  an  analyas  of  the 
cost  to  individual  property  imder  several  methods  of  finanmng  repaving 
■wSl  show  startling  results.  It  is  assumed  that  the  first  pavement  laid 
will  have  been  provided  with  a  substantial  foundaticoi  which  will  serve 
for  nvaral  subsequent  surfaoes.  The  prevailing  prices  for  pavraients  of 
different  Unds  are  used  wd  the  life  of  the  surface  is  estimated  to  be  from 
10  to  18  yean,  according  to  traffic  conditions,  and  the  oost  of  each  new 
[Mivemeot  is  divided  by  the  years  of  its  estimated  life,  each  parcel  being 
charged  with  the  paving  of  one-half  the  roadway  of  the  bounding  streets, 
except  the  space  between  surface  railway  tracks  and  2  ft  outside  of  the 
rails,  which  is  cared  for  by  the  traction  companies.  It  is  also  estimated 
that  the  city  will  expend  $5  000  000  annually  for  repaviag«and  the  share 
of  the  particular  property  of  the  interest  and  sinking-fund  charges  is  that 
irtiich  would  be  called  fior  at  the  eipiration  of  a  term  of  jrears  squdi  to 
the  tamu  <ii  the  bonds. 

An  OSce  BaQdiog  oeeupyinc  an  entire  Uock  bounded  by  four  ltIMt^  b  sMMd 
iOf  taxation  at  (12  426  000.  The  cost  of  raMwing  the  pavementa  on  eadi  ot  thaw 
four  atiesU  at  the  expirBtion  ot  their  reasonable  life  if  made  in  equal  mnnual  paymte 
would  be  |8H  a  year,  while  the  riuue  of  thb  piupaty  cf  a  (6  000  000  aiuiusl  siifKe* 
ptiation  would  bo  ¥7970.64,  and  Its  aanual  eontilbutloB  on  a  10-year  bond  and  W- 
yeor  bond  bade  reqiectivdy  would  be  (10  686-40  and  |1»  482.40. 

A  Club  Hoose  oeeupyinK  a  comer  fronting  on  two  atreete  paved  with  aephalt  bM  as 
asaaand  value  o(  $116  000.  The  annual  CKpense  to  It  of  repladng  pavements  at  Om 
SBd  of  Oalr  reasonaUe  lUe  would  be  9>0.66,  while  Its  antributioB  to  a  $B  000  000 
sanoal  q>proprfation  wouM  bo  $73.77,  and  Its  riiarc  of  the  Mms  pmMoB  br  tmpKf 
ing  on  the  basis  of  lO-year  or  60-year  bonds  would  be  $97.62  or  $180.32. 

A  Private  Resldenca  with  a  Frontage  of  loo  Ft  but  not  a  eonicr,  ud  eztcBdisg 
thni  the  Uock,  and  thus  frosting  upon  two  etieeta,  i«  aaee«ed  at  $116  000.  and  the 
cost  to  it  of  pavancnt  raatoraticai  by  direct  ■■nriamwit  would  be  $86.12  annually, 
while  its  oontribatl<»  toward  the  other  methods  trf  flnaneini  repavli^  would  bo  pr» 
efady  the  nnta  as  that  of  tbe  dub  nSand  to  above,  Its  aaaeMd  value  beteg  idantkaL 

A  Bh>ck  at  Elovaa  Attached  Hoosoa  located  oa  a  coraw  ia  aaiiaaid  at  $200  000 
and  its  share  of  repaving  by  direct  awoaiinent  would  be  $94.40  annually,  iriUle  its 
eontributlon  to  annual  ^jpropriatiMu,  10-year  booda,  and  60-year  bonds  wonM  ba 
reqwedvdy  $166.79,  $220.48,  and  $407.68. 

A  Honae  Occnpytag  a  l^t  so  Ft  Wide  la  a  street  aeeommodatlng  a  doublotiacfc 
sarlase  rallraad  haa  aa  awuci  value  ot  $10  000.  The  eoat  to  It  ot  npavltig  the 
VBoe  not  eand  for  by  the  railroad  eompany  would  be  $2.40  anmnlly,  wfaOe  tta  dhan 
S'^^^tT^^nuo'  ^'^^^  *^  fiftraar  bonds  wooM  ba  nvMdv^y 
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A  SnuUl  Detached  House  od  k  40-Ft  Plot  fnmting  on  «  street  60  ft  wide  hM  an  ■iWMwd 
Tslue  of  94200.  In  this  cue  its  Bhara  of  renewal  of  an  aqthalt  pavement  by  direct 
■MHwninnr  Tiniilil  linffi  fin  11  jiim.  eliHii  ita  ctntributim  toward  mnnBl  apptopriwttciM^ 
lO-ywr  bonde,  or  eo-yov  bonds  would  be  Mpwtively  12.68,  |S.66>  or  |&6B. 

Finandal  Advantaces  of  ZHrect  AsBeHmantt.  In  all  of  the  instances 
above  cited,  except  the  last,  it  will  be  cheaper  for  the  property  to  [»y 
a  direct  assessment  for  rcnawing  the  pavement  on  the  abutting  street  than 
to  pay  its  share  according  to  its  taxable  value  of  aonual  approptiationfl, 
10-year  bonds,  or  50-year  bonds.  With  respect  to  the  modest  detached 
house  on  a  40-ft  plot,  it  is  not  improbable  that  by  the  time  the  first  pave- 
ment is  worn  out  and  it  is  neceesary  to  replace  it,  the  aneoaood  value  of  Uiis 
property  will  have  increased  to  such  a  point  that  evea  in  this  oaae  it>  ehan 
of  the  burden  of  tettoring  pavements  with  bonoira4  money  will  be  lees 
than  if  it  were  assessed  directly  for  the  expense  of  r^iUoement. 


Methods  of  Reckless  Financing.  References  have  been  made  in  the 
preceding  Articles  to  methods  of  financing  highway  improvements  which 
without  exaggeration  may  be  called  recldess.  To  borrow  money  to  con- 
struct roadway  surfaces  which  will  wear  out  long  before  they  are  paid  ttff, 
to  apply  the  same  methods  of  financing  to  the  portions  of  a  road  or  street 
im];novemeut  vrttich  an  pemuuient  or  '•riiioh  wfll  last  for  a  long  period  of 
years,  and  as  to  those  portions  which  will  be  diort-lived,  to  spend  large 
sums  for  oonstruotion  without  p>roper  provision  for  maintenance,  to  save 
on  foundations  and  drainage  when  they  are  neeessary  to  insure  a  reason- 
ahle  life  for  the  roadway  surface,  to  use  or  to  capitalise  receipts  which 
should  be  devoted  to  maintenance  and  divert  the  fimds  to  new  oonstnu^ 
tion  without  provision  for  upkeep,  to  embark  upon  any  extensive  scheme 
of  highway  improvement  before  the  ultimate  cost  has  been  carefully  esti- 
mated and  a  definite  plan  has  been  worked  out,  not  only  for  progressive 
construction  but  also  for  maintenance,  all  or  any  of  these  show  lack  <^ 
good  business  sense  and,  judged  by  these  standards,  many,  if  not  moat, 
of  the  extensive  highway  improvements  which  have  been  undertaken  are 
eharaeteriied  by  a  oertain  of  reckliBasness. 

General  md  Isolitod  Improvements.  The  value  of  a  system  of  improved 
roads  depends  upon  its  comptetenees  and  the  continuity  of  the  various 
routes  and  in  no  small  degree  upon  the  promptness  with  which  the  entire 
system  can  be  created.  The  more  complete  the  system  and  the  better 
the  articulation  the  greater  the  general  benefit,  and  hence  the  justification 
for  a  resort  to  general  taxation  whether  by  annual  cash  appropriation  or 
by  borrowing  for  a  reasonable  term  of  years.  Where  isolated  pieces  of 
load  an  improrad  and  the  direct  connections  bet?reen  than  are  not  pro- 
vided the  benefit  cannot  be  general  and  resort  to  general  taxation  or  loans 
cannot  be  justified.  There  have  been  numerous  instances  of  reckksBUflSB 
in  financing  highw^  improvements  which  by  comparison  make  any  of  tfae 
methods  heretofore  described  appear  extremely  conservative.  Several 
examples  will  be  cited. 

A  Flagrant  Case  of  Term  Bonds  Unloaded  upon  a  Gity.  In  1865,  the 
Legislature  of  the  State  of  New  York  authorised  three  of  the  towns  of 
Westchester  County  to  raise  1^  hiao  the  sums  of  S3600,  S6500,  and  t2500 
reepectii«^,  whioh  sums  were  to  be  appropriated  to  "  maldng,  grading, 
extending  and  regulating"  a  certain  highway  beginaitig  at  the  Hailem 
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River  sod  paseiiig  thru  the  three  towns  natned.  The  act  [wovided  that 
each  town  should  issue  boads  for  the  amount  required  to  meet  the  coat 
of  that  part  of  the  improvemect  irithin  its  linuts  and  that  these  txmdM 
"  shall  hear  ah  Intetest  of  7%  per  annum  payable  annually,  and  they  shall 
be  so  drawn  as  to  becomo  due  in  flume  not  exoeeding  $1000  in  any  one 
year."  This  means  of  securing  the  improvement  of  what  was  then  a  main 
highway  appeared  reasonable  enough  and  it  seemed  probaUe  that  what- 
ever debt  niight  be  incurred  would  soon  be  liquidated.  In  1668,'  however, 
the  law  was  amended  by  substituting  for  the  sums  named  for  each  town 
the  words  "  such  sums  as  may  be  necesaary."  The  town"  which  was  fint 
autboriied  to  spend  S6600  actually  expended,  or  at  least  raised  by  '—""t 
its  bonds,  Ute  sum  $112  fiOO,  some  of  these  bonds  beinc  in  dencnninB- 
tions  of  $1000  but  the  greater  portion  of  $600  each.  Tlaeie  were  ahocether 
178  different  bonds,  the  last  one  of  which  will  become  due  in  the  ywur  1980: 
The  town  «4iich  was  originally  authniied  to  issue  $3500  in  bonds  Mte- 
ally  issued  its  bonds  to  the  amount  of  $278  000,  all  ol  these  faavins  upfiur- 
eotly  been  in  $1000  denominations,  as  the  last  one  wilt  fall  due  in  the  year 
2147.  The  two  towns  above  referred  to  have  siooe  become  a  part  of  the 
City  of  New  York  and  that  city  has  been  obliged  to  aaaume  all  of  the  oUi- 
gations  of  the  towns,  bo  that  in  New  York's  tax  budget  there  ivpears  each 
year  provision  for  paying  off  one  of  the  bonds  of  each  <rf  these  towns,  to- 
gether with  interest  at  7%  on  those  whieh  remain  oatstsnding;  that  ii, 
while  the  first  act  provided  Uiat  two  towns,  now  put  at  the  Cfty  of  New 
York,  should  incur  a  debt  aggregating  $10  000  whidi  was  to  be  sntfraly 
paid  off  in  not  more  than  13  years,  an  actual  debt  ol  $880  fiOO  was  ineniied 
and  saddled  upon  the  City  of  New  York  in  such  a  fashion  thai  ft  could 
not  be  entirely  paid  for  278  years  after  the  first  bonds  wen  issued. 

Bonded  Debt  Incurred  Two  I>ays  before  Annexation  to  a  CSty.  One  of 
the  towns  of  Kings  County  was  to  be  annexed  to  the  then  Ci^  of  Brooklyn 
on  July  1,  1894.  Acting  under  authority  of  a  special  statute,  Uiat  town 
issued  its  bonds  to  the  amount  of  $600  000,  and  oo  June  28th,  3  days 
before  it  went  out  of  existmoe,  the  town  authorities  made  a  laiis  numbsr 
of  contracts  for  road  improvements  consisting  Ux  the  most  pait  of  watsp- 
bound  broken-fltone  roads.  The  act  provided  that  the  town  bonds  should 
be  issued  as  serial  bonds  in  groups  of  $100  000  each,  ^e  first  of  the  bonds 
falling  due  not  less  than  10  nor  more  than  11  yean  from  the  date  of 
issue  and  being  retired  in  60  successive  annual  installments.  The  funds 
required  to  meet  the  interest  on  the  outstanding  bonds  and  the  payment 
of  those  due  was  to  be  provided  for  in  the  tax  levy  of  the  town  every  year, 
there  being  no  aseeaament  upon  the  abutting  property.  The  town  as  a 
separate  polttioal  unit  oeased  to  eonst  3  dajn  after  tiM  ooBtracts  w«n 
made  but  the  city  of  which  it  became  a  |«rt  was  obUgsd  to  sunmim  the 
obligation,  altho  it  was  enabled  to  |»ovide  the  needed  funds  by  imposing  a 
special  tax  annually  upon  the  property  within  the  former  town,  which  became 
a  soparato  ward  of  the  city.  It  is  safe  to  aay  that  little,  if  any,  of  the 
roadway  surface  constructed  under  this  act  was  in  existence  wlwo  the 
first  bonds  of  the  several  groups  became  due  but  ih»  debt  will  not  be  fuUy 
paid  until  the  year  1954. 

Other  instances  of  reckless  financing  might  be  givm,  but  these  two  are 
sufficient  to  demonstrate  the  enormous  price  which  wQl  aomstimsa  be  im- 
posed upon  one  or  more  lucoeeding  aeneratiODs  In  order  to  avoid  cash 
payments  for  improvements  which  are  obviously  of  immediate  bene6t  to 
a  particular  locali^. 
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EXPENSES  TO  BE  VmANCED 


12.  Investigatioiis  and  Surreys 


ProUminary  InvcctigatlonB.  The  physical  improvemeot  of  roads  and 
streets  is  not  the  fiiat  work  to  be  undertaken  or  the  first  expense  to  be  in- 
curred. When  a  general  scheme  of  improvement  has  been  decided  upon 
there  is  usually  a  feverish  desire  to  begin  work  on  the  ground  or  "  to  make 
the  dirt  fly."  The  public  and  the  press  are  insistent  that  something  afaall 
be  done  that  they  can  see,  and  they  apparently  fail  to  understand  that,  if 
tiw  money  is  to  be  wisely  expended,  thoro  preliminary  studies  are  neoee- 
■ary.  If  a  state  is  to  devote  milUona  of  doUars  to  general  highway  im- 
inovameot,  the  first  thing  to  be  undertaken  is  a  thoro  study  of  the  organi- 
sation beet  suited  to  carry  out  the  work;  then  should  come  a  careful  exam- 
ination of  the  existing  highway  system  with  a  view  to  the  selection  of  the 
routee  which  will  be  of  the  greatest  benefit  to  the  general  public.  Following 
this  will  come  inveetigations  and  studies  to  det^mine  where  and  to  what 
extent  modifications  of  alignment  and  grade  are  needed.  Before  contracts 
are  made  there  should  be  a  careful  investigatiou  of  the  materials  which 
ore  available  in  <»der  to  detennine  whether  it  will  be  cheapw  ia  the  end 
to  use  native  materials  or  to  bring  others  from  a  distance,  even  the  the 
coat  of  oonatniction  be  increased.  Such  expenses  as  these  might  properly 
be  considered  part  of  the  cost  of  administration,  but,  if  no  separate  pro- 
vision has  been  made  for  them,  it  is  far  better  to  draw  upon  the  funds 
provided  for  the  improvement,  whether  they  be  raised  by  budgetary  ap- 
propriation or  by  bond  issues  or  even  by  aasesement  for  benefit,  than  to 
dispense  with  the  preliminary  inveetigatiottB.  Without  such  preliminary 
work,  mors  in  judgment  in  the  selection  <rf  tim  highways  to  be  improved 
or  in  the  choioe  of  materials  to  be  used  and  failure  to  correot  defects  in 
gnuls  and  allgnmant  an  quite  sore  to  result  in  an  unwise  use  of  some  of 
the  funds  and  in  failure  to  secure  the  best  system  of  roads  ixdiich  is  possible. 
In  the  case  of  a  city  street  system,  the  preliminary  work  will  be  more  exten- 
sive and  will  consume  far  more  time  and  involve  much  greater  expense. 
The  need  of  topographical  surveys,  of  a  careful  study  of  the  transporta- 
tion needs  of  the  future  streets,  and  the  main  drainage  system,  of  a  rational 
plan  not  only  for  the  principal  and  secondary  busineas  or  traffic  streets 
but  also  for  those  which  are  to  be  devoted  to  residential  ptuposes  has  been 
emphasised  is  several  of  the  Articles  in  Sect.  7.  The  expense  of  this  work 
is  usually  oonstdnred  as  propwly  chargeable  to  general  administration  but 
in  some  cities  it  has  been  met  by  the  issue  of  lon^term  bonds  tax  the  roasoo 
tibat  it  is  considered  work  of  a  permanent  character  which  will  last  as  long 
as  the  dty  itself.  In  large  cities  where  there  are  subdivisions  that  can 
be  separately  taxed,  there  is  no  good  reason  why  this  expense  should  not  be 
imposed  upon  the  territory  covered  by  the  plan  and  assessed  directly  upon 
the  real  estate  within  ita  boundaries.  What  was  previously  acreage  prop- 
erty, tmavailaUe  for  urban  development,  at  once  becomes  citable  of  sub- 
division into  city  lots  fronting  upon  officially  recognised  streets,  and  there 
is  no  angdb  step  in  its  develoimient,  not  even  the  jdiysical  emistruction 
of  the  streets,  which  will  be  d  more  direct  ben^t  in  that  the  propwty 
at  oiMse  beoomes  marketable  as  city  lota. 

Thles  aod  Surveys.  When  it  is  necessary  to  acquire  title  by  condemna- 
tion proosedings  to  the  land  within  street  lines,  further  and  more  detailed 
surreys  beoome  oeoessary  in  order  to  determine  the  precise  area  to  be 
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taken  tram  etrch  owner  uid  the  exact  location  of  bufldinga  wbudt  may 
be  taken  or  damased.  Aa  the  co6t  of  such  aoquuition  ia  oommonly  aa- 
sesaed  upon  an  area  of  benefit,  the  ezpenae  of  mich  surveyt  and  matfa  may 
be,  and  frequently  is,  included  ia  the  costs  of  the  proceedings,  but  it 
Bometimee  happens  that  expensive  surveys  are  required  to  locate  certain 
lines,  while  information  so  obtained  will  be  required  in  connection  with 
similar  proceedings  relating  to  other  parte  of  ttw  aome  street  or  to  adja- 
cent streets.  In  such  cases  it  is  obvioiidr  unfair  to  impoM  this  ^Mial 
expense  upon  the  property  n^toh  will  be  affected  cmly  by  tlie  partiealar 
street.  Sudi  work  is  propetiy  chargeable  to  general  taxation  or  to  tile 
same  account  from  which  the  cost  of  the  general  plan  was  paid.  Finally, 
there  will  be  the  surveys  needed  for  the  preparation  of  the  actual  oontract 
plana  and  the  cost  of  engineering  and  inspection  during  conatruotioB. 
Theee  are  nearly  always  charged  to  the  fund  from  which  the  cost  of  the 
actual  work  is  met,  whether  it  ia  to  be  paid  by  the  city  at  large  and  raised 
by  any  of  the  methods  already  referred  to,  or  whether  it  is  to  be  aaseoed 
upon  the  invpnty  benefited. 

18.  Acquiaittoa  U  Tillas 
Valuation  of  Land  t<a  Highways.  The  esistlnc  roads  in  rural  dbtriels 
and  the  oldest  sbeeta  in  dtiee,  which  were  onoe  rural  highways,  have  in 
most  cases  been  created  by  traffic;  they  were  not  laid  out  in  aooordance 
with  any  plan  tfao  the  way  for  them  was  often  cleared  thru  foreata.  Public 
right  in  them  haa  been  eatabliahed  by  user  and  not  as  the  result  of  any 
legal  proceedinga,  and  that  right  is  generally  an  easement  tm  highway 
purpoeee  and  ia  seldom  a  fee  title.  As  new  hiaihwfqra  are  acquired  or  when 
the  old  highways  are  widened  or  straightened  the  property  is  likely  to  be 
purchased,  in  «4uch  case  a  fee  title  is  usually  acquired.  The  state,  town 
or  lAty  often  eoEauisea  its  riglit  of  eminent  domain  and  condemns  tlie  land 
required  thru  a  ooDuniasion  appointed  by  the  court.  Such  prooeduie  is 
necessary  in  oase  any  part  of  the  cost  ia  to  be  asBeesed,  aa  prioes  fixed  by 
private  agreement  are  likely  to  be  questioned  unleea  the  owners  who  are 
to  receive  the  awards  and  those  who  are  to  pay  the  bill  have  thttr  day 
in  court  with  an  opportunity  to  make  objections.  Theee  proceedings  are 
eumbersome  and  expensive,  and  the  unreasonable  time  consumed  and  the 
enormous  costs  are  frequently  the  cause  of  mudi  complaint  and  oftwi  of 
scandal.  Extravagant  claims  are  made  as  to  the  value  of  the  land  takm, 
full  value  for  the  area  within  the  street  lines  being  inristed  upon.  It  fa 
difficult  to  understand  the  mental  process  by  which  members  of  condem- 
nation commissiona  arrive  at  their  conclusiona  as  to  valuee.  When  a  street 
plan  haa  been  officially  adopted  and  the  property  has  been  sold  the  title 
ia  generally  given  to  the  center  of  the  street.  If  the  street  ia  00  ft  wide 
and  the  abutting  lots  are  bud  out  to  have  a  depth  of  100  ft,  the  titie  ol 
the  owner  covers  a  total  depth  of  130  ft,  half  of  which  is  wiUiin  the  lines 
of  the  street.  This  totfU  area,  however,  is  little  more  than  acreage  prop- 
erty and  haa  no  vahie  as  city  lots  until  the  pi4)er  street  shall  have  been 
converted  into  an  actual  highway  afFording  access  to  the  lota.  To  claim 
city-lot  values  for  the  30-ft  strip  without  which  the  remainder  is  not  sus- 
ceptible of  use  seems  absurd,  and  yet  such  claims  are  generally  made  and 
too  frequently  allowed.  When  the  property  which  is  left  is  not  of  sudt 
size  or  shape  that  it  can  l>e  developied  as  building  plote  substantia  com- 
pensation is  equitable  and  proper,  but  the  average  owner  of  property  iriiieh 
is  to  be  condmaned  is  insistent  upon  large  awards  tar  the  taking  ot  that 
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which  ia  of  no  use  to  him  UDtil  it  is  a  public  street,  and  he  seems  to  have 
no  difficulty  in  securing  expert  testimony  to  support  his  claims. 

Bolldincs  within  StTMt  Una.  In  mnny  instances  buildings  are  erected 
wholly  or  partly  within  the  Uims  of  streets  for  the  axpreM  purpoae  of  secur- 
ing largiB  awarda  tar  dimagiin  after  which  tha  buildtngi  or  the  portaons  of 
them  which  are  takni  an  sold  at  pubUe  auoticm  lor  a  nondnal  coosidCTa- 
tion  and  are  usually  bought  back  by  the  oti^nal  owner.  This  practice 
has  been  called  aousB  pi<&NTiNa,  and  there  an  authentic  records  of  cases 
when,  after  securing  large  awards  for  such  buildings  and  purchasing  them 
back  again  for  a  few  doUara,  they  have  been  deliberately  moved  to  another 
site  held  by  the  same  owner  and  wholly  or  partly  within  the  lines  of  an 
unopened  street  and  the  same  procedure  is  repeated.  If  the  building  is 
sufficiently  substantial  to  survive  several  such  moves,  a  very  handsome 
return  can  be  realiied  on  the  caiglnal  investment.  The  moat  ^eetive  way 
to  deal  with  the  question  of  eztravagant  claims  for  propertar  taken  for  street 
purposee  is  to  assess  directly  back  up<»i  the  abutting  land  the  entire  cost 
of  the  proceedings,  in  which  case  the  daimante  may  have  the  satisfaction 
of  paying  thnr  own  awards,  but  this  would  not  remedy  the  injustice  im- 
posed  upon  other  owners  as  a  result  of  house  planting.  It  is  obvioiis  that 
in  case  titem  are  not  buildingi  witliin  the  street  lines  it  is  to  the  interest 
of  the  owners  to  cede  voluntarily  the  land  required  for  the  street  without 
compensation  and  save  thereby  the  expenses  of  the  proceedings  which, 
when  the  cost  of  surveys,  the  nuUditg  oT  the  damage  miqis,  and  tiia  fees 
and  expenses  of  the  condemnation  oommisBion  are  included,  are  conad- 
erably  greater  than  the  aggregate  of  the  awards.  In  some  statee  an  attempt 
has  been  made  to  deal  with  the  evil  of  the  erection  of  buildin«B  within 
street  lines  by  the  enactment  of  laws  declaring  that,  after  the  proper  city 
authorities  shall  have  adopted  an  official  plan  showing  streets  and  parks 
and  property  which  may  be  taken  for  any  other  public  purpose,  any  owner 
who  erects  a  building  within  the  limits  of  the  land  to  be  taken  does  so  at 
his  own  risk  and  is  not  entitled  to  compensation  therefor.  Such  a  statute 
emsts  in  the  State  of  Pennqrl^aDis  "^d,  while  iho  constitutionality  of 
such  a  law  may  be  opm  to  question,  it  appears  to  be  so  obviously  in  the 
public  interest  that  it  has  not  been  successfully  attacked  in  the  Penn^- 
vania  courts.  It  is  true  that  such  a  policy  may  involve  grave  injustice 
if  the  taking  of  property  so  preempted  is  imnecessarily  delayed.  Any 
owner  of  land  should  have  the  right  to  make  such  use  of  it  as  may  be  proper 
and  l^ptl  unless  it  shall  have  been  taken  from  him  by  due  process  of  law. 
When  such  owner  shall  have  in  good  faith  shown  his  intention  so  to  use 
or  improve  his  property,  the  city  or  the  state  should  in  justice  act  with 
maoaaiAs  promptness  by  (aldng  that  which  they  have  declared  their 
intention  ultimately  to  take  and  pw  a  fair  price  for  it. 

Irregular  Property  Lines  and  Unusable  Remnanta.  Where  streets  are 
so  located  with  respect  to  property  lines  that  irregular  and  unusable  rem- 
nants will  be  left  which  cannot  be  profitably  improved  while  in  single 
ownership,  or  when  street  wideoings  result  in  leaving  plots  too  shallow  for 
suitable  use,  the  damages  are  large  and  proper  compensation  must  be 
made,  A  method  of  dealing  with  such  cases,  which  has  been  strongly 
recommended  of  late,  is  the  exercise  of  the  ri^t  of  excess  condemnation 
when  such  right  exists.  This  8im|dy  means  that  the  state  or  the  ci^  in 
taking  property  required  f<H-  a  puMio  use  shaQ  not  be  limited  m  ite  taking 
to  the  precise  lines  required  in  otdw  to  oury  out  the  improvement,  but 
that  it  may  take  th»  whole  of  panids  which  m»y  be  bo  mutilated  sb  to  inr 
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volve  substantial  damage.  After  the  iinprovem«nt  has  been  oarried  out 
the  area  not  needed  can  be  raeold  at  the  advanced  price  which  will  ramilt 
from  tJie  imiKOvsmant  iriiicfa  haa  been  loMle.  Thfa  is  raaBy  tha  teking 
of  s  part  of  the  unearned  inerement  or  tbe  incieaee  In  vafaM  caused  fa^ 
•ome thing  which  the  public  has  done.  It  will,  of  course,  require  an  in- 
oreaae  in  the  capital  investment  and  tbe  power,  if  granted,  should  be  con- 
servatively used  and  land  epecxilation  for  profit  should  be  disoouniced. 
This  method  has  one  great  practical  advantage  in  that  remnants  which 
could  not  be  used  in  separate  ownership,  and  which,  when  unimproved, 
would  give  the  street  a  ragged  and  shabby  appearance,  may,  when  oont- 
biued  in  a  single  ownership  and  with  tha  possible  additioD  of  enou^  Isjid 
to  give  suitable  rites  tor  buildinffs,  become  nry  valuable. 

Oennaa  Method.  A  method  of  dealing  with  the  ptoUem  presented 
by  very  irregular  property  lines  which  will  not  fit  a  rational  street  system 
has  been  adopted  by  Geirnan  cities  thru  tbe  enactment  of  a  law  oommonly 
known  BS  tiie  Lex  Adickbs.  This  statute  authorises  the  dty  to  take  aU 
of  these  irregular  parcels,  to  lay  out  a  suitable  street  system  including 
such  open  spaces  as  are  deemed  neceasaiy,  and  to  divide  the  portion  which 
remains  among  the  original  owners  in  proportion  to  their  former  holding 
While  the  area  of  each  owner  may  be  reduced  85%  or  mors,  depending 
upon  the  land  taken  for  streets  and  open  spaces,  each  parcel  will  be  so 
located  with  respect  to  the  streets  as  to  be  avalbble  tar  eoitable  development. 


Oradlng  Haw  Hlshways*  In  creating  a  system  of  rural  hi^w^s  ths 
surface  improvement  and  such  grading,  regrading,  stnughtening  and  drain- 
ing as  are  needed  are  likely  to  be  carried  out  at  the  same  time  and  fre- 
quently under  a  single  contract.  In  the  case  of  a  city  street  where  there 
has  been  no  existing  highway,  the  first  step  is  usually  the  grading,  curbing 
and  I^ing  of  sidewalks,  while  the  pavement  is  oommonly  datoicJ  until 
the  abutting  property  is  at  least  partially  developed.  This  will  not  only 
allow  time  for  the  installation  of  the  ordinary  subeurfaoe  stnictuiee  and 
the  settlement  of  the  trenches  in  which  they  are  iriaoed,  but  will  prevent 
the  mutilation  of  the  new  pavement  by  frequent  openings  for  the  ordinary 
surface  connections,  and  it  will  also  allow  the  property  owows  to  meet 
the  expense  of  the  completed  street  in  several  payments.  In  cases  where 
the  grading  is  heavy  and  the  cost  of  the  improvement  other  than  pavement 
is  large  in  comparison  with  the  value  of  the  pn^ierty,  it  is  oibea  desirable 
to  carry  out  that  part  of  the  work  progresstvely,  the  street  being  graded 
for  only  a  portion  of  Its  total  width  or  even  to  a  temporary  grade  whidi 
will  furnish  a  passable  road  and  pmnit  such  devriopment  of  the  abutting 
property  as  is  practicable  before  the  final  grade  is  pbysicalty  complied  with. 
If  such  a  policy  be  adopted  it  is  necessary  to  have  a  dear  undentanding 
that  the  grade  is  temporary  and  not  final,  and  that  such  buildings  as  may 
be  erected  shall  conform  with  the  ultimate  grade  as  officially  adopted  and 
that,  if  they  are  located  with  reepect  to  the  temporary  surface,  thsy  wQl 
not  be  entitled  to  damages  when  the  grading  is  oom|deted. 

Widening  and  Regrading  Established  Highway*.  Streets  are  frequently 
laid  out  to  indude  old  highways  in  use  at  a  loasor  widdi  and  lying  iriully 
within  their  lines.  The  gnules  of  such  hi^tways  will  have  hem  cetahlished 
by  user  altho  they  may  be  entirely  unsuited  to  «tiier  the  traffic  or  the 
diainafls  of  city  streets.  When  the  time  for  grading  comes,  enlous  damags 
will  be  imposed  upon  iht  buildings  which  may  have  been  erected  aocord- 
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ing  to  the  user  gradee,  and  sach  damage  must  be  paid.  While  easy  gradi- 
ents are  necessary  on  importaDt  traffic  artoies,  instanoes  will  be  found  in 
most  cities  where  uniform  grades  have  been  estabBshed  and  pfaysioally  car- 
ried out  on  local  streets  quite  well  built  up,  with  the  result  that  the  houses 
are  left  some  feet  and  often  a  full  story  bdow  the  new  surface,  while  the 
damage  might  have  been  greatly  lessened  by  the  adoption  of  a  modified 
grade  which  would  have  served  the  needs  of  the  particular  street.  Such 
a  grade  may  not  conform  with  the  ideas  of  the  highway  engineer  but  there 
are  times  when  economic  considerations  should  be  controlling,  provided 
always  that  a  saving  in  the  first  coat  of  construction  will  not  entail  a  ^^ter 
subsequent  expense  or  result  in  conditions  prejudicial  to  the  health,  con- 
venience or  getwral  wdfare  of  the  entire  locally. 

Curbing  and  Sidowalki.  The  curbing  and  ndewalks  are  usually  laid  at 
the  eKpcnse  of  the  abutting  owners;  in  some  cities  their  repair  axtd  renewal 
are  also  chargeable  against  the  lot  owners,  while  in  others  the  burden  is 
assumed  by  the  dly  at  large.  In  the  latter  ease  it  is  obviously  in  the 
interest  of  the  owners  to  lay  the  cheapest  material  permitted,  while  the 
interest  of  the  public  requires  that  they  be  made  as  substantial  and  durable 
as  possible  within  reasonable  limits  of  cost.  Aside  from  expense  of  re- 
newals, where  they  are  imposed  upon  the  city,  the  imblic  safety  and  con- 
venience require  that  such  renewals  shall  not  be  necessary  at  frequent 
intervals,  ^ewalks  are  usually  laid  by  the  property  owners  under  special 
pwmitB  and  presumably  in  accordance  with  standard  spedflcationB.  In  the 
majority  of  cases  they  are  put  down  by  speculative  builders  whose  interest 
in  them  lasts  only  until  they  can  sell  the  houses.  While  cement  walks 
can  be  laid  far  more  cheaply  than  stone  flagging,  the  builder  is  often  dift< 
posed  to  make  them  even  cheaper  than  is  consiatent  with  good  workman- 
ship. The  cost  of  the  house  to  the  purchaser  would  be  inappreciably  af- 
fected by  the  difference  between  the  best  and  the  poorest  work  of  this 
kind,  and  it  is  the  duty  of  the  responsible  city  officers  to  protect  the  investor 
as  well  as  the  city  from  the  danger  of  accident  resulting  from  defective 
walks  and  from  the  ooet  of  replacing  them  with  those  that  are  suitable. 


Original  Pavement  The  cost  of  the  original  or  first  pavement  is  gen- 
erally aasesaed  upon  the  abutting  property.  In  exceptionally  wide  streets 
this  would  involve  so  heavy  a  burden  that  a  portion  of  the  expense  is  usu- 
ally placed  upon  a  larger  tributary  area  or  is  even  assumed  by  the  city. 
Very  wide  streets  with  several  roadways  are  often  treated  as  parkways 
and  in  such  cases  one  of  the  roadways,  which  is  designed  to  accommodate 
restricted  or  relatively  high-speed  traffic,  is  often  paved  at  general  expense. 
In  streets  having  a  width  of  80  or  100  ft  it  is  quite  likely  that  there  irill 
be  surface-railway  tracks,  and  the  traction  company  is  usually  required 
to  lay  and  maintain  at  its  own  expense  the  pavement  between  its  tracks 
and  rails  and  for  several  feet  outside  of  the  outer  rails.  This  will  reduce 
the  expense  to  the  abutting  owners  so  that  it  will  be  no  greater  and  in 
some  cases  will  be  even  less  than  that  of  the  paving  of  an  ordinary  reuden- 
tial  street.  In  some  cities  the  railwi^  companies  are  required  to  pay  a 
certain  annual  sum  per  mile  of  single  track  in  lieu  of  thur  paving  obliga- 
tion, the  city  assuming  ^e  entire  expense  of  the  maintenance  ot  the  pave- 
ment.' Responsibility  for  the  upkeep  of  pavement  ia,  however,  an  incen- 
tive to  substantial  track  construction  which  will  imtcirially  nduoa  the  cost 
olffuiface  repaira. 
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S*lectioii  of  Type  of  PaT«ment  Ownen  of  property  who 
to  pay  for  tbe  fint  pavement  are  diqxwed  to  argue  that  if  they  are  to  pay 
the  bills  they  should  have  the  right  to  determine  the  character  of  the  pave- 
ment,  asd  if  this  right  ia  conceded  ther  naturally  adeet  Uie  ebaapMt  ^rpe 
which  IB  permitted,  eapecially  where  they  can  npt  be  called  upon  to  pay 
for  repaving.  This  not  only  involTeB  greater  expense  to  the  city  at  large 
but  it  is  impossible  to  carry  out  a  oonsiateat  general  plan  of  street  paving. 
A  change  in  the  kind  of  pavement  every  few  blocks  is  a  serioua  handicap 
to  travel,  especially  on  lines  of  thru  or  continuous  traffic.  While  the 
property  owner  who  is  to  be  assessed  is  not  disposed  to  concur  in  this  state- 
nwQt,  ibs  character  of  tbe  pavement  to  be  laid  on  each  stnet  should  be 
detenninad  by  one  who  posaeana  ei|>ert  knowledce  ol  tbe  kind  al  ntifare 
best  adapted  to  the  grades,  the  probable  traffic  and  the  geoeral  ofaaractcr 
of  the  development  of  the  abutting  property.  It  should  not  be  neoeaaaty 
to  wait  until  the  first  pavement  is  worn  out  and  another  is  to  be  laid  at 
public  expense  before  a  oomprebeiudve  paving  plan  may  be  realised.  Thm 
is  need  of  a  paving  program  which  shall  be  consistently  carried  out  regard- 
less of  how  the  cost  is  to  be  met,  regardless  of  the  whims  or  projectfl  ol 
the  abutting  owners,  and  regardless  of  the  missionaiy  work  of  prmnoten 
of  a  particular  land  of  pavement  who  may  have  secured  signatures  to  peti- 
tionB  which  wear  to  indicate  a  decided  preferenoe  for  the  ^rpe  of  raadwar 
surface  in  which  they  are  interested. 

Pavement  Renewals.  While  the  cost  of  the  renewal  of  the  pawMot 
is  usually  paid  out  of  general  city  funds,  the  expense  of  maintenance  uid 
repairs  is  always  so  paid.  Pubhc  opinion  will  no  longer  tolerate  the 
neglect  of  pavements  until  they  are  eo  worn  that  travel  over  them  becomes 
positively  dangerous  and  an  entire  repaving  is  the  only  remedy.  When 
repairs  are  made  as  needed  and  records  are  properly  kept,  the  mhii^i  qok 

maintenance  ia  readily  ascertained.  The  time  for  complete  repaving  is 
therefore  easily  determined  and  is  when  the  maintenance  expenae 
equal  to  or  greater  than  the  interest  and  ■twUng  fund  charges  on  the  cost 
of  a  new  surface  plus  the  average  annual  expense  of  maintaining  tbe  new 
pavement  during  its  life,  assuming  that  the  funds  required  are  borrowed 
for  a  term  of  years  correspondnig  with  the  estimated  Ufe  of  the  pavement 
which  ia  to  be  laid.  If  the  loan  is  for  a  longer  period  there  may  be  an 
apparent  reduction  in  the  annual  expense  of  the  new  pavement  which 
might  be  held  to  justify  an  early  replacing  when  the  cost  of  repairing  the 
old  pavement  equals  or  exceeds  this  sum,  but  there  will,  in  the  case  of  a 
long-term  loan,  be  an  overlapping  of  the  finaodng  periods  whidi  wiD  vitiate 
such  ooncl unions.  The  folly  of  the  long-term  loan  has  beni  so  frequauUy 
ptnnted  out  In  the  preceding  Articles  that  it  will  be  ■■nimnri  that  it  wffl 
not  be  reacsted  to. 

16.  Street  Wideningi 

The  ^deniag  al  Bxistiag  Streets  oonstitatea  a  special  and  eieee(Bnrif 

difficult  problem  and  the  financing  of  such  projects  involves  both  the  oost 
of  the  acquisition  of  additional  property,  the  damages  incurred  Iqr  the 
destruction  of  buildings,  and  the  physical  improvement  of  tbe  widened 
street.  The  cost  of  acquiring  the  land  for  street  widening,  including  dam- 
age to  buildings,  is  oomuonty  made  a  general  city  chares,  altbo  in  eome 
oases  a  smaU  portion  of  the  expense  is  BSBBSBsd  upon  an  area  of  benefit. 
The  tmet  that  a  widemng  is  neoesssiy  is  a  dear  indieation  that  die  stieM 
has  assumed  more  than  local  importazwe,  but  it  may  also  be  assumed 
that  its  local  importanoe  will  be  iwimwed  to  *  oertm  <lqpw  bgr  the 
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wkleDing  and,  as  already  pointed  out,  If  there  is  a  local  benefit,  that  benefit 
should  be  recosnized  by  some  local  assessment.  The  general  principles 
hOTeafter  outlined  in  Arts.  17  and  18,  which  should  govern  the  distribu- 
tion of  the  expense  ol  acquiring  title  to  a  new  street,  can  with  justice  be 
applied  to  the  widening  of  an  existing  street,  with  the  understanding,  how- 
ever, that  the  share  of  the  expense  imposed  upon  the  restricted  local  area 
of  benefit,  usually  the  frontage,  shoukl  re^te  to  the  l&od  damage  only, 
while  the  building  damage  should  be  included  in  the  share  assumed  fagr 
the  larger  distriot  or  the  dty.  If,  for  inatanoe,  a  street  SO  ft  in  widtii 
is  to  be  widened,  to  80  ft,  the  frontage  aseeasment  should  be  IhnHifld  to 
that  portion  of  the  cost  of  acquiring  the  30  ft  of  additional  land  represented 
by  the  10  ft  necessary  to  give  the  street  a  width  of  60  ft  and  one-fourth 
of  the  width  in  excess  of  60  ft,  which  in  this  case  would  be  a  total  of  15 
ft  or  50%  of  tiie  land  damage,  the  remaining  50%  together  with  the  build- 
ing damage  being  placed  upon  the  larger  district  or  districts  of  benefit. 
In  case  a  street  50  ft  in  width  were  to  be  widened  to  100  ft,  the  portion 
of  the  eqwnse  for  additional  land  which  should  be  placed  upon  the  Bxat 
area  of  ben^t  would,  under  the  same  theory,  ooneflf>ond  witii  20  of  the 
60  ft  to  be  acquired  or  40%  of  the  land  datnage,  the  building  damage,  as 
before,  being  induded  in  the  aneasment  to  be  plaeed  uiMm  the  larger  area 
of  benefit. 

Old  Irregular  Roads  Included  Within  Street  Lines.  It  frequently  will 
happen  that  in  the  first  platting  of  a  street  system  an  existing  highwi^ 
along  which  there  has  been  a  wrtain  amount  of  irregular  building  is  to 
be  included  in  a  new  highway  of  greater  width.  While  this  would  not 
constitute  a  widening  in  the  sense  above  referred  to,  it  is  a  widening  so 
far  as  its  effect  npfm  the  adjacent  proi>erty  is  conoemed,  and  in  such  oases 
an  equitaUe  distribution  of  the  expense  will  be  as  follows:  For  the  area 
within  the  lines  of  the  old  highway  it  is  probatde  that  no  awards  will  be 
made  in  view  of  the  pubUc  easement.  If  the  old  highway  was  40  ft  wide  and 
the  new  one  is  to  be  80  ft  in  width,  a  separate  estimate  should  be  made  of  the 
value  of  the  undedicated  land  to  be  acquired  and  another  estimate  of  the 
building  damage.  If  it  were  found  that  the  building  damage  were  twice  as 
much  as  the  land  damage,  this  mii^t  be  considered  as  equivident  to  the 
acquisition  of  80  ft  of  land  in  addition  to  the  40  ft  whieh  are  to  be  acquired  to 
give  the  existing  highway  a  width  of  80  ft.  There  would  then  be  an  equated 
width  of  120  ft,  and  the  rule  proposed  in  Art.  18,  if  apidied  to  this  width 
of  120  ft,  would  result  in  placing  62.5%  of  the  total  cost,  including  building 
damage,  upon  the  restricted  local  area  and  the  remainder  upon  the  larger 
district.  If  this  equated  width,  due  to  estimated  building  damage,  were 
added  to  the  total  width  of  the  street  as  laid  out,  instead  of  the  width  of 
the  undedicated  portion,  the  total  equated  width  would  be  160  ft,  in  which 
case,  limiting  the  total  width  to  be  assessed  to  80  ft,  the  proportion  of  the 
expeoae  to  be  locally  assessed  would  be  fiO%.  This  method  of  distributing 
the  cost  in  such  eases  is  believed  to  be  worthy  of  serious  oonaidemtkm. 

ASSESSMENTS  FOR  BENEFIT 

17.  The  Theoiy  oi  Assessmonts 
Local  and  General  Benefit.   As  intimated  in  the  preceding  Articles,  the 
demands  upon  the  resources  of  the  state,  and  more  particularly  of  the 
modem  city,  are  so  great  that  in  addition  to  the  general  taxing  power  resort 
must  often  be  had  to  aaBeasments  for  benefit  whenever  posable  in  order 
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to  meet  the  ooat  of  improvflments  where  the  benefit  can  properiy  be  oon- 
aidered  loeal.  But  the  theory  of  usesBment  for  benefit  is  not  that  it  ia 
■omeUung  that  can  be  employed  when  the  puUio  funds  are  required  for 
other  purpoeen  where  local  benefit  is  not  cleaiiy  eetablished,  but  it  is  foanded 
upon  the  general  principlo  that  where  there  is  local  benefit  there  should 
alwaya  be  local  asseesment.  Thm  can  be  no  imiwovement  which  has  beoi 
intaUicently  planned  and  executed  which  will  not  result  in  mow  local 
bsnefit  and  it  foUowa  that  then  should  always  be  aome  local  aBsnment. 
No  improvement,  however  small  or  however  large,  will  be  of  equal  benefit 
to  the  entire  ci^,  and  to  distribute  the  burden  of  paying  ior  it  over  the 
whole  city  according  to  taxable  values  is  unfair  in  that  it  is  not  placed 
according  to  benefit.  The  owners  of  property  in  the  immediate  vicinity 
are  frequently  enriched  at  the  expense  of  those  whoae  holdings  are  entirely 
outside  the  district  directly  affected. 

Special  AMMsment  IM  Local  Banefit  The  imctioe  of  nnwmininB:  the 
ooat  ol  street  or  local  improvements  Is  probably  more  general  in  the  United 
Statea  than  in  other  countries  and  it  is  accepted  as  an  equitable  and  rm- 
tiooal  plan.  In  a  paper  read  before  the  Municipal  Engineers  of  the  C^ty 
<rf  New  York  in  May,  1614,  by  William  C.  Ormond,  the  Preaideot  of  the 
Board  of  Assessors,  there  is  a  review  of  the  manner  in  which  this  policy 
has  been  developed,  first  to  a  limited  extent  in  Enedand  and  later  and 
more  fully  in  the  United  States.  One  of  the  earliest  statutes  which  apedf- 
ically  recosnised  the  theory  of  assessment  according  to  benefit  was  en- 
acted by  the  State  Legislature  of  New  York  in  1787.  The  courts  have 
repeateiUy  passed  upon  the  aqui^  and  reasonableness  of  this  manner  of 
finiww'"g  local  improvements.  A  TTm™  judge  in  sustaining  the  legality 
td  a  spedal  assessment  mid:  "  There  is  a  justice  in  this  arrangement  wUdi 
fwmmends  itself  to  any  rig^t -thinking  man,  but  the  injustice  of  iirimiiiiiiiL 
property  all  ovn*  a  dty  for  the  improvement  of  a  sin^  stroet  must  be 
apparent  at  a  glance."  A  Miasiasippi  court,  while  cautioning  against  the 
improper  use  of  the  power  to  assees,  emphasised  the  justice  of  the  plan 
in  these  words:  "  I  concede  that  the  system  of  local  assessment  is  liable 
to  abuse,  for  which  reason  courts  should  scrutinise  ite  qq[)lioation  with 
care  and  also  see  that  an  equitable  share  of  the  burden  should  be  borne 
by  the  public,  but  it  will  be  readily  foreseen  that  it  the  whole  local  charge 
for  local  improvemente  is  to  be  bcniw  1^  tiie  city  treasury,  grievous  abuses 
mi^t  be  practiced  upon  the  inhabjtants  generally  to  subserve  the  loeal 
interests  of  designing  men  holding  property  in  a  particular  neighborbood." 
While  the  subject  under  immediate  consideration  is  the  financing  of  high- 
way improvemeats,  the  principle  of  assessment  for  benefit  is  capalJe  of 
a  much  broader  application.  While  there  arc  certain  great  projects  that 
are  commonly  deemed  of  general  interest,  there  are  few  which  do  not  in- 
volve scHue  special  benefit  to  a  particular  locality.  If  a  new  park  is  to 
be  created  the  property  in  ite  immediate  vicinity  will  acquire  a  oertaiu. 
fixed  ehanujter  and  ite  value  will  be  substantially  inoreased.  If  a  new' 
and  important  public  building  is  to  be  erected  there  will  be  much  interest 
in  the  selection  of  the  site  and,  as  soon  as  It  is  detentuned.  It  will  have 
a  marked  influence  upon  the  property  in  the  neighborhood,  and  it  would 
not  be  difficult  to  give  instances  where,  before  the  building  was  completed, 
the  value  of  the  surrounding  property  has  at  least  doubted,  especially  if 
the  building  ia  surrounded  by  considerable  open  apace.  If  the  city  were, 
as  some  of  our  great  cities  now  do,  to  construct  a  new  rapid-transit  line 
bringing  hitherto  vacant  lote  within  easy  reach  of  ite  busineBs  center,  or 
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if  it  were  to  xtTOvide  a  new  vaterway  permitting  doolcB  and  baains  to  be 
created  in  hitherto  inacceesibie  swamps,  the  effect  upon  this  suburban  l&nd 
and  tbeee  uselem  swamps  can  be  readily  foreseen.  If  the  property  in  the 
neighborhood  of  the  new  park,  the  new  public  building,  the'liew  bansit 
line  or  the  new  waterway  is  to  be  tnoreased  in  value  by  some  act  of  the 
eity,  and  if  the  owners  of  this  property  are  to  be  enriched  by  this  act,  it 
is  fur  and  just  tikat  these  owners  should  contribute  more  per  unit  ol 
assessed  value  toward  the  cost  of  the  improvement  which  is  to  enrich  them 
than  do  the  owners  of  other  property  more  shghtiy,  if  at  all,  affected. 


Local  Benefit.  In  the  case  of  streets  that  serve  a  strictly  |ooal  purjxMn 
the  benefit  may  be  considered  to  be  entirely  local  and  the  entire  expense 
can  properly  be  nflsoaswd  directly  upon  the  abutting  property,  but  tliere 
will  be  many  oasee  i^iere  the  bMwfit  wiU  be  more  than  local  and  will  ex- 
tend to  a  ronaiderable  distance  beyond  the  immediate  frontage,  while  it 
may  even  be  of  substantial  service  to  the  entire  city  or  even  the  metro* 
politan  district.  Xor  does  the  relative  amount  of  local  or  general  benefit 
in  all  cases  depend  upon  the  width  of  the  street  which  is  to  be  acquired 
and  improved  or  upon  the  cost  of  the  improvement.  A  street  50  ft  wide 
may  be  of  more  general  use  than  one  100  ft  wide  which  has  been  planned 
to  give  a  distinctive  character  to  the  abutting  property  or  to  that  within 
a  limited  district.  An  improvement  costing  SlOO  000  in  one  part  <rf  the 
city  may  be  more  distinctly  lo<»l  in  its  benefit  than  one  ooeting  $10  000 
in  another  section. 

General  and  Local  Banefltg  Affected  bj  Street  mdthi.  While  no  definite 
rule  can  be  adopted  to  govern  the  distribution  of  assessments  representing 
general  benefit  over  the  district  or  the  geographical  unite  to  be  aaseeaed, 
it  should  be  possible  to  prescribe  a  method  of  determining  the  amount 
and  extent  of  local  benefit,  particularly  in  the  case  of  hew  streets  and  boule- 
vards. Let  us  assume  that  60  ft  is  the  maximum  width  required  for  a 
local  street;  then  the  entire  cost  of  acquiring  and  improving  all  streets 
60  ft  or  lesB  in  widUi  may  property  be  placed  upon  the  property  within 
a  half  block  on  either  side  of  the  street.  In  the  case  of  wider  sbcete  that 
propmiion  of  tbo  cost  represented  by  the  ratio  which  60  ft  plus  26%  of  the 
excess  over  60  ft  bears  to  the  width  of  the  street  would  probably  be  an 
equital^  proportion  to  assess  upon  the  local  district.  Up  to  a  certain 
limit,  property  fronting  a  wide  street  is  more  valuable,  and  it  would  be 
manifestly  unfair  to  adopt  a  rule  which  would  result  in  making  the  cost 
of  acquiring  a  street  70  or  80  ft  wide  no  greater  or  possibly  less  than  would 
have  been  the  cost  of  a  street  60  ft  wide.  On  the  other  hand,  after  a  street 
reaches  certain  proportions,  additional  width  will  not  involve  additional 
benefit.  It  may  be  assumed  that  a  share  of  the  expense  which  would 
be  equivalent  to  iwing  for  a  street  80  ft  wide  should  represent  the  limit 
of  local  asseeament.  This  limit  would  be  reached  under  the  rule  proposed 
when  the  street  becomes  140  ft  wide.  The  percentages  of  cost  which  would 
be  locally  aissessed  would  therefore  be  as  ftilows  for  various  street  widths: 
60  ft,  100%;  70  ft,  89.3%;  80  ft,  81.25%;  90  ft,  76%;  100  ft,  70%;  120 
ft,  62.5%;  160  ft.  63.3%;  200  ft,  40%.  This  plan  of  distributing  the 
expense  is  shown  diagramatically  in  Fig.  1,  which  also  indicates  the  pro- 
portion of  the  cost  which  might  equitably  be  placed  upon  a  secondary  area 
of  bmiefit.  or  upon  the  entire  city  in  the  case  of  very  wide  streets.  It  has 
been  nrr^H  that,  beghuuns  when  the  etreet  ooeede  60  ft  in  width,  the 
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amount  iiiihiiiiiiiI  upon  Uie  aecondary  area  of  benefit  will  gradually  increasa 
with  the  street  width  until  the  lattw  becomes  140  ft,  at  and  after  which 
the  frontage  assessment  and  that  on  the  aecondary  area  will  remain  respec- 
tively at  the  proportions  correeponding  with  80  and  20  ft,  the  remainder 
of  the  expense  being  placed  upon  the  city  at  large. 

Tuttle  Plan  of  Diabibotioit  of  Agieument.  In  any  case,  no  rule  should 
be  adopted  until  it  has  been  carefully  tested  and  it  has  been  demonatrated 
that  the  aasMtmenta  levied  in  accordance  with  it  will  constantly  decrewe 
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from  the  imjKDve- 
ment.  Hub  decrease 
should  not  be  directs 
ly  in  proportion  to 
the  distance  but  in  a 
geometrical  ratio.  A 
curve  to  determine 
the  distribution  of  as- 
•easment  after  the 
limits  of  the  district 
have  been  decided 
has  been  proposed  by 
Arthur  S.  Tuttle. 
Fif .  1.  DUgram  ShowInK  Proposed  Distribution  of  the  Cost  Deputy  Chief  Eng)- 
ol  AcquiiinE  StreeU  of  Different  Widths  Between  the  Abut-  neer  of  the  Board  of 
ting  Property  and  Urger  Atms  o(  BaneAt  Estimate  and  Appor- 

tionment of  the  City 

of  Kew  York,  in  accordance  with  which  about  32.fi%  of  the  asseasment 
would  be  placed  upon  the  first  10%  of  the  distance  to  the  outer  limit  of 
the  area  of  benefit,  55%  upon  the  firat  25%  of  the  distance,  and  80%  upon 
the  district  extending  half  way  to  the  boundary  of  the  aasessment  area  (see 
Fig.  2).  The  diagram,  illustrated  in  Fig.  2,  oould  aim  be  used  to  determine  the 
boundary  of  the  district  of  asaeesment  if  it  were  decided  to  place  a  oertaio 
percentage  of  the  expense  upon  the  immediate  frontage  and  to  distribute 
the  remaining  ooit  Over  the  rest  of  the  district  in  propvily  graduated 
proportions. 

19.  Installment  Assessments 

Ptjrms&t  by  Installments.  The  privilege  of  pioang  by  installments  is 
given  by  some  cities  and  this  lightens  materially  the  burden  of  the  prop- 
erty owner.  Such  a  policy  involves  a  greater  capital  investment  on  the 
part  of  the  city  as  there  is  a  much  longer  period  between  the  time  of  the 
first  outlay  and  the  return  by  the  payment  of  the  assessments.  In  small 
cities  it  was  formerly  customary  to  pay  the  contractor  for  stivet  improve- 
ments in  warraots  issued  against  the  owners  of  the  property  chaigeaUe 
with  the  coot  of  the  work,  such  warrants  being  a  lien  upon  the  real  estate 
and  the  contractor  being  obliged  to  enforce  payment  by  legal  action  if 
he  could  not  otherwise  collect  the  assessments.  While  these  warrants 
carried  interest,  the  delay  and  in  some  cases  the  legal  steps  required  to 
make  the  collections  resulted  in  substantially  higher  bids,  altho  the  city's 
financial  obligations  were  lightened.  This  method  has  been  quite  gener- 
ally abandoned.  The  city  pays  for  the  work  as  it  is  done  and  it  is  cus- 
tomary to  include  ut  the  assessment  interest  on  all  payments  from  the 
date  of  the  diaburBement  to  the  time  of  the  oooflnnatioii  of  the  aasBssment 
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I  roll  or  to  earHi  a  date  subsequent  thereto  as  wHI  allow  time  for  proper  notioe 
tbat  the  amount  levied  against  each  piece  of  property  ia  due.  After  a  rea- 
sonable time  in  which  to  make  the  paymcats  the  assessments  become 
arrears  and  a  higher  rate  of  ibtereet  is  charged  until  they  an  paid,  and 
in  many  cities  no  payments  are  accepted  except  for  the  full  amount  of  the 
asseasment. 

Baneflts  of  lutaUmant  Flan.   When  the  amount  of  the  assessment  la 

a  substantial  proportion  of  the  actual  value  of  the  property  it  is  ezoeed- 
inf^  difficult  for  some  of  the  owners  to  discharge  the  obligation  in  a  sin^ 
I  payment,  and  in  order  to  lighten  the  burden  the  right  to  pay  in  five  or 
'  ten  annual  inetallments  is  sometimes  granted  when  the  amount  of  the 
afisessment  exceeds  a  certain  percentage  of  the  value  of  the  property  as 
assessed  for  purposes  of  taxation,  this  percentage  varying  from  10%  to 
as  low  ad  3%.  The  value  considered  should,  <^  course,  be  that  of  the 
land  exclusive  of  buildings  in  order  that  property  ownnfl  who  have  added 
to  taxable  values  by  the  erection  of  buOdings  should  not  be  diseriminated 
against.  Interest  on  installments  is  usually  charged  at  the  rate  <d  6  ac 
6%  from  the  time  of  the  levying  erf  the  a— Mwnent  until  they  are  paid, 
such  interest  on  all 
unpaid  installments 
being  due  and  pay- 
able with  each  in- 
stallment. 

BuiopMui  PtMttce. 
In  European  dties 
the  rate  of  interest 
which  Ib  charged  ia 
often  very  small,  in 
some  cases  as  low  as 
2%,  but  in  some  of 
these  cities,  especially 
in  Germany,  Uiereare 
large  amounts  of  catH- 
tal  available  for  this 
purpose,  the  result, 
often,  of  real  estate 
operations  in  which 
the  cities  may  engage 
or  the  result  of  profits 
from  the  operation  of 
the  pubUc  utihties 
which  are  generally 
owned  and  operated 
by  the  municipali- 
ties. This  does  not 
mean  that  in  German  cities  it  is  eaaier  for  the  owner  of  a  modest  home 
to  secure  and  pay  for  his  street  improvements,  as  there  are  other  regu- 
lations which  make  it  very  difficult,  if  not  impossible,  for  him  to  do  so. 
It  is  a  common  practice,  for  instance,  to  refuse  to  permit  the  owner  of 
a  plot  to  erect  a  building  until  the  street  upon  which  it  fronts  shall 
have  been  entirely  imt>roved  with  curtung  and  pavement  oonnectins 
with  another  street  or  a  part  of  the  same  street  which  has  already  been 
R>  improved.   Tho  result  erf  this  policy  is  that  the  built-up  parts  of  the 
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dty  grow  solidly  outward  with  no  vacant  spscee  and  no  unimproved  streeU 
iotervening  between  the  older  and  the  newer  portions.  Another  result  is 
that  street  improvemente  and  builduis  operations  are  generally  undertaken 
only  by  corporatioDg,  auch  as  banks  and  realty  oompaniee,  having  abun- 
dant cental.  Tba  practice  <tf  altowing  iiiniwimiiilii  to  be  paid  in  install- 
meniB  appeal*,  therefore,  to  prevail  to  the  greatest  extent  and  on  the  moet 
Ubural  terms  under  oonditionB  where  that  iHivilege  ia  not  meet  needed,  or, 
at  least,  whcte  it  eannot  be  availed  of  by  thoee  who  need  it  most 

80.  Defen*d  Benefits 

Potential  and  Immediate  Beneftta  from  Improvementa.  Benefit  results 
from  street  improvements  in  all  cases,  but  in  many  instances  it  is  a  poten- 
tial rather  than  an  immediate  benefit.  If  the  owner  of  the  property  is 
prepared  to  improve  his  htddings  at  onoe  in  order  that  they  will  bring  him 
lome  return  the  benefit  b  realised.  If  be  has  not  the  means  to  develop  it. 
his  capital  investment  is  increased  hy  thb  amount  of  the  aaseaement  but 
will  bring  him  no  immediate  retum.  If  the  property  is  already  built  upon, 
the  benefit  is  immediate  and  is  at  onoe  reflected  in  an  increased  rental 
value,  or  more  livable  conditions  or  better  business  conditions  if  he  occu- 
pies it  himself.  In  the  great  majority  of  cases  the  abutting  property  b 
unimproved  and  unproductive  at  the  time  the  street  improvement  is  made 
and  the  improvement  is  asked  for  in  order  that  it  may  become  productive 
or  marketaUe.  But  a  long  dday  often  wmam  befwe  the  owners,  or  at 
Irast  some  of  tiiem.  are  aUe  to  take  advantage  of  the  bettered  conditions 
resulting  from  the  grading  or  paving  of  the  street 

German  MeUtod.  To  meet  such  conditions  some  cities  reoognise  the 
fact  that  the  benefit  is  deferred  and,  while  the  dty  may  advance  the  money, 
the  assessment  is  not  payable  and  doee  not  become  a  lien  upon  the  prop- 
erty until  it  is  improved  in  auch  a  manner  that  the  benefit  ceases  to  be 
merely  potential  and  becomes  actual,  a  low  rate  of  interest  being  charged 
for  the  period  between  the  initial  eq>eDditure  and  the  imposition  of  the 
assessment.  This  also  is  distinctively  a  German  policy.  Its  great  advan- 
tages to  the  property  owner  are  obvious  but  it  also  greatly  increaaos  the 
amount  of  the  municipal  funds  which  aze  diverted  from  other  puzpoees. 
The  advantages,  as  in  the  case  of  installmmt  aseessments  and  under  the 
restrictions  noted  in  the  preceding  ortide,  are  enjoyed  by  the  corporations 
wtiich  can  undertake  improvemmts  on  a  large  scale,  and  seldom  extend 
to  the  email  individual  property  owner  or  purchaser  unless  the  corpora- 
tion making  the  development  gives  him  the  advantage  of  the  generous 
treatment  it  has  received.  Under  the  system  of  governmental  control  and 
regulation  which  generally  prevails  in  Continental  Europe  such  a  share  in 
the  advantages  of  the  system  are  likely  to  be  insured  to  him. 

Unoaed  Sovrcee  of  Revaime.  In  tiie  United  States  such  methods  of 
finandng  local  improvements  have  not  been  attempted  owing  to  the  exten- 
sive demands  which  are  made  upon  the  resources  of  cities  for  other  pur- 
poses. It  is  only  lately  that  the  dties  have  begun  to  avail  themselves  of 
sources  of  revenue  other  than  those  derived  from  the  taxation  of  real  estate. 
Franchises  in  perpetuity  to  use  the  pubhc  streets  at,  above  or  beneath  the 
surface  were  formerly  given  away  without  substantial  compensation.  The 
Federal,  State  and  Municipal  Governments  have  but  lately  awakened  to 
the  necesdty  of  conserving  and  developing  their  resouroee  in  such  a  manner 
as  to  derive  an  income  from  diem.  They  have  not  been  disposed  to  attempt 
to  render  service  which  it  has  been  argued  can  be  more  effidenttjr  and  mprv 
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eooQoinicaUy  fumiahed  by  private  corpoTBtions,  and  they  are  still  rriuctant 
to  do  80.  The  ase  of  vehiolee  uaing  the  streets  has  increased  until  traffic 
is  serioualy  obBtnicted  and,  while  loads  have  increased  until  the  pavements 
aad  their  foundations  are  seriously  damaged,  no  stops  have  been  ta^n 
to  derive  a  revenue  by  the  imposiUon  of  a  special  tax  upon  vehicles  of 
exceasive  sue  or  upon  excessive  wheel  loads.  The  widening  of  the  road- 
ways to  accommodate  larger  vehicles  and  the  replacing  of  pavements 
broken  down  by  heavy  loads  involve  large  additional  expenditures,  while 
the  cost  of  administration  is  constantly  increasing  and  almost  the  entire 
burden  falls  upon  real  estate.  Upon  this  same  real  estate  must  be  imposed 
the  cost  of  street  improvements  tiiru  the  medium  of  special  assessments. 
The  burden  is  a  heavy  one  and  some  of  the  methods  of  relief  whidd  have 
been  ouUinetl  in  this  and  the  preceding  Article,  while  admittefUy  dedrable, 
cannot  be  adopted  until  scnne  other  means  are  devised  for  providing  rev- 
enuee  in  addition  to  the  taxation  of  real  estate. 
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ORGAIOZATIOIT 

1.  General  Constdentioiw  RelatiTe  to  Oiganisttioiu 

Hie  Xssentia]  Prerequisites  of  an  Efficient  Btfnray  Engineeriiic  Organize- 
tlon  has  not  been  given  proper  recognition  in  many  localities  in  the  United 
States.  The  fault  lies  partly  with  the  engineer  and  not  entirety'  witii 
politician,  who  frequently  is  blamed  for  tliis  state  of  affairs.  The  average 
so-called  organisation  politician  of  the  leader  tyiie  is  in  many  cases  a  man 
who  interests  himself  in  public  affairs  for  a  financial  retum;  he  makes  a 
business  of  politics  and  lives  by  it.  It  is  natural  that  any  public  work  not 
generally  recognized  by  laymen  to  be  distinctly  engineering  work  would 
not  be  regarded  as  such  by  the  politician,  whose  desire  is  to  provide  as 
many  places  as  posaibte  for  his  asso<aate  political  workers,  among  whom 
few  engineers  are  found.  The  responability  for  this  state  of  affairs,  there- 
fore, rests  in  a  measure  with  the  enginew,  since  the  engiDeering  profusion 
u  a  whole  has  regarded  the  highway  problem  too  lightly  and  has  not  been 
sufficiently  jealous  of  the  infringement  upon  its  rights,  namely,  to  supervise 
all  work,  public  or  private,  that  is  of  an  engineering  nature.   The  docton 
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and  Uwysn  have  to  build  up  ■Jegaarda  to  ivotaet  what  thcjr  eonrider  their 
preiOBativM.  You  never  find  an  engbeer  supervising  or  oondueting 
work  owning  under  the  jurisdiction  of  either  one  of  these  profesfdons,  but 
there  are  innuinersUe  cases  of  lawyers  and  buBioess  men  plaoed  at  the  head 
of  highway  departments,  the  excuse  being  that  they  are  executives.  Never- 
theless, this  is  engineeriiig  work,  and  whUe  ooe  of  the  priacipal  requisitea 
for  such  a  position  is  executive  ability,  engiooering  knowledge  is  equally 
important,  and  the  real  qualification  essential  for  the  directing  head  to 
successfully  conduct  such  a  department  is  engineering  executive  abili^. 
not  ezeoutive  ability  en^eered  by  a  busSnsfls  man  or  a  lawyw,  such  as  we 
have  been  having  in  many  of  our  state,  munidpal,  county  and  town  big))- 
way  departments. 

Responsibility  of  the  Hlghmy  Ki^aear.  Business  concerns  must  advei^ 
tise  their  goods,  not  only  for  the  purpose  of  encouraging  sales  but  for  the 
protection  of  the  public,  as  well  as  for  self-protection;  they  must  call  atten- 
tion to  any  imitations  that  will  not  answer  the  purpose  or  bring  about  the 
desired  results.  Likewise,  it  is  the  duty  of  the  engineering  profession  to  edu- 
cate the  pubUc  to  get  a  dollar's  worth  for  a  dollar  of  expenditure,  whether  it 
relates  to  public  or  private  work,  so  long  as  it  is  engineering  work,  by  em- 
ploying competent  eikgineers  to  supervise  highway  and  other  eogitieering 
work.  This  means  engineers  to  plan,  organise,  and  operate  all  highway 
departments.  In  other  words,  a  proper  highway  engineering  orgaaiaatioo 
does  not  mean  engineers  working  under  the  direction  of  a  lawyer  or  business 
man  commi^iioner,  but  an  engineering  organisation  from  top  to  bottom, 
with  an  engineer  heading  the  organization,  no  matter  what  the  title  may  be. 
This  principle  is  an  important  one  and  should  be  ever  before  the  engineer. 
He  should  be  brought  to  consider  seriously  the  prerogatives  and  functions 
riilitfully  belonging  to  members  of  his  i»ofeniou,  organisation  work,  execu- 
tive abiUty,  business  management.  The  outlines  of  highway  engineering 
organisatious  that  will  foUow  are  based  on  the  prlnoiple  that  tl)pce  will  be  a 
single  executive  in  charge  who  shall  be  a  highway  engtnew. 

2.  Fundamental  Principles  Underlying  Highway  Organizations 
A  Definition  of  Organization,  with  particular  reference  to  highway  work, 
follows:  The  combination  of  correlated  integral  parts  into  a  whole  to  sys- 
tematise and  simplify  the  operation,  and  bring  about  a  Tw^y^TmiTiti  of  efficiency 
in  the  servioa  rendered  with  a  minimum  of  friction.  Using  this  definition 
as  a  guide  and  common  sense  principles  in  its  application  to  orgaoisation 
or  reorganisation  work,  the  ground  work  wiU  embody  the  fondaniNital  {»iD- 
ciples  of  organization .  The  carrying  out  of  these  principlee  involves  a  detailed 
study  of  the  functions  coming  under  the  jurisdiction  of  the  organisation  and 
their  relation  to  one  another.  The  combination  of  the  conflated  integral 
parts  into  a  whole  should  constitute  a  logical  arrangement  of  the  principal 
functions  of  the  organisation  &nd  not  an  arrangement  to  suit  the  personnd, 
unless  it  is  only  temporary  and  necessitated  thru  force  of  circumstances, 
lliis  point  is  brought  out  because  there  are  so  many  instances  where  certain 
functkins  of  an  organisation  are  grouped  for  the  purpose  of  putting  them  un- 
der the  jurisdiction  of  an  individual  who  is  qualified  to  handle  the  work.  This 
is  contrary  to  the  fundamental  principle  of  organisation,  and  is  the  pooiMi 
kind  of  logic.  The  organisation  should  be  planned  and  the  work  system- 
atized in  such  a  manner  that  it  will  not  be  dependent  upon  acy  individual. 
The  old  idea  of  carrying  your  organisaUon  in  your  hat  ia  exploded  and 
generally  oonsidered  to  be  the  greatest  enemy  of  sound  buiutevs  flrigltwnring 
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management  for  all  clniw  of  pabtie  works.   UnfOTtunately,  liowe-wTV 
many  depsrtmeats  are  Btill  run  along  such  lines,  the  offidala  ba%mtj*-.ing' 
that  it  is  not  their  buainen  but  the  public'e  busineae,  and  that  their  occupancT^ 
of  office  ifl  only  temporary,  while  the  business  must  go  on  forever,  wtucii 
makes  it  perfectly  obvious  that  the  organisation  should  be  planned  in  mi  ah 
a  manner  that  it  will  not  be  dependent  upon  them.   This  does  not  mean,  of 
course,  that  a  poor  selection  of  division  heads  wiU  not  result  in  the  machinery 
running  down  or  becoming  somewhat  rus^.    In  order  that  Uie  organisation 
may  operate  on  an  efficient  basiB,  it  must  be  vmptAy  guided,  and  ri^t  \ere 
attention  is  called  to  the  fact  that  the  human  element  is  a  most  important 
one.    To  control  and  operate  an  organisation  in  an  effitoent  and  economical 
manner,  it  is  not  only  necessary  that  those  in  charge  of  the  different  func- 
tions know  how  the  work  should  be  done,  but  they  must  have  the  good  will 
of  their  men.    It  is  only  in  this  way  that  a  maximum  sf  efficiency  can  be 
brought  about  in  the  service  rendered  with  a  minimum  of  friction. 

Coatr<dllng  Factors  of  Highway  Bngineeiing  Organizations.  The  control- 
ling factors  in  organizing  any  highway  enginewing  department  come  under 
ths  ^w^'ng*  of  prdiminary  studiee  and  organisation  of  an  operating 
department,  and  include  under  preUminaiy  studies,  (1)  scope  and  character 
of  work,  (2)  area  under  control,  (3)  population  and  how  apportioned; 
and  under  organisation  of  an  operating  department,  (1)  planning  of  the 
organization,  (2)  selection  of  the  personnel,  (3)  administrative  control, 
(4)  division  of  responsibility,  (5)  systematizing  the  work.  The  general 
principles  involved  in  these  headings  apply  to  any  highway  engineering 
organization,  and  in  order  that  a  logical  solution  of  the  problem  may  be 
presented,  each  one  of  these  controlling  factors  will  now  be  considered. 

8.  Scope  tnd  Character  of  Woric  of  Organizatioiis 

All  work  relating  to  public  property  between  the  boundaries  of  hifl^ways 
should  come  under  the  jurisdiction  of  the  highway  department,  whether  it 
be  a  state,  municipal,  county  or  town  department. 

Municipal  Highway  Department.  The  work  that  should  oome  directly 
under  the  control  of  such  a  department  is  as  follows: 

1.  The  design  of  all  work  pertaining  to  the  highways,  including  park- 
ways, park  drives  and  small  highway  bridges. 

2.  All  engineering  work  relative  to  lines,  grades,  inspeetion  of  construc- 
tion, etc. 

3.  The  construction  and  maintenance  of  all  highways,  including  streets, 
roads,  parkways,  park  drives,  etc. 

4.  The  control  of  subsurface  struotures  and  encroachments.  Including 
all  underground  conduits,  pqw  lines,  service  connections,  vaults,  steps, 
street  signs,  stands,  etc.  ' 

5.  Permits  and  Ucenses  for  vehicles  of  all  kinds. 

6.  Street  cleaning  and  snow  removal. 

7.  Collection  and  disposal  of  ashes,  rubbish  and  gartwgB. 

State  Highway  Department  The  state,  while  not  having  the  variety 
of  activities,  may  have  as  many  or  more  subdivisions  of  the  organization, 
due  to  the  larger  area  under  control.    These  activities  may  be  as  follows: 

1.  Planning  of  route  layout  and  design  of  all  work  pertaining  to  the 
system  of  state  roads,  and  county  and  township  roads,  imduding  paricways, 
park  drives  and  highway  bridges  tuder  state  aid. 

2.  The  control  of  all  engineering  work  relative  to  lioes,  grades,  inspec- 
tion of  construction,  etc. 
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3.  The  conatruotlon  and  maintenanca  of  all  highway*,  including  tboae 
constructed  or  reconstructed  under  state  aid. 

4.  The  placing  of  aubsurfaoe  struotures  and  encroachments,  on  or  under 
all  roads  under  state  oontrol. 

6.  Pennits  and  Uoenses  for  vehicle*  of  all  kinds. 

6.  Enforcement  of  traffic  regulationa. 

7.  Street  deaoing,  usually  snow  removal  on  roads  under  state  control. 
Coontr  and  Townahip  Hi^way  Departments  should  have  contrtil  of 

the  same  activities  for  highways  under  their  control  as  outlined  for  state 
hif^way  departments.  State  laws  may,  however,  as  in  the  case  of  traffic 
regulations,  give  jurisdictioa  over  certain  activities  to  a  state  department. 
In  same  easee,  a  township  or  even  a  county  may  have  charge  of  one  of  the 
usual  activities  under  the  control  ol  munidpal  departments,  namely,  tbs 
colleotSon  and  disposed  of  ashes,  rubUah  and  garbage. 
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Ar«a  radar  Contnd.   It  u  obvious  that  in  so  far  as  it  is  possibte  all  the 

work  should  be  controlled  and  operated  from  one  central  office.  This  prin- 
ciple, however,  in  its  narrow  sense  can  only  apply  to  situations  where  tboe 
is  a  small  area  under  control,  such  as  in  a  small  city  or  township.  As  the 
area  increases,  the  responsibility  for  carrying  on  the  work  must  be  delegated, 
and  while  primarily  under  the  control  of  the  central  office,  the  actual  oper- 
ations must  be  under  the  control  of  subdivisions  of  the  organization.  For 
example,  in  a  state  highway  department,  the  construction  and  maintenance 
work  will  necessarily  have  to  be  carried  on  under  a  number  of  subdivisionB 
of  the  department.  The  l^rout  of  the  routes  and  planning  of  the  work, 
drawing  ot  Q>ecificationB,  advertising  the  contracts,  etc,  however,  should  be 
carried  on  in  the  central  office.  likewise,  as  the  area  increases  the  personal 
touch  with  the  en^eers  and  employees  engaged  in  supervising  the  work 
becomes  increasingly  difficult  and  makes  it  more  important  to  keep  the 
organization  machinery  well  greased  so  that  the  operations  will  run  along 
smoothly,  and  not  only  will  construction  work  be  carried  on  to  the  best 
advantage,  but  the  details  of  the  maintenance  will  be  given  the  attention 
they  should  receive. 

The  Population  and  How  Apportionad,  is  one  of  the  controlling  factors 
in  connection  with  the  li^ut  of  the  system  of  highways.  The  distribution 
of  the  mileage  of  highways  thniout  a  system  will  materially  affect  the  loca- 
tion and  personnel  of  the  division  organizations. 


It  Is  only  necessary  to  glance  over  the  scope  and  character  of  the  work 
coming  under  the  jurisdiction  of  a  large  highway  department  to  beo(Hne 
convinced  of  the  fact,  that  no  matter  how  able  the  personnel  may  be,  ease 
of  operation  and  economy  and  efficiency  in  controlling  the  different  branches 
of  work  wilt  vary  with  the  character  of  organisation  under  which  the  depart- 
ment is  operating.  The  ideal  organization  is  the  one  under  which  it  is 
possible  to  accomplish  results  in  the  most  efficient  and  economical  manner 
and  lUong  the  lines  of  least  resistance.  The  perfecting  of  such  an  organ- 
isation is  the  real  problem  and  grows  in  importance,  depending  upon  the 
number  of  activities,  volume  of  work,  and  area  under  control  ooming  un- 
do* the  jurisdiction  of  the  department.    The  fundamental  prindples  in- 
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voiced  in  the  planning  and  operating  of  a  Buccessful  oreanizatioD  are  tbo 
same,  whether  it  be  a  state,  municipal,  county  or  lOwn  highway  departs 
ment,  tho  the  activities  are  of  a  somewhat  different  nature.  The  difBcultie0 
to  be  surmounted  depend  largely  on  whether  the  project  consists  of  planning 
an  organisation  for  a  new  department  or,  which  is  more  often  the  cobo, 
the  reorganiaation  of  an  existing  department.    The  latter  is  the  far  more 


Fig.  1.  OrzaniutioD  of  a  Modern  Highway  Deputment 

intricate  problem,  and  one  that  will  be  outlined  with  reference  to  a  large 
municipal  department  in  an  endeavor  to  define  some  of  the  prinoiples  in- 
volved and  the  difficulties  to  be  overcome. 

After  having  completed  the  preliminary  STuniES,  the  next  step  is  to 
proceed  with  the  plan  under  which  the  department  is  to  operate.  Thii 
must  be  done  with  a  view  to  the  future,  having  in  mind  the  passage  of  the 
necessary  legislation  to  put  the  department  on  a  thoro  business  basis,  and 
still  must  be  sufficiently  elastic  to  cope  with  existing  conditions,  u  most 
of  the  operations  coming  under  the  jurisdiction  of  a  highway  department 
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are  of  such  r  nature  that  they  should  not  be  put  aside  pending  propooed 
lecislatioD,  or  inveotisatiotu  with  a  view  to  a  reorganisatioQ  of  the  depart- 
ment.  It  is  far  better  to  turn  the  work  out  under  what  might  not  be  an  ideal 
organisation,  ustng  the  neoaaaary  aafeguazds  to  see  that  it  is  properly  done, 
than  to  hold  up  the  wu-k,  not  only  to  the  great  inecmvenieaoe  of  the  puUie 
but  with  a  resultant  financial  km  thrd  intoest  charges  on  appropriatione 
already  made,  and  depreciatiMi  on  eriating  plant,  to  say  nothing  of  the  loea 
due  to  eaiiying  the  overhead  chaigee,  and  the  deterioiation  of  loads  and 
pavement*  ttmi  lack  of  maintenance.    Reorganiaation  to  be  oonatruetive 
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Fig.  S.  Orianisatlon  Chart  et  the  FoBetfawe  undsr  Ae  Jnrlidkdni  at  Ow 
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must  be  brought  about  gradually.  The  primary  consideratiDn  in  the  planning 
should  be  to  centralize  the  control  of  the  work,  not  only  as  relating  to  the 
head  of  the  department,  but  this  principle  should  be  carried  right  down  thru 
the  organisation.  This  means  grouping  the  activitiee  and  combining  them 
as  far  aa  ia  practicable,  so  that  not  only  will  the  bead  of  the  department 
be  familiar  with  all  the  activities,  but  the  entire  aupervieing  force  will  be 
trained  to  direct  all  branches  of  Uie  work.  This  will  do  away  with  ddfting 
re^wnsibility  which  is  so  often  the  ease  where  the  maintenance,  conBtructioa 
and  street  cleaning  work  are  under  separate  divisions,  and  will  tend  to  make 
the  organisation  a  more  stable  and  laating  one,  as  the  entire  force  will  be 
working  as  a  unit,  and  being  familiar  with  all  branches  of  the  work,  each  and 
every  one  will  have  an  equal  opportunity  to  advance. 

For  examples  of  organizations  based  on  centralised  control,  see  Figs.  1  to 
5  inc.  The  organisation  chart  of  Fig.  t  is  for  a  large  fairway  municipal 
department;  and  charts.  Figs.  2,  3  and  4,  for  the  subdivisions  of  this  same 
department,  as  will  be  seen  by  making  a  stu^  of  ib»  chart  for  ^  geneiai 
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orguiisatkm.  The  orgaoisatkm  shown  in  Fig.  S  has  bera  reeomtiietuled 
for  a  large  state  highway  department,  see  (17).  The  fundamental  principle 
set  forth  ia  these  organisation  charts  ia  to  emphasise  the  importance  of  th^ 
principle  of  centralisation  of  control  and  the  delegation  of  responsibility  to 
different  subdivisioqs  in  the  organisation.  These  charts  can  be  very  nadUy 
worked  into  shape  for  use  in  any  state,  municipal,  county  or  township  de- 
partment 1^  making  the  necessary  changes  to  suit  the  dllbrant  cbanetW 
of  work  and  titles  of  the  subdivisions  of  these  organisations. 

Seleetioa  at  PmmuuL  The  persoonel  other  than  those  ot  the  elerioali 
stenographic,  audit  and  aecounta,  and  parchasiog  divisions,  riioold  be  man  of 
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Fig.  3.   OrganizsUon  Chu-t  of  a  District  Highway  Force 

technical  training  and  experienced  in  highway  engineering,  with  the  excep- 
tion of  the  grade  of  inspector,  where  a  man  experienced  in  hif^way  construc- 
tion would  be  qualified.  The  entire  force  should  be  graded  in  such  a  manner 
that  the  organisation  will  be  well  balanced.  There  should  not  be  too  many 
nor  too  few  of  the  employees  in  the  lower,  medium  or  higher  grades,  hut 
a  proportionate  number  in  each,  depending  upon  the  amount  and  chanuiter 
tA  work  involved.  The  clerioal,  stenognphie,  audit  and  accmuts,  and 
purdusing  divirions,  as  a  general  rule,  remain  ixmstant  all  the  year  around, 
while  the  engineering  force  necessarily  varies  with  the  weather  coaditions 
or  working  season. 
Inspectors.   Id  most  cases,  the  temporary  inspection  force  riiould  con- 
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nat  of  men  who  have  had  practical  experience  in  highway  oonBtructioa, 
mich  aa  foremen,  paver*,  etc,  or  in  some  instances  ooUege  graduates  or  stu- 
dents who  make  a  practioe  of  workiDg  during  the  summer  months  and  wbo 
have  had  practical  experienoe  in  hi^way  work,  as  a  green  inspector  will 
usually  do  mora  harm  than  good.  The  pay  for  thepe  inspectors  should 
raotBfnnD  about  MTent]r4ve  to  one  hundred  doUan  per  mmtit.  CtnUDarar. 
during  the  w(»tiiig  season,  tliii  foroe  will  eonatituto  a  latse  pwoentace  of 
the  entire  organimtion,  and  it  is  obvious  that  thoae  engaged  in  the  inspection 
of  oonstructioD  work  cannot  as  a  general  rule  be  carried  during  the  winter 
months  or  when  the  work  has  shut  down,  as  their  servicee  would  not  be 
required.  There  are,  of  course,  cases  where  these  men  mifi^t  be  employed 
■n  some  other  class  of  work  under  the  state,  municipal,  ooun^  or  township 
goTwniaent,  and  if  such  a  thing  eui  be  airangsd,  it  Is  very  desiimble,  as 
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the  services  rendered  by  persons  regulariy  emidojrad  are  supeiior  to  those 
of  persons  only  temporarily  engaged. 

Effect  of  Civil  Service  Regulations.  In  large  organisations  the  selection 
of  the  personnel  is  one  of  the  most  important  factors,  and,  in  many 
localities,  is  beooming  one  of  the  most  difficult  pnblans,  due  to  ths  methods 
emplojnad  hy  some  ci  the  civil  swioe  commissions  in  detennining  the  qval- 
ifioations  requisite  for  the  selection  of  candidates  for  the  hitter  positions 
where  personality,  broad  experience  in  controUing  work  and  good,  sound 
business  judgment  should  be  the  primary  considerations.  These  qualifi- 
cations are  recognised  to  be  essential  for  division  heads  in  whom  great 
responsibtlity  is  centered  and  on  whom  the  success  of  the  organisation 
largely  depends,  and  it  is  obvious  that  the  selections  in  theee  cases  should 
be  left  somewhat  to  the  judgment  of  the  head  of  the  department,  who 
is  heM  responsible  iot  the  work,  rather  than  to  the  judgment  of  a 
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civil  service  board  or  thru  open  competitioa  in  a  technical  examination. 
Civil  service  was  intended  to  safeguard  the  interests  of  the  pubUc  and  to  do 
away  with  the  spoils  stbteh  but  the  principle  of  civil  service  should  be 
construed  in  a  aufficiently  broad  manner  to  permit  heads  of  departments  to 
command  control  of  the  work,  and  this  can  only  be  done  thru  a  broad 
application  of  the  civil  service  laws  with  regard  to  the  selection  of  division 
beads  in  a  large  deprxtment.  Considerable  stress  is  laid  on  this  point 
as  the  responsibility  of  the  planning  and  success  of  the  organisation  or 
reorganiiatioD  in  a  highway  or  any  other  department,  rests  largely  with  the 
head  of  the  department.    It  is,  therefore,  obvious  that  his  judgment  should 


carry  some  weight  in  the  selection  of  his  principal  aides  on  whom  he  is 
dependent,  as  no  matter  how  correct  the  planning  may  be  to  carry  on  and 
control  the  work,  the  ultimate  success  will  depend  largely  upon  the  person- 
ality and  judgment  of  these  men. 

The  Qnaliflcationi  HeceHary  to  Hake  a  Successful  DiTision  Head 
vary  with  the  scope  and  character  of  work  coming  under  the  jurisdiction 
of  the  organisation.  Just  because  a  man  is  a  good  highway  engineer  does 
not  mean  that  he  will  be  a  success.  Personality  and  business  judgment 
carry  just  as  much  weight  as  engineering  ability.  The  right  type  of  man 
for  such  a  position  must  not  be  tacking  in  imagination  and  should  possess 
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the  facility  of  not  only  being  a  natural  leader  and  oommandinc  the  reeport 
of  his  aubordioatM.  but  he  ahould  alao  hav«  their  good  will  and  this  means 
Hat  he  must  eatabliah  a  sort  of  e$prit  de  corpe  in  the  organisation.  A 
man  who  operatea  thru  the  good  will  of  hia  subordinatea  accompliahea  fit 
more  than  the  stem  diaciplinarian  who  lacka  their  good  will  and  is  feared 
by  them.  This  ia  eepecdally  true  in  government,  state  or  municipal  work, 
where  the  civil  aervioe  laws  ao^  other  conaideratioas  minimise  the  autboiitar 
of  the  department  heads. 

la  CountiM  and  TownaUpa  as  a  nib  the  aitnatkm  is  quite  the  revetve  of 
that  where  the  civil  service  is  administered  along  narrow  linea,  and  vtrf 
often  men  who  are  entirely  lacking  in  the  proper  qualifieationa  are  selected 
to  control  and  supervise  highway  work,  purely  for  political  reasons.  In  some 
instances,  the  authorities  believe  they  have  the  necessary  qnalificatioDs 
because  they  knew  something  of  the  practical  side  of  road  building  in  the 
days  before  this  work  was  revolutionised  thru  the  advent  of  the  automotnle. 
This  type  of  man  usually  adheres  to  the  old  methods  and  is  too  set  in  hia 
ways  to  obange.  In  these  days  every  county  and  town^p  8h<Hild  have 
the  advice  of  highway  engiaeero,  and  if  this  is  universally  done,  many  mil- 
lions of  dollars  will  be  saved  to  the  taxpayers.  In  every  case  an  engineo' 
should  be  in  charge,  and  the  responsibility  for  the  selection  of  methods  of  con- 
struction and  types  of  pavement  should  rest  with  him,  and  the  local  authori- 
ties should  bow  to  hia  judgment  in  such  matters;  his  aasistanta  should  also 
be  engineers  or  men  experienced  in  road  construction.  The  selection  of  the 
personnel  for  counties  and  townships  is  relatively  just  as  important  as  for 
a  city  or  state,  and  as  is  the  case  in  all  matters  pertaining  to  a  hi^way 
engineering  organiiation.  the  general  principles  enumerated  here,  with  refer- 
ence to  the  selection  of  the  personnel,  are  applicable  to  state,  munidpality, 
ODunty  and  township. 


The  administrative  control  of  a  highway  department  is  dependent  upon 
a  proper  arrangement  of  the  functions  of  the  organization  in  their  relation 
to  one  another,  operating  under  a  thoroly  Byatematixed  procedure  designed 
to  bring  about  a  maximum  of  economy  and  efficiency  with  a  miniTm^T^  of 
friction  in  conducting  the  wotIc  of  the  department.  The  administrative 
officers  should  act  in  an  advisory  oiqweity  in  connection  with  the  work 
coming  imder  the  jurisdiction  of  the  department  and  ahould  show  tact, 
initiative  and  judgment  in  the  management  of  the  organisation  and  in 
dealing  with  the  public,  other  departments  and  legislative  bodies.  This 
phase  of  the  administrative  control  is  what  might  be  termed  the  business 
executive  side  of  highway  engineering  and  the  same  principles  should  govern 
this  work  as  are  in  vogue  in  up-to-date  bnaineaB  and  public  service  oorpora- 
tiona. 

The  administrative  control  ahould  be  vested  in  onb  mam,  and,  whatever 
his  title  may  be,  he  should  be  a  highway  engineer  with  ezeoutive  aUlity 
and  versed  in  the  principles  of  management.  If  the  department  be  a  large 
municipal  or  state  department,  it  is  particularly  desirable  that  he  should 
have  had  experience  in  the  management  and  control  of  similar  work  where 
his  training  was  not  only  in  engineering,  but  embraced  experience  in  the 
executive  management  of  a  large  organisation.  This  is  simply  going  on  the 
principle  that  from  an  administrative  standpoint  better  and  qnioker  reaulta 
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can  be  aooomptiBhed  by  the  selectwn  of  a  man  with  previous  ezperiezi^^^ 
than  one  who  mi^t  have  ability  but  who  is  not  familiar  with  the  -worMc* 
and  who  would  Decessarily  have  to  spend  two  or  three  years  atudy^atf* 

conditions  before  formulating  his  orgai^iation. 

DiMdvantages  of  Commissions.   It  is  a  great  mistake  to  put  this  work 

under  a  commission  of  three,  five  or  more  men,  as  is  the  case  in  m&ny  states, 
counties  and  townships.  In  municipal  departments  there  is  hardly  s 
commission  controlling  highway  work,  and  the  only  reason  that  such  a  sit- 
uation exists  with  reference  to  the  state,  county  or  township  work  is  because 
these  departments  are  newer  and  in  many  localities  more  of  a  poUtical  than 
a  business  undertaking.  It  is  perfectly  obvious  that  better  results  can  be 
accomplished,  and  much  quicker,  by  a  sioi^e  administrative  head  than 
thru  a  commission,  and  in  this  connection  particular  attention  is  called  to 
the  undesirability  of  having  large  boards  of  highway  commissioners  control- 
ling the  work  of  the  townships. 

The  ADUimsTRATivii  ruHcnoNS  embody  general  supervision  over  the 
appropriations  and  expenditures  of  the  department.  It  is  the  executive's 
first  duty  to  see  that  the  appropriations  are  expended  wisely  and  in  an 
eflScient  and  economioal  manner.  He  should  also  see  that  the  public  are 
kept  informed  of  the  manner  in  iriuch  tite  moneys  are  expended  and  the 
work  is  being  carried  on.  It  is  also  his  duty  and  one  of  the  administrative 
functions  to  see  that  the'  employees  of  the  department  are  properly  cared 
for  and  receim  full  recognition  for  their  services.  He  must  give  constant 
attention  to  bringing  about  a  spirit  of  co5peration  among  the  employees. 
No  organization  will  be  as  efficient  as  it  should  be  unless  there  has  been  es- 
tablished a  sort  of  eaprit  de  corps  among  the  employees.  This  is'  just  as 
important  as  any  other  part  of  the  work  coming  under  the  head  of  adminis- 
trative control.  It  is  also  just  as  necessary  to  accord  courteous  treatment 
to  the  public,  no  matter  what  the  source  of  their  complaint  or  inquiry  may 
be,  in  pubUc  buainess  as  it  is  in  private  budness.  Every  communication 
should  be  answered  fully  and  completely,  and  in  this  way  the  people  will 
be  given  an  insight  into  the  public  business  and  more  readily  appreciate 
the  necessity  of  conducting  it  on  a  business  basis.  One  of  the  administrative 
fimotions  is  to  see  that  every  employee  is  instructed  to  and  does  accord 
courteous  treatment  to  everyone  with  whom  he  has  any  dealings. 

Division  of  Retponslbilitr.  There  is  nothing  more  important  in  any 
organisation  than  to  fix  the  responsibility  for  the  work  coming  under  the 
supervision  of  the  different  functions  of  the  organisation.  This  does  not 
mean  it  should  be  fixed  only  in  so  far  as  the  head  of  the  department  or  divi- 
sion and  subdivision  heads  are  concerned,  but  it  should  be  passed  right 
down  the  line  so  that  each  and  every  employee  will  bear  his  share.  There- 
fore the  proper  arrangement  of  the  division  of  responsibility  for  the  work 
is  one  of  the  principal  factors  in  any  organization,  as  no  matter  how  well 
the  work  may  be  systematised  and  how  perfect  may  be  the  procedure,  it 
will  fail  to  accomplish  its  purpose  unless  each  and  every  one  of  the  employees 
is  trained  to  accept  responsibility  for  bis  part  of  the  work. 


General  ConsiderationB.  Admitting  that  every  department  is  more  or  less 
dependent  upon  a  good  organization,  the  condiUon  affecting  the  operation 
and  control  of  a  large  municipal,  state,  county  or  township  highway  depart- 
ment will  be  briefly  analysed.  The  greater  part  of  the  work  coming  under 
the  jurisdiction  of  such  a  department,  no  matter  how  large  or  how  small. 
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it  or  eventually  will  be,  maiDteaanoe.  'Hierefore,  the  auoecas  from  tbii 
atandpomt  is  probably  fouivGf tha  dependent  upoo  the  organiiation.  It  a 
not  intended  to  underestimate  the  necessity  for  a  good  organixatioo  to 
handle  the  construction,  but  this  work  is  of  a  somewhat  definite  chanoter 
and  there  are  more  or  leaa  well  defined  principles  that  can  be  followed 
both  from  the  eUuidpoint  of  the  office  and  field,  while  the  maintenanae 
worii  coming  under  the  jurisdiction  of  a  modern  highway  department, 
which  usually  ambraoea  all  braoohee  of  work  that  is  logically  highway  work, 
or  the  care  and  control  of  the  highways  within  the  ri^t-of-way,  is  an  in- 
definite quantity.  It  is  practically  impossible  to  continuously  and  eye- 
tematically  ivi*in**in  pavementa  and  roads  in  first-claas  ooodltion  in  an 
eoonomiciU  manner,  without  a  good  working  organiiation  built  up  along 
the  lines  beat  adapted  to  cope  with  the  conditions  involved  in  this  important 
branch  of  work  coming  under  the  jurisdictioa  of  a  highway  department. 

InadviaaUlitT  of  Separate  Malntmianca  DMiion.  It  is  not  purpoeed  to 
give  the  impraenon  that  the  maintenance  organiiation  ahould  be  separated 
from  the  oonstmietion,  as  separate  organiiationB  are  apt  to  result  in  an 
overiwiHns  of  jurisdiction  and  a  tendMiey  to  atdm  raaponaiUlity,  and  open 
up  a  field  for  uniimi^arf  ezcuses  as  to  whether  the  oonstruction  or  main- 
tenance division  is  responaiblB  for  any  unsatisfactory  conditions  that  may 
arise  relative  to  the  pavements.  Furthermore,  it  is  obvious  that  the  lof^cal 
organisation  to  maintain  the  pavements  is  the  one  that  saw  them  laid  and 
is  familiar  with  every  detail  of  the  coostructiou,  as  very  often  a  knowledge 
of  apparently  trivial  conditions  in  connection  with  the  oonstruction  bean 
an  important  part  in  the  future  maintenance. 

The  human  element  is  also  a  moat  impcwtant  factor  in  due  question. 
Human  bdngs  are  subject  to  infiuenoea,  not  only  in  so  far  as  th^  affect  tiu 
individual,  but  collectively,  and  there  are  conditions  that  will  influence 
an  organiiation  striving  to  attain  a  purpoee,  to  fall  short  of  its  accomplish- 
ment; as,  for  instance,  where  the  construction  organisation  is  not  charged 
with  the  responsibility  of  the  maintenance,  there  is  bound  to  be  a  subtle 
influence  working,  which,  in  a  measure,  will  result  in  the  construction  division 
taking  little  or  no  active  interest  in  a  pavement  after  it  has  completed 
ita  work.  This  method  of  handling  the  work  is  not  the  beet  way  to  train 
engineers,  as  it  limits  their  responsilHlity  cutting  it  off  just  when  the 
opportunity  presents  itself  to  protect  and  care  for  what  they  have  built, 
conacQuenUy  their  interest  is  bound  to  oesse  to  a  certain  degree,  and  the 
organization  loses  that  intimate  knowledge  of  all  the  little  details  of  the 
construction  which  play  such  an  important  part  in  future  maintenance. 
It  is  the  intimate  knowledge  of  the  details  of  both  construction  and  mainte- 
nance, not  considered  separately  but  in  their  relation  to  one  anoUier,  that 
ia  so  desirable  as  a  future  guide  in  highway  engineeiing,  consequently  the 
combination  of  the  two  organisations  in  one  will  accomplish  far  better 
results  than  they  would  working  more  or  less  indepMidently,  each  with  a 
limited  responsibility.  Highway  engineering  may  be  considered  a  specialty, 
but  further  specialising  in  construction  and  maintenauA  ia  not  logical 
as  the  two  are  dove-tailed  and  cannot  be  considered  separately.  Evwy  en- 
gineer engaged  in  highway  work  appreciates  the  fact  that  there  is  no  such 
thing  as  a  permanent  pavement  for  either  city  streets  or  country  roads, 
consequently,  in  addition  to  the  cost  of  construction,  the  mtuntenanee 
repair  charges  during  its  life  must  be  included  in  the  final  cost  and  is  a  most 
importuit  factor  in  the  selection  of  a  pavement.  Therefore,  it  will  be  under- 
ttood  that  atyr  referanoe  made  to  the  organisation  of.tiw  Apartment  rafera 
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to  ibo  Mw  orgBniiBtioD  oootrolUng  all  branohea  of  the  mrk,  in  a  state, 
muDioipal,  county  or  township  department,  even  including  street  cleaning, 
which  is  a  part  of  the  nuontenance  work  that  should  come  under  the  jur- 
isdiction of  the  highway  department.  The  organiiation  is  assumed  to  be 
flo  constructed  and  operated  that  practically  every  member  of  the  supervia- 
ing  force  will  be  trained  to  supervise  all  tbe  branches  of  the  work  and  in 
this  way  the  employees  will  become  much  more  valuable  to  the  department. 

The  activities  coming  under  the  jurisdiction  of  the  municipal,  county, 
township  and  state  highway  departments  are  not  similar  in  every  respect, 
but  the  princ^ml  functions  do  not  differ  suffidentiy  to  affect  the  problem 
in  the  main.  A  large  municipal  department  embracing  stteet  oleaiJng,  eai- 
lection  and  dispoeal  of  ashes,  garbage  and  rubbish,  and  snow  renuvral,  to- 
gether with  the  general  proUems,  such  as  construction  and  maintenance  of 
pavemen^,  etc,  embraces  a  greater  variety  of  work  than  does  a  state  de- 
partment but  principally  of  a  nature  that  is  essentially  maintenance  work. 
Likewise  in  a  large  state  department,  with  an  organisation  controlling  a  large 
area  of  improved  highways,  the  maintenance  problem  is  more  involved  and 
complicated  than  in  county,  township  or  state  department  with  a  leas  mileage 
of  paveiBients  m  roads  under  its  oaie,  bo  that  the  perplexity  of  the  problem 
increases  not  only  with  the  number  and  variety  of  activities,  but  with  the 
area  of  the  territory  and  the  mileage  of  roads  and  pavements  coming  under 
,  ibe  Jurisdiction  of  the  department.  It  Is,  of  course,  a  much  simpler  matter 
to  cope  with  this  problem  where  the  work  involved  is  such  that  it  can  be 
controlled  from  a  central  office,  without  delegating  the  responsibility  to 
divisions  and  subdivisions  of  the  organisation.  This  is  especially  true  in 
maintenance  work,  as  there  is  always  a  tendency  among  engineers  to  be 
lax  in  attention  to  details  of  an  apparently  simple  and  routine  nature.  They 
are  apt  to  overlook  the  fact  that  it  is  not  difficult  to  construct  a  pavement 
as  in  superviring  tiiis  work  they  are  simply  f<dlowing  more  or  less  standard 
and  well  defined  princ^^lea,  whrae,  in  maintenance  work,  there  is  no  set 
specification  to  follow,  the  success  depending  upon  attention,  to  a  certain 
degree,  to  daily  routine  and  principally  to  petty  details  that  present  them- 
selves in  the  actual  physical  work,  and  in  this  there  is  an  unlimited  field 
for  initiative.  The  difficulty  of  impressing  upon  the  supervising  force  the 
importance  of  close  personal  attention  to  detail  in  connection  with  the  care  of 
the  pavements  is  one  of  the  moat  important  factors  in  the  operation  of  a  large 
highway  department,  and  must  be  reckoned  with  and  eapeci^ly  in  tbeee  times, 
when  the  iMiblic  is  becoming  more  and  more  exacting  and  virtually  demand- 
ing that  the  roads  and  pavements  he  kept  continuously  in  good  repair. 

Fcx  coDvenienee  the  different  branches  of  maintemmce  work  will  be  grouped 
under  the  following  classifications:  (1)  Routine  maintenance;  (2)  general 
maintenance;  (3)  emergency  maintenance.  For  iilustration,  there  will  be 
considered  only  the  more  important  functions  under  these  classifications. 

Routine  Maintenance.  This  includes  the  cleaning  of  streets  and  this 
branch  of  work  involves  an  enormous  amount  of  petty  detail  that  is  only 
definite  in  character  in  so  far  as  the  schedule  of  cleaning  is  concerned,  which 
usually  calls  for  a  general  cleaning  for  each  particular  street  every  so  often. 
The  amount  and  character  of  cleaning,  al  course,  ia  largely  dependent 
upon  the  trafflo,  type  of  pavement,  and  denrity  of  population.  Therefore, 
relatively  speaking,  from  the  standpoint  of  the  state  or  county  highway 
department,  this  problem  is  a  comparatively  simple  one,  conaiating  pri- 
marily  of  the  cleaning  of  country  roads,  which  work  embraces  scraping  of  the 
aboulders  and  keeidng  the  gutters  open.   The  m^cnitude  of  the  probleta 


1SS8     Oiguiiiatiaa  and  ^ImiiuBtntioa  d  Iffighmy  Deptb  Secri.  20 

varies  with  the  area  to  be  oovered  and  the  denrity  of  popuUtion  in  m  vna 
area;  from  a  more  or  len  simple  one  oa  a  given  country  road,  it  loonM  up 
into  a  very  important  one  in  a  state  highway  department,  and  lilcewhe, 
from  the  cleaning  of  a  given  street  in  a  small  town,  it  looms  up  into  one  ai 
the  moat  important  problems  in  a  large  municdpality;  and  both  with  regard 
to  Uie  state  and  municipal  highway  department  it  is  largely  a  queatkm  of 
organisaticHi.  Onoe  the  organisation  is  perfected  from  an  administntiT* 
standpoint,  tba  work  is  two-tiuids'oompiBtod.  Hm  main  fwoUem  in  routuw 
maintmanoe  of  this  eharaoter  is  to  orgaain  a  wortang  fone  capable  ci 
performing  the  work  idong  the  lines  of  least  reostanoe  in  an  eflScient  and 
eoonomioal  manner. 

General  Haiatenane*.  This  inoludee  street  repair  work  n^iich  is  of  a 
distinotly  variable  quantity  and  unlike  routine  maintenance  muat  be  ooped 
with  by  an  organization  of  an  entirely  differrat  kind  from  that  for  atxeet 
eleaning,  which  organisation  oonsiats  of  a  regular  woridng  force  employed  all 
year  round  and  oi  a  more  or  less  military  oharactw.  The  atieet  repair 
work  is  usually  divided  into  three  classes:  (1)  Block  pevament  repatia; 
(2)  oement-Qonorete  pavement  repairs;  (3)  bituminous  pavement  zepair*: 
(4)  macadam,  gravel,  and  earth  road  repairs,  and  (5)  fajtuminous  aurfaoe 
treatments.  These  classifications  involve  different  characters  <A  woA, 
each  requiring  special  knowledge  on  the  port  of  those  engaged  in  the  actual 
performance  of  the  phyaioal  work.  Stone  block,  wood  block  and  brick 
repairs,  for  example,  require  skilled  laborers  who  have  made  a  speciattr 
of  this  work  and  are  employed  under  the  title  of  pavers  and  rammers; 
while  repairs  to  aheet-asphalt  and  other  txtuminous  pavaaoits  must  be  per* 
f ormted  by  men  ^teoially  trained  in  this  line  of  work,  in  addition  to  the  neo- 
easaiy  force  engaged  at  the  mixing  plants.  Broken  stone  road  npakn, 
the  care  of  earth  roads,  and  bituminous  surfooe  treatments,  also  xequiie 
men  qieoially  skilled,  and  while  it  is  desirable  to  train  the  gangs  for  eaeh 
particular  branch  of  work  under  this  classification,  tbeee  subdividcHia  can 
be  handled  by  those  directly  in  charge  of  this  division  by  training  the  laboms 
for  the  partioiilar  work  to  which  they  are  assigned.  It  readily  will  be  seen 
that  this  force,  in  the  firat  place,  can  only  be  employed  when  the  weather  oon- 
ditions  are  favorable  for  tita  work  which  makes  the  organisation  much  mose 
difficult  to  control  and  keep  up  to  a  pngttt  standard  than  erne  eompoead  of  eaaa 
regularly  employed  all  of  the  year.  Moreovw,  the  indefinite  character  of  the 
work  Qe<%saitate6  greater  elasticity  in  the  onianitation  than  does  street  nkien 
ing,  and  makes  it  a  still  more  i>er];^exing  wgoniaation  to  operate  with  aueeesi. 

There  is  no  definite  aohedule  for  a  street  repair  maintenance  orgauiaatioB 
to  work  on,  and  there  are  no  fixed  rules  that  can  apply  to  all  repair  work 
other  than  that  when  repairs  are  required,  they  should  be  made  at  onoe. 
The  materials  to  be  used  and  the  method  and  manner  of  Tn^Ving  r^iaiie 
ate  variable  qtumtitiee  for  which  only  general  i^inoiples  can  be  set  forth, 
which,  of  ooUEse,  means  that  the  (vganiaation  coping  with  tlie  woA  muat  be 
well  trained.   Work  o(  an  indefinite  eharaoter  <9ens  up  a  for  in- 

numwable  exeuses  and  to  be  successfully  ooped  with,  requiies  n  eertain 
amount  of  initiative  on  the  part  of  each  and  every  man  .bom  the  laborers 
to  the  chief  engineer,  which  makes  their  good  will  a  neoeesaty  adjunct.  TiM 
men  should  be  taught  to  undostand  the  relationahip  between  their  particu- 
lar function  and  the  work  as  a  whole.  This  can  be  IvDUi^t  about  thra 
the  installation  of  unit  cost  records,  which,  together  with  an  educational 
oampaigD,  consisting  of  meetings  held  every  so  often  for  the  purpose  of* 
makiiig  dear  the  method  of  handling  the  work  and  each  man's  part  in  tlw 
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work,  will  bring  about  a  friendly  rivalry  betfreen  the  different  reptur  esuj^asb 
These  meetings  mean  a  great  deal,  ae  they  set  the  men  thinking,  open  np>  a 
new  vision  to  them,  and  put  them  oa  their  metUe,  which  will  ultiomtsJlK 
result  in  improving  Uieir  opportunitieB. 

Bmergencf  Maintwwno.  This  inoludflfl  anow  removal,  and  H  ie  imneo- 
eseary  to  dwell  on  the  fact  that  no  matter  what  appliances  may  be  on  hand 
for  the  runoval  of  snow,  the  actual  performance  of  the  work  is  dependent 
upon  the  efficiency  of  a  thoro  and  systamatio  planning  of  the  operations, 
dividing  and  subdividing  the  territory  into  sections  covering  areas  of  such 
a  sise  tiiat  the  work  can  be  tboroly  and  readily  controlled  by  the  supervising 
force.  This  work  arises  suddenly  and  must  be  performed  in  such  a  short 
apace  of  time  that  it  requires  more  supervisioD  probably  than  any  otbw 
Inaitch  of  work,  and  it  ia  tot  this  reason  it  can  be  better  and  more  <iuieldy 
handled  by  ao  dividing  that  each  and  every  one  oontrolllng  the  work  wiU 
be  reqiwnaible  for  a  pertain  definite  area.  This  principle  is  true  of  any  city, 
independent  of  its  sixe.  The  supervising  force  selected  to  control  the  work 
must  be  thoroly  iostructed.  before  the  winter  sets  in,  and  imbued  with  a 
spirit  of  enthusiasm  and  pride  in  their  part  of  the  work.  They  must  be 
available  at  all  timee,  day  and  night,  keep  track  of  the  weather  conditions 
thru  the  i^ain  office  where  the  latest  weather  reports  should  always  be  avail- 
able, and,  aa  soon  as  the  indioatioDS  point  to  a  storm,  each  and  very  one 
in  the  organiaation  muat  n(  to  work  to  got  bia  eqiiii»DeDt  out  on  the  atnet 
at  the  earliest  possible  moment.  This  neeesntates  getting  in  toaoh  with  the 
contractor's  teamsters,  eto,  and  all  the  men  assigned  to  a  district  in  order 
that  they  may  start  out  immediatdy  the  snow  shows  rigns  of  »w*fc™g  any 
headway  which  "t**^"",  of  ooursBt  as  soon  as  it  begins  to  oovar  the  pavements. 
From  that  time  on,  the  whole  organiaatioa  must  work  day  and  night  flgKtinf 
the  stonn. 


Systematising  the  work  requires  a  very  esreful  study  of  all  the  activities 
of  the  department  from  the  ground  up  and  their  relation  to  one  another, 
as  the  primary  oonaideration  should  be  to  do  away  with  as  much  xmneoeasary 
routine  as  is  posdUe  and  still  have  an  adequate  system  of  oontnil  and  one 
that  embodtos  the  oom{41ation  of  all  relevant  data  of  vahie  aa  a  prnmaaait 
record.  Systemaluing  means  simpUfjring  the  work,  the  l»inging  about 
of  a  maximum  of  efficiency  with  a  minimum  of  energy.  In  a  highway 
department,  where  the  activities  are  so  closely  related  that  there  is  very 
apt  to  be  an  overlapping  of  jurisdiction  and  duplication  of  work,  it  is  obvious 
that  a  thoro  systematising  of  the  work  is  essential. 

The  tend«icy  is  to  standardise  and  control  work  in  a  manner  that  will  not 
only  ctmaerve  energy  and  do  away  with  unnecessary  dupUoation,  in  so  far 
as  individual  effort  ia  coucemed,  but  to  concentrate  our  fcwoetf  so  that  we 
can  efficiently  and  eoonomically  carry  on  our  operations  along  the  line  of 
least  renstanoe,  as  ease  of  operation  is  one  of  the  most  important  factors 
to  be  considered  in  any  worldng  organisation,  and,  for  example,  in  a  munic- 
ipal or  town  highway  department,  there  is  no  step  that  would  aooomplish 
more  in  this  direction  than  the  combination  of  the  highway  construction, 
maintenance,  street  cleaning,  and  the  collection  and  disposal  of  ashes, 
rubbish  and  garbage,  under  the  jurisdiction  of  the  one  organisation.  This  i' 
would  also  have  the  added  advantage  of  placing  the  street  cleaning  work  li 
more  generallr  on  an  en^newing  iMsis,  wtdeh  woidd  undoubtedly  lead  to 
man  sanitary  nwtboda  <^  cleaning,  and  to  methoda  tlmt  would  be  nKwe  apt  . 
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to  take  into  oonsideratioa  the  maintenance  and  care  of  the  pavementn 
bbemaelTes  than  is  likely  to  be  the  caae  where  the  street  oteaumK  ia  not 
inder  eagineering  mipervinon. 

SystematUing  of  the  work  and  establishing  a  sort  of  esprit  de  corps  are 
x»th  emeutial  adjuncts  to  an  efficient  and  eoonomic  adaunistration  of  a  hig^ 
my  or  any  other  department.  Numerous  highway  departments  have  men 
irho  are  iayti  and  euthusiaatici,  but  their  wtjgk  is  not  oonduoted  on  an 
dfieient  and  economieal  basis  becauae  it  is  not  systematised.  The  beat 
netbod  of  establishing  a  permanent  spirit  of  cooperation  is  brought  about 
■Jim  arousing  the  intoest  of  each  and  every  employee,  high  or  low,  thru 
wtablishiog  a  definite  procedure  to  govern  each  function  and  operation. 
[Jnder  such  a  system,  each  employee  assigned  to  any  subdivision  or  operation 
xnning  under  the  jiiriediotion  of  the  department  will  immediately  inquire 
vhat  relation  his  task  has  to  the  work  to  which  he  is  assigned.  This  will 
ead  to  bis  studying  the  foims,  charts,  etc,  and  will  naturally  arouse  his  int^ 
Ht,  and  therefore  a  tboro  ayatematiiing  of  the  work  and  a  definita  procedma 
[ovaming  each  and  every  operation  Is  eeaentiaL 

In  order  to  illustrate  tbis  point,  let  us  oonaider  for  example  the  effects 
m  an  organisation  of  eetaMishing  a  definite  procedure  for  the  work  of  the 
uaintenanoe  forces.  Under  the  old  system  the  foreman  kept  the  time  of  the 
nan  and  noted  the  material  received  for  the  work  and  after  the  job  was 
nmpleted,  the  unused  material,  if  any.  This  account  be  turned  in  to  the 
nain  office.  He  was  responsible  for  the  time  the  men  put  in  on  the  work 
md  the  amotmt  of  work  performed.  No  records,  however,  were  kept 
Mimitting  an  analyns  of  the  effioieaey  with  which  thii  woris  was  perfonned. 
o  that  the  f(«eman  had  no  means  ot  knowing  whether  he  was  performing 
UB  miA  in  an  efficient  and  eooDomical  manner.  Under  the  drcumstaDoea 
t  is  perfectly  natural  that  hia  one  obiect  was  to  turn  in  the  time  <k  the  men 
md  to  perform  the  work,  not  neorasarily  in  the  shortest  time  possible, 
>r  at  a  reasonable  cost.  Now,  as  soon  as  a  definite  procedure  is  installed 
o  control  such  work,  the  foreman  is  given  job  orders  or  route  sbeeta  noting 
he  work  he  ia  to  do  and  the  order  in  which  it  is  to  be  performed;  the  time 
iheets,  thru  which  the  time  of  the  men  is  kept  and  charges  against  the  spe- 
sific  pareela  of  work;  loatvial  slnets,  tlim  irtiich  tlie  mat^ial  ia  eharcod 
ip  in  the  same  manner;  all  of  these  are  designed  to  bring  down  the  cost 
>f  the  work  to  a  unit  square  yard  basis,  both  with  reference  to  cost  of  material 
lad  laboB,  At  first  these  forms  and  records  are  apt  to  confuse  the  old 
ype  of  foreman,  but  after  he  has  been  tboroly  instructed  in  their  uee  and 
las  been  using  them  for  a  time,  it  will  be  found  that  he  is  more  enthusiastio 
iver  the  work  than  he  has  ever  been,  and  has  inculcated  this  qarit  in  the 
aborers  in  his  gang,  with  the  result  that  not  only  ia  the  work  done  at  a  knm- 
ost  but  it  ia  done  in  a  more  efficient  manner. 

The  general  principles  set  forth  in  the  outline  of  the  several  procedures, 
uch  as  planning  boards,  correspondence,  coatracta,  unit  coats  and  pomita 
nd  licenses,  as  described  in  Arts.  9  to  13  ino,  can  be  utilised  in  any  hj^i- 
ray  engineenng  organisation  by  making  the  neoeaaaiy  modificatiima  to 
uit  tiie  ocHidlticHia  under  iriutdi  the  rospeotiva  departmanta  intotd  to  w 
moperatiiic. 


Aa  a  means  of  inauribg  a  more  tboro  and  intimate  knowledge  of  the  status 
f  the  operations  ooming  under  the  jurisdiction  of  a  large  hif^way  depart- 
leot  than  that  afforded  thru  up-to-date  records  and  definite  prooedoree 
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for  each  operation,  it  is  necesaaiy  to  mipplemeot  these  records  and  prf 
oedures  with  planning  boards,  containing  a  graphic  representation  of  th0 
status  of  th«  opera  tic  OH  in  such  a  manner  that  the  work  can  be  more  readily 
controlled  than  la  possiUe  where  tt  is  necessary  to  constantly  refer  to  offio0 
records.  No  matter  how  thoroly  the  operations  of  a  highway  department 
may  be  syatematixed,  where  the  heads  of  the  different  units  of  the  organis*- 
tion  are  dependent  upon  daily  consultations  and  studies  of  the  reoords  on 
file  to  enable  them  to  picture  in  their  minds  the  status  of  the  work  under 
their  jurisdiction,  there  is  always  a  certain  amount  of  lost  motion  and 
unbalancing  of  the  work,  resulting  in  one  locality  receiving  undue  considera- 
tion at  the  expense  of  another  or  delays  in  the  starting  of  important  con- 
tracts due  to  unoonsciouBly  yielding  to  outside  influence*  interested  in  push- 
ing forward  less  important  work.  This  new  scheme  for  eontroUing  the  work, 
of  a  department  thru  visualising  the  operations  enables  the  ezecutivs 
and  division  beads  to  at  any  time  obtain  a  picture  of  the  status  of  the 
operations  coming  under  their  respective  jurisdiction,  and  is  the  most-up- 
to-date  system  heretofore  employed  in  highway  departments  or  industrial 
corporations  to  simplify  carrying  on  the  work  in  an  orderly  and  systematic 
manner.  Planning  boards  have,  after  a  thoro  trial,  proved  an  unquali- 
fied success  and  one  of  the  most  practical  means  that  have  been  thus  far 
devdoped  for  amplifying  the  management  of  such  a  department. 

This  method  of  yisualiiing  the  stabis  ai  the  work  also  enables  the  ex- 
ecutive to  readily  g^ve  informadon  ooncemiug  the  operations  under  his 
jurisdiction  that  would  ordinarily  necessitate  oommunicating  with  the 
offices  where  the  records  are  kept,  resulting  in  a  delay  of  several  minutes 
before  the  information  could  be  obtained  from  the  record  files. 

Philadelphia  Borean  of  Hi^ways  Planning  Boards.  The  following 
principal  objects  were  sought  in  connection  with  the  installation  of  the 
system  of  planning  boards  in  Philadelphia  by  the  author  while  Chief  of  the 
Bureau  of  Highways  and  Street  Cleaning,  1912  to  1917: 

1.  The  eatabliahment  of  a  mouu  of  providing  the  chief  enginaer,  the  dlvtsloB  n- 
l^aars  and  the  leveral  district  ssristant  tn^timm  and  tbdr  subordlaatM  with  a  oaih 
tlnuouB  and  complete,  oondsa  aod  easily  nmiMllils  gimpUe  leeoid  oi  all  autbwised 
proipeetive  constnictioB  and  mabtenance  woric,  and  o(  the  auRont  statue  ot  all  work 
under  contract  or  in  coona  of  proMcntlon  under  their  rsspeetlve  aupwvisIoD,  In  order 
that  thsy  would  be  enabled  to  plan  and  admfailstr  the  work  in  a  more  qrstematic^ 
economical  and  efBd«nt  manner. 

2.  To  eliminate  aa  far  as  posdble  the  neeaadty  for  the  engineers  to  make  daily  or 
perhaps  constant  erence  to,  and  studlsB  of,  tbs  rqiular  filed  office  reccnds  In  order  to 
enable  them  to  form  a  mental  picture  of  the  sUtue  of  the  work  under  tb«ir  juriadlctioa. 

8.  The  Institution  of  a  practical  means  ot  controUIag  or  equalisiag  the  quantltar 
of  wctrk  to  be  performed  In  different  localitlea,  and  in  determininK  the  aequsace  In 
which  the  work  could  be  proeecuted  to  the  beet  advantage,  and  to  aaidst  in  tike  rabs^ 
quent  aadgnment  or  distribution  of  the  engineerini,  inqwction  and  woridng  forcss. 

i.  To  faidlitate  the  prompt  determination  of  any  general  information  relating  to 
the  construction  and  maintenance  woik  that  may  be  sought  by  the  public  and  that 
otherwise  would  not  be  available  except  altar  more  or  less  detailed  investigation  vdth 
a  resulting  consumption  of  time. 

Equipment.  The  equipment  which  baa  been  provided  in  connection  with  the  planning 
board  system  includes  the  (ollowlag: 

1.  Planning  Boards,  which  have  been  installed  In  the  ofBcca  of  the  chief  enginetf, 
the  2  division  engineers  and  the  7  district  assistant  cgniaesrs  in  charge  of  general  high* 
way  work  and  the  division  engineer  in  charge  of  bridge  and  aswer  mslntensnce. 

2.  LaaKNDS,  which  while  standard  in  aU  pomible  details,  necessarily  vary  more  or 
IcBH  In  ord-T  to  adeqoately  provide  for  the  qndflo  data  Indigatsd  on  the  fmir  gMteral 
modifications  of  ths  IdaBni^^  board  in  vm. 
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8.  INOICATOH.  plw  ud  thumb  tadn  at  -nriam  timm,  riupN  aad  vokn  wiitabW 
to  iD<Ucmte  the  dedfutioiiB  ihown  on  th«  intend*. 

4.  CusBmrt  Status  Vuiblb  Rsxxnus,  two  fonns,  one  «Mh  rwipectlvely  [or  eoatnKt 
work  Bad  for  muDidpal  torc«  work,  uid  one  form  fw  extensive  q»edm]  oMiatmctMa 
wofk  for  the  taiformatioii  of  the  chief  engiaeer:  utd  out  form  in  three  puta  lor  the 
uMotdtetrtetarnktantaifbiaeni  Upon  these  wrenkl  (onm  m  indicsted  the  pertizient 
detalli  ud  tba  cutnmt  iitetue  of  eU  worii  aathoriied,  under  eoatnet  and  in  eouiw  of 
proeeeutioo. 

6.  CuRBBNT  Statub  Rbooro  Tom,  which  ooudst  of  a  vUUa  card  fUinc  davioo  for 
the  chief  engiaeer'B  office  and  dip  fllinf  boards  in  the  oAow  ti  the  dktrict  aantant 
enffneen. 

8.  Dailt  PaodKHB  Rvonn,  which  Indicate  dally  both  grapMrnlly  and  analytleallr 

the  nature  and  quantity  of  woric  perfonned  and  other  pertineat  data  for  each  job. 

General  Conetnictioa  o<  the  PUmuai  Boards.  In  feoeral,  the  plannlnc  boanb 
eonaiit  of  a  raxp  endoaad  in  a  wood  frame,  of  olthM-  the  antlre  dty  or  the  portloB 
mehided  in  the  district  or  dlvieion  under  ttie  reqiecliva  engteeai^  jmiedictloo.  The 
•cale  of  the  map  ii  made  auOdsitly  large  to  permit  the  aeee— ly  detnOe  to  be  ehowB 
with  ample  fadllty.  The  mape  cm  the  plannlnc  boarda  in  the  oflloea  of  the  cfakf 
ensineer  and  the  diviaion  ensineen  are  dnwn  to  a  scale  of  1000  ft  to  the  inch,  iridle  tliaaB 
In  the  offices  of  the  district  aKlstant  engineers  vary  between  200  ft  to  the  indi  In  tb» 
eongeated  central  districts  to  COO  ft  to  the  inch  in  the  outlying  distrieta.  The  tuhufle- 
UMBit  of  the  scales  of  the  several  dlatrirt  planning  l>oard  mape  is  due  to  the  need  for  a 
greater  spsee  In  which  to  record  the  more  rsHned  deUOs  which  it  is  sssanWel  ifaooU 
be  known  and  reckoned  with  by  the  district  amistaot  ssigineecs,  but  which  need  not, 
Imwew.  be  eooaidared  in  such  detail  by  eithv  tlw  ddef  aaghiser  or  the  division 
engineere.  The  maps  contain,  for  the  territory  covered,  a  conqilete  and  accurate 
record  of  the  highways  physically  <q>ened  and  also  of  those  not  physically  opefied 
but  on  the  dty  plan.  On  all  phyaicaUy  t^iened  highways,  the  dmracten  <a  tlae  ejdot- 
Ing  nsdwsy  psvemmts  are  Indicated  by  colon.  Where  s  Ughway  i™*filrn  two  or 
mora  varying  types  of  pavements,  that  is,  tfie  gutter  or  trade  pavenMnts  differing 
from  that  of  tlw  aluwldera.  the  actual  ezlBtlng  pavtmsnt  eondhio&s  an  indicated  cm 
the  district  assistant  engineen'  maps  by  properly  coloring  the  rdative  portioaa  at  the 
lughway.  TIm  fact  of  a  pavement  being  under  maiotwiance  guarantee  is  Indleated 
by  wide  pendlled  hatching  superimposed  on  the  character  of  pavement  coloring  and 
whidi  b  erased  upcm  the  expiration  of  the  guarantee  period.  The  esistaDOo  of  railway 
tracks  is  indicated  by  solid  blade  lines  upcm  which  Is  placed  a  symbol  Indicatinc  the 
name  of  the  ownership.  A  single  line  Indicates  a  complete  tnA  structure  and  the 
number  of  separate  complete  tradt  structures  existing  on  a  hl^way  Is  indicated  by  s 
eomapcmdlng  number  of  single  lines.  The  maps  are  secnmly  mounted  with  paper- 
hangers'  paste  upon  a  wood  fiber  board  ^  in  in  ttiickuess,  wUch  is  securely  nailed  to 
the  wooden  backing  of  the  frame  eododng  the  map.  The  planning  board  is  fastm^d 
Bieurely  to  the  office  wall  and  in  such  a  position  that  it  may.  It  pteible,  be  adecjuatdy 
illuralnated  by  daylight,  and  that  shadows  will  not  int^ere  with  its  operaticn.  Where 
artiSdal  illumination  Is  required,  this  is  supplied  by  means  of  a  q>edal  trough  mirror 
reflector  containing  a  number  of  siritdi-ccmtrolled  tubular  tungsten  electric  incandnont 
ISB^M  and  concealed  in  the  canopy  at  the  top  of  the  planning  board  frama. 

Lsgsads.  In  devisinc  the  ISfands  (see  Hg.  6)  an  effort  was  made  to  lum 
them  mnemoDl^  that  is,  to  assign  indicators  of  sutdi  riutpesf^rises  and  color  as  would 
by  their  appearance  readily  associate  themselves  with  or  identify  the  work  or  condi- 
tion they  were  Intended  to  represent.  All  data  or  information  of  a  fixed  or  serai, 
permanent  nature  is  Indicated  by  properly  colored  and  specdfieally  symboUed  circular 
flat-headed  thumb  tacks  which  are  inserted  flush  with  the  suibca  of  the  map.  fa 
order  to  fadlitate  reference  to  information  in  greater  detsU,  these  Indkaton  also 
each  contain  an  identifying  serial  number  which  refera  to  tists  annexed  to  the  planning 
board  which  indicate  full  infonnstion  relative  to  definite  locatlcma,  names  owner- 
lAiIps,  etc  All  data  or  information  of  a  temporary  or  variable  nature  is  indicated 
by  means  of  colored  glass-beaded  pins.  Three  sizee  of  pins,  as  relating  to  the  sise  of 
the  glass  head  are  used,  but  all  of  the  pins  have  short  stems  whIdi  pennit  the  ^asa 
head  boat  inserted  dose  to  the  map  surface.  In  instances  vliere  two  or  arcn  thma 
ooadltioas  need  ha  indieated  by  a  single  irin,  this  Is  accoraplidied  by  wing  pbu  whoas 
heads  oootafai  two  or  three  prcgperiy  colored  coooeatric  circles. 
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@(T«H)  {Ubbbh  DUpwa  Plut 
@  (TiRn>  SUUe,  ta<lH  CiMhwMrt 
^(Bvk)  Coametor'a  Jut/h^  Plut 
Hw>lcipiaA*^itItFlHt 
EXItTIMS  fAVEMtHta: 


I  1 

MiscELLANEaua: 


Atphult  Block 
Ktumlnou  M«i-«a»iB 
Cement  CoDcreta 
Cobble  or  RnbbU 
Bheet  Atphklt 
SlAsBloak 
Btone  Blod 

UoImproTvd,  onM  DM,  C3>iiir,  m& 
TltrUMBhtck 
WdUiboBsd 
Wood  Block 


0'£ll1  tUUroad  Uding 
  Diitrict  BoaaiAtj  Uo» 


OradUic 
pavement: 

BltninlnoM  ] 
Camnt  Conerata 
niMt  Ijphalt 
StOM  Block 
VilHfled  Block 

VoadBlod 

tNOmTIOH  OF  UMITl  OF  WQMC! 

If  HIsbvar  !■  Bot  QdDMd 

n  HlshwKT  Ik  Colored 

It  HMauj  Ib  Mluetka  vhk  tha  pitlni 

I'lUlUiriliw***  ** 


HONK  MTMj;*; 


®raMb  H uMpd  Ankall  Rqakhf  tan 

MUCELLAWEOUS: 
0(atHU  <MlMHtpH«^UMtk«iM  Wak 


PtTAILEO  WFOmiATlOW : 

M  liMM  MMIIdo  iikali  lUlti 
«n«t  ■tain  If  tk>  kpl.  mbUmi. 
Mnolinl  ud  alba  (xnmlic  aaadH- 

lou  pHtMlBiDf  (•  111  wk  puMvd  (■ 

Ikh  pluabf  bud  b  ladlMtd  ■■  ih* 
MIiUhI  mii  naorti  for  Mck  •p.rf&« 

MtkWlMUHlaiktOKTalSUtM  11*. 


TtCHNKAL  OLAMinCATIOH  AND  OTATUa  OF  WORK 
1  J'. 


OQtmiACT  WOBIC; 

Qrmdlnx 
Fkrlii( 
Rapavtv 
Bartedas 

Bpoeial  OoottniaUoB  Work 

MUNICIPAL  FORCE  WORK! 

BitoiulTa  Snrtadng,  RmuImIbc 
I>lial  La7*r  Tremtmcot 
Bltnmlaoaa  Sorfmc*  IVoMMBt 


©!£i£i@£l,®£:i,@£. 


J,  J3h 


7^  6 


D>qiti;M  Ciy 


GoogU 
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Oporatioii  o<  thi  Pbuiaiac  Boante  «ad  Cvmat  StatM  Raeords.  The  iMpOMibUitr 
(«r  tlw  prompt  and  aeeunte  pcMtiiif  <rf  Um  plumiDs  bottid  ukI  aunmt  statui  file  ii 
CMtnUiad  la  on*  penoa  la  cikch  oAoe,  mod  thb  poatinc  b  dona  aarly  each  mondiic 
from  the  raporta  racwired  of  ibe  opera tl on*,  tranaactiooa,  and  ehaii|«a  in  eooditlQna 
oeeurrlnc  ■'nee  tha  time  of  poatinf  on  tha  pravioua  day.  Tba  poatinK  (a  done  by  the 
tnaeftion  or  ramovftl  of  plna  <4  the  proper  ehape,  aiae  and  color.  Id  tba  diatrict  aflleaa. 
bowaTv,  the  record  oi  the  aeed  for  the  performance  of  any  ritaraetar  of  repair  work 
Ii  poated  aa  aoon  aa  the  neoeaaity  faeeomea  apparent  from  any  aouroa,  auch  aa  bafa^ 
nportad  br  a  patrol  inapector;  raaultinc  from  ofaawation  by  tha  dktriet  MsiataBt 
imlnaar  or  any  of  hla  aubordlnstca;  notice  (rtnu  the  main  hlgbway  ofBee  or  any  other 
muntdpal  departmMit,  from  the  pollee  or  from  the  public  Where  two  or  more  diffennt 
duraeUn  of  pavement  axiat  upon  •  Ufhwrny,  the  indicator  irin  fa  ptaeod  upon  that 
portion  of  the  highway  which  Indlcatea  the  elianetw  of  pnvamant  requlrioc  tbe  rvfMira 
whldi  may  be  the  track,  the  ahouldv  or  a  Kutter.  All  inatnietiona  from  the  chief 
fftf^mil''  or  tb*  dlvWon  ninaar  to  tbe  dlatriet  aaalatant  enKfnoera  to  Invovticata 
OOUtttkaB  or  paifom  any  wnh  at  a  daAnito  location  are  poated  on  the  planninc  board 


TD 

■UKFMl 

wTTiaa 

TMACM 

MM 

eUtMmCATtON 

GOkmcTon 

coMraMT 

NUMKII 

LENOTN 
IN  FEIT 

iNoncero 
Imwcied 

Iwoaa 

(•TAItTU 

mCCHTMIE  riHItHID 

laaa 

M.vefc 

aawwcMHM*  ceueM 

■ouMaceiMM 

PERCENT  AGE  CONIOMEO 

Twi  Auoen 

Form  A 


a«  u  outatatwUnc  ticklar  whi^  cowtitutaB  a  current  reeo^  ol  ^  wadt  mattan  not 
doaad  out  by  a  final  report  to  tbe  main  office.  The  trouble  marker  h  uaed  to  indicate 
any  ratarding  condition  relating  to  either  an  administrative  detail  or  the  phyaieal 
worit,  audi  aa  legal  obatadea  peventing  authoriMd  woilc  being  placed  under  eontrart 
and  delaya,  Intermptiona,  or  auapenslona  of  work  in  progreea.  etc  Of  eourae,  all 
indicator  [riiu  are  removed  immediately  after  the  Indicated  coodltiona  are  found  no 
kmger  to  eiiat.  Whu  the  Bniabed  work  la  that  of  eilglaal  pavement  or  aaeh  other 
wosk  aa  naulta  la  a  dmuge  in  thio  Aarmtibee  of  an  nUtinc  pavewl;  tba  map  b  poatad 
by  being  properly  reeolorad  to  Indicate  the  new  ^rpa  of  pavement  aorfaea. 

Routing  the  Repair  Work.  In  the  aeveral  diatriet  highway  oflleea  and  In  tha  dlvUeo 
of  bridge  and  sewer  maintenance,  the  dally  routa  slMeta  Indicating  the  worlc  to  be  per- 
formed by  each  municipal  repair  gang  are  prepared  by  direct  reference  to  the  ptonnlng 
board,  where  every  condition  audi  aa  general  r^Mln  to  a  atreet  or  even  an  iaolatad 
defect  In  a  pavement  la  apedflcany  Indicated  and  in  the  order  of  tlMlr  importanea. 
Tbe  routing  of  the  repair  ganga  ii  one  of  the  moat  important  functiooa  of  the  planning 
board.  Tbe  plna  indicating  work  in  progreaa  by  tbe  municipal  foroea  alao  contain  a 
aarial  number  which  Iduitlflea  the  name  of  the  gang  foreman  In  charge  of  the  work. 

Currant  Status  Recorda.  In  addition  to  the  data  regularly  earrlad  on  the  planning 
faonrda  there  ii  also  certain  other  daU  of  a  mon  detailed  and  extenaive  nature  ralativa 
to  tha  cuireBt  atatua  of  tbe  legal,  coo  tract,  atruetuiml,  and  other  govarBing  cwdltlniia. 

D.qitiiM  by  VjOOgle 
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whM  ahoald  be  ratdily  Mnarible  but  iriiidi  od  Mcoant  tindt  nndt^dtdtr  It  would 
not  btt  pnctiemble  to  indkate  od  the  pkzmlnc  board.  Tbb  inlormatioc  h  nooidwl 
in  a  vwy  aooMrfble  nuumar  hy  inewu  of  indlviduml  card  recorda  proporiy  fUad  taa 
vUbIa  flUng  devices  which  ar«  located  adjacent  to  the  pluming  boards.  Three  form* 
of  current  Matua  card  reeordB  are  provided,  cme  form  being  for  municipal  force  work 
and  one  lotm  for  contract  work,  both  of  which  are  uaad  in  the  chief  engineer'*  offlcce- 
TbsM  leooidi  are  ao  tkaigoed  aa  to  panait  the  indicatloa  In  a  eondn  maimer  and  In 
logical  aequanea  of  all  the  pertineitt  Infwinatioa  ralatlvB  to  oumot  ooadltknn.  Tha 
deaigii  of  the  current  aUtua  record  form  used  In  connection  with  the  diitrict  planning 
boards  is  auch  as  to  make  it  possible  to  post  gr^hically  from  the  inspector's  daily 
progress  reports,  tixhtr  daUy  or  weekly  aa  may  be  derirable,  the  percentage  of  each 
poitbrn  of  the  work  finished  and  the  percentage  oonaumed  of  the  total  time  allowed 
for  the  completion  of  the  work  (fee  Form  A). 

Inspectors'  Daily  Reports.  Each  inqMctor  having  supervldon  of  construction  ix 
maintenance  work  is  required  to  submit  daily  reports  in  such  detail  that,  in  addition 
to  tl>^  otbw  purpoaee  of  record,  they  fumiah  the  data  necessary  to  the  prompt  currwit 
posting  ol  boib  Um  planning  boards  and  current  statui  reoxds.  The  daily  progreai 
rspoit  on  each  job  as  submitted  to  the  division  engineer  by  the  Inspector  la  printed 
on  a  postal  card  and  the  most  recent  (me  ol  the  reports  (or  each  job  is  dally  Inswted 
on  a  visible  flHng  board,  thus  eooatltutlDg  aa  ecooomicaUy  operated  eorrent  status 
record. 


Unit  coat  records  serve  as  a  basis  for  determinine  upon  future  appro- 
priations. They  also  serve  as  a  means  of  control  over  the  operations  of 
the  department,  bringing  out  the  strong  and  weak  xwiots  in  the  organisation 
and  the  economy  and  efficiency  with  which  the  work  is  being  performed, 
botii  by  comparing  the  different  units  of  the  organisation  with  one  another, 
and  the  different  oharacten  of  work  of  the  department  with  different  units 
of  the  organisation  and  like  work  in  other  localities. 

These  costa,  principally  in  repairs  to  pavements,  bituminous  surface 
treatments,  street  cleaning,  and  other  classes  of  work  that  can  better  be 
done  by  day  labor  forces,  employed  directly  by  the  highway  departments, 
than  by  contract,  will  be  a  most  important  factor  in  enabling  any  depart- 
ment to  make  greater  strides  toward  putting  this  work  on  an  efficient  and 
economical  basis.  Records  of  this  kind  are  invaluable  as  a  means  of  con- 
trol in  conducting  work  coming  under  the  jurisdiction  of  any  highway  orgao- 
isatioD,  and  will  result  in  txinging  about  a  spirit  of  rivalry  between  the  dif- 
ferent subdivinons  and  units  of  the  organisation. 

The  moral  effect  on  an  organization  is  alone  a  justification  for  keeping 
unit  cost  records.  This  is  illustrated  thru  the  pride  aroused  in  the  men  in 
connection  with  their  work.  The  natural  instinct  of  manlis  to  excel  in  his 
undertaldngs,  but  we  must  remember  that  men  will  be  led  and  not  driven, 
and  if  we  are  to  get  the  best  out  of  them  we  must  arouse  their  interest  in 
their  work  and  impress  them  with  a  sense  of  their  reapousibility  and  there 
is  no  better  way  to  do  this  than  thru  the  friendly  oomjwtition  resulting 
from  the  use  of  the  unit  cost  records. 

In  some  quarters  there  has  been  a  rather  general  impresrion  that  the  neo- 
eesary  job  orders,  route  sheets,  time  sheets,  material  reports  and  progress 
reports  wliich  the  foreman  is  required  to  handle,  are  apt  to  oonfuse  him  and 
consequently  tend  to  decrease  rather  than  inerease  the  efficiency  of  his  work. 
This  is  not  so;  on  the  contrary  it  ten<k  to  develop  the  foreman,  awaken  his 
interest,  and  in  many  instances  makes  a  new  man  of  him  because  he  is 
placed  on  his  mettle,  taken  in  to  a  certain  extent  on  the  financial  and  business 
end,  made  a  more  importuit  factor  in  the  organisation,  and  oonsetiuently 
bis  work  means  more  to  htm  than  the  mere  physical  results. 
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Value  of  Unit  Coitfl.  To  inBure  the  efficient  adminiBtratioD  of  any  com- 
mercial or  engiaeeriDS  orgaouation,  certain  weU-^lefined  fundameDtal  laws  of 
management  must  of  necessity  be  recognised  and  adhered  to.  Among  the 
foremost  of  theee  laws  is  the  one  emphasiyng  the  importaaoe  of  a  determina- 
tion of  the  unit  oo>t«  oi  perfonnanoe  or  production.  An  onanisatioD  and  its 
adminiBtrative  equiimient  may  preaum^ily  be  ideal  in  every  respect  and  yet 
in  the  final  analysis  not  produce  Uie  reeulte  oracoomplish  the  purpose  for  wiiieh 
H  was  created.  It  is  a  knowledge  of  the  unit  costs  of  the  organiiatioD'a  per- 
formances that  places  the  executive  or  managing  officer  in  possession  of  the 
facts  it  is  moat  necessary  and  essential  he  should  know.  As  unit  costs  consti- 
tute an  absolute  and  true  index  of  the  relations  between  funds  expended  and 
leuilts  aeoompliahed,  this  subject  in  so  far  as  it  relates  to  public  work  activi- 
Um  is  proper^  becoming  more  and  more  the  conoem  of  a  ciitieal  publio. 

An  illuatration  of  the  advantage  of  keei>ing  records  of  this  kind  was  in 
oonneetion  with  the  Utuminous  surface  treatmmt  woi^,  iriiich  is  the  prin- 
cipal factor  in  modem  highway  maintenance  of  water-bound  macadam 
streets  and  roads,  in  Philadelphia  during  1913  and  1914.  The  unit  cost 
records  of  this  work  formed  in  1913  showed  an  average  cost  of  7.3  cents  per 
sq  yd,  while  in  1914,  the  average  cost  was  5.8  oents  per  sq  yd,  or  a 
saving  of  1.5  oents  per  sq  yd  over  1913.  This  saving  was  a  direct  result 
of  making  ui  analysifl  of  the  items  of  cost  for  19L3,  thru  which  it  was 
possible  to  point  out  the  weak  points  in  the  performance  of  the  work,  irith 
the  rendt  that  in  1014  more  attenti<m  was  givea  to  the  different  operations 
of  the  work,  the  cost  of  which  was  considered  to  be  too  Idgh  the  previous  year. 
Of  Uiis  saving  of  1.6  oents  per  sq  yd,  about  0.5  cent  per  sq  yd  was  due  to  the 
fact  that  a  number  of  the  treatments  were  seoond  applicationB  and  naturally 
required  a  lesser  amount  of  bituminous  material  per  square  yard,  and  the 
reduction  in  the  cost  of  gravel,  but  approximately  1  cent  per  sq  yd,  or  a 
saving  of  14%  of  the  entire  cost  of  the  work,  was  entirely  due  to  the 
increased  efficiency  of  the  organisation  in  handling  the  work. 

InfMBUition  Obtained  from  Unit  Cost  System.  Aside  from  furnishing 
data  calculated  to  justify  or  discredit  the  eristonoe  of  an  organisation,  or 
the  outlay  of  funds  for  the  accomplishment  of  a  definite  funotioo  or  purpose, 
unit  cost  reports  assist  in  determining  certain  mattora  of  policy  and  admin- 
istration. The  maximum  posdbilities  of  a  unit  cost  system  naturally  vary 
with  the  conditions  exiating  in  the  organisation  in  which  it  is  operated. 
In  iostatling  the  unit  cost  system  the  following  objects  should  be  soue^t: 

1.  To  ascertain  the  quantity,  and  total  and  unit  cost  of  each  class  of 
work  performed,  which  will  provide  data  to  facilitate  the  preparation  of 
budget  and  prospective  work  estimates  and  also  afford  a  basis  from  which 
may  be  determined  the  faimeas  of  unit  prices  hid  m  ccmtraot  work. 

2.  To  provide  data  to  asrist  in  the  detennination  of  the  time  beycmd 
v^ch  it  would  be  undeorable  for  eoonomio  reaaiuis  to  continue  maintraanoe 
work  on  existing  roads  or  pavements,  ta-  in  other  words,  the  time  when 
replacements  must  be  contemplated. 

3.  To  secure  by  interpretetion  of  the  data,  knowledge  as  to  the  efficiency 
of  performance  of  a  department's  forces,  and  to  assifit  in  showing  the 
adequacy  of  the  service  rendered  to  the  public. 

4.  To  show  the  quantity  and  cost  of  each  class  of  work  performed  with- 
in theboimdaiiesof  any  district,  or  unit  length  of  highway,  or  on  any  is>eaifio 
structure  or  job. 


6.  To  show  ssparately  the  varying  and  principal  elements  of  ^>ense,  such 
as  labor,  hauling  and  materiabi,  ent«ing  into  the  cost  of  each  claas  of  work. 
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6.  To  produce  in  the  subordinate  employees  the  beneficisl  moral  offe^^ 
resulting  from  a  realization  that  records  of  their  performances  are  hmuglM  ' 
to  the  attention  of  their  superiors. 

7.  To  promote  friendly  competition  between  simiiar  units  of  the  wgaoX' 
cation  and  establish  a  sort  of  eapril  de  corps  among  the  men. 

As  in  moat  localities  the  oons^otioa  of  highways  ia  under  contract* 
all  the  work  performed  \xy  the  department  forces  is  that  of  maint«tumco- 
It  ia  possible  to  design  a  standard  unit  cost  system  suBicientty  flexible  to 
permit  its  application  to  any  class  of  maintenance  work.  The  principal 
general  clasaificationa  into  which  the  maintenance  work  performed  by  de- 
partment forces  13  divided,  and  for  each  of  which  a  complete  distinctive 
unit  cost  system  should  be  provided,  are  as  follows:  (1)  Highways; 
(2)  street  cleaning;  (3)  bridges. 

Unit  Cost  System  for  Maintenance  of  Highways.  Except  in  minor 
details  the  procedure  for  each  of  these  systems  is  similu*.  Considerii^c 
this,  and  also  the  fact  that  while  the  procedure  for  the  highway  maintenance 
repair  unit  cost  system  includes  greater  variations  from  the  standard, 
and  at  the  same  time  also  embodies  all  of  the  standard  principles  governing 
the  systems  for  the  remaining  classifications,  these  will  be  omitted  in  favor 
of  a  description  of  the  general  conditions  and  considerations  governing  the 
highway  maintenance  repair  unit  cost  system,  in  a  targe  municipality,  which, 
with  the  necessary  modifications,  can  be  used  for  a  state,  county  or  township 
highway  department.  This  work  should  be  subdivided  into  two  general 
sub-classifications  as  follows: 

1.  Restoration  work,  which  includes  the  replacement  of  highway  pave- 
ments opened  by  individuals  or  public  utilities,  for  which  the  municipality 
receives  remuneration,  and  the  replacement  of  pavements  opened  by  any 
municipal  department. 

2.  General  maintenance  work,  which  includes  all  work  done  on  the  high- 
ways and  not  included  under  (1). 

To  facilitate  the  reporting  of  field  data,  the  work  included  in  the  two 
preceding  general  sub-classifications  should  be  divided  into  the  three  fol- 
lowing divisions: 

1.  Restoration  and  maintenance  of  streets. 

2.  Restoration  and  maintenance  of  roads, 

3.  Bituminous  surface  treatment  and  sprinkling. 

Haintenaace  Clurgeable  to  Different  Funds.  AH  of  the  work  performed  In  a 
municipality,  both  rmtoration  and  maintenance  should  be  chargeable  to  either  of 
the  two  {<^owinK  funda.  (1)  City  fund;  (2)  street  raflway  aaucuuiiient  fund.  Tbia 
diviakm  of  funda  ia  occaaioned  by  tba  fact  that  In  some  muaidpallttea  the  street  railway 
eompaniea  piqr  annually  to  the  dty  a  fixed  amount  to  compenaate  the  mimieipallty 
for  the  maintenance  and  reiriaeement  of  roadway  pavements  on  the  highways  occupied 
by  their  tracks.  The  fact  we  to  whether  or  not  the  highway  on  which  the  work  is 
performed  ia  occupied  by  the  atreet  railway  compmny'a  tradca  ahould  be  reported 
by  the  foreman  in  charge  of  the  work  and  this  should  govern  the  fund  against  which 
the  work  ia  charged. 

Kinds  or  Forhs  Used.  To  provide  for  the  operation  of  the  unit  cost  system  and 
the  attainment  of  the  objects  for  which  It  la  insUtated,  the  following  aet  of  forma 

ahould  he  provided: 

1.  A  achedule  of  mnemonic  lymbols  representing  each  and  every  clas  of  work 
Ukely  to  be  encountered. 

2.  Daily  route  sheets,  one  «ach  for  restoisUoD  work  and  maintenance  work  k- 
qwcdvety. 

3.  Material  iaaus  orders. 

4.  Compoaite  labor,  material,  hauling  and  progren  record  forma,  one  each  tor  pave- 


UBS     Oiganiution  and  AdintiiistntKm  of  ffighmy  Dcpts.  Seat.  29 

mmt  MtMstioB  ud  BMbitauBM;  raid  itatillwi  aod  iitiliilwiiiiiB.  utd,  wftwt 
traMtBMAta  ud  4>riiikUiiSt  ■Hpssttnb'- 
fi.  CoMneord  fonBft.' 

t.  Hi|hw«r  malntoiuuM  neord  foniM,  om  mA  for  Uodei  and  Intmeelka*  n- 
gptdttntr.  Note:  Far  the  purpOM  of  the  miotawaee  raeordi  a  blodi  k  rrmaiilniiil 
to  be  L  langth  of  hlxbwmy  lying  between  the  neer  curb  Una  ot  the  two  iiimiibI  msin 
iDtereeetins  hl^wKys,  end  u  lateraection  Is  ccmetdwed  to  be  IIhA  porUoa  of  tta> 
main  intenectlDK  h^hweye  lylnc  outride  of  the  curb  Uoee. 

7.  Printed  Instnietiona,  endoaed  In  «  pocket  (older,  ^«p^w^n^n^  in  det^  the  ue  at 
the  fwini  end  the  general  opowtiaa  ot  the  lystara. 

To  Inaure  univereel  end  definite  knowtedfe  eonccming  the  cqjeration  of  the  unit  cost 
BjnMem.  every  employee  having  to  do  with  the  ayetem  should  be  provided  with  a 
echedule  of  work  •ymbob  (aee  Form  B)  and  a  act  of  written  inBtructions  (see  Fona  C). 

On  all  of  the  fonasi  two  colon  of  ink  ^ould  be  used  in  column  heading,  red  in- 
dieating  that  the  data  will  be  supplied  by  the  office,  and  blade  IndicatinK  that  it  Is 
to  be  suHilitd  by  the  ganc  toranan.  WhiMvar  piaeticable  the  data  siqipUed  by 
the  office  should  be  typewritten.  Gang  foreman  should  not  be  pemltted  to  make  or 
keep  any  neords  concerning  the  work  except  00  the  indicated  forma  and  theee  entrlee 
ahouki  be  made  while  actually  engaged  on  the  work. 

Told  Usa  of  Forms.  Except  when  a  longer  i>eriod  of  time  la  required  to  finish  a 
BpedAe  parcel  of  work,  the  gang  f omoan  should  be  provided  each  day,  by  the  district 
cdBn^  with  a  Root*  Sbatt,  Am  D,  iDdicating  tlM  loeatlia  and  order  in  wUiA  tba  wntk 
bto  beperfonnedtfaatdvr.Bqiarate  forma  being  need  for  rMtOfattoBwwfc  and  m^ta- 
naneeworkreq>eetivdy.  For  each  dan  of  woik  the  gang  foreman  should  entw  the  work 
aymbol  and  the  length,  width  and  area  of  the  work  perfonned.  Upon  completion 
of  the  work,  ha  should  dgn  and  transmit  thfa  report  to  the  diatrict  offloe  (or  aKtroval 
bV  tlw  dktrict  engineer,  who  should  then  forward  It  to  the  main  office. 

On  the  first  day  of  each  week  each  gang  foreman  should  be  furaishad  with  otoiigh 
coplee  oi  the  Time,  and  Progress  and  Material  Sheet  for  that  week.  These  farm 
should  contain  the  district  numbw  and  date,  and  the  name,  position  and  rate  at  pay  of 
each  unployee  in  the  gang.  During  the  progresa  of  each  day's  work  the  following  data 
should  be  recorded  on  these  forms  by  the  gang  foreman:  the  work  symbol,  placed  In 
the  spaces  headed  Order  No.,  the  fond,  the  time  of  arrival  aod  departure  00  the  job  of 
each  workman  and  team,  the  location  of  the  work  indicated  by  block  or  intersection, 
the  length,  width  and  aia*  or  tMekn—  of  wwfc  performed,  the  quanttty  and  Aaracter  of 
materials  received  and  used,  and  the  number  o(  hauling  tripe  made.  After  being  signed 
by  the  gang  foreman  this  report  should  be  transmitted  to  the  district  office  for  the  ap- 
proval of  the  district  engineer,  after  which  it  ahould  be  forwarded  to  the  main  office. 

When  it  Ib  neceasscy  to  use  materials  from  stock  the  gang  foreman  riwnld  originate 
a  Ifaterial  Issue  Order  pr^Mued  in  ti^^Ueata,  upon  wliidi  is  priated  "Please  issue  the 
following  stores  to  bearer"  and  In  addition,  each  copy  should  contain  the  (oSowInc 
data:  the  district  number,  the  dste,  tbt  serial  number,  the  name  of  storekeeper,  the 
work  symbol,  the  quantity,  unit  and  description  of  material  and  the  day  and  hour 
that  the  material  is  wanted,  which  is  the  time  the  team  or  agent  leaves  the  job  tot  the 
storey ard.  The  duplicate  copy  of  the  material  issue  order  should  be  retained  by  the 
gang  foreman  and  the  original  and  triplicate  copies  preeented  by  the  driver  or  agent 
to  the  storekeeper  who  should  record  the  time  the  team  arrives,  the  time  of  issue  of 
material  to  driver  and  the  time  the  team  departed,  and  should  retain  the  original 
and  return  the  triplicate  to  the  driver  for  tnuuunittal  to  the  gang  fomnan,  who  should 
record  the  time  of  the  receipt  of  the  material  and  time  of  the  >>""H»ig  vddde'a  arrival 
at  the  job.  After  bong  signed  by  the  gang  foreman  the  material  issue  order  should 
Im  tnuismitted  to  the  distr^  office  te  be  approved  by  the  district  engineer,  sad  thm 
forwarded  to  the  main  office.  Whenever  possible,  however,  the  material  issue  ofdor 
should  lie  approved  by  the  district  en^neer  prior  to  its  bring  aent  to  tit*  storrilmpar. 
The  original  copy  of  the  material  issue  order  which  is  retained  by  the  storekeeper 
should  he  used  tn  the  posting  of  the  balance  of  storea  records. 

Omca  UsB  or  Fobkb.  Upon  the  recdpt  of  the  record  tantm  at  the  main  office 
the  entries  on  the  time,  progren  and  material  sheets  and  on  the  material  issue  orders 
aiUNild  fa*  aitaided  and  totaled  by  tbe  coat  dark,  and,  after  bong  (brwaided  to  tlie  pay^ 
msst«-  for  his  record  of  the  empkiyeea'  time,  and  returned,  the  following  data  should  be 
antarad  on  the  Cost  Record  cards  (see  Form  E)  me  ol  wideh  shoaU  ha  orlginatod  (or 
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e&ch  highmy  intenectEon  and  block;  the  district  number,  tbe  woric  ajnnbol,  the  IxM-XjtJr 
the  d>t«,  the  location,  character  and  quantity  of  woric  perfomed.  the  foremaii'a  nrnxtm^ 
and  the  coata  of  labor,  material  and  hauling.   At  the  termination  of  any  desired  period 
of  time  there  can  be  readily  compiled  from  theae  coat  recorda,  tbe  unit  oocts  of 
daaa  of  work  performed  in  any  geographical  diviaioD,  or  tbe  unit  coata  of  tbe  pen- 
tormattee  of  any  unit  of  tbe  orputintion.    Wth  reqwet  to  daMei  of  wotk  wbars  ft  to 
deeirable  to  maintain  coat  recorda  in  greater  detail  aa  Id  the  caae  of  Utuminoua  aorfaeB 
treatment  work,  theae  coat  data  may  be  readily  compiled  from  the  data  reported  an 
the  time,  progreaa  and  material  report*. 

From  data  contained  on  the  Route  Sheets  received  at  tbe  main  crfRea  there  ahould 
be  noted  on  the  rererae  dde  of  the  Highway  Maintenance  Record  carda  which  contain 
a  detailed  aketch,  drawn  to  a  atandard  acale,  of  each  block  or  Intereectlon,  a  recwd 
of  the  character,  area  and  a  graphical  aketch  of  all  pavement  reotoration  and  maiiw 
tenance  work  performed  on  a  number  of  the  typical  atreeta  of  each  daaa  of  pavemmt 
that  have  not  outlived  their  eoonomical  life.  This  makea  it  a  simple  matter  to  itHmt- 
mine  how  the  repairs  are  wearing  aa  a  repair  over  a  previous  repair  would  be  brought 
out  in  the  plotting.  Where  It  is  decided  that  it  would  be  more  economical  to  repave 
Instead  of  repair  a  pavement,  the  repairing  done  pending  the  appropriation  of  funds 
for  repaying  should  not  be  plotted,  as  the  plotting  is  intended  to  serve  only  as  a  guide 
until  the  pavement  has  outlived  its  economic  life. 

A  separate  card  should  be  provided  for  each  block  and  each  intersection  of  highway 
pavement.  These  records  contain  on  thdr  taee  ride  a  record  of  the  character  and 
unit  costs  of  tlie  base  and  surface  couraes  of  the  original  pavement,  and  tbe  name  and 
address  of  the  contractor,  the  dates  of  completion  and  guarantee  expiration  and  the 
length  of  guarantee.  At  the  cloae  of  each  year  from  the  data  shown  on  the  Cost 
Record  cards  for  each  highway  block  and  intersection  there  should  be  recorded  on 
the  oorrespondlag  Highway  Maintenance  Record,  the  following  data:  The  year,  tiie 
total  area  repaired,  the  total  and  unit  costs  of  pavement  replacements  made  neceasary 
for  both  reatoratkm  and  malntenanee,  tbe  total  area  of  reatwaUm  work  only,  txA 
the  unit  replacement  coat  per  year  per  square  yard  of  pavement  covered  by  the  record. 
Theee  maintenance  records  will  eventually  serve  aa  a  baaia  upon  which  the  dlacoD- 
tinuance  of  maintenance  and  the  need  of  entire  pavement  replaoemmts  should  be 
determined. 


Form  B.  Schedule  of  Mnemonic  Symbols  for  Work  Perfbnoed 
br  Mnnidpal  Forces 


5..  Bride  OB  and 

C . .  Brick  on  concrete 
S. .  Granite  block  on  sand 
C . .  Gianite  block  on  concrete 
S..SUg  block ODsanp 
C. .  Slag  blodc  on  eoDCTSto 
C  Cobble 

MP..  Water-bound  macadam  patching 
MR..  Water-bound  macadam  resurfacing 
U  S.  .Wator-bound  macadam  surfacing 
B  G.. Brick guttera 


R  Rubble 

G  L. .  . .  Granolithic 

A  B  S. .  .  Asphalt  block  on  Mad 

ABC...  Asphalt  block  on  ooncreta 

AC...  Asptialt  on  concrete 

A  B . ,  .  .  Asphalt  on  bituminous  base 

AS  Asphalt  on  broken  atone 

BEG..  Belgian  block  gutters,  which  In- 
cludes granite  and  faluastooa 

R  G  Hubble  guttera 

C  G  Concrete  gutters 


Surface  Treatment  and  Bitumlnons 
Patching  Work 

Treating 
Water- 
bound 

Macadam 
Roada 

Treating 
Bitumi- 
nous Mac- 
adam Pave- 
menta 

Patching 
Water- 
bound 

Macadam 
Roads 

Patching 
Bitumi- 
nous Ma» 
sdampav» 
raents 

T,A  M 
TB  H 

TAB 
TBB 

P  A  M 
PB  M 
PX  M 
P  U  1 
PU2 
PCM 

P  AB 
PB  B 
PX  B 

With  Tarvia  X  

T  U  1 
T  U  2 
TC  M 
TCC 
T  RO 
T  G 

TCB 

PCB 
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ClMoing  cutters  

Cleuuos  RMda  

deuing  and  riui[HnK  ahoulden  

ClauiinK  trunks,  drsJna  and  Inlata  

RsMiring  trunks  and  dr«ins.  

BufldiiiK,  oonstruetiiw  or  plsdng  trunks  and  dnins 
Water  sprinklinf— W  8  C— Ciadw  rowb  


CCD 
CRD 
C  S  D 
C  T  D 
RT  D 
B  T  D 

ws  o 


Roads 


C  G  M 
CRM 
C  SU 
C  TM 
RT  M 
B  T  M 
WSM 


O  R:    Repairs  to  guard  raOs,  fences  and  other  safety  devieea. 
X:   Any  miaedlaDeous  work  not  described  above  which  should  be  further  deacribed 
under  miseelUneous  work  on  the  iffocreas  and  material  aheeL 

Form  C.  OenenU  Instnictloiu  to  Employees  ^elattra  to  the  Operation  of  the 
Unit  Cost  Sjntem  for  Woric  Pecfonned  by  the  Municipal  TorcM  in  the 
FUladelidii*  Burosti  of  Hi^w^ 

lNsnucTiON%  TO  THS  DiffiBiCT  AflBiBTANT  Emoihbrs.  GflMroI:  1.  To  insure 
a  uniform  and  deflntte  fctwiriadge  eoootraiag  the  oparatian  of  the  unit  east  ayafeam, 
each  employee  having  to  do  with  the  system  must  be  provided  with  a  Copy  of  inch 
portions  of  these  instructions  as  may  be  neeeasary  to  the  proper  pertormanee  of  the 
portions  of  the  work  done  by  that  individual  employee. 

2.  In  these  Instructions  the  term  "foreman"  means  the  peraon  in  the  field  directly 
lesponaibte  for  the  work  performed  by  the  gang. 

8.  On  the  forms  where  two  colors  of  ink  have  been  used  in  ctdumn  haadinn  rad 
indicates  that  the  data  must  be  supplied  by  the  district  office  and  black  indicatea  that 
it  may  be  supplied  by  the  foreman. 

4.  Wherever  practicable  the  daU  supplied  by  the  district  office  should  be  tgrpo- 
written. 

5.  Eaeh  foreman  idwold  send  in  his  report  forms  dally  and  these  should  be  promptly 
approved  by  you  and  transmitted  at  onee  to  the  main  office. 

CkaroeUr  Vfmk  Stpitbob:  6.  Provida  mtb  foreman  with  a  adndula  of  nmanMaio 
dmaetsr  ol  work  aymbols  and  Inatraet  him  in  their  uae. 

7.  The  proper  character  of  work  symbols  must  be  given  on  all  route  sheets  Issued  to 
foremen* 

8.  See  that  the  proper  symbol  is  entered  in  every  instance  on  eaeh  of  the  several 
forms  whsre  It  is  neoesasry  to  Identify  the  expenditure  of  any  labor,  fcnii^f  or  material 
with  the  character  of  performanee  naeasdtatlng  It. 

9.  In  the  ease  of  reetoratlon  work,  it  ts  neeeasary  alao  to  properly  idmtify  the  work 
performed  with  the  reason  that  made  It  neeeeesiy,  and  therefore  there  must  be  in- 
dicated  in  addition  to  the  character  of  work  symbol,  the  permit  B«ial  number  preceded 
by  dther  of  the  symbols  "W,"  "P,"  or  "X,"  which  indicate  req>ectively  that  the 
opening  was  originally  made  by  the  Bureau  ol  Wat«;  a  public  utility  or  incUvidual 
which  has  paid  a  flat  rate  charge;  or,  aome  agency  other  than  the  two  previoudy 
atumerated. 

Route  Sfucfa;  10.  Except  when  a  longer  period  of  time  Is  required  In  vrtiidi  to  finish 
a  specific  parcel  of  work,  you  must  tumiah  to  each  fmenuui  for  eaeh  day,  a  route  sheet. 
Indicating  the  district  number,  the  date  and  the  location,  dianeter  symbol  and  order 
in  which  the  work  for  that  day  Is  to  be  performed. 

11.  Separate  forms  must  be  used  for  restoration  woric  and  maistcciance  work  re- 
speetively. 

MaUrial  lame  Orden:  12.  See  that  each  foreman  la  at  aS  tfanea  provided  with  a 
book  of  material  Issue  orders  and  that  they  an  used  in  obtaining  aU  materials  from 
dthtf  the  storekeeper  or  other  foremen. 

18.  Yoo  diould  be  thoraly  feaflUar  with  the  manner  In  wUeb  malarial  is  behtg 
ordered  and  handled. 

14.  BocAs  returned  by  faremea  "■*»'"'"ff  trlpUeate  Gofdea  of  material  isaaa  orden 
are  to  be  filed  in  tlie  district  ofllea. 
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Tim,  Progta»  and  Material  SkedK   16.  See  that  on  the  first  day  of  eacfa  WMk  «« 
ftwgman  fa  farnfabed  with  anoutfi  coplcB  of  the  time  md  proirwi  mud  material  ri>eef  fo*" 
that  week,  separate  fonai  beiiiK  ueed  for  each  of  the  f<dlowinK  general  charaetcra 

work:    (a)  City  street  pavement  restoration  and  inaintenanee;  (b)  country  road  pair-^^ 
ment  restoration  and  maintenance;  (c)  bitumbraus  surface  treatment  and  sprinldiiic. 

16.  Os  these  forms  the  district  office  must  indleata  the  diatriet  number,  the  dat« 
and  the  name,  position  and  rate  of  pay  of  each  amplwee  in  the  gang. 

IT.  On  qirftildlnK  work,  the  number  of  galkms  of  water  used  should  be  indleatMl  by 
the  district  office,  as  determined  by  knowing  the  capacity  of  each  sprinkler  and  the 
number  of  toads  consumed. 

19.  For  the  purpose  of  the  unit  cost  and  maintenance  records  a  block  b  arbitrarily 
oonridned  to  be  a  length  of  highway  lying  between  the  near  curb  Unes  of  the  two  noareM 
main  fnterseetinc  highwaya;  and  an  intenection  is  consUeted  to  be  that  portion  of  the 
main  intersecting  highways  lying  outside  of  the  curb  lines. 

INSTBUCTIONS  TO  tOBBUEN.  G.ntTol:  20.  If  you  do  not  understand  these  in- 
stmctions,  or  how  to  fill  out  the  forms,  ask  the  pe  son  to  whom  you  report  to  explain 
matters  to  you. 

21.  In  ffiling  out  the  forms,  you  should  write  as  plainly  as  possible.  If  it  is  possible 
for  you  to  do  it.  all  work  symbols  should  be  shown  in  printed  capital  letters.  Write 
everything  out  in  ftiD.    This  will  prevent  misunderstandings. 

22.  Keep  the  forma  In  a  dean  and  neat  eondition.   Do  not  fold  them  more  than  is 
abeoluidy  necessary.    Carry  the  forma  in  the  folder  provided  for  that  purpose. 

23.  Everything  you  enter  OB  Idrms  must  be  written  in  your  own  handwriting  and  white 
you  are  on  the  w«1c 

24.  Where  two  words  ara  printed  together,  sndi  as  "luiMetor"  and  "Forenan"; 
"a.m."  and  "p.m.,'  etc,  the  word  not  required  diould  be  crossed  out. 

26.  Do  not  write  anytiiing  In  the  columns  whose  headings  are  shown  in  red  ink. 

26.  Send  your  report  forms  to  the  district  office  at  the  close  of  each  day's  work. 

Kind  of  Work  Stpt^MU:  27.  If  the  kind  oi  work  symbol  is  not  diown  on  your  route 
sheets,  get  the  proper  symbol  for  the  wn-k  from  the  symbol  list.  If  it  is  poadble  to  do 
BO  before  sending  In  your  reports  tor  the  day,  ask  the  person  to  whom  you  report  if 
vou  have  selected  the  correct  symboL 

Rovie  Shetti:  28.  The  work  must  be  performed  in  the  order  in  which  it  is  shown  on 
your  daily  route  sheets,  unless  the  person  to  whom  you  report  ordera  you  to  do  otherwise. 

29.  If  it  is  neeeasary  to  do  any  work  not  shown  on  your  route  sheets,  make  a  record 
of  it  on  the  route  dieet. 

30.  Send  route  sheets  to  the  district  ofHce  at  the  doee  of  w<v-k  each  day.  If  all  of  the 
work  shown  on  the  rout«  sheet  has  not  been  finished,  strike  out  the  unfinished  work 
locations  and  transfer  them  to  a  blank  route  sheet  which  should  be  returned  to  the 
offie*  on  the  following  day. 

31.  For  each  item  ot  work  done,  you  must  give  its  length  and  width  in  feet;  and  its 
beatkm  in  raaasurements  bom  the  curb  lines. 

82.  When  yon  do  all  of  the  work  Aown  on  the  route  sheet,  sign  it  with  your  full  name. 
MaUrial  tmM  Ordtn:  88.  When  you  order  materials  from  the  yard  or  from  an- 
other foreman,  fill  out  a  Material  Issue  Order  in  triplicate,  and  give  the  district  number, 
the  name  and  location  of  the  storekeeper,  or  foreman  to  whom  the  order  u  aent.  the 
duuacter  of  work  symbol,  the  quantity,  unit  and  description  of  the  material  ordered 
and  the  date  and  bour  that  the  material  was  ordered.  The  duplicate  copy  of  the  ma- 
terial isue  order  must  remain  in  the  order  book,  and  the  original  and  triplieate  copies 
must  be  given  to  the  storekeeper,  or  foreman,  who  must  write  the  date  and  time  that 
the  material  was  i»ued.  The  storekeeper,  or  foreman,  must  keep  the  original  copy 
Mid  return  the  triplicate  copy  to  the  driver  to  whom  he  issues  the  material.  The 
driver  must  turn  thta  copy  over  to  you  when  he  delivers  the  material  and  you  must 
write  on  it  the  time  that  the  material  is  received.  If  you  make  a  mistake  in  making  out 
a  material  issue  order,  all  three  copies  must  be  marked  "void"  and  the  original  and 
triplicate  copies  sent  to  the  district  office.  When  you  have  used  all  ot  the  material 
issue  orders  In  a  book,  the  book  containing  duplicate  copies  of  the  orders  must  be 
returned  to  the  district  office.  Describe  all  materials  fully;  that  is,  the  dies  of  crushed 
stone,  pipe,  tXfi,  should  be  mentioned. 


Tivu,  Prognu  and  Material  Skettt:  34.  During  each  day's  work,  enter  the  follow- 
ing information  on  the  f«Tn  for  that  date:  The  kind  of  work  vnbols;  the  kind  of  street 
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(d^or  p.  R.  T.  Co.);  thetimeof  tbturinlknddBpvttucoa  the  job  of  eadi  imkMn 
and  tmn;  the  loaition  of  the  work  dorra,  ihown  by  the  namea  of  the  hicbmy,  block  «r 
intanoetion  or  structure;  the  time  qient  on  eech  kind  of  work  for  each  nutn  And  taai; 
the  lenxthi  width  mad  quantity  of  wuk  peformed:  the  quantity  and  ehamcter  of 
teriaU  received  and  uaed;  and  the  number  of  hauling  ti^  made.  Sicn  thia  fom  ud 
■end  it  to  the  district  office  at  the  doae  of  each  day's  wwk.  Be  certain  to  write  ttas 
iRtormatioD  for  each  kind  of  work  in  the  proper  q>aeea.  To  hdp  you  in  tbia,  the  amnl 
spaces  to  be  filled  out  for  each  Und  of  work-are  marked  with  the  letters  "A"  to  "H." 
Aspikott  aad  Blodc  PosmmmI  Work:  W.  UDder  "panite  block,"  "vtottsd  block;" 
and  "floaereta  basa^"  aitsr  any  woric  iritara  tfaaaa  laatatialB  an  uasd.  H 
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the  nan  of  the  blodn  we  unuaual,  thii  fact  muat  be  ctated.   If  the  eooerete  hue  is 
may  tntatwe  oUmt  then  1 AKI, «  nots  to  tUa  affect  aiuat  aba  he  made. 

Road  Work:  36.  The  wordi  "maeadam  raada"  maao  all  roeda  ■urteoad  with  twiaharf 
■tone,  whether  having  a  taUord  or  a  macadam  baae;  or  having  a  bitumlnoua  Mirfaes 
treated  or  a  watier-bou&d  aurfaee. 

ST.  Theworda  "earth  roada"  maaaall  other  roada,  oteept  thon  surfaced  with  aabeai 
or  dwlara,  wUA  roada  mutt  be  induded  under  the  haadins  "cinder  roada."  If  the 
material  la  not  dndan,  then  state  what  Idnd  of  material  it  ia. 

88.  All  gutter  work,  whether  new  paving  or  repairing,  mutt  be  entored  undo-  the 
heading  "  paved  gutten. ' '  The  cleaning  and  impro  ement  of  gutt«n  on  e«rth  roads 
must  be  eonMderad  aa  a  part  of  the  general  mainMnanea  work  on  that  daai  of  road. 

89.  In  the  blankapace  undo- "dndar  roada"  nuttbaeDtend  theUDd  of  work  done. 
40.  Charaeteia  of  w  rk  not  provided  fw  with  printed  taaadlnfi  mart  baaotend  under 

the  "mlsedlaneooa  work"  beading, 

Sprinklino:  41.  When  sprinkling  Is  done,  tbe  complete  routes  f«41owed  mutt  be 
entered  on  a  sheet  attached  to  the  time,  progrees  and  material  aheet,  and  oo  this  aheet 
each  route  should  be  preceded  by  one  of  tbe  lettos  "A"  to  "H"  to  properly  identify 
tbe  entries  with  tboae  on  the  time,  progreea  and  material  riiaet. 

42.   Tbe  nmnber  of  loads  of  imter  used  on  each  route  mutt  be  ^ven. 

MtanavnniUi  48.  Measure  tiie  Iragth  of  all  pavanant  rmwlra  paiaM  with  the 
highway  on  whieh  the  r^ialra  are  made;  and,  in  tiie  eaae  of  highway  Interaeetkna  the 
length  of  tbe  repaired  area  must  be  conalderad  as  bring  paralM  with  tbe  highway  flrtt 
mentioned  In  naming  tbe  intersection. 

44.  Where  It  la  coovaoiMit  to  maasura  the  rtistanaas  of  lapoiia  from  tbe  curb  Unas 
of  any  small  interaeeUng  highway,  ft  should  be  done,  and  a  note  should  be  made  on  tbe 
bacic  of  the  rout*  riieat.  Otherwise  maaaunmenta  mutt  be  made  from  enrb  Unaa  of 
main  intersecting  hlghwaya. 

The  Huylnnd  State  Roadt  Conuniidon's  (39)  uniform  system  of 
compiling  the  records  of  all  expenditures  is  showia  by  the  chart  of  Table  I. 
the  explanatory  notes  which  follow,  and  Table  II,  whieh  iUufltratefl  the 
method  of  distKbutioa  of  expenses  to  Dec.  31,  1011. 


Table  I. — Chart  Showing  DiitribntioD  of  Ezpenditnng, 
Mar^and  State  Roada  Commiaiioa 


^./ommiasion  a  omea  mm,  sau 
Administration  and  legal . .    Commieslaa's  offlea  avpimaes 


Coramiarion's  salaries  and  ezpenaes. 
Commiaston'a  offloe  fwce,  sauurlea. 


Commission's  counsel,  salaries,  fees  and 


En^neoing,  general   Chief  Engineer's  office  expenses. 


expensea. 

Cbiel  Engineer's  salary  and  axpaneas. 
Chief  Engines 's  office  empHoyess'  salaiiea. 


Chief  Engineer's  instrumenU  and  repairs. 
Chief  Engineer's  laboratory  Inveadgatlona. 


Cott. 


Construction,  reoonatrue- 
tlon,  maintenanoe  


Office  aipansaa. 

inspectors,  salaries  and  expenses. 
Superintendents,  salarie*  «id  expenses 
Foremen,  labor,  teams,  etc,  pay  of  adver- 


Equipment. 


Using. 

Materials  consumed,  expoiae  iar. 

Use  ol  equipment,  rental  for  and  repairs. 

Rights-of-way  and  damacea. 

Advertising. 
Miscellaneous. 
Expense  for. 

Transportation  of  and  establishment. 
Renewals  and  depredation. 
Salariaa  of  men  in  ehagrge  of,  ate. 


L.ooQle 
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Adiiiialatratloa  and  Legal.  ComnanoN  SAUUtna  and  BxraHam.  Salarlea  paU 
to  membera  ot  ttit  CommMon.  Also  all  expuuea  of  EMmban  oS  the  Commuaiao 
when  «|a|«l  oit  tba  worii  of  tba  CommiMjoD,  aueh  u  ratlwmy  faraa,  team  and  Auto- 
mobile hire,  anbatotenot  and  tnddatital  expetuea. 

CouifiasioN,  SBcanTAAY'B  AND  OFFICE  Euployrbb'  Sauuuw.  All  tbe  aalaiiaa  o( 
the  Secretary  of  the  Conunlaaion  and  of  all  bookkeeper*,  deika,  atoDografdnn  and 
ofBcs  boyi  in  the  employ  of  the  ConuniaifoB  in  Its  main  olBce. 

CouMiBStON,  OmcB  ExPBNnB.  All  oAca  Htpenaw  ot  the  riiiamiwiiai  waA  ai 
mita,  tdagnuna,  telephonea,  poataga,  maaainiiira,  boaka,  typawrltan,  adding  mmMum, 
atattoaaiy  and  oflloe  nippUca. 

CoimnL'B  Salary,  Fan  and  Exmrnm.  Salary  of  the  Cetinaal  and  aoch  Imb 
aa  are  neoeaaary  to  be  paid  other  attomeyi  In  the  lagal  prnramflnia  of  tha  riimmlaaiiiii 
which,  from  their  nature,  cannot  be  diniged  direct  to  ■  partlwilar  road  or  oouaty. 
Abo  tbe  traveling,  nibeistence  and  other  inddental  aipBMaa  of  taunaA  wben  wgigad 
on  tbe  h^irin—  (rf  tbe  CommiMkKi. 

Eagtnaarinfc  Oanend.  EMonnn'a  Salary  amd  Eai  m— .  Salair  ol  Uw  CUi< 
Engfnew  and  bia  trav^g,  stifaaistanea  and  inddantal  nTpwMoa  wbaa  angagad  ob  Um 
biulnen  of  the  CommiBrioD. 

Ofpicb  Ekployebb.  ExPENan.  Salaiiaa  ot  tba  Chief  Bti^Bcrf^  SKntvy.  daffca, 
■tenograpbara  and  office  boya. 

Ones  ExTENBSB.  Oflke  Mpenaea  of  the  ChW  Engineer,  auefa  rant,  telegrama, 
telephonea,  poatage,  mcaaengefa,  booka,  typewriter*,  adding  marMnfj  ■takea,  bwtm- 
tnenta,  atatlonery  and  office  mippliea. 

Shop  Labor  and  Matdiiai.  LAttar  and  natfrial  uaed  in  the  Aof  operated  under 
tbe  direction  of  the  Chief  Engineer. 

Tbbts  and  Ikvestiqations.  Coat  of  tiie  time  of  dieniiata,  phyaidata,  or  otfam 
engaged  under  the  direction  of  the  Ciiief  Engineer  in  conducting  teats  and  invaatiga- 
tiona  t(«ether  with  the  coat  of  the  materiAle  uaed  In  connection  therewith. 

Prettminary  and  Cooatniction.  ENQiNSKR'a  Salaries  and  Extbnbbb.  Salariea  and 
traveling  and  incidental  expenaea  of  all  engiueara  engaged  exduaively  on  Pr^mlnary 
or  Construction  work.  At  preaent  they  conebt  of  those  of  the  Conatfuetion  En^neer, 
the  First  and  Third  Aaelatant  Engineer*,  and  the  Chief  Draftaman. 

Engineer  Instbctobs'  Salaribb  and  Exraraas.  Salariea,  subeistenee  and  in- 
cidental expenaea  of  all  Engineer  Inapectora  engaged  exdualvely  on  PraHminary  and 
Conatmctlve  work.  ' 

OnricB  EurLOYBRB*  SalaRRB.  SalarlM  of  derka,  atenograpbera,  dBea  hoy*,  ate, 
employed  in  the  ofHoaa  of  tbe  Conatauctiofi  En^neer,  the  Flnt  Auiiutaiit  Bn^ear, 
and  tbe  Third  Aslstant  Engineer. 

Ofticb  Extsnhm.  Office  mpcnaea  of  the  Conatnietiim  and  Flnt  A«Mant  Ba- 
gineera,  conabtlng  of  telegraniB,  telephonea,  Ixwka,  typewrlten,  ataUotiery,  and  oOlQe 
suppliea. 

Maintenance  and  Reconstruction.  Enginbbss'  Salaribb  and  Exfbkbeb.  Salariea 
and  traveling  and  inddental  expenaea  of  Engineera  engi^ed  exdusivdy  on  thia  daaa 
of  work.  At  present  they  would  conaiat  of  thoae  of  the  Second  Aaaiatant  Engineer, 
and  vaeatlona  of  inapectora. 

Enginber  Inspectors'  Salaribh  and  Expiinbbb.  Salariea  and  traveling  and  in- 
cidenUl  expenses  of  alt  Engineer  Inspecton  engaged  exdorively  on  Reconatructloo 
and  Maintenance  work. 

OmcB  Employrrb'  Salarhb.  To  thia  account  aliould  be  diargad  tba  salariea  of 
derka,  atenographera,  office  boys,  etc,  employed  in  the  ofllee  of  the  Second  AaaiBtawt 
Engineer. 

Ofpicb  Exfbn8&.  To  thb  account  should  be  charged  the  office  expenaea  ot  tlte 
Second  Aaaiatant  Engineer,  conaisting  of  telegrams,  telephonea.  hooka,  typewritara, 
Btationery  and  office  auppliea. 

Preliminaiy.  Suhvey  Parties.  To  thia  account  ahould  be  charged  the  aalariee 
and  expenaea  of  engineera  and  their  parti ee  in  the  fieki,  engaged  In  surveying  and  local- 
ing  propoaed  new  roada. 

DRArTBHBN.  To  thlB  Bccount  shoukl  be  charged  the  salariea  of  draftsmen  oigaged 
in  preparing  tbe  plans  and  drawings  tor  the  proposed  new  roads. 

Construction.  All  construction  work  ahould  be  done  under  regular  contract  or  forve 
work  orders,  wbicb  aluHild  bear  djatf^etiv*  numbfm,   An  aocoURt  slwUd  b«  opvt^i 
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for  Mch  (uch  price  ol  work,  miefa  aoeoanta  to  b«  Braap«d  ma  to  funds  tram  whicfa  paid 
•nd  eouDtiM  In  wbfdi  vnk  ii  lontaiL 

RniaiB-OP^WAV  AND  Damack.  Cost  at  bnd,  acquired  for  ri^tH^-way.  aqMoaM 
of  KpprAinls,  and  of  comminiaDora  or  *ri>ttratora  In  condannation  prooeedlnca,  con- 
mindona  paid  for  purchaaea  of  addhluial  right»of-way,  paynmita  for  damagM  or 
rqtairs  to  abutting  proparty  and  coonael'a  fen  and  egpenaBa  when  ipedflcally  ypr'Hthtft 
to  the  coat  of  acq^ring  cntaln  ri^t-ot-way. 

GRADiHa  Coat  of  grading,  indudtng  the  eoet  of  opmtiiig  steam  riwvidi^  ampen 
and  grading  outfits,  the  hire  of  teams  and  equipment  a  rental  tat  the  ComiDlMiciii'B 
equipment  used  and  the  coat  of  miaoelianeoua  toola  and  mippUea  uaed  on  the  woifc. 
The  coat  of  grading  done  under  contract  should  be  diarged  CliiB  account  from  the 
TooAers  in  favor  of  the  contractora. 

SUKTAaHO.  Coat  (rf  all  labor  employed  and  matvia]  uaed  in  Mufadng,  t~*Miiiig 
the  coat  of  <^Nnting  atone  crushers,  q>readas,  road  roUen,  ^>rinklcn  and  oUeia,  the 
hire  of  teams  and  equipment,  a  rental  for  tlw  ConunlnicHi'B  eqaipmaat  used  and  tlM 
cost  of  mlsceUaneous  tools  and  auppUea  uaed  on  the  worlc.  The  coat  ot  surfacing  dam 
under  contract  should  be  charged  tliie  aeoonnt  from  the  voodiers  in  favor  ot  the 
contractors. 

Bkjdobb  and  Culvkkts.  Cost  of  labor  employed  and  material  used  in  ooostnietiaa 
of  bridgn  and  eulvsrta,  Inctudiag  the  hire  of  teams  and  equipment,  awl  the  eoat  ef 
misoellaneouB  tools  and  sappUea  used  on  the  work.  The  cost  of  brk^iinc  and  eulvert- 
[ng  done  under  contract  should  be  charxed  this  aeeount  fnnn  the  vouchers  in  favor  of 
the  contractora. 

Dbaimb.  Coat  ot  labor  employed  and  material  used  in  ooQatmetioB  of  under  or 
V-dnln^  ladnding  Om  hire  of  teana  and  aqoIpBieBt  and  tb»  eoat  el  totda  and  M|q>&s 
used  on  the  work.  Tlia  ooat  of  drain  work  doia  under  eontract  ahoold  be  diai|Bd 
thia  account  from  the  vouchers  in  favor  of  the  contractors. 

ADVBBTI8INO.  CflBt  of  advertising  the  tenaa  under  whidh  eoatrarta  for  the  wack 
may  be  let 

iNBracnoH.   Salaiiea  and  aqMnasa  of  in^aetoia  on  the  woric. 
SuNUNTBNDBHca.   Satarisa  and  eapawpe  of  aapefintendaots  In  diai|e  of  woik 

done  by  the  CommbBloti'B  forces. 
Final  Susvbyb  and  Estdiates  and  Plans. 

Reconatnictioa.  Labor  and  Material*.  Cost  of  labor  employed  and  nutariak 
used  in  reconstruction  of  roads  and  tunipikea  acquired. 

Teah  HmB  AND  USB  or  EQUVMSNra.  Payments  for  hire  of  teama  and  eqalpBoeot 
and  a  rental  for  the  uae  tt  the  Commlmlon'a  equ^ment  on  the  work.  It  abo«ild  in- 
clude the  labor  employed  and  materials  used  in  opera  ting  and  maiatainlBg  the  equip- 
ment in  use. 

SUPBUNTBNDBNCB.  Salaries  and  eqtensea  of  aiqiaintendents  and  ftMefnea  in 
diarge  of  reconstruction  work. 

Ihbpbcikm.   Salary  and  expenasa  of  Inqwotna  eagaged  oa  work  of  reeoantnietioa. 

Kdntananca.   Ijuor.   Coat  ot  labor  a^ioyed  bi  mainulnlng  aalBtlnc  mnda. 

HATnUAU.   Coat  of  materiak  uaed  in  tlie  mainteaanoa  of  vdating  roads. 

Team  Hibb  and  Usb  for  BoutnoMr.  Faymanta  tor  uae  at  taama  and  npilpnft 
In  the  maintenance  of  exiating  roada  togatlier  with  a  rental  for  the  nsa  ol  tJie  Com- 
nUaaion'a  equipment  ao  used. 

8UPKINTBNIMMC&  Salarfaa  and  irnnnam  of  aqMrintndanta  and  f oraaBcn  i—giil 
on  maintenance  work. 

iNSPBCnON. 

Equipment  Purdiaae  price  of  all  equipnunt  which  may  have  aubatnntial  vahw 
after  it  has  been  uaed  on  any  partioilar  piece  of  work,  such  aa  road  rollen,  i  niakeia. 
ecrapers,  graders,  qirinklers,  horses  and  wagons,  auto  trucks,  etc  Small  toola  and 
other  equipment  which  quickJy  wear  out  or  beoonw  ii  aliiiilimi  should  be  chargad  to 
the  work  for  which  purchaaed  at  the  time  ot  purchaae  and  upon  the  eompletkn  of 
aueh  work  should  be  appraiaed  and  credited  to  IL  The  rnmiiilssliiii's  equlpCMnt 
should  be  Inventoried  and  numbered  and  a  proper  record  kept  thereof.  Clwrgea  for 
the  uae  of  the  equipment  should  be  made  against  the  woric  oo  which  it  la  employed 
the  eiedita  for  wlilch  may  be  carried  in  a  "Depredation  Rcaerve"  aeeount. 
Rttlea  for  Diatribntlon  of  General  Acconnta.   The  monthly  total  of  the  inghiinhM 
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charKed  to  Oonstnjction  Preliminary  and  to  Coostnictkni  in  proportion  to  the  fcofc^M 

sroounta  chanted  direct  to  tboae  accounts  durinK  the  month.   The  monthly  totvi  «3>j 
the  encineerinK  expensoi  specifically  applicable  to  Reconstruction  and  Maintmnrnr^ . 
should  be  charged  to  Reconstruetioo  and  Maintenance  in  proportion  to  the  tnr  — f 
•mounta  charged  to  tbon  aeeounts  during  the  month.    The  monthly  total  of 
mlniatration  and  Legal  and  oi  the  Gnerd  Engineering  ezpenaea  should  be  ciuugott 
to  ConatnicticHi-PreUmlnary,  Constmction,  Beeonatnietiim  and  Malntoianae  in  pro- 
portion to  the  total  amounts  charged  dlraett  including  the  speofically  apportioned 
cAtargea  lor  engineering  qTpwmw,  to  tbon  aeoounta  during  the  month.  ^Keptioa: 
No  part  of  the  overhead  cfaaigaa  ia  to  be  added  to  the  mafntaianoe  fnpfnditiirM 
from  the  allotmanta  ol  tba  Motor  Vddde  Tu  to  Connte  for  milntenaBoa  of  State 
Aidroadf. 

RuIm  ior  Softtfttka  el  Hems  of  Woik  Done.  Gbadino.  Under  the  head  of 
Grading  should  be  indiided  all  exeaTBtkn,  Induding  ditch,  maatmry,  culvert  and 
bridge  excavations,  aa  well  as  the  excavation  coverad  by  the  crosa^ectionB  and  from 
the  borrow  pita.  ' 

CuLVaKia  AND  BMW.  Und0  the  bead  of  Culverta  and  Bridges  should  be  in- 
cluded all  pipe^  boiM^  aa  well  H  cuberta  and  brUgea  ot  all  Unda  oaed  toward  the 
end  of  di^Mshig  the  atorm  water  coming  to  the  road  from  above  or  from  the  surface 
of  the  adjacent  landa. 

UNDBBiHtAiNS.  Under  the  bead  of  Underdralns  should  be  included  V-drmins,  blind 
drains,  sumps,  aa  wdl  aa  the  standard  underdraina,  and  moA  other  device*  as  are 
inatalled  for  the  pnrpoae  of  taking  care  ot  the  ground,  or  sub-surface,  water. 

SuBPAcan,  Under  the  bead  of  Surfacing  ahoold  be  fnduded,  aa  wdl  aa  the  tw— H«m 
or  actual  surfacing  preacribed  In  the  specifications  under  such  head,  all  paved  guttera, 
curbing,  concrete  or  other  breakers  across  the  shoulders,  gravel,  etc,  used  for  the 
shouldera,  mhtat  so  uaed  particularly  and  indepradently  lA  the  grading  expressly  for 
the  purpose  of  Improving  the  shoulders,  and  any  material  such  aa  sand,  cinders  or 
stone  dust  used  aa  a  layer  between  the  subgrade  and  the  surfacing  proper. 

MiscELLANBOUS.  Under  tbe  head  of  Miscellaneous  will  be  Included  only  those 
items  which  cannot  be  reawmably  placed  in  one  of  the  foregoing  chunifications,  and 
under  the  head  of  Remarka  should  be  placed  an  explanation  of  any  miscellaneous 
item  amounting  to  over  $100.  Advertising  may  be  placed  in  the  miscellaneous 
column.  Removing  and  rebuilding  fenoea  should  be  charged  to  right>of-way  when 
poeriUe.  Guard  rail  for  culverts  should  be  diarged  to  culverts  and  bridgea.  Guard 
rail  to  protect  embankments  should  be  charged  to  grading.  Rip  rap  may  be  placed 
In  the  miscellaneous  elaasifieatlai),  but  if  amounting  to  more  than  $fiO,  statement  abouM 
be  so  made  under  the  head  of  remarks.  Catch  basins  and  Inlets,  aa  well  aa  storm 
water  sewers  along  tbe  road  should  go  under  the  head  of  culverta  and  bridges.  Pipes 
or  ditches  across  ^vate  proprnty  as  oatleta  to  our  onlverts  should  be  diarged  to  right- 
of-way  whenever  praettcaUa. 

PuLUONABV.  Thia  ooven  the  work  of  the  Engineering  Dq»rtmeat  In  maldng 
surveys,  plans,  calculations,  investigations,  estjmatea,  apedScations,  etc,  up  to  the 
advertising  of  the  work  for  bids. 

CoHsnucnoN.  This  is  the  work  of  the  Comndssion  or  of  its  forces  in  tbe  improve- 
ment aecordlng  to  tbe  Preliminary  phuiB,  spedflcattms,  etc,  ot  a  structure,  or  the 
bttUding  of  a  structure  d$  nooo,  on  a  aeetion  of  a  State  Road  in  the  SUte,  or  State- 
Aid  Road,  System. 

Rbconbtruction.  This  covers  the  rehabilitation,  serious  repair,  rebuilding  or  re- 
placement of  old  structures  on  the  turnpikes,  or  State-Aid  Roads,  taken  over  by  this 
Commission  for  maintenance  by  iL 

Haintbnancb.  This  covers  the  work  of  preventing  the  deterloratlMi  of  repaving, 
up-kMi>ing,  of  treating  with  oil.  pltdi,  etc,  and  generally  of  keeping  In  satiatactory 
ctndltion  the  roads,  and  atnicturea  on  them,  under  the  charge  of  the  ConnlirioD. 


PorpOM.  In  systematising  the  work  of  a  hifthway  department  it  is 
very  necessary  among  other  matters  of  a  fundamental  nature  that  the  cor- 
reepoodenoe  procedure  should  receive  careful  cooeideratton.    In  selectins 
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a  proper  procedure  the  foUowing  outlined  syBtem  in  operation  in  1917  in 
the  Btireau  of  Highways  and  Street  Cleaning  of  Philadelphia  is  recommeDded 
as  embodying  all  of  the  desirable  features  existing  in  the  standard  systemi 
used  by  some  of  the  best  equipped  business  organisations  and  which  would 
be  ai^icable  to  the  situatioa  as  presented  in  a  highway  dapartnmit. 

The  purposea  for  which  thia  praoeduze  is  intended  to  provide  are  as  Ibl- 
Iowb: 

1.  The  coitraliiation  of  the  responmbility  and  of  the  <q>erations  of  ndi 
detail  of  the  correspondence  procedure,  involving  the  eatablishmmt  of  a 
central  correspondence  receiving,  recording,  routing  and  filing  diviaion; 
a  central  dictation  room;  and  a  central  transcribing  room. 

2.  The  elimination  or  the  reduction  to  a  mit^itw^nt)  of  the  posabili^  td 
lose  or  delay  in  the  handling  of  correHpondeDoe,  or  of  the  deatnietion  ctf  the 
files  by  fire. 

3.  The  installation  of  a  logical  and  easily  accoenble  mibject  clasaiflcatioD 
filing  system  and  of  modern  filing  equipment. 

4.  The  reduction  to  a  minimum  of  the  clerical  labor  expended  in  the  op- 
eration of  the  correspondence  procedure. 

General  Organization.  The  operation  of  the  oorreepoDdeoce  procedura 
should  be  under  the  general  mipervision  of  the  chief  clerk,  to  whom  should 
report  the  chief  stenographer  and  the  stenographic  force,  mail  clerks, 
complaint  clerks,  file  clerks  and  messengers. 

The  BTBNouRAPHic  FORCE  should  bc  segregated  in  one  room  to  bo  used 
exclusively  for  transcribing.  Adjacent  to  this  room  should  be  located  tbe 
central  dictation  room,  and  the  correspondence,  receiving,  recording,  rout- 
ing and  filing  rooms,  and  in  order  to  inmire  privaqr  and  to  eUminato  inter- 
ruptions and  the  consequent  loss  of  time,  which  is  ever  present  when  dictaticm 
is  given  amid  the  general  activities  of  an  office,  all  of  the  employees  having 
dictation  to  give  should  be  required  to  use  the  central  dictation  room. 
To  further  facilitate  the  systematic  handling  of  this  work,  each  correspon- 
dent should  be  assigned  a  stenographer  and  a  definite  period  of  time  in 
which  to  dictate.  These  assignments  ^ould  constitute  a  permanent  daily 
schedule  and  no  buaness  other  than  dictaUou  should  be  transacted  in  the 
dictation  room. 

The  iCAiL  CLBBX8  should  receive,  registn,  route  uid  dispatch  all  incoming 
communications  other  than  service  complaints  which  should  be  attended 
to  by  the  complaint  clerks.  The  file  clerk  should  clasdfy  and  file  all  cor- 
respondence sent  to  file  and  fill  all  requisitions  for  correspondence  to  be 
removed  front  the  files.  The  messenger  should  collect  copy  and  mail  or 
distribute  alt  local  and  outgoing  correspondence. 

IxsTSurTioTis,  FoRMB  AND  Equipubnt,  OS  follows,  should  be  provided  to 
insure  the  syt^t^matic  operation  of  the  correspondence  procedure:  (1) 
Written  correspondence  procedure  instructions;  (2)  acknowledgment  postal 
card;  (.S)  servii^e  complaint  forms;  (4)  service  complaint  register  sheet; 
(5)  a  routing  direction  form  stamp;  (6)  mail  register  sheet;  (7)  reference 
register  sheet;  (8)  schedule  of  mnemonic  filing  clasdficstion  qrmbols;  (9) 
metal  filing  aiid  transfer  cE^inets,  durable  paper  folders  aad  metal-tippled 
index  guides;  (10)  correspondence  requisition;  (11)  carbon  copy  sheets, 
one  each  of  distinctive  colora  for  copies  of  registered  correc^Kmdence,  cor- 
respondence originating  in  the  main  office,  and  tickler  copies;  (12)  tickler 
filing  cabinets;  (13)  printed  form  letters;  (14)  reference  report  form. 

General  Operation.  See  Fig.  7.  All  employees  having  to  do  with 
the  correspondence  procedure  should  be  uoiformly  guided  by  a  aet  of  writ- 
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ten  instnictloDB,  which  should  cover  in  detail  the  routine  procedure.  In- 
ooming  communications  may  be  divided  into  two  general  clasBifioations  aa 
follows:     (1)  Qenera)  correspondence  or  commuoicationB  other  than  sez*- 
vice  complaints;  (2)  service  complaints. 

ReeeiTinc  and  Routine  General  Correspondence.  All  commiiniattlonB  received  mt 
the  nuin  office,  whether  they  be  writteOi  telephonic  or  verbml,  should -be  traaemittsd 
in  tangible  form  to  the  null 
clerk.  In  the  case  of  any  eom- 
munlcatiana  where  a  definite 
or  condiuive  answer  must  be 
delayed  until  -an  tnvestica- 
tion  baa  been  made,  the  nail 
clerk  or  complaint  derkabould 
immediately  forward  to  the 
author  a  postal  card  acknowl- 
edglnc  racdpt  of  the  com- 
munication and  adviainf  that 
the  department  will  ^jve  the 
matter  prompt  attention.  On 
each  individual  in  coming  com- 
munication the  mail  clerk 
should  st«mp  the  routing  di- 
rection form  and  on  this  direc- 
tion form  should  be  indicated 
the  aaaigned  serial  registration 
number  and  the  date  of  the 
communication's  receipt.  In 
order  to  aSord  a  means  of 
identification  should  it  subee- 
quently  become  separated, 
any  relative  data  attached  to 
or  accompanying  the  original 
or  first  sheet  of  a  communica- 
tion should  be  numbered  with 
the  same  serial  number  as  k 
aarigned  to  the  first  sheet  of 
the  commiuilcation.  The  rout- 
ing direction  form  indicates  in 
proper  sequence  the  person 
or  persona  or  the  dlvUon  or 
office  that  the  communication 
should  be  referred  to  and  what 
disposition  is  to  be  made  of 
ir.  The  names  of  persons 
regularly  receiving  routed 
commuitications  should  be 
indicated  simply  by  agreed 
symbols  consisting  of  the  first 
one  or  two  letters  of  their  sur- 
names or  official  designatioiu. 

The  disposition  directions  also  f^g,  7,  Correspondence  Procedure  Administration  Chart 
indicate  whether  the  contents 

of  the  communication  are  merely  to  -be  noted  by  the  reelident  or  that  a  written  01 
verh^  report  Is  dealred,  or  that  a  reply  to  the  autiior  should  be  sent  direct,  or  prepared 
for  the  approval  and  signature  of  a  higher  authority. 

After  being  properly  routed  the  communications  should  then  be  arranged  In  numer- 
lltsi  order  and  recorded  upon  the  mail  register  sheet,  the  following  data  b^g  indicated 
ffjr  each  .epedflc  commontcation:  The  date  of  receipt;  the  rsgiatration  serial  number; 
^  nanw>  of  the  author  md  tiie  subject  <rf  the  oommunlcallon;  and,  the  routing 
jliraction^  This  ncordlni  ihouM  be  done  la  typewriting,  the  ditte  bebig  dictated 
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(HrMtly  by  th«  mail  clerk  to  the  typtot.  Tlw  mmil  rsfiater  ahMU  an  than  fllad  cfaroo- 
okfiotUy  in  m  looM>lMf  bindM-  mad  th»  oommuidatloH  dbtribntod  by  a  ibmbbbbh- 
Id  ftcendsDoe  with  the  routing  diraetioiu. 

Upon  receipt  of  ■  regiatered  communication  the  ra^rfant  ahould  Indicate  in  tfae 
routine  dlraction  fonn  the  date  of  ita  receipt  and  later  on  the  date  that  the  oBmannn- 
catioD  !■  nibaequently  (orwarded  to  either  another  pencn  or  unit  o(  omulntioB  er 
ia  aeat  to  file.  If  it  is  necenary  (or  the  original  redpteat  to  refer  the  mrnmimicatipa 
to  another  person  or  unit  of  the  orfanisation,  the  nmme  asnnbol  and  the  dwiied  dimo- 
■Itioii  ahould  be  Indicated  in  ink  on  the  routing  directhm  form.  All  ranting  ■ofaaequent 
to  the  original  routing  by  the  mail  derii  ahould  be  noted  in  the  mail  regiater  by  the  mail 
dark  thru  wfaoae  handa  muat  abo  paaa  all  referred  eommankettooa.  Once  each  week 
the  mail  ngtatar  aheeta  for  datca  aaeeedltii  I  mA  previoua  abaald  be  dwdbad,  and  if 
mil  wi  J  an  inwUgatkm  nutde  of  all  eotrlea  not  doaed  out  by  the  ntum  to  file  of  the 
registered  communicationB.  If,  during  this  Investigation,  It  la  ponible  to  aei villain 
an  antidpatad  return  date,  this  date  ahould  be  recorded  temporarily  in  pendl  in  the 
mail  Ngistar.  On  the  1st  and  16th  day  <rf  aach  month  the  mall  leghrto-  abeats  upon 
whtofa  aU  enttias  are  doaad  oat  ahoald  be  nmoved  from  tlie  aetive  Undir  and  fllad  la 
the  inactive  Under. 

The  regtsterlng  and  routing  erf  communicationa  make  ]t  possible  to  locate  at  any 
time  any  spedfie  oommunlcation  desired,  and  also  plaoe  upon  a  peracxi  eapecfally 
trained  la  ttie  requlranents  of  the  work  the  reqxMiBibUity  for  tbe  intdUgeat  routii« 
and  prompt  dlstributloB  of  cenunimtcatlau^ 

Corannmlcatlone  routed  to  the  district  highway  oOetm  should  be.  Immediately  upon 
their  recript,  recorded  alphabetically  according  to  subject  or  name  author  in  the 
district  reference  re^ster.  In  thia  register  thae  should  be  indicated  for  each  commu- 
nicaticm  tbe  following  data:  The  sttial  reference  or  registratlan  number;  the  aame  of 
the  author;  the  subject  of  thi  oommunlcetka;  tbe  date  of  receipt  at  tbe  diatiiet  offloe: 
tbe  name  of  the  peraon  to  whom  referred,  and  date  of  such  refarcnoe.  The  diMrwt 
reference  register  sheets  should  be  filed  alphabetically  in  loose-leaf  Unden  and  ahould 
be  checked  at  frequent  intervals,  to  insure  prompt  attention  and  the  return  to  tbe  mafn 
ofllce,  when  necessary,  of  all  correspondence. 

Reporta  and  Answariog  of  General  Correapondeoce.  Reports  on  oonununlcationB 
fwwarded  to  the  (Uatrict  hi^way  ofltcea  for  invart^titn  should  be  prepared  on 
report  sheets  In  tbe  handwriting  of  the  person  who  made  tbe  investigation,  and  for 
this  purpose  ctqiying  ink  or  pendl  should  be  used.  These  reporta  should  contain 
the  serial  registration  number  of  the  original  communication;  the  date  of  the  Investi- 
gatk»  and  the  investigator's  report  and  aignature.  After  being  approved  by  tbe 
district  asaistant  engineer,  these  reports  should,  it  so  denred,  be  copied  in  s  copying 
book  and  then  forwarded  to  the  main  office,  accompanied  by  and  attadied  to  the  origiaaJ 
eomrmmleatioc.  The  entry  in  the  district  reference  regtetw  ahouM  be  doeed  out  by 
noting  tbe  date  of  tfae  return  of  Uie  communication  to  tbe  main  oflV»  and  tbe  pvge 
number  of  tbe  inq>rea>ion  in  the  copying  book. 

Wherever  practicable  pbintrd  poul  Lams,  such  as  Form  F  given  herewith. 
Aould  be  provided  for  routine  corraapondance  talginating  in  both  d>e  main  and 
district  oflfesB,  and  also  for  certain  Inter-department  eorreapondenee  where  the  uni- 
form nature  cl  the  subject  matter  and  the  number  of  such  sirollar  tettm  make  thk 
deeirabte  in  the  Interests  of  economy  snd  the  saving  of  clerical  labor.  These 
letters  should  be  printed  in  copying  Ink  and  should  include  all  of  the  fixed  data 
and  provide  blank  epaoes  for  the  insertion  of  the  variaUe  data.  Wboi  the  routine 
practice  requireB  the  sene  iubiect  data  to  1m  ennmunieated  to  two  or  more  dlfl^ 
ent  agendee  the  savinj  of  time  may  be  further  fadUtated  by  preparing  tfae  letten 
In  duplicate,  triplicate,  etc.  In  one  operation  by  the  use  of  the  carbon  paper.  The 
fixed  printed  form  of  both  the  original  and  duplicate  copies  of  the  lettw  should  indi- 
cate the  agency  to  wliich  the  reflective  coplea  are  directed,  and  this  should  be  further 
cmphatfnd  by  priattng  the  original  copy  on  wbite  paper  and  the  duplicated  eo;^ 
CO  tinted  papers.  Practically  all  of  the  routine  interdepartment  and  bureau  cone- 
voiidaice  may  be  eoq ducted  by  means  of  printed  form  letters.  When  the  number 
of  letter  forms  ueed  would  nt>t  warrsnt  the  expense  of  printing,  it  is  sometirais  ot 
wlvantage  to  prepare  fofOW  m  wobi*  urt  of  dupUcatiag  machine,  such  as  a  mimeo- 
Crnph  or  hectograph. 
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DEPARTMENT  OF  PUBLIC  WORKS 
BinwAuor 

•  HIGHWAYS  AND  STREET  CLEANING 

BOOH  £82,  CITY  HALL 
WULUAM  H.  COHNBLL  PHILADELPHIA 
Chief  nf  Butmu 

in.,.. 

Subject: — ^Requnt  for  pnumtfon  of  Paving  Contnct  No  

City  Solicitor, 

PhOadalphia. 
Dew  Sir:— 

Bids  were  received  ;.191...  tor  pavinf  St 

from  Streett    to  Stmt, 

with  aiithniwd  by 

Ordinance  of  ;  and  bang  low  bidder,  mm  awardod  the  ecntract. 

The  total  coat  of  this  vrmk  wUl  not  Moeed  $  and  of  tUi 

amount  the  coet  to  the  City  lot  paving  lateiMetioBa  and  In  fnmt  erf  iimwowatila 

proporty  will  not  tmaed  %  to  be  charged  agaiiMt 

Item   Thte  work  must  be  completed  within  dayi  after  £ta  of 

notice  to  proceed.    The  amount  of  penal  bond  required  at  ptreent  ot  contract 

will  be|  ...,,tobe  (timished  by  

Plonee  prepare  contract  in  accordance  with  ^»t«*hig  ordinances  and  accompanying 
propoaal  and  ipedfieatiana. 

Toun  truly, 

APPROVED:  Chief  of  Bureau  of  Olghwwa. 

Aaa't  DIreetor,  Dept.  of  PubHc  Worln. 

Form  P 

Carbon  Copies  should  be  prepared  for  filing  purpoaes  of  all  correepoadanea  origi- 
nating in  the  department,  except  that  eorreapondence  covered  by  printed  form  lettna. 
Three  colors  of  paper  should  be  used  tor  thia  purpoae.  Letters  relative  to  communica- 
tions having  a  serial  resiitration  number  indicating  thdr  ori^  outside  of  the  main 
office  should  be  duplicated  on  orange  tinted  paper,  while  duplicates  of  all  letters  origi- 
nating In  the  main  office  and  therefore  having  no  serial  registration  number  ehould  be 
prepared  on  yellow  paper.  When  it  is  necessary  or  desirable  that  a  tickler  or  follow-up 
be  provided,  an  extra  copy  ahould  be  prepared  on  pink  paper.  The  serial  registration 
number  shall  be  indicated  oo  all  eatfoon  coplea  of  regjstaed  oorrcapondenoe  and  cor- 
reepcmdenta  should  ba  fequeated  on  the  otlj^nal  of  letten  to  rofer  to  this  aumbw 
in  answering. 

It  so  de^red,  In  addition  to  the  preparation  of  carbon  copies  for  filing  purposes  all 
outgoing  correspondence  may  be  copied  in  LBTter  books,  separate  books  being  used 
respectively  for  the  various  claoses  of  correspondence,  such  as  letten  for  sabordinatea 
in'Cbe  inafn  highways  ofllea;  the  district  highway  or  dlvidon  ofllcea:  InteHlqiartnMBt 
correspondence;  public  utilitiai;  contractuia;  and.  misoellaneoas  which  ahould  include 
all  letters  not  included  In  the  several  foregoing  claselflcationa. 

Filing.  For  the  purposes  of  public  service  work  the  subject  CLABsincATiON  ifBTHOD 
of  correspondence  filing  la  the  one  moat  generally  used  and  it  is  especially  adapted  for 
a  highway  d^rtmnt  where  the  actividea,  while  varied,  are  also  well  defined.  To 
tadUtate  the  rabiect  dasriflcatlon  of  correspondence  a  schedule  ai  dassiflcationa  and 
corresponding  mnemonic  symlMh  ahould  be  provided-  This  schedule  ahould  alao 
indicate  the  manner  in  which  the  eomeapondence  in  each  ctasriflcation  Is  to  be  filed, 
whether  numerically  by  registration  i^ial  number,  or  alphabetically  by  author's 
name,  geographical  location,  etc  The  filing  compartmenta  should  be  arranged  in  the 
Mme  sequence  as  indicated  in  the  schedule  of  mnemonic  symbols.  When  oorre^Km- 
dence  i>  ready  for  filing  this  fact  should  be  indicated  on  the  routing  direction  form  and 
the  correepondmce  ahould  ba  collected  and  delivered  by  the  menenger  to  the  file 
clerk,  who  determhiea  and  Indicates  thereon  the  proper  fiHng  clarification  aymbol, 
which  symbol  should  also  be  recorded  In  tba  mall  register  oppoatte  to  the  origmal 
record  of  the  oommunlcationi  together  with  tba  data  upon  wfaldi  the  eoamnmleatfon 
if  filed. 
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RWOVAL  or  CoKUBPONDMfca  BY  RsQunmoKS.  No  cotTMpoodeBcn  ■boold  be 
nmorcd  from  Um  Alca  exopt  by  tbo  Ala  ci«rk  uid  Umb  only  upon  raquUtioa.  Tbew 
raqiuMtloni  which  >r«  praparod  In  dupUcntc  by  the  person  deaSring  the  teuanee  vi  cnr- 
rttpandsnce,  should  conUin  the  following  data:  The  date  of  iMue;  the  natur*  of  tfaf 
dealrad  eomapondntce;  the  date  of  Ha  anticipated  return  to  Ale;  the  fUiog  i  leMiifhaliiM 
■ymbol;  and,  the  requUdoner't  algnature.  Theae  requislttone  ahould  be  ifmi  to  the 
Sle  derk  In  return  for  the  faaued  corTeepondence.  The  original  copy  of  the  ret|uiaitiDa 
ahould  be  inserted  in  the  firfdar  in  the  place  vacated  by  the  imied  correspondenei, 
and  the  dupllcat«  copy  ahould  be  retained  by  the  file  clerk  aa  a  tickler  to  insure  th* 
return  to  Me  the  fHued  correapondence  at  ttte  time  Indicated.  Upon  the  retm 
to  the  flie  d  the  Iflsued  coiraipondenee,  both  the  original  and  duplicate  oopiM  of  the 
raquirition  riwuld  be  aurrendered  to  and  dtntiuyJ  ty  the  IndtvidiwI  to  iriMna  tbaear- 
raapoBdmca  waa  originally  iMued. 

Equipmbnt.  Vertical  ateel  Oling  and  tranafar  eaUnets,  durabie  pvar  foMan  and 
metal-tipped  Index  guidea  ahould  be  provided;  their  uae  aoaurea  tha  coavaolant  fil^ 
vi  oorreqiondMiea  in  a  mCo  and  readily  acoMriUe  manner. 

Service  Cooptainta.   Service  eomplaiata  Inchide  all  eonimutilcationa  rdattivw  to 
amm  of  alleged  neglect,  or  of  the  wnaatiataetory  pwfui  luanoe  of  aacfa  ntunle^Ml  mm- 
vicea  aa  atreet  cleaning  or  the  collection  and  dlapoaal  of  aahea,  rubbiah  or  sarfaaga. 
All  aarvlce  complainta  received  verbally  or  by  telephone  should  be  recorded  directly 
upon  a  aervlce  complaint  form.    For  the  purpoae  of  convenient  Identification,  a  dis- 
tinct color  of  paper  should  be  provided  for  complainta  rating  teapactivdy  to  at  mii  t 
cleaning,  garbage  collection  and  the  collection  and  dispoeal  of  aahea  and  rubbiah.  Oa 
each  of  the  forms  there  ahould  be  recorded  the  following  data :  The  serial  number  and 
date  of  the  complaint;  the  locatioo  and  nature  of  tbe  craditionB  complained  of;  thonaaw 
and  addreaa  of  the  complainant;  and  the  name  of  the  aasumed  responsible  ageav. 
Wbeo  the  complaint  la  embodied  in  a  written  communication  it  should  be  attached  to 
the  service  complaint  form  and  In  theae  casea  it  ia  necesary  to  indicate  on  the  complaint 
form  only  aufflcient  data  to  properly  identify  the  complaint  and  to  guide  the  iitspeetar 
conducting  the  inveatigation.    All  complainta  should  then  be  recorded  in  the  aervioe 
complaint  register  preferably  by  a  complaint  clerk,  the  following  data  being  indicated 
for  each  individual  complaint.  The  serial  number  and  date  ot  the  complaint;  the  name 
and  addreas  of  the  complainant  or  the  location  of  the  condition  complained  of;  and  the 
date  of  tranamlttal  to  the  diatrict  office  for  investigation  and  report.   Whoi  tlw  nature 
of  the  complaint  dearly  indicatea  an  ominion  or  neglect  on  the  part  of  a  service  ood- 
tractor,  tha  main  offlce  should  seod  notice  of  the  complaint  dmultaneouely  to  both 
the  district  highway  ofRee  and  the  contractor  assumed  to  be  reeponaible.    Upon  its 
receipt  at  the  district  highway  ofHce,  the  complaint  should  be  registered  and  issued  to 
an  Inqwctor  lor  Inveatigation  and  report.    If  a  service  complaint  should  be  originally 
received  at  the  district  highway  office  Instead  of  at  the  main  highway  office,  the  com- 
plaint should  be  inveatigated  as  usual,  and  in  the  meantime,  the  main  office  should 
be  advised  of  its  existence  and  a  serial  number  assigned  to  IL    After  bong  investi- 
gated and  reported  upon  by  the  inspector  and  the  findings  or  reeommendationB approved 
by  the  district  aanstant  engineer,  the  complaint  form  should  be  forwarded  to  the  main 
office,  where  the  entry  in  the  service  complaint  register  should  be  doaed  out  by  entering 
the  date  of  the  complaint  form's  return. 

Tickler  File.  One  of  the  principal  and  beat  means  for  beads  of  d^iartmentB  and 
diviaionB  to  control  the  performance  of  pviodical  functi<«ia  and  inspections,  and  of 
insuring  that  pnqver  attmtlon  ia  given  to  deferred  and  prospective  duties.  Is  a  tidtler 
or  follow-up  system.  The  reaponaibility  for  operating  such  a  system  ahould  In  all  cases 
be  sasigned  to  some  one  definite  person. 

The  8TYLB  or  FiLiNQ  CABiNBT  best  adapted  for  tickler  purposes  consists  of  twelve 
diawen,  one  for  sach  month  of  the  year;  and  each  drawer  Iwving  a  sub-divlaioii  or 
Index  podcet  for  eadi  day  <rf  the  month.  It  is  also  desirable  to  provide  special  compart- 
ments in  which  may  be  filed  such  data  as  requests  for  forthcoming  reports  or  pubUoi' 
tions,  work  to  be  included  in  the  next  letting  of  contracts,  spedScation  ametdmente, 
etc  These  filing  compartments  should  be  of  such  a  sisa  as  to  enable  the  tickler  copies 
bdng  filed  flat 

Use  or  Ticiun  Filb.  For  use  In  the  tidtler  file,  a  memorandum  or  a  copy  ot  the 
involved  correepoDdence  raada  on  a  tickler  filing  copy  sheet  diould  be  nssd.  This 
tldder  filing       ■l><)vdd  be  c<  ■  color  dirtiaet  Iran  ttat  ol  tba  ■haota  and  for 
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eatTOBpaBdaiee,  prelonbly  pltik,  and  should  IntUcKte  tba  date  opob  wUA  tits  nuttar 
I*  due  tor  sttontioii,  and  tha  dmius  of  th«  penon  who  ia  to  rapoit  upon  tt  or  to  irhom  It 
should  be  referred.  These  tidder  copies  should  be  filed  dmtnologically.  liftdt  morn- 
ing the  persoD  in  charge  of  the  tickler  file  should  notify  thoee  persona  against  whom 
wn  filed  tlcklets  becoming  due  on  that  date,  id  the  nature  of  the  matters  to  recedva 
sttontfoB  and  if  possible  Bscura  from  them  ths  necessary  formal  reports  or  other  accep> 
tabitt  aMunnee  that  the  matter  will  be  given  propw  attention.  The  tidder  eopy 
riioitld  not  tsBTe  the  powwrion  at  the  pcnon  in  dwrge  of  the  file,  but  should  be  retained 
in  the  file  as  •  Imthcr  ehadi  to  fanra  the  actual  parf<Hinanfla  <A  the  indicated  duty, 
either  on  the  date  fltat  noted,  or  at  a  daflnlte  future  date,  if  It  ia  not  pOHible  to  cntchide 
the  mattar  on  the  date  on  wbixh  it  is  due. 

12.  Pannite  and  Licansea 

Claaalflcatlon  of  Penoha.  In  order  that  the  field  covered  liy  the  IsBuance 
of  permits  coming  under  the  jtttiadiction  of  the  Permit  Division  of  a  large 
municipal  big^tway  department  may  be  understood  in  detail,  the  four  fol- 
lowing general  clasBificationa  are  given,  together  with  the  natures  of  the 
privileges  and  concessions  included  in  each: 

1.  Use,  including  the  use  of  highways  by  electric  railway  cars,  automo- 
biles, motor-trucks,  horse-drawn  vehicles  and  barrows  and  for  the  trans- 
portation of  steam-propelled  machines,  the  moving  of  buildings  and  otbst 
loads  of  unusual  weiaht  or  traction  requirements. 

2.  Occupations,  including  the  temporary  occupation  of  highways  by 
stored  materials  or  structures  incident  to  building  or  other  construction  work. 

3.  Encroachments,  including  the  permanent  occupation  of  space  within 
the  lines  of  a  highway,  either  on  or  below  or  above  the  surface,  including 
tunnels,  vaults,  awnings,  marquise,  private  bridges,  overhead  pipe  or  pole, 
and  wire  lines,  and  portions  of  buildinga. 

4.  Openings,  including  the  opening  of  highways  for  the  purpose  of  in- 
stalling, aireriuuiling  or  repairing  mains,  service,  sewers,  conduits,  vaults, 
car  tracks  and  appurtenaDces. 

Adminlatration  of  a  Pennlt  Dlviaioa.  The  first  step  in  the  organiiation 
of  a  Permit  Division  should  be  the  assignment  of  a  supervising  engineer 
to  assume  full  and  exclusive  control  of  the  division  under  the  direction  of 
the  administrative  office  of  the  Highway  Department.  Any  necessary 
modifications  should,  however,  be  made  to  suit  the  conditions  existing  in  a 
state,  county  or  township  organization.  In  the  case  of  a  state  or  county 
department,  for  example,  it  would  possibly  be  necessary  to  issue  permits 
from  the  district  offices,  and  if  desirable  this  could  also  be  done  in  a  large 
municipality.  This  should  be  followed  by  the  compilation  of  a  record  of 
paved  highways  under  maintenance  guarantee,  and  a  complete  record  of 
the  character  of  pavement  existing  on  all  streets  and  roads.  To  facilitate 
reference,  the  records  of  pavements  under  maintenance  guarantee  should 
be  typewritten  on  cards  which  should  be  filed  in  a  visible  filing  cabinet. 
On  each  individual  card  record  should  be  noted  all  the  information  required 
for  use  OS  a  guide  in  issuing  a  permit.  The  record  of  pavements  not  under 
guarantee  may  be  made  in  the  form  of  a  map  indicating  by  colors  the  several 
characters  of  pavement.  To  complete  the  record  and  also  insure  that  no 
permit  may  be  issued  for  the  opemng  or  occupation  of  a  hi^way  on  which 
new  pavement  is  about  to  be  laid  or  is  in  course  of  construction,  a  copy 
of  the  contractor's  ootioe  to  proceed  with  the  work  should  be  sent  by  the 
Engineeiing  Divisioo  to  the  Permit  Division  where  it  should  be  placed  on 
file  aa  a  temporary  ready  roferonoe  and  desUvyed  upon  receipt  of  the  per- 
manent reoofd,  i>repared  at  the  completion  of  the  work.   An  adequate 
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•nd  efBdent  aet  of  fomu,  a  modem  fiUns  system  and  an  effective  foUow-up 
or  tickler  Bystem  should  also  be  installed.  Any  forms  or  practioea  not 
required  by  existing  legislation  and  for  which  no  good  nuoa  can  be  rrrgnffri 
tor  their  oontinuanoe  should  be  dlsoontinued. 
The  rorsM  asd  FHtag  Devices  a(  a  Fenatt  DhMaa  should  eaaaW  of  the  fallin>b«: 
1.  PsvsrasBt  laowd  csrds;  upon  whkh  are  rseorfsd  tbm  ahsiaeler  of  the  pavaawt  aad 
otbtr  Mwntlsl  dsta  eonemtaic  each  bloA  of  hl^iwar  pavsoHBt  wdar  lastntsnew 
gusntntsa. 

S,  A  rsemd  or  nmp  Indlcathig  by  ooIotb  the  esrth  roads  and  tks  eharseter  et  pav» 
UMit  on  sadi  street  or  toad  not  unda  usInteBsnee  gasnmtee. 

S.  Applieattoa  toam;  upon  which  the  proopectiw  permittee  ppspuai  s  tomsl 
^qdtcMtfon  to  opm  or  occupy  a  higbwsy,  or  to  erect  sa  ainiiiic. 

4.  Permit  iasusnoe  notifleatimi  fcxnu;  originated  In  duplioeta  and  by  meaiu  of  which 
the  district  olRcen  are  notiBed  ot  the  Imuuice  of  permits  and  S  tfeldor  copy  ia  retained 
ia  the  Pannit  Divfrioo. 

5.  Pennit  reftoten;  to  be  used  by  the  dtatilet  oOevs  to  msiDtatai  a  leoord  of  tfas 
recilpt  and  dispo^tiao  of  permit  nottfieatkiB  f  wtns. 

6.  Notice  to  the  divirioa  onglDeer  the  faOure  of  the  dbtfkt  ottee  to  taahe  witidB  a 
rssaonable  time  t  flnal  report  cm  outrtandiag  p«™1*^  The  usa  of  tUs  form  Is  band 
upon  the  uaumption  that  a  dtvWon  engineer  may  have  under  his  supervlslait  a  mns- 
ber  of  diatrtet  ofllots. 

7.  A  set  of  tour  loose  leaf  binders  for  each  distrlet  ofioe,  one  Under  being  iiaad  n- 
qMctivdy  for  each  of  the  four  Unds  of  permit  register  sheets;  and  mniMrfaally  Indaaed 
active  Ale  and  a  hishvay  name  indexed  inaetiva  file  for  the  filing  of  permit  notUn- 
tkn  fwma  in  the  Pennit  Divlai<». 

Permits  for  Opening  a  Bi^mj.  The  untma  for  the  eoBtrol  of  permits  faivohrinfc 
the  "p^^Tig  of  a  highway  for  the  rapaiiing  of  —t^f  aub-atracturoa,  or  the  inatalla- 
tlim  of  aarvlee  oonnectlMis  or  other  minor  sub-etruetorw  should  be  ss  toUowa:  As 
applicant  should  prepare  a  formal  ^>pUcation  (Form  O)  indicating  the  name  and  ad- 
dreaa  of  the  permittee,  the  location  tor  whldi  the  permit  ia  aalied,  and  the  nature  oi 
the  work  to  be  done  under  the  permit.  This  appticatloo  should  be  preeented  to  a  per- 
mit derfc  who  should  immediately  refer  to  the  record  of  highway  pavemmita.  If  no 
msinteaanee  gusraatee  eadrts,  or  H  hsa  aipind,  and  there  is  no  other  ob|ectiaB,  tfaa 


BtlBSaU  or  HIGHWAYS 
IWABTMENT  OF  PUBUC  WOBKS 

FHnADBLpau 


APPLICATION  FOR  PKRMIT 
TO  OPEN  HIGHWAY  PAVEUBNT 


AfrucanoH 

MUMBBK 


INDICATBWITH  "X"  THB  CHAKAC- 
TCB  OF  PaVSHBHT  TO  WB  OPBNED 


Aapbalt  block  , 

Bituminous  macadam 

Cement  ooocreta 

Cobble  or  rubble  I 

Earth,  dndera,  etc 

Sbeet-saphalt 

Slag  block 

Stone  block 

Vitrified  block 

Water-bound  maeadam 

Wood  block 

Chibf,  BunnAir  or  HioRWAin, 

Sut: 

 ■  f  nsreiqr 

make  application  tor  permit  to  j  [  highway 

(  install  water  service  pipe  i 
)  repair  water  service  pipe  f 

*°  )  toitaU  sewer  tateral   

'  repair  sewer  lateral  } 

 Street 

Name  of  AppUcant  

Addram  

Form  G 


Diqibzec  by 
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application  may  be  approved  by  tba  permit  cierk  and  tha  permit  iaaued.  If,  bmrarer, 
the  Kuarantee  baa  not  oxpired,  tba  application  should  at  onea  b«  nfemd  to  the  ■uper^ 
vWng  «BKiDMr  iriio  ahould  eooMilt  the  deta  on  record  relative  to  the  prevloui  notUck- 
tian  of  abutting  property  ownera  of  tha  neecaaity  of  inatalllBt  *ny  sub-aurface  connec- 
tion! within  a  certain  d4^lt«  number  of  daya  prior  to  the  atarting  of  the  conatruction 
of  the  guaranteed  pavemenL  The  auporviaini  engineer  from  hk  knowledge  of  the 
conditions  governing  each  qiecifle  caae  <dtha  approvea  the  application  or  dia^proven 
it  tor  sufficient  reasona.  In  the  caae  o(  public  utility  corporations  the  applicant  should 
file  cither  a  release  from  the  guarantor  of  the  pavement  stating  that  the  opening  to  be 
made  will  not  affect  the  guarantee,  or  a  certified  order  upon  the  guarantor  to  re- 
store the  pavement  to  its  ordinal  condition.  If  the  application  is  approved,  upon  the 
payment  <rf  the  r^iular  dtaisa,  tf  any,  for  the  leatmition  ol  the  pavamentt  ttM  per^ 
rait  ahould  be  Imued  and  should  be  valid  for  a  stipulated  period  «rf  time  as  Indkated 
th^eon. 

Permits  tor  the  Temponuy  Occnpantr  of  S^ways  (or  storing  building  materials 
should  be  governed  by  the  foltowing  procedure  during  iisuaoos:  The  applicant  should 
pay  the  regular  stipulated  fee  to  the  Permit  Diviaioit.  and  after  sipUng  his  nanne 
and  addresB  on  the  duplicate  permit  retained  la  that  MvUod,  the  original  permit 
should  be  issued  to  liim. 

Awning  Erection  Pennita  should  be  Issued  acaordinc  to  the  tdtowlnc  proeednn: 
The  applicant  should  fill  in  and  prsaent  to  the  Permit  DivUon  an  application  form. 
This  application  should  be  numbered  and  aent  to  the  proper  distzict  offloe,  where  an 
inspector  should  be  assigned  to  investigate  the  ctKiditiona  existing  at  the  location 
indicated  in  the  application,  and  upon  the  return  trf  the  forms,  with  the  approval  of 
the  district  assistant  engineer,  the  applicant  shouM  be  notified  to  pay  the  regular 
stipulated  fee  wheretqwn  the  permit  should  be  taaued. 

Details  of  Operation  During  Ufe  of  Permit.  In  detail  the  permit  forma  must  vary 
according  to  the  purpose  for  which  they  are  issued,  but  in  general  all  should  contain 
a  serial  number,  date  and  nature  of  the  permit,  the  name  of  the  pwmittee,  the  location 
for  which  the  permit  is  issued  and  period  of  the  pennit's  validity.  At  tlie  time  of  the 
Issuance  of  permits,  the  permit  cteic  should  Oil  out  a  pmnlt  notlflattlon  form  (Form  HI 
in  duplicate,  on  which  should  be  Indicated  the  serial  number,  the  date,  the  nature  of 
the  pwmit.  the  name  at  the  pemittea  and  the  locadoo  for  iriileh  the  permit  la  Issued. 


BURBAU  or  BIOHWAn 
AND 

BTKBBT  CLMAMIMO 

DBPARTHBNT  OWrVBUC 
WOBXB 

CITY  OP  raiLAimrHiA 


l(THia  NOnCB  WIST  BB  SBTUBNaD  TO 
^  KOOll  282  cm  BAIL) 

NOTIFICATION  OF  PERMIT 
ISSUANCE 
POa 

OCCDPATKHf  OF  HIOHWAY 
BY  BUILDING  UATERUL8 


PERMIT  DIVISION 


Permit  Now 


Permit 
Data 


Date  of 
Pramlsed 
Completfim 


Date  of 
Promised 
Completion 


>iv.Bngr. 
NotoS 


AsaiBTAMT  Enginkbk  DmnucT 

Under  permit  issued  by  this  Bureau  

 is  authorized  to  oecupy  the  highway  at 

location  .with  buQding  material  (or  m 

period  of  one  month  from  the  data  of  thia  notloe. 
REPORT 

The  pomlttee  has  oomplled  with  all  of  the 
requirements  of  this  pomlt. 

(Note  any  violations  oo'Teverse  wle.] 

SlgiMd   Data   WILLIAM  H.  CONNELL, 

/Mpsetor  CkUt  of  Barn*. 

Approved  

Dittriet  AariMant  Snginttr 

Tvna  H 


D>qiti;e<J  Oy 


Googlt 
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The  orlgbwl  coplM  of  the  pennit  notiflc&tion  form  ihould  be  f  onnrdMl  to  the  nmpee^rr 
awtetant  englneen  of  the  dtitrlct*  in  whfdi  th«  permits  apply,  and  the  dnptietttw  nnani 
ibouM  be  filed  in  the  active  permit  notificntloii  Alt  d  th*  Pwnit  DtwMoa,  BUiik«faB]r 
tty  aetial  number,  under  the  date  on  which  tha  ortflnal  notUentloB  ii  to  be  rapottad 
on  and  returned  from  the  diattiet  ofBea. 

Upon  the  receipt  of  the  pcnnlt  notiAention  fonu  at  the  district  oKcem  then  ahooU 
be  reoorded  from  them  in  the  proper  Dbbiet  Permit  Beflsten  the  toUowing  data: 
Tlw  aerial  nnmlMr,  Uis  date  of  iarae  and  rec^t,  tiN  Buna  o(  tlw  parmlttaa^  Um  loalfaa 
for  wUefa  the  permit  la  iaanad,  the  date  of  the  parmttfe  oplntloa  and  the  -tu^^f^r 
el  the  pavament  inrolved.  Four  Pwmit  Racitten  abould  Im  maintained,  one  oadi  te 
opening*  la  hlKhmys,  occupation  of  hinhwaya  by  buUdinc  raateriala,  erection  of  mamlBp 
and  miscellaneoua  permlta,  reapecHvely.  Theee  reflMan  ahould  be  toae  over  daily, 
tbua  obviating  the  poanbiUty  of  Incpectioiu  bttng  omitted  or  neilaeted  for  an  imrnaiai 
able  leufth  of  time. 

Where  In  regular  practice  the  parement  reatoratioa  ia  pMformed  either  by  depart- 
ment forces  or  under  a  eonttact,  the  diatrfct  aadatant  en^ieer  ahould  Imie  the  bcc- 
ceaary  restoration  orders  and  follow  them  up  to  insure  that  the  work  ia  performed  witfaia 
a  reasonable  time.  Those  permltteee  who  do  not  pay  the  stipulated  fees,  but  who  are 
authorised  to  restore  the  pavement  themselra^  or  thru  an  order  given  to  a  oon tractor, 
ahould  notify  tlie  Highway  Department  when  tbe  repairs  are  to  be  made  so  that  hi- 
specton  can  be  assigned  to  supervise  the  work.  If  prior  to,  or  at  the  time  of  tbe  expi- 
ration of  the  permit's  period  of  validity,  which  for  example  In  the  case  of  a  pavomeDt 
opening  may  be  2  weelo,  and  1  month  wher«  the  highway  is  occupied  by  buDdiag  mate- 
rtkl,  etc,  conditions  become  normal  by  reason  of  tbe  reatoratlan  of  ttw  evened  pavement 
or  by  the  removal  erf  permitted  obstructfimi^  etc,  the  final  report  on  the  perntit  noti- 
fication form  ahould  be  cndoraed  by  the  lupector  ud  annored  hy  the  dfatrict 
aaaiatant  angliMer,  and  after  the  entry  tat  the  diatarlct  F«nidt  Ragiater  la  doaad  oat  bf 
the  insertion  at  the  date  ol  the  final  fnspaetfan  and  tbe  inapeeter'a  nam*  It  shouM  be 
returned  to  the  Pmnlt  Divisloci. 

A  report  should  be  made  at  1^  and  of  each  month  to  the  Permit  Diviskm  by  tbe 
district  aasif-juit  en|jnaen  showing  all  permits  not  finally  reported  on  aad  giving  the 
ruMong  therefor.  The  p«mit  derit  ahould  chedc  tbeae  reporta  with  the  active  penatt 
notifications  on  file,  and  set  back  under  the  proper  dat«e,  those  on  which  definite  pram- 
Ises  are  given  of  future  reports  or  repairs  to  be  mads  either  by  a  permittee,  eontraetor 
or  department  torctm.  It  the  repaira  are  not  made  as  promised,  a  notice  should  be  aeot 
to  the  division  engineer  notifying  him  to  give  the  matter  his  peraraal  attentioo  and 
submit  a  report  to  the  Permit  Diviuon  within  6  days,  and  the  permit  notificatiaa  form 
should  be  wt  back  that  number  <rf  days  and  called  to  tlie  attention  of  the  dlvWon 
engineer  if  he  fails  to  make  his  report  within  that  time. 

In  eases  where  the  validity  of  a  permit  has  expired  and  the  neccBary  restorations 
have  not  been  made  prior  to  the  time  at  wliich  the  monthly  reports  of  overdue  permits 
are  forwarded  to  the  Permit  Division  by  the  several  district  offices,  the  prcMniae  to 
finish  should  not  exceed  6  days,  unless  there  are  some  exceptional  dreumstaaees  that 
wiO  warrant  an  extennm  of  time.  In  caaea  where  It  Is  necnsary  that  r^Mtirs  be  nude 
within  this  stipulated  period  ot  6  daya,  and  the  Permit  Divition  has  not  bean  notified 
by  the  district  lAlce  that  the  repairs  hav9  been  made,  the  permit  clerk  should  get  In 
telephonic  communication  with  the  proper  district  office  and  ascertain  if  tbe  repaira 
have  actually  been  made,  as  the  district  office  may  not  have  had  sufficient  time  In 
which  to  notify  tbe  Permit  Divirion.  If  auch  repaira  have  not  been  made,  tbe  Purait 
DlvUtm  ahould  laaue  a  written  notico  to  tiio  proptf  rssponsible  Individual  or  eovpor^ 
tkm  demanding  that  repairs  be  made  within  48  hr.  A  copy  vl  tids  notice  should  he 
sent  to  the  proper  district  office,  and  the  permit  notification  ahould  be  set  back  for  8 
days.  If  the  repairs  are  not  made  within  46  hr,  the  district  assistant  engineer  should 
cause  the  repairs  to  be  made  under  the  general  repair  contract  or  by  dqmrtment  forces^ 
lod  render  an  accounting  o(  the  coat  of  the  repairs  to  the  Hain  Oflke  where  arrangements 
should  be  made  to  proceed  to  collect  the  amount  from  tbe  reeponslbie  party  or  the  sure^. 
The  permit  aoti&catlon  form  should  also  be  forwarded  by  tbe  district  office  at  the  same 
time  with  a  proper  endoreement  of  the  facts  of  the  case.  In  all  caaea  the  permit  cleric 
should,  prior  to  tbe  return  of  the  original  copy,  note  on  the  reverse  aide  of  Uie  duplicate 
eopy  of  tbe  permit  noti|fation  from  tlw  various  atqie  taken  to  have  raatoratlona  mada. 
Upon  p»  Tf^am  ot  the  ^oiginal  permit  notUteitioq  fonM  to  tbt  Farait  DItWoo,  tite 
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duplicate  copies  abould  Iw  deotroyed,  and  th«  oiigbml  copitu  should  be  fllsd  alpbabet- 
icslly  by  lontlon  in  the  inactive  file. 

The  imuutea  of  permlu  for  encroaebinenls  and  for  the  use  of  the  hlfhwaya  for  the 
pnrpoM  of  tran^ortinc  lo»da  of  onumial  diaracter  or  w^ht  ahould  be  baaed  vpm  an 
InvBatifatiow  of  the  ctmditlans  pisvaUlnc  In  each  qiedfic  caas. . 


Purpose.  If  the  actual  physical  work  of  highway  construrtion  and  inaiii- 
tenance  is  to  proceed  ia  an  orderly  inanner,  it  is  necessary  that  the  office 
procedure  relating  to  the  advertisement  of  proposals  and  the  preparation 
of  contracts  should  be  thoroly  systenmtiEed.  A  modern  system  of  con- 
tract procedure  should  have  the  following  purposes  in  view: 

1.  i?he  establishment  of  a  complete,  ooadBe,  flexible  and  easily  inter- 
preted progress  record  of  all  work  performed  by  contract,  covering  in  detail 
and  in  orderly  sequence  all  the  eventji  from  the  authorization  of  the  work 
to  its  physical  completion. 

2.  The  provision  of  data  relative  to  physical,  legal  and  iinancial  con- 
ditions by  which  may  be  determined  the  proper  time  for  advertising  for 
bids  and  for  placing  work  under  contract. 

3.  The  installation  of  office  equipment  and  procedure  in  which  would 
be  required  a  minimum  of  cDgineering  and  clerical  labor  in  the  operations 
preliminaiy  to  the  beginning  of  the  physical  construction  work. 

4.  The  centralisation  of  the  control  of  operations,  procedures  and  con- 
ditions having  to  do  with  the  advertisement  of  proposals,  the  preparation 
of  contracts  and  the  order  in  which  the  work  is  to  proceed. 

5.  The  pro\'i3ion  ol  data  from  which  any  de^red  character  of  report 
concerning  contract  work  could  be  readily  compiled. 

Clasuflcation  of  Contracts.  With  reference  to  their  period  of  effective- 
ness, contracts  may  be  divided  into  two  general  classifications,  namely, 
annual  contracts  and  job  contracts.    The  contracts  remain  effective 

only  during  the  indicated  calendar  year,  while  job  contracts  remmn  in 
force  until  the  provisions  of  the  contract  are  fulfilled  and  accepted.  In 
generd,  job  contracts  usually  include  highway  and  special  construction 
and  maintenance  work,  while  annual  contracts  include  service  work  such 
as  street  cleaning,  the  collection  and  disposal  of  ashes,  rubbish  and  garbage, 
sprinkling,  team  hire,  etc.  While  all  contracts  necessarily  follow  the  same 
fundamental  procedure,  the  several  details  of  the  procedure  vary  according 
to  the  needs  of  the  individual  contract.  The  detailed  procedure  for  high- 
way construction  contracts,  however,  covers  all  of  the  possible  details 
for  all  kinds  of  contracts,  and  in  view  of  this  fact  the  description  of  the 
contract  procedurb  will  be  confined  to  the  details  applicable  to  highway 
construction.  For  contrnete  of  a  nature  requiring  the  use  of  a  lesser  num- 
ber of  procedure  detiJls,  tlie  identity  of  the  several  details  actually  required 
will  be  obvious. 

PUladsl^iia  Snraatt  of  Highways  Contract  Procedure.  The  details  of 
contract  procedure  ai  employed  in  1917  while  the  author  wa-i  Chief  of  the 
Bureau  of  Highw^  and  Street  Cleaning  of  Philadelphia  are  as  follows: 

Operating  Eqatpment.  To  provide  for  the  efficient  operation  of  the  contract  proce- 
dure, the  following  fomu,  filing  devices  and  instnictionB  were  provided:  (1)  Contract 
record  sheets,  one  each  of  distinctive  colon  for  grading,  paving,  repaving,  surfacing, 
rcaurfadng  and  miscellaneous  contracts  respectively;  (2)  schedule  of  bid  forms,  one 
each  of  distinctiva  colon  for  tin  records  of  the  Bureau  tk  Highways,  the  Department 
of  Public  Works  and  the  City  Controller,  respectively;  (8)  certifted  cheek  and  contract 
awsnl  record  forna,  td  distinctive  colon,  two  tat  the  records  of  the  Bureau  «f  Hlgh- 
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wsyi  mhI  one  (or  the  raoorda  of  the  D«p*rtni«nt  of  Public  Worka  iiiimi  limlj. 
flontract  ladga  tamm,  (S)  daily  pncran  report  posUl  eudi;  <6)  irapscTtora*  «■■> 
woit  cMtUtestiia;  (7)  {Minted  (orm  letten  for  every  letter  of  >  fixed  form  — 
part  of  the  contract  proewhin;  (8)  written  tnatrucUana  eapUitiing  In  detefl  tlM  opt 
tion  of  the  eoDtnct  procedure;  (9)  niltaMe  flUnf  caUneta,  IndaxH  mad  Ioom  I 
biDders. 

Afnncemoit  of  tiia  Contract  Record  Ffia*.  The  contract  record  fllea.  onm  ai  -mH 
la  maiotained  for  the  work  under  the  auperviiloa  of  ead  of  the  two  divisjoa  gngina 
an  arbitrarily  dividej  Into  aeveral  kjfical  aub-dlvWon*  with  the  Idna  that  m.  eoatn 
rword  ahall  be  proKreMed  thru  the  wvaml  necMifvt  milMliviuoaal  units  of  tfae  1 
«a  rapklly  u  the  soveminK  conditlona  would  warrant,  and  from  tlw  poeiHoo  earns: 
occupied  by  the  re:ord  In  any  one  of  the  aeveral  lUb^vteioaa,  eouU  be  baned  thes 
tellfgent  admintatratlon  of  the  mibaequeot  openttozw  of  Ow  procedure.  Tb*  w 
«ub-dlriatons  of  the  [voeedure  are  aa  foUowa: 

1.  AuTHOBiz^D.  In  this  aub-dlvWon  the  ooatraet  procsdure  hna  ito  oricin.  a  naii 
being  prepared  tor  each  parcel  of  work  immediately  after  ite  autboriatioB  by  onli^tf 
of  City  Coundla.  The  records  in  this  diviaton  are  further  anlndivlded  meear^a^  I 
the  diaracter  of  the  work  authorised,  aa  followa:   (1)  Gmdins,  (2)  Pavinc  CS)  Rn^vii^ 

(4)  Surfacing.  (6)  Reiurfadng,  («)  Hbcellaneoua. 

5.  PaoroML  ADvnnsBuSMT  PsvAnKD.   In  thta  mbdlvlrion  Is  Induded  tJw  wot 
tot  wbMi  drawing!'  apedScationa  and  propoaal  fornw  have  been  prepared,  and 
be  Included  in  the  next  advertiaement. 

8.  Undb  Contkact.  In  this  sub-division  la  include:]  any  of  the  work  in  the  aevwij 
toUowIng  itagea  of  tbe  procedure:   (I)  Propoanls  ndvertiaed,  (2)  eontraet  awnidcd 

(5)  coatnet  ordarad  omeuted,  (4)  eontmct  meuted,  (6)  notiea  iaauad  to  coatnelar 
to  proceed  with  tbe  work. 

4.  FimsHBD.  TUi  aob-dlvWon  Indudaa  all  the  work  that  haa  been  phyninlbr 
Bniahed.  The  records  In  this  divUoB  are  filed  aeeording  to  tbe  year  In  which  tb*  wivh 
isfinlabwL 

6.  To  Bb  Ruacno.  In  tUa  sub-dlviaion  is  indodad  tbe  worit  for  iridcb  Uda  an 
In  coune  of  rejection  or  the  contract  is  In  (nrocesa  of  annuhnwit 

6.  iKACnVB.  This  aub-divluan  conatltutes  the  final  diapoaidon  of  records  wkM 
have  been  superseded  by  revised  records  by  rMMon  of  tbe  passage  trf  modifying  anthor- 
IintfcHt  ordlnaneos;  tba  rejection  of  bids,  or  the  annulment  ot  contraeti. 

The  OrlglintkH  of  the  Contract  Rocord.  Upon  tbe  receipt  of  a  ovtUM  eopy  M  tbt 
autboridng  ordlnanea.  a  eonqiarison  li  made  of  tUa  ordlnanee  witfa  pr»vfcius  OfdinancB 
and  any  conftictiooa  discovered  are  noted  (or  adjuatment,  after  which  a  contiMl 
record  aheet  tor  the  indicated  character  of  work  (Form  I)  ia  originated  and  the  toUowiiy; 
date  supplied:  Tbe  name  of  tbe  highway  and  the  limlu  ot  the  proposed  work:  tbt 
ordinance  date;  the  character  of  tbe  extatlng.  If  any,  and  of  the  autbcniMd  pavenMt; 
and  tba  numban  erf  the  bighw^r  division  and  district,  the  survqr  district  and  tfav  ward 
in  which  tbe  proposed  work  is  located.  There  Is  than  determined  the  atetua  of  the 
several  fallowing  legal  and  physical  conditions.  For  all  elaasea  of  highway  ranatnic- 
tion,  tbe  Bureau  of  Surveys  ia  requeetei  to  certify  to  the  legal  width  of  the  highway; 
to  its  bnng  nn  tbe  dty  plan  an  j  legally  opened;  and  also  to  the  stetua  of  any  *»ii*if 
or  proposed  sewers,  sewer  laterals,  manholes  and  inlets.  For  paving  worit  only  the 
Department  erf  Revision  of  Taxes  ii  requested  to  indicate  the  l«  mto  ^iptying  to 
propertlea  abutting  on  the  length  of  highway  involved.  Tbe  reporte  BUbmltted  in 
aaivar  to  thoea  requeate  are  recorded  on  the  contract  record. 

0RAWINO8  AND  EsTiHATSB.  If  the  drawings  and  esti-nates  tor  the  propcued  work 
are-  not  already  on  file,  a  sat  ot  four  copies  ia  ordere  1  fro-n  tba  Bureau  of  Somya. 
ITpoh  the  rac^pt  of  the  drawings  and  estimatea  a  serial  filing  numbtf  la  Mrignsd  to 
twoof  the  seta,  and  is  also  recorded  on  the  corregpooilng  contract  reeord.  Thtaertal- 
numbered  aet  la  folded  or  rolled  to  a  standard  aise  and  filed  nunwricnUy.  Two  aeti 
tA  the  drawinga  and  estimates  are  forwarded  to  the  district  aarirtant  engfaMtr,  one  copy 
being  intended  for  a  district  office  record  and  the  other  copy  being  for  aibaequen: 
issue  to  the  inapector  aaslgned  to  the  supervision  of  the  tnrk. 

Conditions  Goroniing  AdvaftisenMot.  Tba  avallaUUty  for  ndvartislng  at  praposali 
for  performing  miseellaneous  wortt  and  supplying  matolalB  and  aarvleas  fa  gonned 
by  the  atetua  of  coiulitiona  eBpedally  applicable  to  each  specified  sltnatiMi.  Inganertl, 
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tba  principal  covcrnlnt  factora  arc,  «  aeed  tm  the  work,  niRteriala  or  wrvic*  and  the 
existence  of  the  neeemmry  lunds  with  which  to  pay  thanlor.  Btlan  m  parcel  of  hj^wsy 
conatniction  work  u  conridered  u  being  available  for  aovertWng  It  b  neeeanry  that 
there  itaould  be  a  demand  for  the  work  and  that  no  oonditioiiB  Bfaouki  «dat  Hiat  would 
interfere  with  or  prev«tt  the  prompt  physical  praaecudon  of  the  work,  aztd,  ttwiafom, 
the  atatua  fA  the  fotlowinc  fovamlni  condiUona  ahonM  be  aa  Indicated  In  Table  Ill- 


Table  m 


GOVHUONG 
COHDinONB 

CBUUUCT91  of  W<»K 

Grading 

City  Street 

Country  Road 

Paving 

Re- 
paving 

Re- 
surfacinc 

Sur- 
facing 

Re- 
■mfadnt 

Anthoriidng  ordinance . 

Yea 

Yea 

Yea  or  No 

Yea  or  No 

Yea  w  No 

Yea  or  No 

On  city  plan  

Yes 

Yes 

Yes 

Yea 

Yea 

Ym 

Legally  opened  

Yea 

Yea 

Yes 

Yta 

Yes 

Yes 

City  tax  rata  

No 

Yea 

No 

No 

No 

No 

At  eonflrmed  grade. . . . 

No 

Yea 

Yea 

Yea 

Desirable 

Desirable 

Sewer  constructed  

No 

Yes 

Yas 

Desirable 

Desirable 

Deainble 

Plan  and  eatimate .... 

Yea 

Yes 

Yes 

Ym 

Yea 

Y« 

Neeeanty     for  work 

baaed  upon  an  In- 

vestigation   

Yea 

Yea 

Ym 

Yes 

Yea 

Yea 

Yea 

Yes 

Ym 

Yea 

Yea 

Ym 

Yes  indicates  an  abaolute  necessity  that  oondltiona  must  exist  as  Indicated. 

No  indicates  that  it  la  not  necessary  that  indicated  conditiona  exist. 

Yd  or  No  indicates  that  the  existence  of  the  neceasity  la  dapoulnt  npoo  the  qiadBe 
prorbkma  of  ordloanee  appfoprladnc  the  funda. 

Dburabu  indkatea  a  denrabflfty,  but  not  an  abatrfote  nsoaarity,  tiiat  Indicated 
conditions  must  exist. 

PrepafEtion  and  Advertisement  ot  Proposala.  To  insure  the  efficient  opera tioo  of 
the  procedure  for  the  preparatiofl  and  advertisement  of  proposals  for  highway  worii 
the  foUowing  forma,  equipment  and  methods  were  providod: 

1.  Proposal  estiniate  forms;  one  distinctive  form  for  each  ol  the  four  general  d» 
rificattoRB  of  highway  construction  work,  each  farm  containing  all  of  the  fixed  data 
likely  to  be  used  and  providing  spacee  tor  the  insertion  of  the  necesary  variable  data. 

2.  Schedule  of  standard  proposal  item  terms;  which  providea  a  complete  and  logically 
arranged  classified  summary  of  all  of  the  fixed  and  variable  standard  tenns  Ululy  to 
be  used  in  the  preparation  of  proposals  for  highway  construction  work. 

8.  Proposal  or  bid  forms;  one  distinctive  form  for  ea^  of  three  daaaaa  <A  prefMiaals. 
Two  of  the  proposal  or  Ud  forma  also  oontain  schedules  of  fixed  pricea  for  every  dime- 
ter of  contingent  woric  likely  to  be  encountered. 

4.  Advertised  work  eatimate  fomu;  on  which  is  Indicated  the  Umita,  quanti^  and 
eatim&ted  cost  of  all  work  proposed  to  be  advertised. 

6.  Advertised  work  schedules;  which  indicate  the  character  and  geographica]  timita 
of  eaeb  parcel  of  work  advertiaed  and  an  laauad  to  proqieetiv*  Uddaia  to  aem  aa  a 
guide  in  thdr  pro-inspection  of  the  sites  of  the  propoaed  work. 

6.  Proposal  envelopes;  which  are  issued  to  prospective  bidder*  for  the  purpose  of 
encloetng  in  them  their  proposals. 

7.  Report  of  low  bidders  and  prices;  which  fadlftatea  th«  preparation  trf  reports  to 
•the  Chief  of  the  Bureau  and  the  prgaa, 

8.  Spedmen  aeta  of  the  pnvoaal  forma,  apedfleatians  and  drawings  for  eaeh  pared 
of  advertised  work;  all  of  which  are  filed  In  convenient,  readily  aeeeaalble  and  proper^ 
indexed  filea  for  the  luapeetlMi  and  Infonnatlan  of  praqwetlva  btddera. 
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9.  ^>Mi)U  fllint  caUiMt;  In  which  proposRto  awmitinx  dliUibutlon  to  pro«pectiv* 
bidden  are  Died  id  ■  mdily  MoaaUde  muuier  and  ue  properly  indorad  MOordiiiB  to 
the  Ivttiac  data  and  sdtaduto  letter. 

10.  Improved  method  of  propooal  form  distributloD  by  whldi  each  proepectfva 
Mdder  b  fumbbed  with  a  complete  aet  of  propoaal  forme  tor  each  achedule  applied  for- 

11.  A  hectograph  duplieatinK  device  tqr  which  the  propcsal  forma  are  duplicated, 
titereby  diapmriiif  with  the  handwritinK  or  typewriting  of  propooals  and  Bubaequen  Uy 
eheddng  them  for  accura«y. 

Preparation  of  the  Proposal  Estimate.  Ae  soon  as  the  Beveral  governing  conditions 
become  favorable,  the  original  ofBce  copy  of  the  propoaal  is  prepared  in  ink  handwriting 
on  a  proposal  estimate  by  the  diviidon  engir^enr  and  checked  by  his  aaBirtant  or  vice 
versa.    The  four  kinds  of  proposal  estimate  forms  were  intended  to  be  used  as  folknn: 

Foui  NUUBBB 
1-A  

1-B  ^  


1-C, 


1-D 

Id  general,  on  each  of  these  forms  Li  recorded  the  following  data:  Division  (number); 
location,  street,  (name)  from,  (name)  to,  (name);  letting  date,  (date);  certified  cheek, 
(amount);  days  allowed  for  eompletloo  of  work,  (numbw);  estimate  of  work  to  be 
peifonned,  (qbantity  and  character);  notea  and  spedal  requirement,  Stated  caplidtiy 
and  bridy,  If  any).  Any  printed  data  on  the  proposal  estimate  forms  that  it  fs  not 
derired  to  have  appear  on  the  proposal  forms  Is  stricken  out. 

Location  op  Proposbd  Work.  The  location  is  expressed  in  a  condae  manner  and 
entered  on  the  contract  records.  Numbered  streets  are  indicated  by  numerals.  The 
highway  name  need  not,  however,  be  followed  by  atreet,  avenue,  road,  etc,  except 
where  such  a  designation  is  absolutely  re<iuired  to  distinguish  the  highway  from  another 
having  a  similar  proper  name.  Numbered  street  designationa  should  be  followed  by 
the  suffix  St.,  nd.,  rd.,  or  th.,  as  may  be  required.  When  a  highway  is  bounded  by  two 
numbered  streets,  the  lower  should  precede  the  higher  number.  When  two  or  mora 
highways  are  grouped  into  one  proposal,  the  named  streeta  should  be  arranged  alpha- 
betically, foUowed  by  the  numbered  streets  arranged  numerically. 

LSTtiNQ  Datb.  date  of  the  letting  la  aet  for  a  date  at  bast  11  days  after  tl» 
date  of  the  flnt  Insertion  ot  tbs  advertisement  in  the  newspapers.  £zcqtt  where 
alxotutely  necMsary.  lettings  do  not  take  place  on  a  Mon.  or  Sat 

CEBTTPIBiD  Chbck.  The  amount  of  the  certified  check  b  made  equal  to  2 . 5%  of 
the  estimated  cost  of  the  proposed  work,  and  should  always  be  expressed  in  the  nearest 
round  figure  which  b  a  mtUtiple  of  |6.  For  estimating  purposes  the  figures  glwn  In 
the  schedule  of  fixed  prices  for  contingent  work  should  be  used. 

Time  Au/>wkd  for  thb  Couplbtion  op  Work.  In  fixing  the  period  of  time  allowed 
for  the  completion  of  a  parcel  of  work,  careful  consideration  is  given  to  the  desirable  or 
neceeaary  ^eed  for  the  prosecution  of  the  work  as  governed  by  actual  necessities  and 
its  influence  upon  the  probable  cost.  In  grading,  eapedally  where  rock  b  to  be  exca- 
vated, or  it  b  permissible  to  use  ash  filling  and  there  b  no  necessity  for  hurrying  the 
work,  it  b  generally  possible  to  obtain  lower  prices  by  lengthening  the  time  limit 

In  every  instance  a  fair  number  of  eonsecutive  working  days  b  allowed  based  upon 
the  following  considerations: 

1.  The  pwiod  of  Ume  within  whtdi  It  w  nseewary  that  the  work  be  finished  as  gov. 
smed  by  the  dependence  (4  proposed  sufaeequent  srork  and  of  the  neceadties  of  pidilie 
eooveniuioe. 

2.  The  probable  Infiuenoe  at  the  period  of  time  allowed  upon  the  coat  of  the  work. 
8.  The  physical  possibilities  of  performing  the  woric,  such  as  the  availability  of 

IMt«r)ab  and  aqulpmrnt;  the  eonditioDB  under  whjch  the  work  must  be  prosecuted; 


Character  of  Work  to  bb  Usbd  fob 
Grading 

Asphalt 
Vitrified  block 
Paving  with   onmite  block 
Wood  block 

Asphalt 

r  Repaying  \  ,^tt.  Vitrified  block 
I  Resurtadng  /  Granite  block 

Wood  block 

1  ]  with     wJ^bound  macadam 

I  Resurfacins  J  Bituminous  material 
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■ad  tin  ftvsnia  mitrtetar'i  probable  eoonomicml  capacity  to  perform  Um  w^eaUn 
damm  <tl  wotk. 

4.  Th«  predotninance  of  any  ipedflc  daoa  of  woric  that  would  oxchvivaly  iofluaoca 
tbe  tinw  roqulrad  for  the  perfonaaaee  ci  the  antln  parcel  of  work. 

&.  The  abidy  of  plotted  curvaa  or  other  compiled  data  relative  to  the  Bvenge  quan- 
tities of  work  performed  and  tbe  time  allowmaee  on  previouily  performed  work  of  a 
similar  chaimctar. 

For  the  purpoee  of  dcdnitkm,  the  uee  of  such  temu  aa  week,  month,  or  ywmx  an 
omitted  in  fevor  o<  tta*  imifonn  unit  of  consecutive  working  dsy,  whidi  tncfaidoe  ni 
days  upon  which  tbe  cuitntetor  may  properly  be  eq>eet«d  to,  or  upon  irtucfa  it  may  be 
physically  posaiUe  to  work  aod  exclude*  Sundays,  leial  ItoUdays  and  such  otber  days 
during  which  the  wsatlter  ooDditions  make  it  inadvisable  or  impossible  to  perform 
work.  For  extensive  operattona,  sudi  as  boulevard  txniBtructioo  and  park  devwl<^ 
niant,  It  b  BfaMhitaly  necoMury  that  wy  careful  eoBsUeratlon  be  givca  to  all  of  the 
known  or  probable  gorernlng  oooditiaos.  On  straight  highway  conafaructkin  work, 
such  as  grading  and  pavement  construction,  tbe  detmninaUon  of  proper  time  allow- 
aneea  prseenta  a  kaa  oorapUeated  problem  and  may  to  a  eonsidekaUe  extent  be  baaed 
largely  upon  approximate  average  values  ot  plant  output  and  tbe  ecanotnics]  number 
of  gangs  and  UMB  per  gang  and  equ^tmsnt  far  liaoBngobtaininiwpi»vlourfTi>erto«Baed 
work.  Tbe  notiee  to  tbe  eontractor  to  proceed  with  tbe  work  should  allow  him  auf- 
■fldent  time  to  assemble  his  plant  before  the  time  ts  counted  against  hk  contract.  Ten 
days  is  oonaidwed  to  b«  ample  time  to  allow  in  which  to  ssasmble  tbe  equipment,  and 
deliver  the  materiah  and  start  actual  work.  In  tbe  case  at  ordinary  grading  and  pave- 
ment eontiacts,  bat  It  would  not  be  sufflcirat  time  In  extensive  ^Mrattons,  wbera 
eoariderable  plant  aquipmmt  is  required.  On  aQ  work  except  grading  a  furthsr 
allowince  of  6  days  pv  entire  job  b  made  In  tbe  total  time  allowed  to  eompoiaate  for 
tbe  time  required  in  the  dian^ng  of  equipment  and  gangs,  deaning  up,  etc 

Gbadino.  The  general  dasaiflcation  of  grading  may  l>e  sub-dlvit^  into  tbe  di»- 
tinctive  items  of  earth  excavation,  rock  excavation  and  filling.  Tiie  eeononileal 
Umit  [or  performing  woiIe  by  hand  is  governed  by  a  number  ot  condititnis  and  win  prol^ 
ably  vary  between  S  000  and  15  000  cu  yd  to  nMet  tliese  conditions.  In  eray  case 
the  advltaUUty  of  perfonning  tbe  earth  saeav^iaD  by  band  or  by  abovri  ahould 
reeeiva  caretul  eouldefatioit.  If  tbe  abord  method  b  deteiinined  upon,  tbe  average 
depth  of  .the  cut  and  the  number  of  shovels  to  be  operated  should  also  be  oonridered. 
In  connection  with  rock  excavation,  the  diaraeter  of  the  rock  and  the  posKbility  of 
tbe  empk^ment  of  light  or  heavy  blasting  should  be  conridetad.  With  napeet 
to  emng,  tbe  avaOaWty  of  tbe  fll^  materiab  shoaU  ba  known  wito  a  rwissiilils 
degree  of  oertainty.  Bnrily  avaibUe  mattftal  naj  be  oaoaldered  to  be  eailly  trans- 
ported material  located  within  1  mile  or  Imb  of  the  work,  or  dean  aaiies  being 
collected  from  tlie  ttelghlMring  territory.  Based  upon  the  foreg^g  eonsid«ationB 
and  tbe  minimum  output  of  a  single  friant  equipment  ot  avaiage  o^iad^  tor  the 
daa  of  work  and  tbe  avarage  numbo-  of  wokman  etaployad  on  a  Job  ^  a  enitiBctar 
conduetlng  several  similar  operations  simnitaneoualy,  the  following  approxlmats  aversgs 
values  are  ^van: 

TaUa  IT^-aial|y  Oradtaif  CMMltlaa 

Avsran  Depth  Cu  Yd  Allowed 
Nature  of  Work                   In  Ft  pv  Day 

(Hand  method       Any   100 

I  5    260  per  dwvcl 


,  Shovel  method       {  7   S60  per  ifaovd 

9    460perabsvd 

[Leeethanfi   M 

Rock  excavation,  any  method  \  6  and  less  than  10   100 

I  to  and  over   105 

«iM».  i  Material  ea^Iy  available         \  ak„  /  1?B 

""'^  1  Material  not  easily  available  1*^   \i2S 

Phvaatam  CoNBfBliCTiON.  The  iwfaieipal  govandag  facton  la  the  caae  «I  pavement 
eonstruction  are  tbe  time  required  for  tbe  eonatruetion  and  setting  of  the  cement-con- 
crete base  and  the  setting  of  the  grouted  block  jtdnta.   Constderatloo  most  ako  be 
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given  to  the  iwtOMity  for  dmnlnt  the  aeveral  tjrpM  ot  equipment  nec«— iry  for  Otm 
perfonBuee  of  ■ueee—iVB  rtagM  of  the  worir.  It  ■bouM  tiao  be  ■aninwd  thkt  on  mak 
Iwvins  Ml  wm'of  antrozfmately  SOOO  sq  yd  or  hm,  tba  coMtnietioo  of  th«  suifua 
courae  will  not  proceed  until  the  CTitire  concrete  baae  has  set.  Connderinc  Umw  con- 
aitions  and  uniming  1000  sq  yd  m  a  unit  ar««,  tha  folUnrinc  apprcodroata  vahm  are 
uaed  aa  a  baaia  for  tflntative  ealculationa: 

TaUa  v.— TtflM  ADmniMaa  for  bdtU  Thoaaand  Sqwwe  Tuda  of  ladkated  Opatatioaa 


Nature  of  Work  AUoind 

1.  PRBPARATORY  WOBK. 

Earth  subcrading  and  roUlng  on  original  work   X 

Removal  of  exiotinE  water-bound  or  bitumlDoui  marBdam  pavement 

including  brokan  atone  or  telford  baae,  nibgradiitg  and  ndling   4 

Removal  ot  exiatiiig  aheaC-anhalt  or  bloek  pavameo^  Indudinc  brokan 

atona,  bituminous  or  ^kvu  baaa,  aubfT^ding  and  mOim   8 

Ramoval  of  existing  ahoat  aaphidt  Or  block  pavwnmt  from  a  concrete 

baaa.   1 

Preparation  (daaolnc,  ecaiifying  and  ducting)  of  ezlatlDg  water-bound 

MfHM.  tag  tvauindng   I 

2.  Bub  Coumb  ComnmcnoH. 

Cemont-eoDcnts,  4,  B  or  9-ln  ba»  eouree   8 

Broken  atone,  8  or  Mn  baie  eourae   2 

Telford,  S-in  baae  eourae   3 

3.  SuarACB  asu  Binder  or  Cushion  Courbb  CONB'ntucnoN. 

Sheet-asphalt,  2-in  Burface  and  1-in  binder  eoursee   2 

Asphalt  paint  coat  application  and  drying    t 

BituminouB,  2-in  surface  oourae   2 

Granite  block  lurface  and  1  J^j-in  sand  cushion  eourses,  including  grouted 

f  or  bituminous  joint  filling   S 

I  Vitrified  block  surface  and  1-in  sand  cushion  courses,  induding  grouted 

I  or  bituAinous  joint  flUing   8 

j  Wood  block  surface  and  1-ln  mortar  cushion  courses,  induding  sand  joint 

filling     2 

Water-bound  macadam,  3  or  4-in  surface  course   2 

4.  Sethmi  op  Work. 

Setting  of  cement-concrete  base  course  at  least   3 

Setting  of  grout«d  joints  la  granite  Uoek  pavement.   7 

Setting  of  grouted  joints  in  vitrified  block  pavement   7 

Setting  of  mortar  cushtea  tn  wood  Mode  pavement   2 


By  interpolatlpg  these  elemental  time  allowance  values,  it  is  possible  to  readily 
determine  the  proper  total  time  allowance  for  the  initial  unit  of  a  1000  sq  yd  ot  any 
das^cation  or  character  trf  wqrk  aa  baaed  upon  what  may  be  considered  fair  average 
daily  performances,  using  one  conoete  mixer  and  single  equipment  thruout. 

In  the  following  schedule  are  enumerated  for  convenience  of  reference  the  several 
classlHcationB  and  dtaractara  ot  work  moat  ganarally  eneonntarad  fai  ■enml  highway 
construction. 

As  a  general  mle,  it  wDl  not  be  naeaaaary  to  allow  extra  time  for  the  performance 
o(  the  minor  Itema  or  mlaceUaneous  contingent  work  as  this  work  is  generally  done 
ilmultaneouBly  with  the  parfmnanea  of  the  princ^wl  items  of  the  work.  When  the 
ares  of  work  exceeds  1000  sq  yd  the  full  time  as  indicated  In  Table  V  for  each  suc- 
ceaaive  process  or  operation  should  be  allowed  for  each  additional  1000  sq  yd  or  frac- 
tion thereof,  except  the  time  allowed  for  the  setting  of  cement-concrete  and  greut 
joints  and  for  the  changing  o(  equipment,  etc,  should  be  induded  but  once.  If  it  is 
necessary  or  deairabte  that  two  or  more  pliuta  be  operated,  then  the  total  area  of  the 
work  abouM  be  dividad  Iqr  tba  propoaed  nvraiber  at  planta  and  the  time  allowed  for 
the  oitire  contract  should  be  based  only  upon  the  quanttty  of  wmk  to  be  performed 
in  conjunction  with  one  plant,  as  each  additional  plant  will  be  assumed  to  operate 
gimultaneouBty  and  at  the  same  rate  of  progress.  In  eases  where  street  railway  tracks 
exist,  or  it  u  required  to  maintain  the  highway  partially  open  to  traflSc,  and  it  Is, 
therefore,  neeessary  that  the  pavement  be  constnicted  In  two  or  more  separate  nn», 
eatra  time  should  be  allowed  to  compensate  for  theae  unuaual  conditions.  In  general 
where  there  are  any  eondderationa  that  might  mitigate  against  the  performance  of  the 
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work  withia  the  time  fixed  tor  the  aeveral  cImmb  of  work  In  the  tangoing  SchedalM. 
■n  arbitrary  number  of  extra  days,  based  on  the  judKiaent  of  the  epginear  should  be 
added  to  the  time  limit.  The  time  limit,  except  where  there  are  other  more  ixnportaat 
aanalderatlone,  ihonld  In  all  caeca  be  baaed  laijely  on  the  avenge  contraetor'a  •eonam- 
Ical  time  Umlt,  and  thii  will  vary  in  different  loealitfea.  After  the  total  tine  to  be 
allowed  i<  finally  determined  upon,  if  the  number  of  dayi  allowed  ki  twt  a  numbv 
diviBible  by  five  It  is  desirable  as  a  matter  of  policy  to  express  thb  number  of  daya  ii 
the  neareet  liigher  round  number  ol  daya  which  ia  a  naultiirie  of  five. 

Table  VI. — Tine  AQowancea  for  Initial  aad  Additioml  Ihoomde  «f  SfBU*  Tardi 
of  fadicatod  Pavenent  Codatnctiou 


ClaaeifloatioD  and  Character  of  Work 


Days  Allow  na 
Unit  or  a  1000  S«  Yd 


Initial 


1.  Pavino  or  New  Permanent  PAvmraNT. 

a.  OriKinal  permaDent  construction  on  unimproved  and 
newly  graded  higbwaya: 
Sbeet-ssphslt 

Base,  binder  or  cushion  and  surface 
eoursea 


Granite  block 
Vitrified  block 
Wood  block 
b.  Displacing  existing  macadam  pavtsnent: 
Sheet^phalt 

Base,  binder  or  cushion  and  surface 

courses 


Granite  block 
Vitrified  block 
Wood  block 

2.  Rbpaving  or  Replacbubnt  or  Pkucanbht  Pavehbnt. 
Displacing  existing  permanuit  pavements  cot  on  a  con- 
crete bsee  with  permanent  pavemeBts  having  a  con- 
crete base: 
Sheet-asphalt 

Bjiae,  binder  or  euahioD  aod  surface 
eouraea 


Base  and  aurbee 
eounas  


Granite  block 
^trified  block 
Wood  block 

3.  Surfacing  or  New  SEUi-FaBiUHmnr  P^vbhbht. 

Original  semi-permanmt  construction  on  unimproved 
and  newly  graded  roads: 

Water-Dound  macadam  with 

brokra  stone  base 
Water-bound  macadam  with 

teUord  base 
Bituminous  macadam  with 

broken  stone  base 
Bituminous  mscadam  with 

cement-conerete  base 

4.  ResuRrAciNQ  or  Restoration  Work. 

a.  Repladng    existing  semi-permanent 
pavements; 

Water-bound  macadam  on 
esisting  base 

Bituminous  macadam  on  ex- 
isting base 

Bitutninoua  macadam  includ- 
ing cwmen  t-con crete  base 

b.  Replacing  surfaces  of  existing  permanent  pavements 
on  existing  cement-concrete  baae; 

Sheet-asphalt 
Granite  block 
Vitrified  block 
Wood  block 
Bituminous 


or  macadam 


Surface  course  base 
and  surface  course. 


Binder  or  eoaUoB  and  bui>- 
faoeeomaea  
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Batnun  or  Work  to  bb  Pbkpobhk).  All  wtf mata  ot  qtuntity  Itenu  are  expreaBed 
in  the  nunnra-  and  In  th«  terms  indickted  in  the  schedule  of  standard  proponl  item 
t«rniB.  The  proposal  estimate  forms  each  contain  a  complete  list  of  such  items  as  are 
likely  to  be  included  in  the  character  ot  work  covered  by  that  spedflc  propoeal  eatiroata 
form.  All  fixed  data  is  printed  on  the  form,  while  all  variable  data  has  been  omitted 
and  blank  spaces  provided  for  the  iosertioo  of  the  required  standard  tenna.  Preceding 
«ach  item  on  the  proposal  estimate  forms  are  index  numerab  vhleh  indicate  where,  in 
the  sdMdule  of  proposal  item  terms,  the  standard  variable  terma  may  be  found.  These 
studard  rariable  terms  are  indicated  on  the  schedule  or  proposal  Item  terma  in  capital 
Qppe  and  are  endosod  in  parentlwaaB. 

None  AND  SracuL  RsQinRBiiENTs.  AH  proposal  data  to  dearly  and  briefly  ck- 
pmsed  but  to  not  abbreviated.  When  payment  to  to  lie  made  from  an  anticipated 
approprlatioD,  the  following  provision  to  used.  This  work  to  advertised  subject  to 
future  appropriation  by  Coundla.  When  it  to  obvious  or  probable  that  excess  grading 
may  be  required  the  following  prarfdon  to  used:  The  cost  of  aB  grading  that  may  ha 
required  in  connection  wltti  tids  wWk  shall  be  induded  In  the  price  Ud  for  paving  or 
other  work  as  Indicated. 

I^paratiou  of  the  Ori^nal  Proposal  or  Bid  Forms.  All  proposal  or  bid  forms  are 
typewritten  in  liactogrfpfa  Ink.  The  data  shown  on  the  propoeal  eatlmate  forms  to 
tranaoflMd  to  the  pr^Msal  forma  exactly  as  Indicated.  If  any  of  the  data  to  obviously 
or  apparently  inconect,  the  matter  to  reported  to  the  person  wbo  originated  it.  All 
devtoUons  from  the  standard  q>eciflcatioiia  and  any  special  requirements  are  noted  on 
the  propoeal  estimate  forms  and  approved  by  the  divisioB  Migineer.  If  these  notes 
are  so  extendve  that  thdr  indication  on  the  proposal  or  bid  form  would  be  Impracticable^ 
and  it  to  thwefore  necessary  to  adapt  or  revise  the  extoting  standard  spedflcatioas  to 
meet  the  requirements  of  the  proi^ective  work,  the  following  dause  to  entered  on 
the  proposd  or  bid  form  following  the  estimate  of  quantities:  Work  under  thto  con- 
tract  to  to  lie  performed  in  accordance  with  the  standard  spedfieations,  including 
correctioBa  as  noted,  of  the  Bureau  ot  Hi^wayn  for  (year)  marked  SpedficationBtor  the 
letting  of  (date).  It  to  further  understood  and  ap«ed  that  thto  proposal  becomes  a 
part  of  nUd  spedfimtions  and  further  that  if  any  conflict  exists  between  thto  propoeal 
form  and  the  spedfleatlonB,  the  terms  at  the  proposal  form  shall  govern. 

The  spedfle  kind  of  proposal  or  bldfoms  used  tvt  any  parcel  of  work  to  govOTiad  by 
tbe  character  ot  work  as  fallows;  Grading  streets  or  roads,  paving  dty  streets,  re- 
paving  or  resurfacing  dty  streets,  surfacing  or  resurfacing  country  roads,  other  rai»- 
celtoneous  work,  material  or  service.  Whenever  posdble  to  do  so,  all  the  data  to  written 
on  tbe  flfst  page  of  the  proposal  w  bid  form  so  that  the  bectographed  coplea  may  be 
prepared  in  nte  operation. 

Preparation  or  Tin  Hbotoouphbd  Copns  or  the  Proposal  or  Bid  Fosiia.  The 
number  ot  bectographed  copiea  of  the  propoeal  or  Ud  form  for  each  apeHflc  parcel 
ot  work  to  be  prepared  b  governed  by  the  probable  demands  of  prospective  bidden  and 
the  needs  of  the  contract  procedure  after  the  contract  to  awarded. 

Pbbparatiok  or  th>  Cost  of  Work  Estimatk.  When  the  quantity  of  work 
to  be  advertised  to  definitely  determined  upon,  a  report  to  prepared,  giving  sepa-- 
rately  for  each  division  the  following  data:   Character  of  work,  daasiflcation  of  work 

and  character  ot  matertota;  location  of  street,  name,  from  to  ; 

quantity,  square  yards  of  pavement  or  cubic  yards  of  grading;  estimated  coat,  lump 
sum  figures  for  the  total  cost  and  the  cost  to  the  dty  for  each  clasdflcation  and  chai^ 
bcter  ot  work.  These  reports  are  compared  with  the  appropriation  ledger  to  insure  tbe 
existence  of  the  necessary  funds  and  are  finally  approved  by  the  Chief  Engineer  aa  to 
the  quantity  and  character  ot  work  to  be  advertised. 

CHECKiNa  The  cbeddng  to  carefully  and  thoroly  done  and  any  necessary  aIteT»- 
ttons  made  in  red  ink,  and  the  original  data  stricken  out  but  not  erased.  It  to  cspedally 
important  that  the  data  shown  on  the  proposal  estimate  form  be  absohitely  accurate 
and  expressed  according  to  tlie  standard  meUioda  and  t«rms  before  being  transferred  by 
^pewritlng  to  the  proposal  OT  Udtorms.  Tba  typewrittoa  copy  ot  theprapcaal  ot  Md 
form  to  earefully  decked  with  the  original  handwritten  copy  of  the  proposal  estimate 
form.  Thereapondblllty  for  the  accuracy  ot  thto  final  checldngahould  be  centered  in  one 
peraon.  Spaces  are  provided  on  the  proposal  estimate  form  for  the  dates  and  Inltiato 
of  those  persons  tHvparing,  cbeddng  and  typewriting  the  forms.  Thto  data  to  supplied 
BO  that  the  reapoBstbtU^  tcr  arroia  ean  ba  pnvariy  plaesd. 
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PntuMoa  <rf  tiba  AdT«rti«eiiMat  SclMdol*.  For  aseh  Isttiiic  then  is  prepared 
«a  adwtlMinent  acbedule  in  which  each  claHiAcatfcm  of  work  ud  ehmneter  tA  pavement 
material  or  aervioe  ia  inchkled  in  a  Hpante  lettved  schedule  uranged  alphabeUeally. 
The  standard  anancsment  is  as  ladieatad  in  the  IoHowibk  qtedman  achedule,  but  whes 
M»c  ol  the  enuRtersted  r\umra  of  work  are  miadng,  ooly  a  eullldrat  series  of  lett««. 
>'-g*""'"K  with  A,  is  used  to  Indicate  the  sebeduksi  Work  advn-tised,  date;  bide  to 
be  received,  date;  drawing  nurabw,  street,  and  loeatfam  for  eadi  of  the  foUowiat 
sebedulea.  A,  gnuUaf.  B,  aheet^qihalt  paving,  C,  vitrified  block  paving,  D.  paaite 
bkiek  pevlng,  E.  wood  blodi  paving,  P,  ebeeMsphalt  repaving,  G,  vitrifked  hktt^  tc- 
paving,  H,  granite  block  repaving,  I,  wood  block  repaving,  J,  ■hrmt  eephsit  reanrfacinK 
K,  vltrUed  btedt  resurtedng,  L,  country  road  surfacing,  M,  country  road  reearfadnc 
N.etcotber  misfeltanenMsdiMSscf  wo^  iratflrtalB  orservlee.  Of  eadi  advertieemeeit 
schedule  a  suflUvit  number  at  coite  sfaoaM  ba  li«ctogr^>hed  to  satirfy  the  raquire- 
nents  of  the  praspeetiva  bidders  sad  tbe  contract  procedure. 

Advertisement  of  Proposalt.  Propossla  are  regularly  advertiBed  tbree  tiaue  In  five 
focal  daily  nuwmajei^  ens  of  aUdt  tasaiaa  tbe  find  advertidng  medkim  for  a 
period  of  8  mooths.  It  Is  vRtaUy  amnted  diat  collectively  adwtlMaMita  mppmr  ta 
a  morning  Dowqnper,  an  eveBlac  vrnmpmpttr  and  nemp^sn  pifntad  In  Gennan. 
Italian  and  Hebrew.  Wbsa  proposals  for  estenrive  work  are  advertfaed,  and  it  is  coo- 
aidered  advisable  to  do  so,  the  propoaak  sccoR-panied  by  an  eetimate  of  tbe  principal 
Items  of  tbe  work  are  pubBsbed  in  several  of  the  leading  engineering  jounala.  Wben 
tbe  nature  of  tba  wonk  or  owtoa  included  in  any  contract  is  auch  as  to  lequire,  before 
biddinc  an  OKteo  rive  study  of  tto  recpiiracentB  of  the  proposed  work,  or  to  neoeaeiute 
tbe  formulatioo  of  plans  on  the  part  of  the  bidder,  for  the  provirioD  or  ertabliahmwtt 
of  an  extenrive  plant  or  crganizatipn,  a  proportionately  longer  period  of  time  b  allowed 
to  elapse  between  the  initial  •dvertlsen'mt  and  the  iubmiasian  of  the  proposals  otbn^ 
wise  tim  time  allowed  varim  batwesn  10  and  16  days.  Immediately  after  Urn  worklms 
ben  advert Issd  Uiare  are  noted  on  tlw  contract  record  tbe  date  of  the  advartkansBt^ 
first  aiVMniMa  la  the  newspapers  and  tbe  date  of  the  letliag. 

Diitrilmtloa  of  flu  Pnpoeal  Ponns.  CompMe  sets  of  tba  proposal  or  bid  fwrna  for 
each  schedule  are  endoaed  in  proposal  envelopei  which  are  stam|wd;  Bureau  of  Higb- 
waya,  Sdwdule,  (letter) ;  Date  of  Letting  (date) . 

A  aec  of  apedficaUoni  for  the  «ark  covered  by  the  echeduka  ia  abo  enclosed.  Tbe 
Dumber  ti  seta  of  prtqiooal  forms  to  be  prepared  varies  wltfa  the  dewiands  of  tbs  priK 
apective  Uddera. 

A  specially  derigned  filing  cabinet  baa  been  provided  In  wUA  the  iwopoml  forms 
endoaad  ia  a  acbednle-lettered  propoaal  aubmladon  envelope  are  filed  accordlag  to  tbe 
date  of  the  letting  and  the  ectedule  letter.  Copies  of  tbe  ediedule  of  advertised  work 
are  diriributed  gratis  to  all  prospective  bidders.  A  complete  set  of  spedficatiotia  and 
pnqioBRl  forma,  properly  Indand  and  bound  reapectively  in  aeparate  looae4eat  falndnt 
aitd  a  complete  aet  of  jdana  of  the  pn^Moed  noik  ate  placed  at  the  diapoeal  of  the 
prospective  bidders  tor  thrir  Inapectitm  and  information.  No  charge  is  made  for  the 
propoaal  form,  but  a  charge  of  60  cents  a  copy  b  made  for  each  set  of  printed  epecifiee- 
tions  necmaary  to  cover  the  claaa  of  work  indicated  on  the  proposal  forms.  Snce  tbe 
entire  field  of  highway  cooatruction  b  covered  in  three  sets  of  ivintad  qMdficatlan^ 
the  maximum  charge  that  will  be  made  at  any  one  time  will  likety  But  eomeed 
irrespective  of  tbe  number  ot  propoeal  forms  issued. 

Inatallstioa  <rf  Sub-Suitace  and  Surface  Structurea.  Immediately  afta  tba  ad- 
vertisement ot  the  work,  copies  ot  the  advertisement  sdiedute  indicating  the  cbai^ 
actera  and  locations  of  the  advertised  work  are  prepared  and  isBued  to  pruepective 
bidders:  the  division  engineers;  the  dbtrict  assbtant  mgineera;  the  ccmtract  record 
derksi  the  dbtrict  surveyora;  tba  chief  derloi  of  both  the  sdaet  and  comnxm 
braariHs  ot  City  Coundla;  and  the  Departraant  of  Law.  Capim  ti  thaae  Bate 
are  abo  aent  to  ti»  sevnal  mnnldpal  bureaus  and  public  utilities^  vbooe  strae- 
tures  usually  occupy  highways,  accompanied  by  a  statement  that  tbe  Indicated 
work  b  about  to  be  performed  and  requesting  a  prompt  report  of  the  status  of  exist- 
ing and  prospective  conditions  relating  to  surface  and  underground  structures. 
Tbb  proosdure  fnsurw  the  eonstmetlMi  and  repair,  ahead  of  tbe  oonstmctlon  of 
pavsment,  of  all  necemary  stroetuiea,  Indodlng  aewera,  aewar  laterala,  manholea  and 
Inleta,  gaa  and  water  malna  and  aarrieea,  4actrie^  and  tdaphoaa  coodtdta  and 
servioei,  itnet  U^tting  and  strest  mihny  tradn^  and  any  othar  street  atneturaa. 
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Ib  raaponae  to  tfaeM  notUeaUona  the  municipal  bureui  *ad  public  utilities  wUl  Mrtify 
eith«r  that  all  neetanry  work  haa  been  flniahed  and  thereby  release  the  atreet  In  so  far 
ma  their  reqidrenienta  are  eooxxamed,  or  pubmlt  a  statement  of  ccotenipUtad  work, 
togethw  -with  the  period  of  tine  eatjinatod  for  [ta  complelkn.  Ralciw  are  oonaiderMl 
aa  final  raporta  tor  the  conditions  reported  on  and  all  other  reports  are  cotwtdmd  aa 
merely  proviaional,  but  both  rlimnm  of  reports  are  recorded  on  the  contract  record  In 
order  to  provide  an  up-to-date  lummary  of  the  exact  statua  of  the  sub-aurface  and 
ajTbee  itruetare  aituation.  On  the  flnt  of  each  month,  in  caaea  where  a  final  retort 
or  raleMB  has  not  been  racdTod,  «  tickler  statement  la  sent  to  mA  of  the  WTCral 
municif»l  bareaus  and  public  utUltiea  Bhowini  the  streeta  for  which  their  respective 
releases  have  been  requested  but  not  received. 

Simultaneously  with  the  advertisement  of  all  work  except  gradlnf,  the  district 
■MiatMit  Mfineer  in  whose  district  the  propoeed  work  prevails  is  also  requeated  to 
report  upon  the  condition  of  the  curbing.  Whara  the or  reaetdng  of  cnrfa- 
ing  b  required  the  dlatriet  aMlatant  oifineer  servca  on  the  tenant  of  tite  abuttlnc 
pr(4>erty  a  notice  requiring  that  the  work,  such  aa  b  indicated,  be  finished  wltliin  80 
days.  If  at  the  expiration  of  30  days  the  necessary  work  has  not  been  done  a  further 
notiea,  demanding  that  the  work  be  done  within  48  hr  is  served,  which,  if  unattended  to, 
la  ftdlowed  by  the  isauance  of  an  order  on  the  contractor,  having  the  annual  mrbinc 
woric  contract,  to  do  the  neceoary  wcM-k  and  ssseas  the  cost  against  the  abuttiDg  prop- 
erty owner.  The  district  aasiatant  engineer  also  aervee  on  all  tenants  of  pn^ierty 
abutting  on  a  street  on  which  pavement  is  to  be  laid  a  formal  notice  to  install  any 
necessary  sewer  laterab  or  water,  gaa  or  electric  services  or  other  underground  con- 
nections within  20  days.  The  district  a^stant  en^eer  then  subnoita  to  the  main 
office  a  report  showing  the  statua  of  the  curbing  and  also  adviaes  of  the  existence  of  any 
cenditian  that  would  make  it  naoenary  to  delay  the  phyrieal  proaeeution  of  the  hi^ 
way  construction  worit 

Submission  of  Proposals.  A  central  locked  proposal  rvceptade  has  baen  provided 
and  placed  in  a  location  where  it  is  at  all  timea  in  view  of  the  bidders  and  where  the 
depositing  of  proposals  cannot  be  observed.  After  12  o'clock  noon  of  the  day  of  the 
leuiag.  the  propoml  receptacle  is  publicly  opened  and  ttw  Uds  road  aloud  and  also 
written  on  blackboards  which  are  exhibited  for  the  several  sueeeeding  days  for  the 
infonnalian  of  the  public^ 

Contract  Ledger.  After  bids  are  received  there  is  also  originated  a  contract  ledger 
sheet.  In  addition  to  the  principal  items  of  information,  there  are  also  Indicated  on 
this  form  tiM  dates  and  serial  numbers  of  all  estimates  of  finished  work;  the  dates, 
warrant  aerial  numbeta  and  amounts  of  payments;  thfi  datea  and  amounts  of  any 
plus  or  minua  adjuatmanla;  the  unexpended  balance  of  fundi  allotted  to  the  contract; 
the  date,  percentage  and  amount  of  any  cash  deposit;  and  the  datea  of  the  release 
of  the  cash  deposit  and  security  bond. 

Depending  upon  the  status  of  the  contract,  the  contract  ledger  forms  are  sub-divided 
Into  four  separate  divisions  each  of  which  is  filed  in  separate  binders  as  follows:  (1) 
Bids  received  and  contracts  not  yet  awarded;  (2)  contracts  awarded;  (3)  work  flnisbed 
•nd  under  maintenance  guarantee;  (4)  work  finished  and  not  under  maintenance 
cuaraatee. 

Schednl*  oC  Blda.  After  the  opening  ot  the  bide  and  the  extension  of  the  proposals, 
the  schedule  of  bids  form  la  prepved  in  triplicate  in  one  operation,  by  typewriting,  and 
one  copy  filed  reapeetively  in  the  office  of  the  Bureau  of  Highways,  the  Director  of  the 
DeiNUtment  <a  Public  Worka  and  the  City  Controller.  The  schedule  of  bids  form 
containa  the  sdiedula  letter,  the  dumetarot  the  worii  and  the  date  of  letting;  the  locar 
Hon,  iteoM,  estimated  quantitieB,  unit  and  total  bid  prices  tor  each  particular  parcel  cf 
work ;  and,  the  name  and  address  of  the  biddera.  From  the  data  shown  on  this  schedule 
are  determined  the  successful  or  lowest  bidden. 

Statement  for  Newspapers.  Immediately  after  the  receipt  of  bids  a  statement  is 
prepared  for  the  several  local  newspapers  indicating  names  of  the  streets  upon  which 
the  proposed  work  will  be  done,  the  number  of  contracts  tnd  the  estimated  vahie  of 
each  clan  of  worit  upon  which  bids  were  received.  If  it  is  possible  to  do  so,  the  naraea 
of  the  low  biddera  are  also  givoi. 

Report  of  Low  Bidders  and  Prices.  After  the  bids  have  been  scheduled  a  report 
of  tba  low  Uddara  and  prieea  is  prepared.  From  this  report  a  statament  la  prepared 
and  submittod  to  .the  ChM  of  the  Bureau  glvbig  the  total  quantitle*  and  unit  Ud 
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priew  for  gndiat  and  mA  dunetar  of  pavmeBt  and  ita  oMnpoBMit  parta;  and  tfe 
total  amooDta  erf  the  low  prleca  tor  the  work  Included  in  oaefa  Kb«dul«.  Another 
Matemeiit  ia  alao  praparad  and  aubadttad  to  the  local  naw^iapaiB  and  certain  arinrtui 
taehnicBl  joonuJii  indlcatini  limilar  data  arapt  for  tha  addUln  td  tha  namaa  ud 
addNMa  of  tha  low  bidden  and  tha  omiwlon  o(  tha  prieaa  on  tba  wpo— at  parte  «l 
panmoita. 

Dlipoaltka  of  CartUled  Chaekt.  A  raeord  of  all  the  eortlfled  diocka  aeBomp«iiyii« 
the  iwopoaala  b  prepared  in  triplfeata  on  certified  chadc  and  contract  award  reeord 
fonne  and  two  eopim  are  forwarded,  tocetber  witfa  the  flerti6ad  dkecka  to  the  offlea 
the  Director  of  tha  D^iartment  of  Public  Worin.  The  duplicate  eapy  ia  receipted  ud 
returned  to  tlie  Bureau  of  Hichways  for  Ble,  while  the  orlfinal  copy  ia  retained  in  the 
Dlrector'a  office  and  receipted  by  tlie  bidder*  to  whom  the  checks  are  retURMd.  Tho 
cb*ck  of  the  sueceaaful  bidder  ia  retained,  however,  until  the  executioD  of  the  eonti«ct. 

Award  of  Contract.  '  The  triplicate  copy  of  the  contract  award  form  la  forwardad  to 
the  Direetor'B  offlce  accompanylnt  the  achedule  of  bids  and  consUtutea,  after  beb^ 
rignad  by  the  Chief  of  the  Bureau  ot  Highways,  the  formal  lecomnMndatioo  tor  the 
award  of  the  contracta  mm  indicated.  If  the  recMnmendad  awarda  are  aniro>v«d.  the 
tHptkate  copy  is  elgned  by  the  Director  and  returned  to  tha  Bureau  of  Highwajra,  aa 
the  formal  approval  of  the  award.  All  three  coplea  <rf  this  rorm  indleate  the  cfaanteCar 
of  the  work  advertiaed;  the  achedule  letter  and  date  of  raeelpt  of  bida;  the  name  and 
addnaa  of  tha  Uddeni;  and,  the  amount  ot  their  certiAed  dMdo,  and  eartdn  other  pro- 
cedure  data  which  variM  aecordinf  to  the  apedflc  funetloB  ol  each  ot  the  three  forma. 
Upon  the  receipt  of  the  approved  eontmet  award  reeommondation  thm  la  antend 
on  the  contract  record  the  followinc  data:  the  name  and  add  ma  of  ooo- 
tnctor;  the  date  of  the  award  of  the  contract;  the  amount  of  the  eertifled  dieek;  tho 
item  and  eathnated  quantitiea  of  the  mtk  to  be  pert onned;  tiia  unit  and  total  prieai 
bU  and  the  duration  of  the  maintenance  guarantee  period. 

Xxectitloo  of  Contract.  Unhae  the  goreralng  eoaditlcas  are  aueh  that  the  phyaleal 
construction  work  can  not  be  perfonned  within  t  reaaonable  time,  the  Director  of  the 
Department  of  Public  Worka  Ib  asked  to  requeat  the  Department  of  Law  to  prepare 
tiw  contract  and  have  it  executed.  This  request  Is  accompanied  by  four  copies  of  the 
IKopoaal  form  and  spedflcationB  applying  to  that  particular  pareel  of  work.  These 
copiea  of  the  contract  are  ultimately  diapoaed  as  follows;  ooe  copy  is  glvett  to  ILs 
eoQtractor,  and  one  Bled  in  the  offlcee  of  the  Mayor,  the  Department  ot  Imt  and  the 
Buraan  of  Highways  reepectively.  From  the  requests  for  the  executicm  of  a  cmtraet 
is  determined  and  entered  upon  the  contract  record  the  following  data:  The  contract 
number  and  the  date  on  which  It  is  ordered  executed;  the  amount  erf  the  penal  bond; 
the  amount  of  the  funds  allotted  to  the  contract;  the  appropriation  Item  number; 
the  amounta  of  both  aaacaaable  and  non  amessalile  Uabilty  and  the  time  allowed  for 
the  completion  of  the  work.  ITpmi  the  receipt  from  tha  DapaitmeBt  ot  Lav  of  an 
executed  contract,  the  date  of  execution  ia  recorded  on  the  eontraet  reeord,  after  iMA 
the  contract  is  signed  by  the  Chief  of  the  Bureau  of  Highways,  the  Director  of  the  De- 
partment of  Public  Works  and  the  Mayor.  Formal  notice  is  sent  to  the  Bureau  erf 
Hi^ways  of  the  date  on  which  the  contract  ia  appmred  and  aigned  by  tlie  Mayor 
and  this  is  also  noted  on  the  contract  reemd.  Piiptw  of  tlie  pnqMaal  form  and, 
if  necessary,  the  spedttcationB  are  then  forwarded  iwpectlvdy  to  the  contractor, 
the  district  assistant  engineer  and  the  district  surveyor. 

Rejection  of  Bid  or  Annulment  of  Contract  When  conditions  arise  that  necesri- 
tate  or  make  advisable  the  rejection  of  bids  or  the  annulmmt  of  a  contract  there  are 
notadon  the  contract  record  the  date  and  the  reason  for  the  action  that  hi  reeommeiided. 
The  matter  ia  referred  by  the  Chief  of  the  Bureau  of  Highways  to  the  Directs  of 
the  Department  of  Public  Works  for  his  approval  and  appropriate  action.  Upon 
notice  of  the  Director's  approval  of  the  recommended  action,  the  date  of  the  approval 
is  entered  on  the  contract  record,  and  also  the  date  of  the  final  dlapoaitian  of  the  matter. 
When  bids  are  rejected  or  a  eontmet  annulled,  the  ecmtraet  record  ia  noted.  Inactive, 
see  revised  record,  and,  after  being  Initialed  by  the  respective  division  engineer,  is  filed 
in  tile  inactive  file.  For  every  record  ao  filed  a  new  record  la  origbiated  and  noted 
Revised  record.  The  revised  record  contains  all  the  pertinent  data  shown  on  the  In- 
active record. 

Notice  to  Contractor  to  Proceed  wHh  Work.  When  a  contract  has  been  sigiiad  by 
tha  Mayor  aad  aU  the  raqnaated  rela—ei  tor  »  «eclS«  stnat  bar*  bMD  raeilvad  aad 
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tlwira  exl>b  no  other  rauon  for  Ivrtha  delaying  the  proMeution  of  the  work,  an  im- 
datad  notice  to  the  contractor  to  proceed  with  the  work  ia  prepared,  and  placed  in 
the  Available  NotioM  to  Proceed  file  from  which  file  the  notieca  an  removed  Iqr  the 
leepeetiye  diTUati  engineer  aa  rapidly  aa  the  coBtnetora*  woiUlig  eapaOtr  wUl  prndt 
and  at*  tHoad  by  the  Chief  of  the  Boimu  to  ttM  contractor.  The  date  of  the  Imance 
of  the  notioe  to  proceed  la  entered  oo  the  contract  record.  Cot^  of  tba  notiee  to  pro> 
eeed  are  f nmtabed  to  the  following:  The  etmtraetor,  accompanied  by  a  copy  of  the  dnw- 
inga:  the  district  anistant  engineer;  the  district  surveyor;  the  Bureau  of  Water;  the 
permit  diviaicHi  of  the  Bureau  of  Highways  and  any  municipal  bureau  or  public  utility 
iriiidt  derfrea  to  do  work  that  cannot  reasonably  be  dcMie  in  advance  ol  the  highway 
oonstruetion  work.  The  neoeaaity  for  this  latter  notice  will  be  ascertained  by  refer- 
ence to  the  notes  on  the  contract  record  requesting  it.  If  a  notiee  to  proceed  is  retailed, 
the  above  indicated  bureaus  or  public  utUities  are  notified  of  the  fact  and  the  date  of 
its  recall  noted  on  the  contract  record.  In  general  a  notice  to  proceed  la  never  iastwd 
until  all  structural  work  is  flnished.  When  there  eztsts  an  urgent  neceadty  for  the 
toauance  of  a  notice  to  proceed  with  a  portion  of  the  work  prior  to  the  completion  of 
certain  structural  work,  a  statement  of  understanding  and  agreement  accompanies  the 
notice  to  proceed  aent  to  the  ecOtractor  by  which  the  contractor  agrees  to  defer  the 
laying  of  pavement  at  tlie  locations  wbera  sub<sinfae*  or  snifaee  structural  work  h 
in  progress.  Cojries  of  this  lettw-  are  forwarded  also  to  the  mimiefpal  bnrean  or  pnbUc 
ntOi^  involved  and  tiie  dtltrlct  aariatant  engineer. 

Division  Engineers'  Pwgreii  Reports.  On  each  fourth  Monday  morning,  the  divi- 
sion engtneera  submit  to  the  Chief  Engineer  a  statement  ot  tba  atatus  i4  aU  the  work 
under  contract  in  their  respective  divisions.  These  reports  contain  «  record  of  the 
character  and  limits  of  the  woric;  the  name  of  the  contractor;  the  status  of  the  structural 
cMiditfaHia  and  *4  the  contract;  and  the  dates.  If  any,  ot  the  iMuance  trf  the  nodes  to 
proeaed  and  of  the  starting  of  the  woric 

Inspectors'  Dally  Progress  Report.  For  each  day  that  the  physical  coDstnidlDn 
work  ta  in  progress  the  Inqtector  supervisbg  the  work  transmits  to  the  main  ofHce  a 
dally  progress  r^M>rt  (see  Form  J).  This  report  indicates  tbe  character  and  limits 
of  the  worii  under  contract;  the  character,  quantity  and  location  <rf  the  work  performed; 
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the  name  of  tbe  contractor;  the  number  and  total  hours  of  time  for  each  class  of  labor 
and  eqi^^nnant;  the  total  howa  dnrtng  which  the  woik  waa  hi  progreM;  the  inqteetor'a 
dgnatuie  and  the  date  <rf  the  report.  Tbtaerq>ortBanlBaudidataUthat,if  Itbdealrad 
to  do  so.  they  may  be  imsd  to  plot  the  progrsaa  of  Uie  work  on  a  progress  map 
from  tbe  Qrst  nport  submitted  there  is  entered  on  tbe  contract  record  tb»  date  of  the 
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■tvtmc  of  the  work.  After  bdug  inapected  by  tba  nqwedva  divWoB  nnliiiiri.  tbc 
prognM  reporta  for  mdi  parcel  of  work  m  filed  tofetlter  chnwolotioally. 

Completioo  of  a  Coatnu*.  Upon  the  ntiafactory  eompletfon  of  ■  eoatnet,  tbt 
dbtricC  udsUnt  angliter  wUl  earttfy  tba  fact  to  the  main  ofltce,  and  wfll  alao  iwUeale 
OB  a  aeparate  report  whatlwr  or  not  this  work  waa  floiahed  witUn  tb«  time  aHomH 
for  its  completlan.  If  the  work  haa  not  been  finished  within  the  aBowed  time,  the  nura- 
ber  of  days  of  delay  Is  reported  and  entered  oa  the  contract  raeotd.  U  there  ja  no  m- 
aonabla  excuae  for  the  delay  the  liquidated  damagea  provided  for  are  charted  ntalit 
the  contract,  after  bdag  approved  by  the  diriaian  eogiiMer,  the  Chief  at  the  Boieea 
at  mi^wayi  mad  the  Director  of  the  DepertiiMnt  of  Public  Woriok  The  nnmber  e( 
days  for  which  the  damaiea  are  exacted  is  recorded  on  the  contract  reecHtl.  The 
inspector  or  inspectors  assiKned  to  the  supo^risitMi  of  contract  work  are  leqmred  to 
execute  for  the  period  of  their  assignment  a  certification  indicati&c  that  the  work  ens 
performed  in  etrict  accordance  with  tlie  dnwinca  and  speciflcatjoos.  Ttaw^l  open 
this  report  of  tlte  completion  of  the  work,  tlie  district  surveyor  is  aathorieed  to  prepan 
final  tetimates  and  Ulls,  and  the  date  of  the  oouidetion  of  the  work  is  recorded  on  tht 
contract  record. 

Final  Estimates.  Upon  the  receipt  from  the  district  surveyor  c4  the  final  eetimaU 
and  bill  for  the  work  performed  the  followinc  data  la  recorded  oo  the  eoatnet  neeoid: 
The  actual  quantities  and  coat  of  the  work  performed;  the  aMHable,  non  awjbk 
and  total  UabiUty:  and  the  tength  in  feet  of  the  highway  aSeeted.  All  aatiaatea  an 
anhieet  to  the  joint  approval  of  the  Inspeetor  assigned  to  anpervlM  the  woric.  tlw  dirtdct 
aaaistant  engineer,  the  dividoB  engineer  and  the  Chief  Ent^neer. 

General  Operating  Inttructiona.  The  reeponaibility  for  the  operation  of  the  con- 
tract procedure  is  ceotralixed  and  is  under  the  supervision  df  the  principal  asiisaBt 
engineer.  Tlte  records  are  available  for  general  use  oaly  on  appuieBlioa  to  the«  is 
diarge  of  the  details  and  filing  system  and  no  Individua]  recoida  may  be  nmani 
from  the  flka.  In  general,  the  ooBtraet  reeonts  are  Sled  alphabeHwIly,  followed  bt 
numbered  streets,  filed  numerically.  The  contract  records  are  advanced  thru  the 
several  diviaioaB  of  the  procedure  as  rapidly  as  conditimis  will  permit,  and  a  fte- 
qiHot  check  of  tiie  records  in  each  division  is  made  to  insure  that  tbeir  progresa  is  not 
unnecessarily  delayed.  All  entriea  on  the  contract  reoMds  are  made  ia  bkdt  ink. 
«Kcept  data  pertaining  to  aaecesable  liability,  which  is  made  in  red  I&k.  RulAer  itanvs 
are  used  for  entering  data  wherever  th«ir  tise  will  eeoBcmin  time  or  sBable  tte  data 
to  be  more  nytidly  interpreted.  The  date  and  aerial  tcglstacatka  tUng  wwabef  af 
all  data  recorded  is  also  noted  on  the  c«itract  record. 

14.   Genml  dausas  In  Spedltcatknis 

The  different  activitiea  of  a  highway  department  require  that  man}' 
apecificatiooa  be  written.  It  is  desirable,  in  order  to  avoid  misunderstBnd- 
ings  and  promote  uniformity  in  practice,  that  all  the  general  clauaes  of 
specifications  used  in  a  given  department,  and,  if  practicable,  in  all  depart- 
ments of  a  given  state,  county,  township  or  municipality  be  identical- 
These  clauses  should  also  be  in  the  chronological  order  in  which  the  dif- 
ferent matters  to  which  they  relate  will  present  themeelvcfl  to  prospective 
bidden,  and  all  elauaea  relating,  or  interrelating,  to  a  partinilar  mhiert 
should  be  grouped.  One  of  1^  great  trouUes  with  sperifiirations  is  that 
the  general  clauses  are  scattered  thruout  the  specifications,  and  very  often 
a  particular  clause  is  repeated  several  times.  The  following  Staodani 
General  Clauses  for  the  Specifications  for  the  Department  of  Public  Worls 
of  Philadelphia  wore  compiled  in  1915  by  a  committee  composed  of  Georier 
S.  Webster,  Chief  nf  Bureau  of  Surveys;  Carlton  E.  Davie,  <'hief  of  Buieaa 
of  Water:  and  W.  H.  Conncll,  Chief  of  Bureau  of  Hi^wi^  and  Hireet 
Cleaning,  Chairman. 

Standard  General  Clauses  for  Speciflcatioaa  of  Uio  DepartmmU  of  PbUc 
Works  of  PUladelpUa,  as  adopted  in  1915,  ate  as  foUovra: 

ft  is  naderatood  and  agtMd  that  evwythini  haniB  mntalanil.  and  aba  tlw  vceptaal 
or  Ud,  an  hanby  mada  part  of  these  qMcUsatioBa. 
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De&nition  of  Tenns.  Wherever,  in  these  apedflcatioiu,  the  following  worda  and 
expravions,  or  pronouna  uaed  io  their  Btead,  occur,  they  abtH  have  the  meBLDines 
here  given:  City  ahall  mean  the  City  of  PhUftdelphia.  Director  ahall  mean  the 
Director  of  the  Department  of  Public  Worka.  Engineer  shall  mean  the  Chief  of  the 
Bureau  of,  inaert  b«e  the  name  of  the  Bureau  issuing  the  apecilkationa,  acting  directly 
or  thru  his  properly  authorized  agents,  euch  agents  acting  severalty  within  the  scope 
of  the  partfeular  duties  entrusted  to  tluan.  Contractor  shall  mewi  the  party  of  Om 
second  part  to  this  agreerorat.  Wherever  in  these  spedfleations  or  upon  the  drawings 
the  words  directed,  required,  permitted,  ordered,  designated,  prescribed,  or  words  of 
like  inqxwt.  are  used,  it  shall  be  underatood  that  tin  direction,  requirraiait,  permiMion, 
order,  derignatlon,  or  ptvaCTiption  of  the  Eni^near  la  lataodad,  and  riralluly,  the  worda 
approved,  acceptable,  BatJafaetory,  or  words  of  like  Import,  shall  mean  approved  by, 
or  acceptable  to  or  satisfactory  to  the  Engineer,  subject  in  each  ease  to  the  final  de- 
termination of  the  Director. 

Work  to  be  Performed.  Each  Bureau  will  insert  here  a  general  description  of  the 
work  to  be  performed,  and  also  a  list  of  drawings.  If  any. 

QaaliBcations  of  Bidders.  Bidders  must  be  reaponsible  and  c^nble  of  performing 
the  work  called  for  by  the  drawings  and  apedflcatlona.  Bidden  must  carefully  ex- 
amine the  drawings,  spedfleations,  exhibited  scbsduks,  and  proposal  and  contraet 
forms  before  submitting  their  propcaats. 

Examination  of  Site.  Bidders  roust  examine  the  location  of  the  prqwaed  worit 
and  make  themselves  acquainted  with  the  eondltloBB  on  the  ground  and  the  diaractar 
of  material  to  be  encountered. 

Time.  Bidders  will  ,take  notice  that  the  time  tor  the  completion  at  the  work  Is 
based  upon  working  days,  said  time  being  fixed  by  the  Department  of  PubUe  Wwka 
and  is  named  in  the  proposal  form. 

Proposal.  All  proposals  must  be  made  upon  the  proposal  forms,  which  are  obtained 
at  the  office  of  the  Engineer.  Propoaala  which  contain  any  omissionB,  erasurea,  alter- 
ationa,  additions  not  called  for,  condltiMul  bids  or  irregularities  of  any  kind  or  proper 
■ah  otherwise  regular  wMeh  are  not  aecMnpanled  by  a  gnaranty  bond  or  a  oerttted 
check  and  a  certificate  from  the  Department  of  L*w  that  a  bidding  bond  baa  been 
filed  or  upon  which  the  surety  la  not  named,  may  be  rejected  as  informal. 

Method  of  Expressing  Bid  Prices.  All  bids  must  be  written  with  ink  in  words  and 
Bfures  and  (or  each  item  where  a  price  la  called  for.  In  case  of  discrepancy  the  written 
worda  shall  be  conridered  as  being  the  pricee  bid. 

Proposal  Bond.  The  ordinance  approved  May  25,  1860,  requires  each  bidder  to 
file  in  the  Department  of  Law  a  bidding  bond  in  the  sum  of  fSOO,  and  to  encloee  with 
the  proposal  a  certiflcate  from  the  Department  of  l«w  that  such  a  bond  has  been  filed, 
but  when  the  total  amount  of  the  bid  Is  less  than  |600,  no  proposal  bond  wUt  be  required. 
If  the  bidder  to  whom  the  contract  shall  have  been  awarded  sliall  refuse  or  neglect  to 
execute  the  contract  within  10  days  aftw  being  notified  so  to  do,  the  amount  of  the 
bond  shall  be  forlnted  to  and  retained  hy  the  Clly  aa  liquidated  damagea  for  audt 
neglect  or  refusaL 

Naming  Snretiea.  Every  proposal  must  name  the  sureties  that  will  be  faralahed 
on  the  required  bonda.  Contracton  will  not  be  permitted  to  change  the  snreties 
on  the  bonda  submitted  by  them,  it  they  are  tram  raq>onMble  sources. 

Ouaranty  for  BxectUioo  of  Contract.  Badi  propoeal  muat  be  aceompanied  by  a 
guaranty  bond  that  the  Udder  to  wboro  the  eontiact  is  awarded  will  enter  Into  the 
contract.  Such  guaranty  idialt  be  either  a  bond  or  a  certified  check  as  stipulated  in 
the  proposal.  In  case  a  bond  is  called  for,  such  bond  shall  be  executed  by  a  responsible 
surety  company  upon  the  blank  form  furnished  for  that  purpose,  that  the  bidder  will, 
if  awarded  the  contract,  execute  sudi  contract  within  10  days.  In  caae  a  certified 
check  is  stipulated,  such  dieck  ahall  be  in  the  amount  indicated  In  the  proposal.  All 
certified  diedca,  except  that  of  the  sueeessftil  bidder,  will  be  returned  within  S  days 
after  the  contract  la  awarded.  When  the  award  of  the  contract  ia  deferred  for  a  period 
of  time  longer  than  10  days  after  the  receipt  of  Uda  Um  eertifled  checks  will  be  nAumad, 
provided  there  is  substituted  a  bond  for  an  equal  amoont  prepared  in  form  suitable 
to  the  dty  aolldtor.  Checks  of  aucceostul  Uddsra  will  be  returned  wbm  the  contract 
)i  executed  and  the  surety  bond  is  filed. 

HeAod  of  Submitting  Proposals.  Proposals  ahould  be  submitted  In  sealed  envelopes 
funlBhsd  with  the  several  blank  im^aaal  foms  by  the  Engineer.   Pnqmsals  shall  be 
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dipailtod  In  tlw  pnvoMl  tiox  st  Roam  Sl^  Cltr  BiH.  PbUttddpUa,  Fwiiiiiylmiu, 
nDtU  It  o'doek  boob  on  tbt  dat*  ladkaUd  in  the  pn^wnl  torn,  at  which  tiioM  all  bkb 
win  bt  pabHcalty  opened  and  read  in  Room  226. 

Mtaata  of  QvantitlM.  The  eatiniatc  ol  qnantitfea  b  approximata  and  ia  atatal 
only  for  tha  purpon  <rf  cMnparinc  bidi  and  dttarmining  tba  low  Udder. 

Ptaaonte  of  Biddan.   Hddan  ara  invltad  to  1m  pnant  at  tha  epeninc  of  bida. 

VnbabacadBMa.  BidainwUehtha|ffIeeaare6bvloudynitbaIaneedniaybet«iaeUd. 

Right  to  Re}act  Bide.  Tha  Director  raaervea  to  Umeetf  the  rifht  to  t«jeet  mny  or 
all  bids,  aa  he  may  deem  beat  for  the  intovata  of  the  City. 

Time  in  Which  to  Bzecnte  Contract.  The  bidder  to  whom  the  award  ehall  bmvm  been 
made  mnat  execute  tha  oontraet  within  10  days  after  beini  notiflad  ao  to  do  by  tha  Otj 
SoKdtor. 

*  SoTotT  Boid.  The  Udder  to  whom  tha  contract  it  awarded  wiD  be  raqidrad  to  ex- 
ecute a  bond  for  the  faithful  executton  of  the  work  in  tlie  eutn  of  onoJudf  tha  amonat 
of  the  contract,  in  accordance  with  ordinance  approved  July  S,  1870. 

CancelUtioa  ot  Award.  The  Director  reeorvea  the  right  to  cancel  the  award  of  any 
contract  at  any  time  before  the  eucutlaD  of  the  eamt. 

Penal  Bond.  In  addition  to  the  sure^  bond,  and  fn  accordance  with  an  ordinance 
approved  March  80, 1 896,  entitled  "An  Ordinance  tor  the  protectitm  of  aub-ccmtractofa, 
aa  well  ai  pereont  fumiahing  materlala  and  labor  tar  the  cooatructioo  <rf  bujldiagi 
for  the  City  of  PUladelphia  or  tor  any  other  Cf^  work."  alao  a  waptiimamt  to  tha  mna 
approved  April  8, 1909,  tl>a  Contractor  will  ba  raqoired  before  eonUMndng  each  woi^ 
to  execute  penal  bondm  in  suma  aa  foUowa: 

Amount  ol  Contnct  Percent  of  Amo<mt 

of  Contnct 

ForysOOOaadlHa.   60 

Over  $6  000  and  lea  than  110  000   40 

For  $10  000  and  lem  than  $20  000     S5 

For  120  000  and  km  than  $60  000...   SO 

For  (60  OOO  and  lem  than  $100  000   » 

FW 1100  000  and  Ima  than  tS60  000   IS 

For  $260  000  and  upwardi.   10 

Chargea  of  Department  ci  Law.  The  chargm  made  by  tlw  Dapartnunt  of  Law  in 
connection  with  the  preparatim  ot  bonds  and  Mmtracta  are  Sxed  by  Oidiaanea  of 
Counola  approved  March  28, 1881,  and  are  aa  followa: 

PnyMalbonda   $Seadi 

Other  iMBda,  emtraet,  penal,  etc   $6  each 

Contraeta  involving: 

$1  000  or  leaa.   $3  eadi 

Over  11  000  and  not  exceeding  $6  00O„   $S  each 

Over  $6  000  and  not  exceeding  $10  000   $10eaeh 

Over  $10  000   $20  each 

Lawa  and  Ordinancoa.  All  Ordinanoea  of  the  City  of  Philadelphia,  Lawa  of  the 
State  of  Pennaylvania  and  of  tlie  United  Sutea  ahall  be  obaerved  by  the  Contractor. 
Any  contract  awarded  tmder  Ihcae  apedflcationa  will  be  aubjeet  alao  to  tbe  provimtxia 
of  tbe  following  Acta  of  Assembly  and  Ordinances  of  Coundla:  (1)  Act  approved 
June  26,  1896,  and  Ordlnanoe  approved  Dec  16,  1896,  providing  tliat  none  bat  dti- 
sen  of  the  United  Statca  shall  be  employed  in  any  capadly  on  munldpal  worit;  (2) 
Ordinance  approved  Nov.  26,  1891,  and  tha  Amendment  thereto  approved  Dec  28, 
1896,  relating  to  the  preparation  and  nae  ol  atone  that  may  enter  Into  woifc  done  onder 
contract  with  the  City;  (3)  Ordinance  approved  Dec  10,  1901,  providing  tltat  compe- 
tent worionen  atiall  be  employed. 

Time  oi  Commancament  and  Compietioa.  Tbe  Contractor  shall  be^  work  within 
.  .  .  daya  fiwn  tlta  data  of  tha  notice  i^ven  to  that  elfeet  by  the  Eag^netf,  and 
ahall  complete  all  woA  under  tUa  contract  within  the  time  qieeifled  which  will  be  nA- 
oned  from  the  date  of  tbe  expiration  of  aaid  notice. 

Patented  Appliances,  Rrodncta  or  Proceaaea.  The  Contractor  agreea  to  indemnify 
and  aave  harm  leaa  the  City,  the  Director  and  bia  aaaiatanta  from  all  aulta  or  sctioaa 
of  avoy  natwa  ud  dmeriptioD  Immght  agaiaat  tiwm,  or  cithH  of  ttiom,  fm-  or  « 
account  of  the  uae  of  patented  mpMawrm,  producta  or  ] 
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Material  Stmpln.  No  materiala  shall  be  used  in  the  wtaV  unkM  eonfiwinlDE  to  tb» 
requirements  of  tboe  spedflcattons,  and  before  any  eontract  b  awarded  bidders  will  be 
requiredup«Mirequeat  of  theEngineer  tofiunisha  ccHnpletestat«meataf  tbeoricin,  com- 
poaition  and  manufacture  of  all  materials  to  be  used  on  the  work,  tofetber  with  nmptw 
of  the  aaine,  which  sanqilw  may  be  wbjeeted  to  the  tests  herds  prwilded  to  datermliiB 
their  quality  and  fltness  for  the  work  and  must  all  meet  such  testa  to  the  Mtkf action 
of  the  Ensiceer.  The  Contractor  shall  furnish  any  additional  samptee  when  required 
and  permit  any  designated  repreeoitatiTe  of  the  Engineer  to  Inspect  any  and  all  ma- 
terials being  used  or  desired  to  be  used  at  any  time  before,  during  or  after  Its  prepara- 
tion, or  while  batng  wad  dnrlng  the  profwas  of  the  work,  or  after  the  wwk  Is  ooof^eted 
and  all  such  material  not  ewformliis  to  the  requtremeats  at  the  spedfleatlMH,  whether 
in  place  or  not,  shall  be  rejected  and  shall  be  immediately  removed  from  the  work. 

Fixed  Prices  for  Contingent  Work.  The  attention  of  bidders  b  called  to  the  fixed 
prices  for  contingent  woric  given  in  the  propoeal.  It  Is  understood  that  all  definitely 
anticipated  incidental  work  will  be  included  in  the  cetiinate  of  quantities,  and  that 
bid  prices  for  such  incidental  work  will  be  asked  (or.  The  Contractor  will,  however, 
be  required  to  do  at  the  apedfled  fixed  prices  any  other  incidental  work  not  included  in 
the  estimate  of  quanUtIa,  which  may  become  necessary  to  the  proper  execution  of 
the  contract.  Where  a  price  is  asked  (or  on  the  proposal  form  for  any  such  incidental 
work,  it  is  also  understood  that  the  unit  price  bid  will  govern  tor  all  work  at  this  rlsss. 
even  altho  a  fixed  unit  price  for  such  work  be  specified,  and  em  it  the  eatlnate  al 
quantities  he  exceeded  In  the  performance  of  any  contract. 

Additional  and  Contingent  Work.  The  Contractor  shall  do  such  additional  work, 
other  than  that  dedgnated  In  the  esttmate  of  quantities,  as  may  be  nsesssuy  in  the 
opinion  of  the  Engineer,  to  fully  complete  the  work  as  planned  and  contemplated, 
and  will  receive  in  full  payment  for  such  additional  work  the  prices  shown  in  the  pro- 
posal or  in  the  sdiedule  of  Axed  prices  for  oontingent  work,  and  la  the  same  manner  as 
if  sudi  work  had  been  bidudad  In  the  original  eatimata  of  quantities.  Whanew 
such  additional  work  comprises  or  consiBts  of  work  coming  undw  the  serml  risasi 
fications  for  which  fixed  prlcea  are  named  in  the  schedule  of  fixed  prices  for  contingent 
work  and  (or  which  no  price  is  Induded  in  the  proposal,  the  work  shall  be  done  for  the 
unit  prices  named  herein,  and  It  shall  be  agreed  1^  any  Contractor  executing  any 
eontract  baaed  upon  thcee  spedflcatlons,  that  the  unit  priose  named  thersin  will  be 
accepted  ss  full  payment  (or  any  such  contingent  work,  and  such  contingwt  wort 
shall  be  done  in  accordance  with  the  lat«at  standard  i^wcifleationB  erf  the  E>epartment 
o(  Public  Works.  Any  additional  work  not  Included  in  the  proposal  or  in  the  sdtedule 
of  fixed  prices  for  contingent  worit  will  be  done  at  a  price  to  be  agreed  upon  In  writing 
by  the  Contractor  and  the  Enginew  and  approved  by  the  Director. 

Special  Requirements.  Shmild  any  cooatruction  or  condition  be  antldpated  on  any 
proposed  work,  wlilch  b  not  covered  by  these  specifications,  the  requireUoits  thereof 
will  be  stated  on  the  pn^Knal  form  and  any  such  special  requirunents  shall  be  conddered 
a  part  of  these  spedflcaljons,  as  tbo  they  were  fully  contained  herein.  Should  any  such 
special  requirement  eonfilct  with  any  of  the  providonB  of  these  specifications,  the  spedal 
requirement  stated  on  the  proposal  form  shall  govern. 

SpedficationB  and  Drawlnga  Modified  by  Written  Agreement.  The  qwdflcatiaBs 
and  the  drawinn  herein  referred  to  may  be  modified  and  changed  from  time  to  time 
as  may  be  agreed  is  writing  between  tiie  Director  and  the  Ctmtractor  in  a  nuuum  not 
materially  afl^ting  the  substance  thereof,  if  such  changes  are  neceasary  to  carry  out 
and  complete  more  (ully  and  perfectly  the  work  sgreed  to  be  done  and  performed. 
If  such  changes  and  modifications  Increase  the  <aqiense  of  the  work,  the  Increased 
expense  will  be  paid  by  the  City.  If  audi  modUcatfoDs  and  changes  diminish  the 
expense  of  the  woric,  the  amount  of  said  diminution  may  be  retaioad  or  withheld  by 
the  City.  No  eonsequmtial  loas  or  profit  on  work  not  executed  shall  be  paid  to  the 
Contractor.  Should  the  Director  and  the  Contractor  not  be  able  to  agree  upon  modi- 
fications and  changes  deemed  essential  by  the  Director,  the  Director  may  at  his  option 
cause  woric  involved  therein  to  be  executed  under  a  separate  contract.  In  such  a  case, 
the  work  under  the  original  contract  shall  be  suspended,  if  necessary,  until  the 
changea  are  completed.  The  Contractor  ahall  give  every  fadli^  iar  mmiAng  theee 
changes  and  will  not  be  allowed  compensaUon  (or  the  dday  except  by  an  extend oa  of 
the  time  for  the  completion  of  the  contract 

Equipment  and  HateriaL  The  duumeter,  quality  and  quantity  of  aqulinnant  shaD 
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be  nich  u  is  neceM»ry  for  the  proper  Mweution  of  the  work  within  the  Bpecified  Hm 
limit.  The  Contractor  ihall  fumUh  all  nutterial  required,  which  ihall  be  in  full  »> 
cordjinee  with  the  speciAcatioiu  and  the  Kenerkl  and  detailed  drawinfa. 

Competent  Workmen.  The  Contractor  ehali  employ  only  competent  and  efficta*. 
laltorera  and  Arnt^laM  mechanics  or  artisans  for  every  kind  of  work,  and  whenevK, 
In  ths  opinion  of  the  Engineer,  any  man  is  unfit  to  perform  his  task,  or  doM  fak  wort 
contrary  to  dlreettona,  or  conducts  hinuwif  improperly,  the  Cmtmctor  must  fHfrhaf 
him  immediately  and  not  employ  him  again  on  the  work. 

Prosecution  of  Work.  The  work  under  this  contract  shall  be  prosecuted  at  sad 
from  as  many  different  points,  at  such  timea,  and  in  such  part  or  parts  of  the  wort, 
and  with  such  force  of  workmen  and  equipment  as  may  be  ordered  by  the  Flnprnrr 

Drawinis  and  Spedflaitiou  to  be  Kept  on  Wnk.  -Tbrn  ^iproved  drkwinca  ud  » 
copy  of  the  qwdflations  ^lall  be  left  conefntly  on  the  work  by  the  Cootrmetor. 

Superrlaion.  The  work  shall  be  at  all  times  subject  to  the  aupervision  of  the  Fjnirwr 
and  of  hi^  authorized  assistants,  who  shall  have  free  acccw  and  every  facility  at  si 
times  3lT.irded  them  for  inspection. 

Enpneer  to  Give  Orders.  BxpUin  and  Decide.  To  prevent  all  disputes  and  Iit> 
fstion,  tbe  Engineer  shall  In  ell  cases  determine  the  amount  or  quantity  of  the  sevmi 
Itinds  of  the  work  which  are  to  be  paid  for  under  this  contract,  and  he  shall  determiM 
all  questions  in  relation  to  the  work  and  the  construction  thereof,  and  be  shall  in  sE 
cases  decide  every  question  which  may  arise  relative  to  the  performance  <rf  the  work 
covered  by  thb  contract  on  the  part  iA  tlw  Contractor.  Ai^  doubt  as  to  tbe  mren 
faif  of  these  epedAcations  or  any  obscurity  as  to  tlie  wording  of  them  will  be  ^rrlainr* 
by  tbe  Engbieer,  and  all  directions  and  explanations  requisite  or  necessary  to  complstb 
explain  or  make  definite  eny  of  tbe  provisions  of  these  apecUcmtionB  and  give  them  dvr 
effect,  will  be  given  by  the  Engineer. 

Inspection.  Duly  authorized  inspectors  will  be  assigned  to  the  work  or  each  part 
thereof  who  shall  perform  their  duties  under  the  direction  of  the  Engineer.  The  Cc«>- 
tractor  shall  execute  his  work  in  the  preeence  of  the  Inspector  and  during  tbe  wwkiiig 
houn  of  the  day,  unless  specially  directed  otherwise,  and  shall  afford  every  fndlitr 
for  inspecting  the  materials  and  work  at  all  times.  The  presenoe  of  the  Inspector 
shall  in  nowise  lessen  the  reeponsibiUty  of  the  Contractor. 

Examination  of  Work.  The  Engineer  shall  be  furnished  with  every  reasonable 
facility  for  ascertaining  whether  the  work  is  in  accordance  with  the  requirements  and 
Intention  of  this  contract,  even  to  the  extent  of  uncovering  or  taking  down  portioHt 
of  fhiisbed  work.  Should  the  work  thus  exposed  or  examined  prove  satisfactory, 
tbe  uncovering  or  taking  down  and  the  replacing  of  the  covering,  or  the  making  good 
of  the  parts  removed,  shall  be  paid  for  at  the  contract  priea  for  the  class  of  work  dcMie: 
but  should  the  work  exposed  or  examined  prove  unsatisfactory,  the  uncovering,  taldaf 
down,  replacing  and  making  good  shall  be  at  tbe  expense  of  the  Contractor.  All 
defective  work  which  has  been  condemned  shall  be  immediately  removed  by  tbe  Con- 
tractor and  at  his  expense. 

DefectiTe  Worii.  Any  materials  or  workmanship  ei  inferior  quality,  or  not  in  ac- 
cordance with  the  approved  plans  and  these  specifications,  brought  to  or  incorporated 
in  the  work,  shall  be  immediately  removed  by  the  Contractor  from  the  vicinity  or  buiit 
anew;  and  if  the  directions  of  the  Director  are  not  complied  with  after  written  notiM. 
the  said  Director  shall  be  at  liberty  to  remove  tbe  same  at  tbe  expense  of  the  Contractor 
and  deduct  the  cost  thereof  from  any  money  which  may  be  due.  Haterials  and  wwk 
manship  may  be  reinspected  at  any  time.  Tbe  Cmitractor  dnll  furnish  all  neeeasary 
facilities,  should  it  be  deemed  advisable  by  the  Director  to  make  an  examination  of 
any  work  already  completed.  If  the  work  be  found  defective  in  any  respect,  the  Con- 
tractor shall  defray  all  expenses  of  such  examinations  and  of  proper  reconstructioD. 
If  the  work  be  found  satisfactory,  the  expenses  will  be  allowed  for. 

Suspension  of  Work  in  Freezing  Westher.  Work  liable  to  be  affected  by  fmt 
shall  be  suspended  during  freezinir  ivc::tber,  unless  permission  for  continuance  be  givn 
in  writing,  and  then  cnly  lor  such  times  and  under  such  conditicKis  as  may  be  sptttBti. 
Upon  suspension,  the  work  shall  be  covered  and  protected  as  directed. 

Personal  Attention  of  Contractor.  The  Contractor  shall  be  responsible  for  the  entire 
work  until  it  is  completed  and  accepted  by  final  payment.  He  shall  give  hia  penonal 
supervision  to  the  faithful  prosemUon  of  the  work;  he  shall  not  sub-let  or  anlgn  tbe 
contract  but  shall  keep  it  under  his  own  eontroL   In  ease  of  his  ahaenee,  the  Cootmctor 
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■ball  hsve  «  competent  raprcMDtative  or  (or«Dut  on  the  work,  who  ahsU  reeeiv*  ot^SAn 
and  directions  from  the  En^neer,  or  the  Enginwr'a  rapreaentative,  and  who  abM 
full  authority  from  the  Contractor  to  execute  theae  ordera  without  delay  and  to  mx^i^ty 
materials,  tools  and  labor. 

Sab-Contractors.  No  portion  of  the  work  shall  be  oub-let  to  any  sub-contractor 
without  first  giving  the  Engineer  due  notioe  in  writing  of  such  intention.  No  Sub- 
contractor shall  be  employed  who  ia  lumtafactory  to  the  En^eer. 

Disputes  Between  Contractors.  In  case  of  disputes  arising  between  Contractoiw 
on  adjaeent  worit,  the  dedaioo  of  the  Engineer  shall  be  final  and  bindiitg  upon  the 
partka  afTectad. 

Pennlti  and  Ucwses.   The  C<mtractor  must  pay  for  all  permits  and  Itiimaia,  all 

feee  and  other  charges  from  City.  County  or  State  officers,  except  where  otherwise 
particularly  noted  in  these  specifications.  The  Contractor  will  be  required  to  take 
out  a  permit  for  the  removal  and  underpinning  of  buildinga  that  are  to  be  removed 
or  underpinned  under  tiila  contract,  from  the  Bureau  of  Building  Luqiection,  and  to 
oboerve  all  the  rulea  and  regulations  of  the  Departmmt  of  Health. 

Use  of  Water.  Permits  for  the  use  of  water  upon  constmctlon  work  may  be  ob- 
tained from  the  Chief  of  the  Bureau  of  Water  upon  application  to  the  Engineer  and 
subject  to  the  following  requirements  of  the  Bureau  of  Water:  The  Contractor  shall 
be  responsible  tor  leaving  tiie  hydrants  in  perfect  condition;  for  all  damage  catiaed  in 
the  vicinity  by  water  leaking  from  hydrants,  and  for  any  damage  to  the  water  mains 
within  a  reasonable  distance  of  the  hydrants  used,  which  may  be  caused  by  improper 
connection  of  the  liydranta.  He  shall  report  to  the  Bureau  of  Water  all  hydrants 
from  which  water  is  to  be  taken  by  authority  of  the  permit,  together  with  the  condition 
<A  the  hydrant  before  using,  and  shall  be  raponslble  for  leaving  the  hydrant  in  a  sat- 
isfactory condition.  The  permit  will  not  be  effective  until  it  is  approved  by  the  Engi- 
neer. Upon  the  completion  of  the  work  the  Contractor  will  be  required  to  obtain 
a  certificate  from  tha  Bureau  of  Water  that  the  terns  ol  this  agreement  have  been 
complied  with.  Should  the  Contractor  at  any  time  waste  the  water,  the  permit  irill 
be  revoked  by  the  Chief  of  the  Bureau  of  Water.  On  the  completion  of  the  work  for 
which  the  permit  Is  issued,  the  Contractor  must  return  to  the  Bureau  of  Water  all 
permit  cards  issued  for  tlM  use  of  fire  hydrants,  under  a  penalty  of  |16  for  each  permit. 
This  sum  to  be  deducted  f  ron  any  money  due  to  Contractor.  No  charge  will  be  made 
for  the  uae  of  water. 

Acceisibillty  of  Fire  Hydrants.  The  fire  hydrants  adjacent  to  the  work  ahall  be 
kept  at  all  tiraea  readily  accessible  to  fire  apparatus  and  no  material  or  other  obatiufr 
tion  shall  be  placed  within  6  ft  of  any  sudi  hydrant. 

Blasting.  Blasting  will  not  be  allowed  unl«n  the  Ctrntractor  first  obtains  a  permit 
from  the  Department  of  Public  Safety,  thru  the  Department  of  Public  Works,  and  then 
only  on  condition  that  all  blasting  powder,  dynamite,  etc,  shall  be  kept  in  a  secure 
and  approved  manner,  shall  be  at  all  timca  under  the  especial  care  of  a  watchman, 
and  that  each  blast  shall  be  covered  with  heavy  timber  or  mats  before  firing,  when 
BO  directed.  The  City  reserves  the  right  to  revoke  such  permit  at  any  time.  All 
blasting  shall  be  done  in  the  most  careful  manner,  so  as  not  to  endanger  life  or  property; 
the  bbuts  shall  be  fired  only  at  such  times  as  may  be  permitted,  and  whenever  directed 
the  number  and  aize  of  charges  ahall  be  reduced ;  no  claim  for  loss  or  delay  vrill  be  allowed 
on  this  account.  The  explosive  to  be  used  shall  be  subject  to  the  approval  of  the 
Engineer.  All  laws  and  ordinances  relative  to  the  storage  and  use  of  explosives  must 
be  obsffl-ved. 

tJse  of  Coal  Under  Boilers.  The  Contractor  shall  In  all  cases  where  ateam  power 
ii  employed  use  anthracite  coal  under  the  boilers  (or  generating  steam,  and  in  the  built 
up  SMtiona  of  the  City,  when  required  by  the  Engineer,  shall  provide  eleetrie  power 
for  operating  all  power-driven  machinery. 

Sanitary  Conveniences.  Necessary  sanitary  conveniences  for  the  use  of  laborers 
on  the  work,  properly  necluded,  shall  be  constructed,  if  required,  and  maintained  by 
the  Contractor,  and  their  exclusive  use  strictly  enforced. 

Danger  Signals.  The  Contractor  shall  erect  and  maintain  all  neoeasary  barricadee, 
red  lanterns  and  danger  Hignals.  The  lights  shall  be  kept  burning  from  twilight  until 
Buorise,  and  a  watchman  shall  be  provided  for  the  safety  of  the  public.  The  Contractor 
shall  observe  such  rules  relative  to  signals  and  safeguards  as  the  police  regulations! 
laws  and  ordinances  require.  -   
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RMpooilblU^  for  DamagN.  Tbs  Ccmtnetor  ihall  amnw  all  raaponalUitr 
tUm  and  caaualtfaa  of  awy  dweriptlon  aridng  out  of  tha  natnreirf  tta  worfc,  thaactiM 
ol  the  alamnta  mrfoiaaiin  or  untmial  dttUcnltiw.  Tha  Coouaetor  ahiall  mbhv 
all  blaiM  for  iam  by  rtaion  of  neglect  or  violation  of  atate,  or  Citjr  ordlzutncea  or 
or  ropilattoiu,  low  by  fire  due  to  the  work  on  thk  coDtnet.  or  from  any  otltei'  tmm 
and  all  vork  oiiwary  to  eonform  to  the  laws  and  ordinmoM  referrad  to  mm  mtinih' 
In  tboH  apedflcations. 

Snita  and  Glaima.  The  Contractor  agreee  to  indemnify,  defend  and  aava  hamta 
tha  City,  the  Director  and  his  from  all  suits  and  daims  for  danuigM.  1cm  « 

injury  to  petaona  or  pn^wrty  received  or  sustained,  from  the  Contractma.  hte  sweua 
or  servants,  in  the  performance  of  tlia  woric  under  this  acreemaut.  Tha  Contnens 
further  agrees  that  all  or  so  much  of  the  moneys  due  him  under  this  acraamaat  M  WK 
be  oonaidered  aecnmsry  by  the  Director  may  be  retained  until  all  audi  mdlM  or  dani 
have  been  settled  and  aatWaettwy  evidence  to  that  effect  furnished. 

Claaninfl  np  Sita  of  Work.  Bafwa  tba  worii  wOl  ba  oonaldarod  aa  hsvii^  bem 
computed,  the  site  (4  work,  streets,  roa^  aldewalka.  bnOdbin  and  all  plaoaa  affaettd 
by  the  woric,  are  to  be  thoroly  cleared  and  left  dean,  free  and  In  good  order  nnd  ft 
for  travel  and  other  proper  use. 

Damafaa  for  not  Completinf  WitUn  Time  Limit.  For  each  wmUnf  day  that  aay 
work  shall  remain  uncompleted  after  the  time  TfJ^M  tor  tba  eomplatloD  of  tha  wort 
provided  for  in  thsae  spedflcaticxaa,  and  tba  aceoapanylnc  contract,  the  sum  per  day. 
^veD  in  the  following  sdiedute,  unless  otherwise  spedAed  in  the  proposal  tonn.  amy. 
at  the  optim  of  the  Director,  be  deducted  from  moneys  due  the  Conttactar,  not  as  s 
peaaltv,  but  as  liquidated  damaiea.  If,  howavM',  the  Contractor  givea  the  Director 
a  aatlrfaetory  raason  aeeaantlac  for  the  delay,  tha  Diraetor  may,  in  his  diaentMti. 
extend  the  time  for  tba  completion  of  the  work. 

Amount  of  liquidatsd 
Amount  of  Cmtract  Damaces  per  Day 

tSOOOand  Icea   »5 

Over  16  000  and  leas  than  110  000   (10 

%10  000  and  less  thsn  120  000   $15 

120  000  and  iMa  than  $60  000   $20 

«M  000  and  lesa  dun  |100  OOO   |2S 

tlOOOOO  and  over   ^jcdal  Damacsa 

Cancellation  of  Contract  The  Contractor  shall  not  be  required  to  proceed  with 
the  work  of  any  contract.  If  for  any  reaeon,  for  which  he  is  not  req>onaible,  the  work 
cannot  be  commenced  within  6  mwiths  from  tlte  date  d  executioB  of  tlw  contiaet 
and  fat  audi  caaa,  at  the  raqoaat  of  the  Contractor,  Uia  eontraet  nay  ba  dadaiad  boS 
and  voM. 

Violatioo  of  ContiacL  IMouId  tba  work  not  be  completed  at  the  specified  time,  or 
should  the  Contractor  neglect  or  abandon  the  work,  or  should  the  Director  be  convinced 
that  the  work  is  unreasonably  delayed,  or  tliat  the  conditions  of  the  contract  arr 
being  wilfully  violated  or  executed  careiessly  or  in  bad  faith,  the  said  Director  msj' 
notify  the  Contractor,  in  writing,  and  if  his  notification  be  arithout  effect  within  24  hr 
after  the  delivery  thereof,  then,  and  in  that  caae,  the  Ctmtractor  shall  discos  tin  ur 
all  work  under  the  contract,  and  the  Director  sbsll  have  full  authority  and  power  to 
immediately  purchase  and  hire  materials,  tools,  lat>or  and  machinery  for  the  completioo 
of  the  contract  at  the  expense  of  the  Contractor,  or  bis  suretiea,  or  both,  and  any 
moneys  due  the  Contractor  may  ba  used  tor  this  purpose:  or  the  said  Director  nay 
declare  the  contract  null  and  void,  and  the  security,  bond  and  retained  percentage, 
and  the  materfala  built  into  the  ■work,  and  the  matertels  delivered,  and  the  Coatmctv^ 
plant,  shall  then  become  the  property  of  the  City  of  Philadelphia. 

Scope  of  Payments.  The  Contractor  shall  receive  and  accept  the  aaesSment  bOk 
and  warrants  at  the  prices  and  rates  respectively  named  therefor  in  tlie  contract  ai 
full  coRipensation  for  fumiahing  all  nutterials.  labor,  toob  and  equipment  and  for  doing 
all  tha  work  contemplated  and  embraeed  In  thsae  qtadfleatioiM.  Nobs:  Han  alMMld 
be  added  such  detailed  Informstkm  aa  may  ba  neoeasaiy  to  qwdfically  tmrUa  for  dw 
requirementa  of  each  of  the  several  bureaus. 

Current  Estimates.  At  intervab  of  about  4  weeks  during  the  progress  of  the  wttrk, 
the  Engineer  will  make  an  eatimate  of  the  value  of  the  work  dcme  and  materials  in- 
Gorponttad  in  the  work,  and  90%  ol  sacb  estimated  vahie,  when  aj^iroved  by  the 
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Director,  wilt  be  p>ld  to  the  Contractor  In  warrunta  drawn  on  tlw  City  Treamirer,  which 
Uw  Contractor  agreai  to  accept  aa  caali.  The  current  monthly  eattmatoa  and  payments 
■hall  not  bind  the  City  to  the  ■eeeptauca  of  any  materlak  hirnkbed  or  work  done. 
The  Coo  tractor  shall  not  be  entitled  to  demand  or  reoeivs  payment  (or  any  work  aa 
atra  work  nnleai  ordered)  In  writinf ,  by  the  En^eer  to  do  the  mum  aa  luch,  and  at 
n  price  approved  by  the  Director  previoua  to  its  commencement. 

Final  Payment.  After  the  work  embraced  within  the  oontiact  faaa  ban  eompletad 
in  accordance  with  tbeae  apedfleatlona,  the  balance  doe  Hit  Cod  tractor,  after  all  legal 
and  equitable  dednctlou,  ahatl  be  peid  him,  upcn  the  acoeptanee  and  approval  of 
the  Director. 


1.  Am.  AcjUMKY  OP  FouncAL  AND  Social  ScHNCB.  EfltdeMytnCt^Govemunit. 
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Bride,  Am.  Soc.  Teat.  Mftt.  method, 

1116-1121 
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Gnivel 

Am.  Soc  C.  E.  method,  626 
State  HigliwRy  Testing  Ensn.  Conf. 
method,  626,  627 

Umitinc  test  values,  666 

F«v«menta^  1828, 1824 

Rock 

Am-  Soe.  Tert.  Mat  method,  668 
Test  results,  664,  666 
Slag,  659 
Abutment,  definition,  2 
Absorption  tests 
Brl^  1116 
Rode 

Am.  Soc  Teat.  Mat.  method,  668 
Test  results,  669 
Wood  blodc  1041,  1042 
Acddents  in  streets.  898 
Administrsllon  of  Ughwny  depart- 
mentB 
Bibliop-aphy,  1577-1679 
Communons,  diaadvutages,  1626 
Contract  procedure  1667-1670 
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Awards^  1668 
Bids,  1666.  1667,  1568 
Certified  checks,  1661,  1668 
Completion  of  cotitnet,  1570 
Cmitraetor,  notice  to,  1668,  1669 
C<m tracts,  daasificatiwi,  1667 
Execution  of  eonbaet,  166B 
rOee,  1668 
Final  estimates,  1670 
Grading,  yardage  per  dmy,  1662 
Ledger,  1667 

Operating  equipment,  1667,  1S58 
Operating  instructions,  1670 
Philadelphia  system,  1667-1670 
Fropoada,  1660-1667 
Porpoaea,  1667 
Beeords.  1568,  1559 
Reports,  1669,  1670 
Subsurface  work,  1666,  1667 


AdministratioQ  of  highway  depta.,  ConL 
Contract  prooedura,  ConL 

Time  ellowaneea,  1668-I66B 
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Filing,  1661,  1662 
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Organization,  1548 

Fhfladelphia  practice,  1648-1668 
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Recnving  and  routing,  1549,  1660 

Routing  chart,  1649 

Service  complaints,  1652 

Tickler  file,  1552,  1568 
Dividcm  of  responsibility,  1626 
Expenditures,  distribution,  1648-1M7 

Administration  and  legal,  1644 

Charts,  1548,  1646 

ConMruetton,  1644,  1646 

Sht^nesriug,  IBU 

Et^pmcat,  1646 

Maintenance,  1644, 1646 

Md.  State  Roada  Comm.  system, 
1548-1547 

Prdiminary,  1644,  1646 

Reconstruction,  1544,  1546 

Segregation  of  Itema,  1647 
Maintenance  work,  1626-1629 

Emergency,  1529 
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Operations  during  life,  1556-1567 
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Construction,  1682 
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Snow  nmovil,  126^1278 
Spcdflotlooa.  ganarkl,  1670-167T 
Strert  dwnlng.  1235-1240 
Unit  cart  records,  I&8&-1U7 

Ponns.  1 637-1 642 

InroniMtion  given  by,  1S86,  IS3T 

UainUnuiw  work,  1587-1548 

FhOftdelphis  Bystem,  1640-1548 

SymbolA,  1539, 1640 

Vslue,  1535,  1536 
Viable  records,  1530-1686 
Waste  disposal,  12S2-1S66 

AdTertisementt 

Infomwtion  indudad,  IfiSS,  1560 

Preparation  of  schedule,  1666 

Publications  used,  1666 
Esthetics,  higliwayB 

Park  highways.  158 

PraUmfauiry  InvBsUgationa,  ISO,  lU 

Selection  of  aurfkdngi,  182 

Widths  of  roadways,  158 
AuTflgates 

Bituminous  concrete  pavements,  858- 
871 

Ceroeot-con Crete,  68,  72 
Cementrconcrete  pavementa,  1163t 

1L64, 1176-1177 
Definition.  2 

Heefaanieat  analysea,  624,  52S 

SbeeC-Bsphalt  pavements,  9S6-M2 

Vtrids,  626,  526 
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Gravel' road  specifications,  640 
Algebra.  25-27 

linear  equations,  26 

Logarithms,  26, 27 

Quadrade  equations,  26 
AHgnment 

SstRoad 

Sm  Street 
AI1«7I 

Cleaning,  1227 
Gang,  1227 
Hoee  flushing,  1227 
American  Bridge  Compan; 

Bridge  spans,  standards,  1899 
American  Chemical  Society 

Fixed  carbon  determinstion,  729,  730 
American  Concrete  Institate 

Cement-coBerete  pavement  speeUca- 
tions,  1190-1196 
Americas  Electric  Railway  Engineer- 
ing Association 

Car  track  construction,  1297-1301 
American  Railway  En^eering  Aiao- 
dation 

Clearing  spedfl cations,  420 

CreoMte  ofl  spedflcatlou,  10S6, 1087 
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ation,  Coni. 
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SUdn,  preventloa,  429 

Slope  spedfieatloas,  428,  429 

Timber  unit  stresses,  81 
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Classificatian  of  traffic,  1356 

Maximum  traffic  for  roads  and  pBvw- 
ments,  1365 
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Abrasion  test  for  gravel,  526 

Asphalt  block  aggregates,  911 

Bituminous  concrete  pavemeats 
Aegregatea,  860-862  . 
Claasiflcatlon,  848 
Constniction  detafli^  867,  8T1»  8M 
Patented,  865,  S69 

Bituminous  raaodam  pavemtat  eoa- 
structloB,  S21 

BitumiDOUB  materials 
Bitumen  determination.  7X1,  722 
DMOUtion  teat.  717-719 
Ductility  teat.  708,  709 
FUed  carbon  determinatioD,  730 
Flaah  point  determinaUoo.  712.  71ft 
Float  test,  702,  709 
Melting  point  tests,  710-718 
Penetration  test,  706 
Specific  gravity  teat,  693 
VisDosity  determination,  701 
Volatilization  t^  714,  716 

Brick  pavement  constniction,  1181 

Broken  stone  spedfl  cations,  669 

Cementation  teat.  560,  561 

Concrete,  relnforoed,  71-76 

Crushing  strength  test,  668 

Hardness  test.  663 

Maximum  gradea,  1847 

Mechanics]  analyids,  626 

Pavonents  adjacent  to  raSa,  1292- 
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Report  forms,  I832-18S6 

Roadway  crowns,  461 

Specific  gravity  test  for  sand,  6S8 

Stone  block  tests,  1070 

mdtb  of  roadway,  160,  161 
American  Society  for  Hcmidpal  Im- 
provements, speciflcationa 

BituliUiie  pavement,  908,  909 

Bituminous  concrete  pavement,  866^ 
867,  873-878,  892-894 

Bituminous  macadam  pavement,  808* 
812-815,  818,  819,  828-890 

Bituminous  surface,  778,  774,  780,  786 

Brick  pavement.  1182-1136 

Broken  stones  668 

Bnrimn  atone  road,  580,  581 

Cenant-eoncrete  pavennt,  1198-1199 

Gravd  road,  688-640 

Pressure  distributor,  780,  828,  819 
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1011,  1012 
Stone  block  pavement,  U7&,  1074, 

1089-lOfll 
SnbEnde,  dr&ioage  nnd  fotradatfea, 

866-857 

Topelm  pkvement,  869,  MS,  MM 
Wood  block  pavwnoit,  1048-1044. 
104fr-1060 
AuMrican  Sodaty  for  Tntiiif  Mft- 
tarUls 

Abruion  teet  (or  broken  ■tone,  669 

Abeorption  test  for  rock,  S69 

Bftundnous  niaterialB 
Bitumen  detcnnlnatfon.  722,  TZS 
DMaiation  test,  717-T1» 
Udting  point  twt,  711-712 
Penetration  tert,  706,  70« 
Volstiliution  teat,  714.  716 

Brick  apetiQcations,  U16-U22 
RatUer  Uat,  1117-1121 

British  nomendftture  of  UtuminouB 
matariale,  22,  23 

Broken  etone  Bpedflcationa.  669 

Cement  ■pecifieatioDa,  69-67 

Cement  t«sts.  62-66 

Drain  tile  spedlleatitMia.  463-469 

Mechanical  analycia  of  broken  atone, 
broken  alag  or  fravet,  624,  S26 

Spedfle  cravity  teat,  657,  668 

TougfaaeH  teat  for  rock.  Ml,  HZ 

Void  teat,  626,  626 
Ain«Ae  tntmmttX,  apedflenttou 

Peon.  State  Highway  DepC,  899,  900 
Amorphous,  deflnitioii,  2 
Anqduboles,  88 
Analytic  geometiT,  88-38 

Anglee,  35 

Cirdes,  36,  86 

Conic  eections,  36-38 
Ellipae,  37 
Hyperbola.  88 
Parabola.  86,  87 

Coordinate  azea,  SS 

Uneo.  83-36 

Point,  83-36 

Trian^ea,  area,  SS 
Annealing  steeU  77,  78 
Annual  coat 

PtMTOula,  1339 

Pnvemanta,  1339. 1840 

Roada,  1363,  1364 

Anthracene  l^^nwerbona,  606,  606 

i^i^te,  88 

Appropriationa 

Annual,  1496,  1497 

Completion,  highway  aystem,  1496 
Credit  to  cash  system,  1496 
Pay-aa-you-go  irtan,  1496 


Aqueous  rocks,  definition,  2 
Arc 

Deflections,  229,  234,  286-280 
Length  and  subtended  cbord,  222 
Multipliers  for  lengths,  222 
Arch  highway  bridges 

Reinforced  concrete,  1437-1449 

Arch  rii^  Btreaees,  1447,  1448 

Coat,  1442 

Deaign,  1440-1449 

Una  of  preoMin,  1440-1442 

Loads,  1487,  1488 

Temperature  stresses,  1444,  1446 

Typea,  1437 

Typical  problem.  1442-1449 

Unit  Btresaos,  1488-1440 
Stone  masonry 

CausBB  of  fidhire,  1449, 1460 

Definition  of  parts,  1449 

line  of  resistance.  1460 

Preaerration,  1482 
Areas 

Cut  and  fllla 

Count  method,  308 

PlanimetOT  method.  808 

Scaling  method,  808 
Meridian  distance  method.  291 
Set  Various  geometric  figures 
Arizona  State  Highway  Department 

Life  «r  road  maAlncry,  481,  482 
Arkose.  98,  99 
Definition,  2 
Artificial  foundatiODS 
Ddlnition,  2 

8m  Bltuminnm  eoncrete  fbundatiooa 
8m  Broken  stone  foundations 
St4  Cement-conaete  tonndations 
St*  Gravel  foundationa 
See  Slac  foundationa 
Stt  Telford  foondatkms 
See  V-dialn  foundations 
Ashes 

Administration  of  disposal,  1262--1256 
BibUography,  1276,  1276 
Calorific  analysis,  1244,  1246 
CoUection,  1244 

Schedule  card,  1264 
Cost  of  dUpoeal,  12ti 
DMCription.  1241 
Dumps,  1244 
Equipment  for  ooUection 

Ash  vehicle  covers,  1261, 1262 

DMoriptlon,  1261,  1262 

Hone  M  motor  vebldea,  1260, 1261 

Identification.  1261 

Painting,  1252 
Fluctuation  in  production,  1242 
Organization  for  di^Msal,  1268-1266 
Use  as  filling  "■«t»Hfli  1244 
Welfbt,  1243 
Aablar,  deOnfUon,  2 
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BormudM,  680-684,  06,  637 
Blown  oO,  661 
Gubu.  6ST 
ZMbtltloM,  S,  60« 

BritUi,21,  23 
niuwd.  66th«68 

niudns.  S64-468 
ProOMi.  664-056 
Tanki,  664 

GilMDitai  882-684,  68T 
GIsnoa  pitdi,  688 
GrahaniU,  682-684,  6ST,  688 

Hineaibo,  68'' 
Native  629-688 

PomwdoQ,  880,  681 

Import&tlon,  682 

Hininc.  688 

Origin,  629,  681 

PradiwtiOD,  681-688 

Souran  of  aupidy,  681-688 

Stones  883,  634 

TntnaporUtion,  683,  684 

"^PM,  684-688 
Pmatimtion,  affwt  of  fhu.  708 
ReaiMd.  petralnim.  64T 
Rock,  680-688,  6B8-661 
Sludia,  847,  648 
T«tins 

5m  Bltumlnoua  m'tMr*! 
TtmtM  tot,  7S8,  784 
Trinidid,  630-486 
Aiphatt  block 
AndMf,  918 

SpMiflaUonB,  K.  J.  Dq>t.  PabHc 
Roada,  914,  916 
CompMltton,  911 
Gradlnc  of  aKSreKBtM,  911 

Am.  SoQ.  C.  E.  gradins,  911 

SpedflAtiona,  914 
ManufMtura,  912.  913 

SpeciflcatioDB,  914,  916 
SlMi,gil 

Spsdflcatlons,  918-91S 
Tests.  911,  912 
Spociflcationa,  914 
AMgiult  block  pavemeots 
BiUiogrmphy,  934-936 
Bloeka,  911-913 
ClBuing,  ccMt,  1844 
Coat  lUta,  922 
Dttfinidon,  2 

Deterioration,  natnn  at,  1848 
Favombleneaa  to  trsval,  1848 
Layinc,  918 
LUb,  1848 
Maintsnaaes 

Methods,  932,  988 

SpsdfleKUoiu,  BmoUyn,  N.  988 


Aj^>ha]t  block  piVmeDta,  CamL 
Fropvtka  valuatod.  1368 
SpMUiMkMb  UuaUuu 
N.  Y.  State  Hlghwv  CanOL.  SIS- 
tl6 

Afphatt  ccniMita 
Blown  oil  661 

AaalyvU.  661 
CaUtonla,  nalivtab  M« 
CanMBtlBg  vahM^  981 
CoaOdHit  of  oxpsMloB,  aM 
Cut-bad^  887,  668 

Analyaaa,  668 
Data  forraeordu,  1886 
EMlnltion,2 
DuetOity,  96S,  9S6 
EmuUoDi^  068,  664 

Analyaaa,  868.  6U 

Uae,  668 
EMBUtlal  cfaarsctariatls.  954 
PUtan.lOSO 

f^iada««rtoB»,  1088, 1086.  IMX 
FhiXMl,  666-658 

AaalyaM,  668-668 
IiiapMAlon,  741-744,  962,  984 
Maimfaatura,  971, 978,  978-980 
Madean,  analyib,  640 
OO-fffkonlt*,  660,  661 

Analyila,  660 
PMwtrattOB,  968,  968 

Effaet  of  Box,  708 
Pennanenra^  9U,  9U 
Patrolflum 

Analyaaa,  848 

Graddnc,  846,  646 

Manufacture^  644-646 

Phyrieal  propartlea.  646,  846 

Uaa.  644,  646 
Purdtaainc  788,789 
Purity,  966 

Samplinf,  741-748,  986 
Seal  eoata,  871,  872 
SpedBcatlonB,  parlaK  eement,  735 

Bitninlnoua  aonorata,  878-881 

Bitniiilnoua  macadam,  8U-818 

^eatwphalt,  968-970 
SuUlity,  966 
Storage,  7S9-T41 
Teatinc 

Sm  Bituminous  matariala 
TeaU  for,  783,  734 
Texas,  analyais,  648 
Traa^tortatlon,  789-741 
Asphalt  cutterK,  977 
A^balt« 
Definition,  2 
Rock  asphalt 

DaAnltiont  2 
Detennfatatlon,  726-728 
Mathod,  TtB,  787 
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DatarmlMtfoii.  ComI. 
ValuB  of,  727,  738 
AlfduKio,  defloltloii,  2 

A^Aaltic  concrete  paraiiMiiti 

.^gregstw,  868-866 

Spedilcations,  866-871 

Voids  In,  698-700 
Amealto  pavement,  899,  900 
Asphalt  blocka,  911,  912 
AiVbalt  block  pavements,  918-916 
Aqihalt  otnwnti,  871, 872 

Scad  flMta,  871.  872 

Specifiottiona,  878-880 
Bitod^  pavement,  901,  910,  911 
BitoUthie  pavement,  908,  908-910 
Caiues  of  faOnre,  928-926 
Claarifleation,  848 

Conatruction,  885-891,  8M^  901-904 

Hand  mixing,  886,  U6 

Laying,  885-888 

Hachine  nfadng,  88»-8SB 

Soal  eoata,  889.  890 

SpecIflcatEona,  892-894, 897-901, 
906-911 
Coat  data.  919-928 
IMnitioii.S 

Deterioration,  natura  «f.  1848 
Or^nage,  864,  866 
FilbertlDe  pavement,  900,  901 
Foundations,  864-866 
Biatoric^  development 

Pavements,  849-868 

Seal  coats,  863 
life,  1348,  1364 
Uaintenanoe,  926-934 
Mixing  pUnts.  881-886 
Patents.  848-868 
Propertiea  valuated.  1364 
Topdn  pavamcBt,  901,  906-908 
Wairenite  pavemmit,  90i 
Aaphaltic  macadiun  parcxoenti 
Aaphalt  cement,  810 

Report  fonn,  811 

SpedficatioDB,  812-816 
Asphaltic  oil  specifleationa,  816 
Characteriotiei,  803,  804 
Construction 

Coat  data,  836-838 

Hethoda,  820-SZT 

Spedfleatloiu,  827-882.  884-886 
Definition,  8 
Foundations,  804,  805 
Malntenanoe.  889-844 
Haohaaioal  appUpneat,  817-820 
Non-bitiuninoiia  wiaUriala 

Phyaleal  propartlM,  806, 807 

Spedflcation*,  808-810 
Asphaltic  (ril 
£!«•  Afiihaltle  petroleum 


Aqihalttc  petroleoma 
ABaIy^648 
California  field,  627, 638 
Characterlatin  of,  827,  628 
Crude,  constituenta  of,  628 
Definition.  8 
Deacrlptloc.  610 
Heavy 

Aaalydu;  642,  648 

Physical  propwtln,  642, 642 

Use,  642 
Bydroeaitena  In,  627 
Medium 

Analysis,  648 

Physical  propertiea.  648,  648 

Use,  642 
Mesiw)  field,  627 
Physical  propertiea,  642,  648 
SpedflcatioiiB 

Bitumfaioaa  macadam  pavement, 
816 

Surf  aee  treatments,  776, 777 
Trinidad  field,  627 
Value  of,  627,  628 
Aaphalt  mastic  walks,  1879 
Asphalt  tile  walks,  1879 
Assessments 
Benefita  affected  by  street  widths, 

1609, 1610 
General,  in  large  dtln,  1489 
Installnuut 
Benefits,  1611 

European  practice^  1511, 1S12 

Paymenta,  1610, 1611 
Loeal 

Benafit,  1609 

Examples,  1498.  1499 

Financial  advantages,  1499 

Large  dties,  1489 

Road^l497 

Streeta,  1497, 1498 
SmaU  dty  bnprovemente,  1488 
Theory  ot 

General  benefit,  1607,  1608 

Local  benefit.  1607-1609 
Tuttle  plan  of  distribution,  1610 
Association  for  Standardizing  Paviox 
Specifications 
BituminouB  macadam  pavementa 

DsBDription,  802 

SuItaUlifejr.  808 
Cement-concrete  vallcs,  1870 
Astronomical  obsemtions.  212-216 
American  Ephemeria,  214 
Astronomieal  terms,  218, 214 
Aiimuth  detvminatlon,  214, 216 
Attrition,  definltlim,  8 
Azimuth 

Definition,  214 
Detenaination  214^16 
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Backfilling,  1810, 1816,  ISIS 
Becking,  deOnitioa.  3 
Ball  mm,  680,  661 
BaUflMn  traH  bridge! 

StrcM  com  potation,  1424, 14S6 
Dead  lo«l,  1426 
live  load.  1426 
Btnkgnveb 

Compoattlon,  521,  622 

Cnutiiiil.  630 

Definitionm,  3,  621 

Dbtrlbution,  621 

Excsvadng,  629,  680 

Formations,  621 

Haulinx,  &80-&84 

Pita,  care  ti  In  winter,  G2> 

Sampling  6S8.  8U 

Screening,  629,  630 

Spedfieationa.  627,  628 

TotinK,  623-627 
Barrel  o<  roadwsy,  dilution,  8 
Batrab 

Bltomlnoaa  matMrfa)%  740 
SampUnc,  742,  74S 
Bualt,  91,  96.  96 

Definition,  3 

Mineral  cnmpoattion,  96,  666 
OceiUTenae,  97 
Raadto  of  teat  on,  664 
Spedfle  gravity,  66 
Texture,  96 
Baae,  deflniUoB.  S 
Base  fines,  2O4-206 
ApparaUia,  204 
Computatkma,  206, 206 
CoficGtbHia,  206,  206 
Meaaurenients,  206 
Batter,  definition,  3 
Batter  pile,  dcAnidoD.  8 
Banmj  conrartion  tables,  6W-6BZ 
liquid*  heavier  than  water,  691 
liquids  lighte-  than  water,  689 
Beam  bridges 
Design,  1413 
Beams,  S2,  63  ,  72,  74 

Bendlns  moments,  63,  1409-1412 
Deflection  formiiias.  64 
De^.  1413 
Neutral  axis,  62,  68 
Outer  fiiier  stream  64 
RetnToreed,  72-76,  1484-1486 
Brad,  74-76 
Continooua,  72,  78 
Derign,  78-76 
Raetancular,  74-76 
Shear,  74-76 
T-beania,  74-76 
Web  rednforeement.  76^  76 
Shear,  63,  64,  140^1412 


Beams.  ConL 
Traned,  14S9 
Unit  BtiCB  fonmdaa,  64 

Woodm.  1429 
Bed,  deflnitioa,  8 

Belt,  surhdag  eemant^oMratek  1181 
Bench-marks,  SSl-tBS 
Bending  moments,  63 
Beams,  1M9-U18 
Tninm.  1409-1412 
Benzene  hydrocarbons,  604,  606 
Berme,  definiti<Mi,  s 
Bennndei  asphalt 
Cement  speeUcatiaiu 

AsphsIUc  concrete,  876,  878-880 
Aaph^tic  macadam,  814 
Sbeet>aapbalt,  966-968 
nuied.  666-667 
Analysta,  666 
Hining,  688 
Oeeuirenee,  636 
Or1cin>  630,  681 
Physical  propertiss,  686,  637 
Production.  681-688 
R^Aned,  666-667 

Analysis.  666 
Transportation,  633,  684 
Bessemer  process.  77 
■KbHographies 

Administration  of  hifjiway  departp- 

ments,  1677 
Bituminous  eonerete  pavements.  9U 
Bituminous  ■"f— '^■n  pavetacnta,  844 
Bituminous  matwiala.  744 
Bituminous  surfaces;  798 
Brick  pavemMitih  1147 
BnAnrtane  roads,  698 
Car  tradn,  1316 

Ceroent-eoncreta  pavements,  1211 

City  planning,  41S 

Comparison  of  roada  and  pavameata 

1866 
Cnlvoia,  1466 
Curbs,  1894 
Drainage.  479 
Dust  preventioo,  764 
Earth  roads,  617 
Enginaertnc  tBoloEft  146 
Ftnanetng  highway  imprn  ihmsIs. 

1613 
Foundations 
Boadways,  479 
Struetuies,  1466 
Grading,  476 
Oravel  roads,  661 
Guard  tails,  1466 
Gutters,  1394 
Highway  brfatgas,  1465 
Highway  signs.  1S»4 
Matbematlci^  88 
Uedwales,  88 
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BlbUofnpMw.  CtmL 
Office  iMMtteo,  S2fi 
OrKkaizadon  of  highway  daputoawti, 

1577 

ripe  Byrtams,  1816 
PUimliif  of  roads,  861 
PtennlDE  at  otreets,  416 
Prelindnwy  inveot^tioii^  189 
Preservation  of  stmetuns,  1482 
ReUining  walls.  1466 
Road  systems,  861 
Bock  aspbalt  paveraaita,  1018 
Sand-cW  roads.  B17 
Sheet-aspfaalt  pavements,  1018 
Sidewalks.  1S94 
Snow  removal,  1275 
Stone  block  pavements,  1099 
Street  cleaning,  1275 
Street  ayatema,  416 
Structural  miteclala,  88 
Surveys,  329 
Terminology,  23 
Waste  diaponO,  1276 
Wood  block  pavements,  1060 
Bid! 

Low,  1567 
Rejection,  15S8 
Sdiedule,  1567 

Spedfleadon  raqulrameDti,  lfiT2 
BindM,  deflnltiotu,  S 
Binder  cooms 

I>efinjtioo,8 
Sheet-asphalt  pavements 

HauUng,  934,  986 

Laying,  986,  986 

Manufacture,  980-982 
Bins 

Mixing  plants,  978 
Screening  plants,  674,  676 
Bitoslag  pavement 
DeKription,  901 
laiyintc,  901 
Ulxfng  plant,  901 
Specifications,  910,  911 
Bitulithtc  pavement 
Annual  coat,  1340 
Cement  spedficationa,  908 
ConstrueUon  details,  908,  908-010 
Cost  data,  921-923 
Deterioration,  nature  of,  1348 
Development.  862.  1322 
Drainage  specifieationa,  856 
Foundation  speciHeatloni^  865-867 
Ufe,  1342,  1343 

Mineral  aKgregates.  885,  870,  WW-OIO 
Mixing  plant,  884 
Properties  valuated,  1360,  1861 
Specifications,  aggregates,  908-910 

Los  Angelea,  CaL,  870, 871 
Spedfleatlou,  comtnietlOD 

Am.  Soe.  Hum.  Imp.,  908, 909 


Bitulithic  pavement,  Cmi. 
SpeeiRcationa,  eonstructlon,  Conl. 

Portland.  Ore.,  909,  910 
Subgrade  iqieciflcationa,  856 
Bitttmeni 
Aitifldal,  611 

aaadlleattoa,  611 
Asphaltenes,  determination.  726-728 
Carbenes,  deternUnatian,  728,  729 
Content 

BiturolDous  aggregatea,  872 

Determination  of,  726,  726 

Sheet-a^halt,  958,  961,  962 
Definition,  8 

British,  21,  22 
Deecription  of.  696 
Determination  of.  721-726 

Methods,  721-724 

Percent  in  aggregates,  726,  726 

Value  of,  724.  726 
Native,  609,  610 

Fluids,  610 

Gases,  610 

SoUds,  610 
RsOned,  daidfleation,  611 
Bitominized  brick 
Development,  1142 
Manufacture,  1148 
Pavements,  1142 
Teats,  1142,  114S 
Bitaminoas  tegreoitM 
Bitumen  content,  872 

Determination,  728,  724 

Rational  pweent,  726,  728 
Definition,  8 
Density,  698,  699 

Determination,  688-700 
Hauling,  984,  986 
Toughness,  872 
V<AdB  in,  699,  700 

Set  Bitundnoua  concrete  pavanwnts 
S—  Sbeet-asphah  pavementa 
Bltnminons  cements 

Definiticm,  8 
See  Asphalt  cement 
Sm  Tar  cement 
BltniiiiiiODB  concrete 
Bitumen  content,  872 
Determination,  728,  724 
Rational  percent.  726,  726 
Compressibility,  891 
Density.  698.  690 

Determinatkm,  69&-700 
Toughneas,  872 
Bituminom  concrete  pavements 
Amiedte  pavement  spedfications, 
899 

Asphalt  block  pavements 
moda,  911-918 
Lvrlnf,91S 
SpedfieationB,  912-916 
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maniBoaa  ocnaito  tvnmmtM,  CmL 
AafihMit  euumOm 

E^MdfintkMu,  878-881. 908 
BibUoKnphy.  934^988 
Bltodmf  pvnmtat 

Dweriptiaii.  Wl 

Laying  901 

Mbdns  pknt,  901 

SfwdflntloBB,  810, 911 
BituUthle  pkvniMiU 

Canpodtioo,  866,  866 

ConMnietion  drtilH,  908, 904 

Coat  dtfa,  921-928 

UMwfMtan,  904 

SpBd&ortlau,  B70,  871, 908^0 
BttUBun.  pMBMit  o(,  891,  898, 900, 802 
908 

DotandiiBtton,  788-726 
WItmntiHiiit  tKomta,  871,  STI 

Graded  urmrti^  878 

Om  product  aggngatm,  871 

SmI  toutM.  871,  872 

Speaflcatioiu,  878-881 

'Typm  und,  612 

Unbntsd  anragsUa.  871 

U.  S.  O.  P.  R.  pncUctt,  878-880 
CwuM  of  fafluTH 

CoDstnietim,  928-925 

Frovtution,  928 

Ormval  agcnfataa,  926, 926 

Uatarial«,9£8 

Wavfauai,  924. 926 
Cauant-MiMnto  adgliiiB,  887,  868 

SpacUkadona,  857,  868 
ChaiMteriBdcs,  868.  864 
ClaaUcatkm,  847 

Am.  Soc.  C.  848 
Coal  tar  dbUlUta  pnwmt 

SpadflcatioBa,  861 
ConprearibiUty  t4  flOlt- 

crate,  891 
Conatruetion 

Am.  Soe.  C.  E.  oonduatona,  890 

Tima  iJlowaiieH  for,  1668 
Coat  dau,  919-928.  1888 
Deflnitton,  4 

Derivation  <d  term,  801,  802 
Drainage  864 

Edfea.  imiteetiui  of.  867. 868 

Am.  Soe.  C.  E.  coaduriona,  867 
nibartiiM  pavemmt  qiedflcatloDa,  900 
FoUDdationa,  864-867 

Broken  atone,  866,  866 

Cement-eoncretA,  866. 867 

Old  mMadun,  866 

Pam.  State  Hifhmy  Dept.  pno- 
tlM,  8M,  855 

Spedficationa,  866-867 
Gradea.  maiimum.  1847 
^«ni  and  aand  aiiiafatm 

CoDMnwtloB  ditllb,  887 


BItiUifaMiiia  ooBcnta  pMOMHta.  CmL 
Oravri  and  aud  annptaiw  CshL 

C«at  data.  990 
Qravel  eiHMrete  pAvamant 

Coat  data.  9» 
Haallnc  Mtwminnoi  mUture^  88S 
HaatiBc 

Accrefntaa,  880,  886.  897,  90S.  904 

BttuminouB  eonaota.  890,  896,  908 
Hiatorical  devdoinnant,  S48-ftBS.  1328 

BituUthle  pavenMBt,  868 

ExoeWor  pav<man^88t 

Seal  ooata.  868 

Tannae  pavamant,  892 

Topdca  pavement.  80,  868 

Waidiington,  D.  C,  paraBaoti,  860 
Laying,  888,  891, 896, 901, 90S 
Ltta,  1864 
IddataBiiMa 

Aqikalt  block  panmaab^  SSS.  938 

Aaphalt  cut^ia^  988 

Cold  miztuTea.  927-981 

Hot  mlzturaa.  981-988 

Jamaica.  N.  Y..  eiqMiimaBtal  aae- 
tiona.984 

Layer  method.  927 

Patdiins,  926-982 

Fenn.  Stats  Hi^way  Dept.  prae- 
tioe,  928-930 

Flanti^  928,  930,  981 

RaeoMtrueClan,  926,  827 

Reaord,  988, 984 

Seal  coala.  926,  927. 981 

Tar  for  cold  patdiinc.  928,  980 

Wearing  eDuraco,  927-981 
Minnal  aggragataa,  868-871 

Am.  SocL  C.  E.  oondnrfonib  889, 861 

AnidyMa,  868, 868-866 

Brotoi  dag,  860,  861 

Broken  atone,  868-866 

Fmential  properdea,  868-861 

Fmen,862 

Gravel,  860.  861,  866 

Maximum  dae  atone,  861 

SpedAcationa,  858.  862,  864,  866- 
871,  907,  908 

&irfaoe  of,  861 

V.  S.  O.  P.  R.  praede^  867, 868 
Voider  698-700. 862,  868 
Mixing 

CompariaoD  of  methoda,  887, 888 
Hand,  881,  888,  886,  886 
MadiiDe,  882-887. 896,  887, 908, 
904 

Mtrfm  plants  881-Wf 
BituUthle  884,  908,  904 
Cement-ooQcrat^  882-884 
Detaila,  882-886 
Drlen,  882-886 
Hand,  881,  882 
Mlnn,88>-«8S 
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Situmlnoua  eoncnto  pftTCtnents.  Cont. 
MisSng  pUats,  Conl, 

Op«r»tioM.  882-886,  896,  897 

T<v^  882-884,  Ml 
WwrenlU.  S84,  886 
Weigfaing  devioM,  882-885 
One  product  mggnttta 
Analytda,  869 

AaphAlt  cemmt  qwdflcitioDi,  873- 

880 

Broken  aUc.  860,  861 

Broken  atone,  868-861 

Construction  detaOa,  886-892 

ConstrueUoD  ^edflcrtion^  892-896 

Cost  dsta,  919 

E«ential  propertiM,  858-861 

OrsTd.  860,  861 

HandmlxfaiK,  886-888 

iMyiat,  888,  889 

Maehine  mizinc.  886-888 

Mufanum  nn  atone,  881 

Sed  eoatM,  889,  890 

Spedflcations,  868,  869,  866.  867 

Surfaee  of,  861 

Tar  cement  spedflcationa,  876-880 

Weather  eonditiono.  890,  891 
Patented  pavements,  848,  849 

Am.  Soc.  G.  E.  conduaions,  866 

Indemnity  bonds,  849 

liability  tor  infringement,  848 

Prim- art,  849-868 

ProbaUlIty  of  InMngMoent.  848 
Predetennined  graded  aggntatM 

An^yni,  864.  86S 

Bitulitbte,  866 

Composition,  866,  866 

Construction  details,  901-904 

ConatructioD  afMdOcations,  906-911 

laying,  901,  908,  90« 

Hadiliie  mixing,  901,  908,  904 

Seal  ooats,  901,  904 

Specifications,  864-866,  868-871 

Topeka,  864.  865 

Warranlta,  866 
Properties  valuated.  1860-1864 
Seal  coats,  889-891,  896,  897,  901,  904 

Abbot,  858 

Am.  Soc.  C.  E.  conduaioaa,  871 
A^halt  cement  Bpedflcatlona,  87ft- 

878 

Shoulders,  867 
Spedficstions 

AggregatM,  858,  86Z.  864.  866-871, 

907,  908 
Amledte,  899,  900 
Am.  See.  Hun.  Imp.,  866, 867, 

878-878,  892-894 
Bitoriag,  910,  911 
BitoUtUe,  870,  BTl,  908-910 
Bttumtnoua  enimti^  878-881, 906 


Bituminous  eonmte  pavements,  Conl. 
SpedScations,  Cont 
British  Eng.  Standards  Com..  774- 
776 

Clovdand,  Ohh^  868 

Cooatruction,  892-896.  887-901. 
906-911 

nibertine.  900,  901 

lU.  Sute  Highway  Dept.,  897.  898 

Road  Board  of  England,  894,  896 

Topeka,  869,  870,  905-908 

U.  S.  O.  P.  R.,  867,  868,  ST8-880 

Warrenlte,  870 
Subgrade  q>eciflcationB,  865 
Tar  cements,  682,  683 

Spedflcatfama,  875,  878-880,  906 
Tarmac,  892 

DIreetlona  for  laying,  892 

Manufacture,  892 

Sizes  of  lUg,  892 

SpedfloatioDi^  895,  896 
Topeka  pavsment,  872 

Aggregates^  907, 908 

Analyaea,  864,  866,  902,  908 

Asphalt  cement  spedflcatiou,  880 

Compodtlon,  864,  866 

Cost  data.  920-922 

Devdopment,  tar  eemsnt,  902 

Form  of  qwdfieatloDa,  888, 869 

Laying,  901 

ReiMTt  form,  902 

Seal  coats,  901 

Spedflcationa,  869,  870,  906-908 
Traffic  suitability.  1354-1359 
Two  or  more  layers,  891.  892 
Ungraded  mixed  aggregates 

Analyses,  863 

Characteristics,  862 

Compodtion, 

CoDitructton  detaUa,  806,  897 
Construction  spedfieaUou,  887-001 
Cost  data,  919,  920 
Fillers,  862 

Gravd  and  sand  aggregate,  897 

Hachine  mixing,  896,  897 

Seal  coats,  896,  897 

Spodfieationa,  862,  867,  868 

Voida,  863 
Warrenite  pavement 

Asphalt  cement  qpedficatians,  880 

Compoaltfon,  86^  866 

Conatru«tion  with  oystw  abdb,  804 

Spedlteations,  870 
Weather  eooAtlons;  890, 891 
Width,  867 
Bitmninous  eraulsioni 
Apidieation  of,  756 

Cort  data,  766 
Aq>halt  eement,  6G8,  664 

Analyaea,  668, 664 

nsB,65S 
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Bituminow  emnUmu.  Ctnd. 
AaphKltie,  tor  pfttdiing,  7T7 
amsrificBtkn.  611 
CDOoentTstad,  7IMI,  766 
Cortdata,  756 
DeaDiU0B,4 
DMcriptloti  o(,  766 
EmuUfyinK  oila,  662,  668 

Analyria,  662,  658 
Prep«nttoii-of.  766, 7S6 
Spsdflcations,  766.  777 
Bltnnilnous  fiUen 
AdvuiUEBB.  1080 
Aaphitlt  cement,  1186,  1136 
Blown  oO  Bqihalt,  661 

Analyric  651 
Brtck  pavement*.  1129 

Expudon  jointJt,  1180,  1131 
D^ltlon,  4 

Gravel  and  bitumiiMnu,  1080 
Fitch,  683,  1080,  1185 
Pitch  and  aand,  1081 
Pramoided.  651 

Spadfintioiw,  1082-1088.  lOM,  1091 

Stona  Mode  pavamaata,  1080, 1081 

Tar  and  sravd,  1080,  1081 

Teatinc 
8m  Biturainoui  materlala 

Typn,«12 
Bltmnliunu  foundatioiM,  478-476 

CeiiMntrcoacret«  va,  478. 474 

Grave)  concrete,  474,  476 

SpadfteatkKw,  474.  476 
Bftmnliunu  sntvel  paTauMOts 

BifaUosraphy.  844-046 

CauM  at  fan  lire.  926,  928 

ChanetorisUea,  827 

ConstructioD,  827 

Coat  data,  827,  8S8,  9S0 

Traflle  auitabiUty,  1S6S 
Bitunliioaa  limastMiM 

Anwrican.  aaalyaea,  1014 

Europaaa,  analyaes,  lOU 
BitniniiioiM  m^f^^Hfim  pavcmectB 

Advantacea,  808 

Aaidult  eeoMot  apadfieatkma,  812-816 
Aaphaltie  cffl  qieeUeBtloDa,  816 
BtbHography,  844-846 
Bitumlooua  matarlala,  810-817 

Amount  lined,  821-826 

Raport  foniM^  810,  811 

SpadOwtiOBa.  811-617 

SvttaUUty,  810 

Typaauaed,  612 
Broicao  atone 

Phyrical  properttos,  806,  807 

l^tMdflcatlooa,  808-810 
CauasB  of  failura 

Bltumlnoui  matoriaU,  888.  889 

Conatniethni  ntathod^SSS 

Subgrada  ooDdltiaa^  888 


BlttuniDoua  pavunanfeBt  OmL 

Conatructiaa 

Coat  daU,  836-838.  ISSS 

Harrowiiig  brcriun  itOM.  SaS,  8S4r«l 

Uetboda,  820-827 

Spedflcationa,  827-836 

Time  allowance  for,  1664 
Crowiu,  821,  822 
Definit^ma,  4,  801,  802 
Derivation  <rf  term.  801,  802 
Dlaadvaatac«a.  803,  804 
DiotHbutora,  777-780.  817-820 
EMeotlal  charactarktiaB.  820-«22 
Foundationa 

Broken  Hook.  8M,  806,  820 

CenMnt-eoBovte,  806.  825 
Gladwdl  ayatem,  824-826 
Gradea.  maximiun,  1847 
Gravity  diatributora,  778 
HIatotical  devdopment,  1322 

Enzland,  808 

France,  802.  808 

United  Stataa,  808 
Iite^l864 
Maintananea 

Bitumlnooa  matariab.  840-M4 

Ctmtiouoiia,  889-841 

Coat  data,  844 

Equipment.  840 

Metboda,  888-8U 

Pan.  Sut«  Highway  Dept.  pt»e- 
tioe,  842,  84i 
Meduuical  applianoaa,  817-8ID 
Non4ituniinoiia  nateriak 

Charaetar  of  anrfieak  806 

CleanlinGM,  806 

RaeiaUBee  to  abnrion,  806 

Shape,  806 

San,  806,  807 

Siaea  o(  brokm  atone.  SS1-8M 

SpedBcadona,  808-810 

ToufhntH,  806 
Pltehmae 

Conatruction,  824 

Spadflcationa,  816.  817.  888,  8SS 
Powfaig  eani^  eflldeot  uae,  8l8<4n 
Vnmm  diatributota,  779.  780 

Fondamantal  requirencBta,  816 

SperiAeationa,  818,  819 
Propertiei  valuatad,  U61-U64 
Rolling,  820-822 
Sand-tar  maatie 

SparfBcatlona.  8S2-«4 

Uae,  824,  825 
Slai,  phyncal  propectia^  808 
SpeoflcatioBa 

Am.  Soe.  Him.  Imp.,  80S.  8U-iUt 
818,  819,  828-830 

BitwniiuWB  matetfala,  811-SlT 

Britldi  Eng.  Standatda  Omm^  774- 
776,  816,  817 

Google 
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BltumbUMi  lucftdsin  pavameBta.  CtmL 

SpedflntiMii,  Comt. 
Construction,  S27~886 
Dallas,  Tex.,  827.  828 
lU.  SUte  Hi^w«y  Dept^  884-886 
Mam.  Highway  Comm.,  8S8,  884 
Non-bltumlneus  matcriak,  808-SlO 
OakUnd,  Cal..  809,  810.  816,  836 
Ohio  State  Highway  Dept.,  804,  806, 

809,  823,  ^4,  830-8S2 
Penn.  SUte  Highway  Dept^  830 
Road  Board  of  England,  816,  S17 
State  Highway  Testing  Engn. 

Conf.,  802,  S1D-S12 
U.  S.  O.  P.  R.,  808 

SuiUblUty,  803,  804 

Tar  cements,  682,  688 
SpedfleaUona,  814-817 

Tnffie  Mdtalrilitr.  1364-18U  • 
Bitumiooos  macacUm  walks,  1880 
Bitmninous  materials,  S9B-746 

Artificial,  611 

Claasfication,  611 

Asphalt  blocks  testa.  911,  912,  914 

Asphaltenes,  detemilnatioB,  TSA-^IH 
Value  of.  727,  72S 

Asphalt,  629-638 

Asphalt  cements,  964-966 

Asphaltlc,  610 

Asp  halt-tar  eom  pounds 
Asphalt  eonteat,  716,  717 

Bibllopaphy,  744,  74B 

Bitumen  determtnatianB,  721-726 
Am.  Soc.  C.  £.  method,  721 
Am.  Soc  Twt.  Mat.  method.  732 
Value  of,  724-726 

BrittlcBCai  teat,  8S1 

Burning  pofnt  determination,  718 
Value  at,  713,  714 

Carfoenea,  determination  of,  728 
Value  of,  728,  729 

Carbon  dlnlphfcle  aolubtUty  taa^  721- 
726 

Value  of,  724-726 
Carbon  tetrachloride  aduUIhy  tert:, 
728,  729 

Value  of,  728,  729 
Cementing  tcrt,  881 
CUMificati(»,  607-612 
Coefficient  of  ezpaaaioB  detannina' 

tions,  695-698 
Cre«»oteni'  distillation  test 

Am.  Ry.  Eng.  Assn.  method,  719 
Creasoting  oila,  683-687 
Date  for  reeords,  1336 
DeflnitloB,4 

liquid,  4 

Semi-wiUd,  4 

SoUd,  4 
DlstOlatlon.  638-648 
Dbcmatlan  UalM,  lll-fU 


Bltaminooa  materia^  Coal. 
Nattllatioti  testi,  CM. 
Am.  Soc  Test.  Mat.  method.  717- 

719 

Value  of,  720 
DucUU^  test,  708-710 

Am.  Soe.  C.  E.  meUiod,  708 

Value  of,  709,  710 
Fixed  carbon,  determination  of,  729 

Atn.  Chero.  Soc  method.  729 

Am.  Soc  C.  E.  method.  780 

Value  of,  730 
Flash  point  determination 

Am.  Soc  C.  E.  method,  712 

Closed-cup  method.  712,  718 

Open-cup  method.  712 

Value  at.  713,  714 
Float  tnt,  702-704 

Am.  Soc  C.  B.  method.  70S 

Value  of,  708,  7A4 
Fluxea,  968,  964 
Fluxing  aspiialts.  664-668 
Free  Garbmi  determinatioD,  721-728 
Groups  con^ting  of  or  containing 

bitumen,  609 
Hydrocarbons,  £96-607 
Inqtectioo.  741-744,  962,  963 
Mdtiug  pobit  teste  ' 

Am.  Soc  C.  E.  methods,  710-712 

Am.  Soc  Teat.  Mat.  methods.  Til 

Cube  method,  710 

RInc  and  baU  method,  711,  712 

Value  of,  712 
Naphtlia  inscduble  bitumen  determi- 
nation, 726-729 

Value  of,  727.  728 
Native,  609,  610 

FbMM,  610 

GaaBa,610 

Solids,  610 
Native  asiriudts.  629-638 
Nomeodature,  607-609 

Am.  Soc.  Test.  Mat.  report  on  Brit- 
iah,  22,  28 

Britiah  Eng.  Standards  Com.  am- 
dusjons,  21,  22 
Paraffin  scale,  610 

Determination  of,  780,  781 

'Value  of,  731 
PoMtration  teM,  704-708 

Am.  Soc  C.  E.  meOmd,  706 

Am.  Soc  TeaL  Mat.  method,  70B 

Value  o(,  706-708 
Petroleums^  618-629 
Purduae,  738, 788 

VolumB  baris,  788 

Weight  basts,  738,  789 
Refined,  danficatioa,  611 
Refined  aqdudts,  951-963 
Refined  petrokums,  6aft-664 
Ksffaifaic  pnwesMB,  612-618 
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filtninlDous  Dutmlah,  Coni. 
Ramovil  of  noD-bit«mIiioiM  Impnrl* 

Uea,  «12,  619 
hook  BqihMlu,  668-662 
SuapUng,  964,  MS 

BamU  742,748 

DniBH,  742,  748 

Fsetm  lOTSrnfaic  741, 742 

TsnlDi,  742 
8(tft«idiii  potat 
•  5m  MeltlnK  point 
BouTM  of  bitumcna  and  bltnmliMKM 

tntttiriaUi.  609 
SpwWwttoM,  721-7M 

Altwuto  typ*,  786, 78T 

Aaphilt  eemanta,  785,  7S6,  812-616, 
878-881,  906,  966-970 

Blanket  type.  787,  788 

Cut-lMtdi  aqdult,  776 

Factors  sovmlitE,  T81-T84 

lUiutntivfl,  784-788 

OOm,  776,  777,  816 

ReOnMl  tsn,  788,  773-776 

Tar  oenMnta,  814-817,  876.  878-880; 
906 

Taata  Included,  788, 784 
Sfwdfle  sravfty  tota,  668-69S 

Am.  Soc  C.  E.  method,  698 

Value  of,  6H,  695 
Stontfe,  739-741 

Tanka,  789, 740 
Tin 

CnMto,  662-674 

lUflned.  674-«88 
TmU,  687-781 

InUrrelatiooiUp,  732,  788 

Selaetioa  of,  788,  784 

VOm  at.  7S1,  ■»2 
TranqKntation,  789,  741 

Barrela,  740 

Druma,  740,  741 

Tank  can,  789,  740 
Uaaa  in  faisbway  eivine«riiis,  611 
Viaeorfty  teata,  700-702 

Am.  Soc.  C.  E.  method,  701 

Value  la,  701,  702 
Voida  tn  bituminous  anregatea,  698^ 
700 

VoUttUaation  teata,  714-717 
Am.  Soc  TM.  Uat.  method,  7U 
VahM  of,  716 

Weight  and  volume  rdatlana,  696 
Bituminous  paremeiit* 

Clay  mixed  pavanunta,  917, 918 

Ftbred-aaphalt  pavameBt,  918,  9lS 
Handanonian  pavement,  918,  919 
Natbnul  pavement,  917,  916 
Uncraded  aand  mixed  pavementa,  91&- 
917 

Wavineea,  924, 925 


Bituminoua  pcvammta,  CouL 
Sm  Aipbalt  block  pavementa 
Se»  Bttuminoua  concrete  pa  in  in  unit  i 
Stt  Bituminoua  Kf^vcl  paveanoots 
Sm  Bituminoua  "'■"■^nni  parmMinte 
Sm  Rock  asphalt  fmwuamOM 
Sm  Sbeet-aq>halt  pnwMnta 

Bltumiooni  reck 
DiOnitiaD.  4 
Sm  Rock  aaphaUa 

Bituminous  ttad  aa  aggragat« 
SpedBcationB.  907,  908 

Bitonlnous  sutditoiMi,  661, 1014- 
1016 

Anarieaa,  uabMa,  1014 
BitninliiouB  mrfacaa 
Amiual  coat,  1368, 1864 
Asphaltlc  emuleum,  for  patchinc 

SpedflcaticHu,  777 
BlUiography,  798-800 
Bituminous  mmterial^  770-777 

Amount  of,  783 

AppUcatlao  of,  782 

SpaeifiaitionB,  77I-77T 

Suitable  typea,  770.  771 

Typea  used,  618 

Uaauitable  typea,  770, 771 
BridE  pvvKnents,  1146 
Britldi  practice,  786-788 

Patdiinc.  79S 
Gemaot-oancrote  psvancnta^  ISK- 

mn 

Chanctorirflci,  1206, 1206 

Deatruetkm  of  adhedon,  1206 

Nat.  Coof.  Concrete  Road  BoOd- 
inc  eondudons,  1207 

TbieknesB,  1206 
Charaeterlatica,  768.  760 
ClaHiflcaUcm,  767,  768 
Constructioo 

Cost  dsta.  790-798 

Hethoda,  780-786 

Pean.  SUte  Hi^nnjr  DqiL  ptM> 
tloe,  783 

PhiUddphIa  praetlee,  700, 791 

SpedflcatM>na,  786-790 
Cut-baek  uphalt,  qiedfleatlen 

Philaddphia,  776 
DeOnltioD.  4 
Diatribntora,  777-780 

Fkctor*  tovemlnj  adectko.  777 

Gravity,  778 

Preaaure,  779,  780 

Spedfications,  780 
Failure,  cmubb  of,  798,  794 

Bituminoua  matarU,  798, 794 

Conatruetlon  methods.  ?M 

Roadway  surface,  798 
Fish  life,  effect  on,  769,  770 
Ftaneh  praetie*,  784 
GndBM,  maximum,  1847 
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Wtuminoiu  nufacea.  Cant. 
Gnivd  roads,  586,  649,  6G0 
Conn.  Sute  Highway  Dept.  pnw- 
tkti  TM,  794,  797 
F"™***'  devdopment 
EnraK  '^68 
Unitad  StatM,  768 
L*r|B  milMge,  one  eontnet,  786 
UmltirtloiH  a<  un,  760 

Cart  data,  794-796,  ISO,  1868 

Hone  or  pUnv,  use  at,  797 

FUcUni.  794,  795 

Removil,  796-798 

B«p^,  796-798 

Retrwitment,  796.  796 
Oil  carpets  on  gravd  roada,  784 
OiU,  ei4d  application  apedflcations 

M.  Y.  Stata  Highway  Comm.,  776 
OOa,  hot  application  qieeifieationa 

N.  Y.  Suta  Bicbway  Comm..  776 
Flmat  Mp^^mnt,  790 
Praparation  of  roadway,  78&'78Z 

Dry  n  damp,  781,  782 

Effect  of  aise  •!  atone,  781 
Propertiea  valuated,  1S62, 1868 
PoUie  health,  sffeet  on,  769, 770 
Bcfined  tar,  681,  682 

Analyaea,  682 
Raaidual  carpetinK  medium^  644 
Roadways  used  on,  767 
Sand  and  oil  layer  method,  784 

Coat,  798 

SpedOeationa,  Ha«.  Bl^iway 
Comm..  789.  790 
SUpperiueaa,  769 
SpedBcationa,  oonstnidoon 

Am.  Soc  Hun.  Imp..  780, 788 

Loa  Anrlea,  Cal.,  789 

Md.  State  Roads  Comm.,  788,  789 

N.  Y.  State  Highway  Comm..  776 

Road  Board  of  En^aitd,  786-788 
Spedfleationa,  matenals 

Cut-bade  aqihalt,  776 

00^  776.777 

Tm,  778-778 
Sultabflity.  1850,  1861 
Tta,  oold  qn>licatiaa  ^wdfleatlcna^ 
778 

V.  S.  O.  P.  R.,  773 
Tars,  hot  apfdication  spedflcaticoa 

Am.  Soe.  Mnn.  Imp.,  778,  774 

BiMdt  Eng.  Standaids  Ccm.,  774- 
776 
Top  drwlTiK 

Amonnt  used,  783 

Application  of,  788, 784 

Snds,  788 

SpeciftcatloM.  784 
TialBe  snlUbOi^,  1866- 1S69 
Vaptatiofl^  flfleet  oi^  769,  770 


Bitaminoiu  mixed  nngradsd  wkbA 
paT«ments 

Charaeteristica,  916 

Constnicttm.  916, 016 
SpedflcattonB,  Masa.  Btfiway 
Comm.,  916,  917 

Coat,  916 

SuilabUity,  916 
BitnaUnmu  walks 

Aaphalt  mastics  1879 

A^>halt  tne,  I37B 

Bituminous  macadam,  1S80, 1881 

Sheet>«vhalt,  1379,  1880 

Tar  coneretA,  1869,  1378 
Black  gum  wood  Uodca,  1081 
Black  line  prints,  299 
Blanket 

Definition.  4 

Set  Bituminoua  suifaeea 

Bloekhole  method.  424 

Bouldera,  424-426 

C<^  data,  426,  426 

Ezidoalves 
Bla^  powder,  423 
Dynamite.  422-4M 
Oranular  powder,  428, 424 

Und-capiAag.  424, 426 

Rook.  423-426 

Snalnfaole  method,  424 

SoUa,  422,  428 

SpedSeatloa  requiremmts,  1676 

Stumps,  480.  481 
Bleeding 

Deflnition,  4 

Wood  Mocks,  1062-1064 
BHod  drains,  460 
Blinding  material,  deOnlUon,  4 
Blocks,  atj 

Hanufaeturios  districta,  881, 882 

B«aid«ntial  districts,  880,  381 
nock  STBtem,  traffic,  899 
noaw  granitoid  pavement,  1204 
Blowing  petrolooms,  617 

ProoBas,  649.660 

StiUs,  648,  649 
Blown  petroleums 

Definition,  4 

Manufacture,  648-660 

Penetration  of,  707 
Btae  printing  madUnei,  299 
Blue  prints,  297-299 
Bluestone,  uses,  99 
Bluestona  curbs 

Cost,  1383 

Uanufacture,  1888 
Bog,  definlticm,  4 
Bond 

Definition,  A 
Bn|^9 
Flsnish,9 
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Brads 

AonuMl  Kppropriatioiu,  1496,  1497 
ConqilciUoii  of  hlgbmy  ■jntcm,  1496 
Credit  to  CMfa  wyatam,  1496 
Pay-a»-you-ft>  pUn,  1496 

Long-tann 
Future  benafit,  1492 
Inorand  corta.  1492,  1498 
Lud  rtXvm,  ralBtion  to.  1493 
Prannt  benaflt,  1492 
Surf  &ee  renewal!,  for,  1498 

Penal,  1672 

PropoMl,  1671 

ReckleH  anueiiiK,  1499,  IBOO 
Serial,  1496,  1496 

AdvBntacea,  149B 

Diaadvaotatea,  1496 

Maine  plan,  1496 

Man4and  |rian,  149S 
Sbort-tem 

AdTaDtacM.  1498, 1494 

Annual  paymnti,  1494 
Snr^,  1672  . 
Bond  issues 
Sm  Bonds 
Boro  of  Manhsttaa,  Now  York  City 
Pavement  ofMuing  ra(alatloai,  1S09- 

1311 
Spedficatlona 

Creoaote  oil  preservative,  1036 

Stone  block  pavmneats.  1078, 1082 

Wood  bk>ck  paveoMBta,  1046 
Borrow  pits 
Deftaillion,4 
FMdDotei,  28S 
Stafcln(,289 
Vohune  of,  2S9,  290 
Bosbm 

BridE  walk  Bpedficatiaaii,  1376 
Stone  blodc  paTHBont  ■petMwatlona, 
1074, 1079. 1086 

Boston  rod,  197 

Boolder  pKTemetiti»  dollnitioii,  4 
Boulders 

BlattinK.  424-426 
Com  daU,  426,  426 

Sled^,  425 
BouloTsrds,  376 

Dust  proventJoB,  748,  749 

Financing  improvemrata,  1490 
Boundaries,  350-363 

Abandoned  roada,  862 

Eetebliabmoit,  368 

Legal  Btatua,  360-868 

Road  materials  within,  3S2 

Spedflcatlona,  S62,  368 
Box  culverts,  1452-1464 
Bressts,  d«enitioD.  6 
Breeds.  9i,  98 

Definition,  6 
BrtteiS,  deflnfttwi,  6 


Biick 

Abradon  Ion,  1114. 1121 
BitontinliHl 

Pevriopment.  1142 

Uanutactnre,  1148 

Teats,  1142, 1148 
Brick-daya,  oompodtioB,  106 
CdloT,  1111,  1112 
Cost  data,  1122 
CKMB-breaking  ■brangth,  11  IS 
Crushing  atnngUi,  1118 
Data  for  record*,  1884 
Density,  1112 
Fir«-day,  1109. 1110 
HardnsH,  1112 
HUUde,  1139, 1141 

Chanfered.  1189 

Grooved,  1141 
Homogeodty.  1113 
IroparviouaneH,  1112 
iospoction,  1116, 1121,  1121 
Haddng  teat  bridi,  1114 
Nose,  lor  car  tracks,  1141. 1I4S 
Number  per  square  yard,  1111 
Repressed,  1109 
Sampling,  1116, 1117 
Scad*,  1110,  IIU 
Shale,  1100, 1110 
Siaes,  1111.  1182 
Slag,  1109 

Aoalysia,  1109, 1110 
Spectflcations 

Am-  Soc  Mun.  Imp.,  1182,  1133 

Am.  Soe.  Tnt.  UaL,  1116-llXS 

Stst*  Hl^waar  ToaUnc  Eapu.  Coat, 
1116 
Tata 

Aboorptimi,  1115 

Cro»4>reddnc  1116, 1116 

iDdivMual  brisk,  1118, 1114 

Ratdv.  1116 

Am.  Soc  Unn.  Imp.  apeciftcatiaas, 
1132 

Am.  Soc  Tost.  UaU  apedfteatioe^ 

1117-1121 
Report  form,  1120 
Toogbneaa,  1118 
Uniformity  of  burning,  lllS 
Vertical  fiber,  1109, 1110 
Vitrified.  1102 
Vitrified  cubes,  IIU 
VIro  out,  1109 

Brick  SBtten 
Briek  teata,  18S9 

ConstnicUan.  1888,1389 
Com,  1388 

Spadfleatkma,  Spokane,  Waah..  1388 
Brick  psTsnunti,  1101-1149 
Annual  eoat.  1840,  1868, 1861 
BUfliocrapby,  1147-1149 

I  brick  pav«MBt%  1142 
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Brick  pavemente.  Ccnd. 
Bitumhioui  eupete,  1146 

Brick 

Abraaon  loas,  1114,  1121 

Abaorption  teA,  1115 

Am.  Soe.  Hun.  Imp.  n>w4flwtioni, 
1182, 1188 

Am.  Soc  TmL  Mat.  apeeiflodkna, 
1116-1122 

Coot  daU.  1122 

Cron-braskiiig  tM,  1115,  1116 

Fira-cUy,  1109, 1110 

Hfflalde,  1139,  1141 

Impeetioo,  1116, 1121, 1122 

Noae,  for  car  timeka,  1141,  1142 

Number  per  aquara  yard,  1111 

Physical  properties,  1111-1118 

Battiar  tot,  1116-1121,  1182 

RepresKd,  1109 

SampliiiK,  1115.  1117 

Shale,  1109,  1110 

Sizu,  nil,  1132 

Testa  on  Individual  brick,  1113 

Vertical  fiber,  1109,  1110 

Wir«  cut,  1109 
Car  track  paving,  1141,  1142 
CharacteriaticB 

Acceptability,  llOS,  1106 

Cheapneai,  1102, 1103 

DurmbUltjr,  1108 

FavorablmeK  to  travd.  HOC 

Maintoaanoe  coat,  1108 

NoIadeMnMB,  1106 

Non-alipperincM,  1104 

Reaistanoe  to  traction,  1108,  1104 

Sanltarioen,  1104 
Cleaoins,  cost,  1344 
Conatruetion  time  allowances,  1B63 
Cost  data,  11S7-1140,  1387 

Formula  for  coet,  1188 

Method  of  flgurinc  Cost,  1189 
Curbs,  1108,  1109 
CusUona,  1122-1124 

Bitomtnoufl,  1124 

Pibered-ai^khalt,  1124 

Mortar  bed.  1123 

RoUini,  1124 

Sand,  1123, 1124 

Sawdust,  1124 

Specifications,  1124 
Definition,  S 

Deterioration,  nature  of,  1848 
Edtcinga,  1108,  1109 
£xp«iuion  joints,  1180, 1181 

Car  tracks,  1131 

Construction,  1130, 1181 

Thickness,  1130 

Transverse,  1130 
Fillen 

Asphalt  spedficaUons,  1186 
Bitumlnoua,  683,  1129 


Brick  pavementa,  Cotd. 
Pillera,  Cont. 
Cemmt  grout  spedflcations,  1126, 
1136 

Grouting  aand,  1128 
Tar  pitch  apaelfleattona,  1186 
PoundatioBi,  llOfr-1108 
Artificial,  1107. 1108 
Broken  atone,  1108 
Cement-eonenta^  1107 
Gravti,  1108 

GiMB  aoBcnta,  1186. 1187 

Macadam,  1108 

Natural,  1106,  1107 

Old  brick  pavement^  948 

lUriling,  1107,  1108 
Grades,  maximum,  1847 
Green  concrete,  on,  1136,  1187 
Highway  bridge  floora,  1433 
Hillside  paving 

Chamfered  brick,  1189 

Grooved  brick,  1141 
Historical  development,  1101, 1822 
Inspection.  1116,  1121,  1126 
Joint  fillloc  1126-1129 

Application  of  cement  grout,  1127 

Dampening  bricit,  1129 

Erroneous  pracUoes,  1128, 1129 

Nat.  Paving  Bride  Mnfra.  Aam. 
method,  1127, 1128 
Uying  the  briA,  1124. 1126 

FUt  dde,  1126 

Inspection,  1126 
life,  1343,  1364 
Maintenance,  1144-1146 

Bituminoua-fiUed,  1146 

Coat,  1103,  1338 

Expansion  joints,  1146 

Pavement  openings,  1146 

Removing  and  denning  by  eom- 
prvaed  air,  1146,  1146 
Properties  valuated,  1860-1864 
R<dllnc  the  bride,  1126 
Sand-cement  bed,  en,  1186 
Sand  cushion,  on,  1182-1186 
Specifications,  brick,  1116-112S,  1182 
Spedflcationa,  eonatnictioB 

Am.  Soe.  C.  E.  oondusiona,  1181 

Am.  Soe.  Mun.  Imp.,  1132-1136 

Nat.  Paving  Bride  Mnlrs.  Asm., 
1186,  1137 
Tractive  redstance,  1103,  1346 
Traffic  suitability,  1864-1367 
Use.  1102 

Vitrified  cube  paving,  1144 
Brick  rattler 

Abrasive  chargee,  1118,  1119 
Conatnictiim.  1117, 1118 
Operation,  1119, 1120 
TeaU 

Am.  Soe.  Uun.  Imp.  mathod,  1181 
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brick  tsttlcr.  CimL 
Tmta,  Com. 
Am.  Soc  Tert.  MkL  raeChod,  1116- 
1122 

IndlvMual  bride,  lllS,  1114 
Raporta,  1120 
Brick  walks 
CooBtruction,  1375,  1876 

Speofleatlotw,  BoitaD,  1876 
Com.  1S6».  1876, 1877 
BridcM 
DaaidtloB,5 
Sm  Hi|hwxy  bridcM 
Britiih  MM  Town  Ptuulng  A«t,  874 
BritOeneM  teit,  881 
Broken  rtone 

Abrailoa  teM,  669,  660 
Ab«in>tIon  tMt,  S69 
AmounU  per  tqaua  yird,  677, 678 
BallBit,  1299 
Bttumboua  aggreiktM 
Analyna,  869,  868,  866 
Iiwpection.  982.  964 
Phyrieal  praportiai,  86»-8ei.  Ml 
Suuding,  966 

SpceUottlotw,  866-871,  967,  969 
Bitumlnoui  pav«m«ntB 

Pbyriod  propOTtfoi,  806, 807 

BpedSMtiaoi,  806-810 
Bnrim  stone  rowb 

Fbyrical  propertSM,  666-668 

SpedflckUoiis,  669-671 
CtmentetuMk  taat,  660,  661 
CompMtkm  in  idlins,  678 
C<Ht  per  eqiure  ud  eubie  ymid,  687 
Crndter  produeU 

Compoaition,  667 

VariatiMU,  668 
Cnuhinc,  672-675 
DftU  for  reeords,  1384 
Hardnew  tent,  66S 
B«iliiqb676 

Coat,  686,667 
limltiiig  test  vsluea,  666 
Ueehuiical  uulyaee,  624,  626 
Paymoit  per  cubic  yard  and  ton,  688 
Quarrying  roek,  673^-676 
Beaulto  of  teete  on,  608-866,  667 
Sampling,  656,  667 
ScreeninE,  672-676 
Service  teata,  667 
Settlement  in  watona,  676 
SiBM  for  loada,  666-671 
^MdflcetiMia 

Am-  Soe.  C.  E.,  669 

Am.  Soc  Hun.  Imp.,  569 

Am.  Soc.  Test.  Mat.,  669 

British  Eng.  Standards  CoBu,  670 

Can.  Soe.  C.  E.,  669,  670 

Stats  Highway  Teathig  Engn. 
Conf.;  671 


Broken  atone,  OmL 
Specific  gravity  teeta 

Coane  aggregate*,  667,  668 

Stone  Bcrecolnga.  668 
Teata  for.  666, 667-666 
Tone  per  fttOe  of  roadway,  S88 
V<^  101,  OB.  626 
Wei^t,  101, 102 

Loadt,  678 

^keo  Mom  foondatioBg,  471. 80i 

880;  942 
Brick  pavawMts,  1108 
OameDt-eoncrete  e>,  472 
CoBBtmetion  time  allowanee,  1668 
Speetflcatiana,  470-4'%  680-684 
Broken  gtoiM  raadi,  66S-6M 
Annual  eoat,  1868. 1864 
Applying  Bcraeolnga,  67S-680 
Bibliography,  698,  6»4 
Blndo-,  amount  of,  679 
Bitumlnoua  nirfacea,  787-798 
Broken  atone,  665-676 

Coat  data.  687 

CmriMT  inoducta.  667, 868 

Cn^iing,  672-676 

Haultng,  576.  686,  687 

Samfding,  666.  667 

Screening.  678-676 

Bian,  886-671 

Spedflcaliona,  668-671 

Taotit  666,  667-666 

Voida,  101,  626,  626 

Weight.  101. 102,  678 
dmatructloD 

Coat  data.  686-690 

m.  State  Hii^way  Dept.  tnatnw- 
tioDB,  679,  680 

Time  allowances  for,  1663,  1664 
Crom  aocttone.  676 
Crowns  654,  666,  676 
Doat  prevantion.  747-764 
Early  methoda,  OMnparlaon  of,  664 
FavorableBeaa  to  tiavel,  1848 
Foundatitms.  664 

Spedfieatiana,  470-472,  660-684 
Grade,  "■■^f™"!",  1847 
Hiatoriad  dmkwnMBt,  668. 1888 
Ufa.  1864 

Maintenance,  690-692 

Cauoea  of  wear,  590.  691 

Coat  data.  692.  1889. 1862. 1363 

IntRBtitiBl  WW,  691 

Bepain^  601. 602 

Rcourfadng,  692 
HcAdam's  method,  669 
Propertiea  valuated,  1361-1364 
Quarrying  rode,  672-^76 
Hocka  for  road  metal,  666 

Eaeential  propertiai^  666 

Teata,  666-667 
RolUiig.678 

Google 
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BroIraD  stone  roadi,  Coid. 
Rolling,  CmU. 

ComiwetioD,  678 
SiiM  of  bnAen  ■tone,  6M-6Tt 
Spedfiati<mi^  broken  ■tani^  BS0-6T1 
SpadAattioM  eonatmrtian 

Am.  Soc  IIUL  Imp.,  680, 681 

Ham.  Hiffamy  Comm.,  681,  6BS 

N.  Y.  Stata  Hlfhwmy  Comm.,  682 

Road  Board  of  EngUnd,  684,  686 
Suberuat  roovsmenta,  466, 467, 691 
SubiradMb  664,  676 
SaiUbQlty,  808.  I860,  1861 
Tdford'i  method,  664 
Thidmeai  of  eourai^  677 

ReculatiiiE,  677 
Tonnage  life,  1889 
TractivB  reairtaiiee.  IIOS,  1S46 
Traffle  auitabillty,  1864-1369 
Treaaguet'a  method.  668,  664 
Wear,  691,  1349,  1860 
Broken  atone  walks,  1882 

Coat,  1869 
BrooklTii.  N.  T. 
Panmant  opctdng  pnetiee^  Ull- 

1318 
Spedficatlona 

Aaphalt  block  pavementa,  983 

Nichobon  pavement,  1026 

Stona  IdodE  pavements,  1078, 1082 

Stone  croaawalka,  1097 

Wood  Mock  pavemanta,  lOU,  1047 
Brooms 

Machine,  1280, 1231 
Rcaervoir,  778 
Brush,  definition,  6 
Brush  scythe,  422 
Back  scraper,  484, 485 
Buildups 

Arrangement  In  lots,  404-406 

American  practiee,  406 

Foreign  practice,  406,  406 
BuBineas  and  indiiabrial  aite^  870 
Height  limitatioDa,  406-40D 

American  practice,  407-409 

Fordgn  practice,  407 

Legal  raatrietioDa,  40^  407 

New  York  Ci^,  408,  409 
Unea,  408, 404 
LocatitHi 

Topography,  rfbet  of,  866 
Public 

Deflnition.  888, 884 

Grouping.  884 

Loeatfcm  of,  883-^ 

SaeoBdaiy,  884,  886 
Street  Unea,  within,  1608 
Zoning,  412-416 
Btiming  ^cAsA  test,  718, 714 

Value  <rf,  713, 714 
Bosh  hooks.  482 


DiAnltlon,  6 


Cslctte,89 
Csldam  chloride 
Action  on  roadway,  7B8,  764 
Apidleatlon 

Coat  data,  764,  766 

Dry  method,  764, 766 

Wat  matttod,  764, 7S« 
Coat,  766 
Description  of,  768 
Solutions,  daU  relative  to,  76« 

Freedng  print,  768,  764 

Uixing,  766 
Cslenltis,  applkationa  ol,  40-46 
.  Areaa,  46 
Center  of  gravity,  49-61 
Curvature,  42 

Radius  <rf,  42 
Funetloas.  40,  48,  44 

Algebraic,  43. 44 

Exiriicit,40 

Implicit.  40 

Trigonometiie.  44 
Geometric  derivntivsa,  41 

Curvea,41 

Nflcmal,  41 

Soboormsl,  41 

Subtangent,  41 

Tangent,  41 
Integration,  43^6 

Algebraic  functioni^  48, 44 
^  Conatant  of,  44,  46 

Trlgonometirle  funetfams,  44 
Uadauiln's  formula,  48 
Uaxima,  41,  42 
Uinlma,  41,  42 
Moment  of  inertia,  49-61 
Ptdnts  of  infleetion.  42 
Rates,  42 

Taylor's  formula,  48 
Calilomla  asphalt 
Asphalt  cement  analyda,  646 
Aq>halt  eemmt  specifleatfama 
A^wltie  eonoeta  pavfuant^  874, 
878-880 

Aqthaltle  macadam  pavementa,  818 
CalUomis  Highway  Commission 
Road  daaaiflcation,  834, 886 
Topfte  paTeraant  ipsemcaticiu^  907 
Caloriflc  analyiis 

Ashn,  1244,  1245 
Rubbish,  1246,  1247 
Camber,  bridge . 
Deflnition,  6 
TruHSs,  1428.  1429 

Camber,  road 
Sm  Or oas  aeetious 
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Cunel-bick  txan  bridgw 

Fuid,  depth  Mid  lenKtb,  ISM 

SpKa  leortlM,  1399 

^iMi  compuUtion,  1428,  liM 

Sm  Highway  biidgM 
Camdka  Geobgiea]  Surrey,  nupt^ 
134 

Canadian  Society  of  dril  EnginMra 
Broken  11000  qiedflGBtwiii^  6i8 
Gnvd  ■padSeationa,  GC8 

Cap,  deflnltitxi,  6 

CarbeoeB,  detMmiiutloii  at,  7SS 
Value  of,  728,  729 

Carbon  dlaolidiide,  T21 
Carbon  tetracUofide,  728 
Caipeta 
Aqthalde  <ril  on  gr»vel  nada,  784 
Bituminoaa,  76S 
Bride  paveuMnta,  1146 
CaBWPt-conorrta  pawnwnta,  1206- 
1207 

limitations  ot  uae,  769-771 

Malntenanoe,  7M-798 
Oil,  apedflcatioiu,  788 
Sand  and  oil  layer  method,  784,  786 

Spedfleatioaa,  78S,  7M 
(^rpedac  medloma 
Deflnitloii,  S 
Material!  tued  for,  612 
Oil  q>eclficati«n8,  776, 777 
ReOmd  tar,  681,  682 

Analyae^  682 
Rwduala.  644,  646 

Analyaea,  646 

Phyneal  prop«tl«,  644, 646 

Uae,  644 
Tar  qiedfleatUm,  778-778 
Teating 

Set  BitumlBOua  matirtala 
Carriagflwaj,  daflnttlon,  6 
Car  track! 
Am.  EUeetric  By.  Ens.  Amb.  atand- 

aids,  1297-1801 
BaUait,  1298, 1299 

BrokanatOM,  1299 

Camant-eonerate,  1299 

Gravd,  1299 
BibUograjdiy,  1316-1818 
Brick  paving  adjaeant  raB^  1141 
Car  walgfatit  1298 
ConMnietloB.  1286-1801 

American  pnetlea,  1287-1294 

European  practice,  1294-1297 

Railroad  companiaa'  atam^Mitat, 
1297-1801 
Dedgn,  1277,  1278 
Effect  on  roadway  dur^iUty,  1S2S 
Effect  on  roadwi^  widtb%  S60 
nUari,  1301 

FHUnc  for  taOa^  1291, 1292 
^"naaklN  raqnlNflMnta,  ltT9-lt8l 
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European  ptaeUee^  1281, 1S8I 
Utt^  1279 
Payment.  1279 
ideal  form  of  eooatmetioi^  1278 
J<rinta,  1286, 1287. 1800 
Ueatlon.  1882-1284 
Center  of  teadmr,  1888, 1M4  . 
Side  of  roadway,  1282,  1288 
Sidewalk  tpm,  1288 
PavemMtU  adjacent  laDa,  1141 
Am.  Beetcie  Rr<  Sb»  Ami.  cob- 

dudot^UOO 
Am.  Soc^  C.  B.  ewtdodop^  1893 
RaH^  1284-1286 
Am.  Electric  Ry.  Eng.  Amq.  eon- 

dndoo^  1299,  tSOO 
DeveloiMnMit  of  typea.  1284,  1886 
GrooTOd  ride-beaitag,  1286, 1888 
Life,  1286 
Load*  carried,  1284 
Removable  beada,  1886 
Revaraible,  1286 
Side-bearing,  1286 
Tta«  American  pcafltlaM88T-»l 
IMBcflB,  1277 
Vehicular  use  fli,  18TS 
Caxts,4S8 

Sm  Wagona 
Casdnfu^TS 

SpadflcatkaiB,  78 
Caat  Iron,  76-78 
Compodtkm,  76 
Corradoo,77 
Manofaetma,  76 
FRMTvation,  1470-14TS 
Spedfleation^  78 
Cast  iron  pipe  cohrertn,  1461 
Catchment  area,  daflnitiaii,  5 
Catch-basins,  468-466 
ClMnlng,  1227, 1228 
Hechaaical  methods.  18S8 
Muck  pan,  1228 
Spedflcationa,  Pit«diai^4C8 
Catdtpit,  daOnlthm,  6 
Causeway,  ddlnltfon,  S 
Cedar,  81, 88 
Wdght.88 
WorUng  drames,  81 
Cedar  block  pavaaunta^  istl 
CeDolar,  definltka.  6 
Cement,  67-67 
Data  te  reeeid^  UM 
Ddbiltion,6 
Ume 
Common,  68 
HydraiiUe,68 
Haanfaetora,  69 
MatBnl,  67, 66^  68 
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CeiMnt,  Comt. 

Portlaod,  67,  68,  69 
Pimtdui,  67,  68,  68 

6B-67 

Am.  Soc.  Test.  Mat.  matiioda,  tt-«6 
Cemeotatioa  teit 
Limiting  valuM,  666 
Rock,  dag  and  p»val  powdera 

Am.  Soc.  C.  E.  mflthod.  fiSO 
C«ineat-concr«te^  67-71 
AssreKati) 

Coarae,  68,  72 

Fine,  68,  72 
BallaM,  1299 
Bearing  strength,  73 
Binding  atraDcth,  74 
Comprenire  Btrcngth,  73 
DeOnitioB,  S 

Fallurea,  cauM  of,  67,  68 
Fraedng,  71 
Imperviousneaa.  70,  71 
Materials,  67-69,  72 
Mixing 

Hand,  69,  477 

Madilne.  M,  1167-L171 
ModuluB  erf  elaitldty,  74 
Placing.  69.  70 
Proportioning.  68,  69,  H 
Rrinforced,  71-78 
Shearing  strengUi,  78 
Slirinkage,  72 
Strength,  73,  74 
TenaioQ  atrength,  diagonal,  78 
Transporting,  69,  70 
Watsr.  69 

Cement-concrete  cube  ptremaa^  1188 
Cement-concrete  curb 

Brick  pavements,  for.  1107, 1108 

ConstnieUon,  1SS6 

Cost,  1388 

Dimensions,  1386 

Expansion  jointa,  1SB6, 1S88 

Protaetad,  1886. 188S 

Spedfieationa,  Pittsbnigh,  1886 
Cement-concrote  cmb  and  SBttar 

Construction,  1886, 1887 

Coet,  1387 

Forms,  1387 
Cement-concrete  edgingt,  867,  1108 
Cement-concrete  fouodjitions 

Bituminous  eoDcrete  M,  478,  474 

Bitumiooua  macadam  pavements,  tor, 
806,  826 

Brick  pavements,  for,  1107 

Broken  itone  n,  472 

ConatrucUon,  70,  475 
Organiution  ior,  1096 
Time  allowance  (or,  1568 

Economics,  1167,  1168 

OM  concrete  pavementa  as,  1167 

Fklnt  eoata,  888 


Cement-coDcreta  foundatloaa,  CokL 
Reinfereed.  476 

Slieet- Asphalt  pavaaentB,  for,  948, 
944 

Spedflcations,  Penn.  State  Highway 

Dept.,  476-477 
ThSekness,  467,  468,  476 

Cemeiit«oiwrflte  guird  laili,  1461 
Cement-concrete  mixers 

Batch  type,  69,  476.  1167-1188 

Continuous  type,  69 

Operation.  1168-1171 
Cemeot-cottccat*  pBTMntnlS)  lUl- 
1211 

AccepUbnity,  11S6 
Agxregatos 

Broken  stone,  1168, 1164 

Coarse,  1163,  1164 

Fine,  1163,  1164 

Gravel,  1168, 1164 

Nat.  Conf.  Concrete  Road  BuOdbg 
eonduaions.  1163, 1164 

Slag.  1163 
Annual  cost.  1368,  1S64 
BttiUoinvhy,  1811-1214 
BttmnlnouB  earpets,  1S06-1207 

Characteristlo,  1206, 1206 

Destruction  of  adbedon,  1206,  1207 

Mat.  Conf.  Concrete  Road  Building 
eoDdusions,  1207 

Thieknew,  1206 
Blome  granitoid,  1204 
CementMKm  Crete  eubea,  1208 
Cement-coocrat« 

Density,  1166 

Hydrated  lime,  effect  of,  1166. 1166 

Proportloos,  1164-1167 

Prtvortlona,  Nat.  Conf.  Road 
Bnlldiiig  eonduskMW,  1166, 1167 

SampUng,  1171, 1172 
CharaeterisUcB,  fl68-1168 
CleantlnesB,  1156 
Conitmetian 

Belt,  on  of,  1181 

Coet  data.  1199-1201 

Curing,  1182 

Depositing  concrete,  1180 
Equipment.  1178 

Nat.  Conf.  Concrete  Road  Building 
recommNidations,  1180. 1181 

One-course  work,  1179 

Rolling,  1181,  1182 

Strike-board,  use  of,  1180, 1181 

Two-course  work,  1179-1181 
Cost  data,  1168,  1199-1201. 1836 
Cnnraa,  1160-1162 

Nat.  Conf.  Concrete  Road  Building 
condusiMU,  1161, 1162 
Definition,  6 

Deterioration,  nature  ol.  1848 
DevdopmKit,  1888 
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OaMnt-eoncrvt*  p^vamcQti^  Ctmt. 
DnnMUty,  11U~11U 
EMWMttie  eonpiflmi  with  taaenM 

lamMaaM,  11S7, 1168 
ExpMHkD-onrtiMdoii  jabom,  1182 
DbUim  Kpmit,  USS 
Nat.  Conf.  Cotcnt*  Road  BnOdioK 

OidWan,liia 

Fnn.  State  Hl^way  Dtpt.  pne- 

tiea,  1188 
FavonUaneM  to  travel.  1166, 1167 
Foundatlaos.  m  (utura,  1167,  1168 
Gradea 
Maxfmum.  184T 

Nat.  Conf.  Generate  Road  Bnldiiic 
qcndnJoM,  IlfiZ 
Baamm.  1202.  1208 

Advantafea,  1202 

SpeetOoaOoiu.  1203 
m^war  teldia  floota,  1488 
IThloikal  ilanlinmiMil 

BtOafoatalM,  Ofatn.  1151,  lUt 

UnltMl  Stataa,  1168 

Wayaa  County,  Mkh.,  IIU 
Ufa.  1848, 1884 
UaiBtnaMa,  UOT-lMl 

Coim.  Stata  Hi^wiv  Coaun.  pn»- 
dee.  1209,  1210 

Coat  data.  1209-1211,  1388. 1889 

DiOcultlea  <rf  r*palring,  1166 

Edra.  1208 

lU.  Hi^may  Comm.  aoat  1210 
Jointa,  1308 

Uilwaukae  County  Highway 
Comm.,  ooat,  1211 

Haaurfadnc.  1208,  1209 
Mixing  oemeDt-eooereta.  1167-1171 

CoiMlalMMy,  1169. 1170 

Dundon  of  mixing,  1168-1171 

Hlxar,  1167, 1168 

Nat.  Conf.  Concrete  Road  Bulldinc 
eonduaiona,  1167-1170 

Rata  Dt  Blxinib  1168, 1169 

Taata,  1170, 1171 
Oii-eament,  1208, 1204 
Otganiaatloiia  for  eonatruetlon 

Ul.  State  Ui^way  Comm.,  1178 

Milwaulne  County  Highway 
Commra.,  1179 

Ponn.  State  Highway  Dept.,  1178 
Fropwtiea  vatuated,  1861-1864 
Beinforeed,  1184-1186 

NaL  Conf.  Concrete  Road  Building 
GonduaioDa,  1184,  1186 

Settlement,  1186 
ReinforeemanC  yedflcatkw,  1186 
SaaitailiMaat  1166 
Sbooldacih  1169, 1160 
SUpparineai,  1166 

Spcdfioatioi^  aggrofataa,  1179-}m 


Cameat-conoate  pavementa.  Co»L 
Spedficationa,  aggiegatea,  ConL 

Nat.  Conf.  Coaarato  Road  BiiOd- 
big.  1175, 1176 
Spadfiartlooa  for  wbui  pavonanta 
Fundamantal  priadplaa,  Nat.  Conf. 
CoDcrata  Read  BuOdlag,  1186- 
1190 

Ona-ooma.  Ana.  Soe.  Hn.  Jmp^ 

1196-1198 
Ona-flouraa  for  aHeya,  Am.  Coocnte 

Inat..  1196 
Ooe-courae  for  roe  da.  Am.  Concnta 

Inst..  1190-1194 
One-courae  for  atreata.  Am.  Conentc 

Inat..  1194, 1195 
Two'^ourae.  An.  See.  Mm.  Imp., 

1198, 1199 
Two-eoona  for  atraeta.  Am.  Cagf 
erate  Inat..  1196. 1196 
Steal  rainfordng  roda,  qwdlteatioii 
Stata  Hli^wBr  Taatlag  Engta. 
Conf.,  1186 
Bubgrwle,  1168,  1159 
Nat.  Conf.  Concrete  Road  BuSdiag 
iaaommendathma,  1158, 1166 
Taata,  1171-1175 
Comprawiuii.  1172 
FHetlon  on  aubgradea,  1174, 1176 
Rattler,  1172-1174 
State  Highway  Tasting  Engra. 
Conf.  method,  1171. 1172 
TUdcnea^  Nat.  Coot.  Concrete  Road 

BuOding  oondusiana,  1162 
Tractive  reatatanee,  1166 
TraOo  sulUbiUty,  1864-1867 
VibroUtbic^  1204 
Cement-coiicrate  piles,  1462 
CamaQt-coocrete  pipe  culverts,  1462 
C<niant-<oncrata  gtnictarM 

Prmatfam  of  deetrolyda.  1476-1477 
Ce  m  ent-coocrete  walka 
Alleys,  for,  1872 
Cament-eoocrete 
Coaiaa  Bggregati^  1870 
Fine  aggregate,  1870 
Spedflcations,  Abri.  Standardising 
Paving  Spadfleationa,  1870 
Coloring  matter,  1872, 1873 
Conatnietion.  1870,  1871 
Cost,  1868,  U76 
Driveway  oroadaga.  for,  1872 
Esaantial  featurea,  1S70 
Expendon  joiati^  1872 

Spedfieatiooa,  St.  Louk,  1874 
Failurea,  1S78 
Fonns.  1370 
Voundattan.  U70 
Fracaing.  1S72 
Jointi^  1871. 18T2 
Flata^  1878.  Wi 
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Cramtt-concnte  walkii  CokL 

ProteeUon,  1873 

Sintfe-eoniM,  187S 

Spadfiodloiu,  PlttdMirA  18T4 

ThMi>M,1871 

Viulli,  ow.  1378 
Cement  grout  fillers 

Bride  pavemenu,  1126-1129 
Spedflcatioiu,  1186 

DindvutUsM,  1048. 1081, 1082 

Stone  block  pavementi,  1081,  1082 
Spedacationa,  1082,  1085,  lOftl 

Wood  block  pavemoita,  1048 
Cementing  test,  upbalt  eemmt,  881 
Cement  gun,  deSnttion,  6 
Cement         "U*"'*^,  6 
Cenfos 

St*  Traffic  oensua 
Center  of  grevit; 

IntoErala,  49 

Sm  Geomatrle  flgursB 
Centroid,  49 

Certiflod  checks,  1561,  1562 
Channels,  deflnitioo,  6 
Chats,  deflnition,  6 
Chert,  89 

Definition,  6 

RamilU  of  tota  on,  564 
Chew  dnctiU^  nuchioe,  708, 709 
Chicago 

Pipe  gantries,  1303-1306 

Specificatlona 
Creoaote  oil  preaerrative,  1036 
Stone  block  pavementa,  1074,  1078 
Wood  block  pavementa,  1046-1048 
Chip  pavement,  definition,  6 
Chips,  deflnition,  6 
Chlorite,  89 

Chord  lengths,  uUm.  229, 286-280 
Chords,  bridge 

Ceat,  1401 

Derign,  1426,  1427 
ClnriniMiti,  Ohio 

Pavement  opening  pracdoa,  1808 
Cinder  walks 

Conatructkm.  ISBl 

Com,  1S81, 1SB2 
Cinders,  deOnUioii,  6 
Circles 

Area,  29 

Cireiimferenee,  29 
Equationa,  86 
Normal  to,  86 
Sector,  area,  29 
Segment,  area.  29 
Tangent  to,  S6, 86 

Aassmenta  for  improvementa 
General,  1489 
Loeal.  1489 
4iodal.l488 


City.  Cwif. 
Clarification  of  pavementa,  1489 
Financing  hi^my  improvementa, 
1487-1490 

Boolmrd%14M 

BuBineas  streeta,  1490 

Farkwaya,  1490 
City  pUmxing,  868-416 
Arterial  Btraet  system,  866-86B 

Areaa  between  atieata,  867, 868 

Conoeeting  street^  867 

Parkways,  867 

Permanenee,  869 

Traffic  thorolarea,  -866,  867 
Bibliomphy,  416-418 
Block  dlftMnaionB,  379-881 

Manufaetuilng  dlatiicta,  881, 882 

Residential  diatricta.  S80,  881 
Bundinga,  404-409 

Arransement  in  lota,  404-406 

Ballot  IlnlUUona.  406-408 
Eneroaehments  on  ibeeta,  408,  408 
Envfrona,  Influence  of,  874, 876 

Britiah  Town  FlaniOng  Act,  874 

Outlying  parks.  876 

Trunk  highways,  widths,  876 
Evolution  of  large  dtlM^  864 
Fundamental  prindplea,  868, 864 
lalM  of  Mfaty,  400,  401 
Lot  dimensionB,  879-881 
Motor  vehide,  eSeet  of,  401, 402 
New  citiea,  864 
Park  areas,  882.  883 

Acquirement  before  [rowth,  888 

Coonectins  parkways,  882. 888 

Nelcbborhood,  888 

Population  per  acre  of.  883 

Sdection  of,  882 
Private  devalopmaita,  control  of 

Lsglriation.  886. 887 

Private  street  systems,  886,  886 

Real  esUte  operators,  886 
PubHe  bnildinKS,  866,  88&-88fi 

Deflnition,  888,  884 

GrouplnK.  884 

Seeondary,  8S4,  886 
Rcsldcutla]  streeta,  876-879 

Alignment,  876 

ClasaiflcaUon,  876,  876 

Coat  of  lota,  influence  of,  877 

Parkways,  876 

Plana  lor  triangular  aras,  379 
Roadway  widths,  894,  896 
Seconduy  traffic  atreets,  869-871 

Arterial  system,  relation  to,  870 

Building  dt«^  S70,  871 

Grades^  870 

mdUis,870 
8at>back  restrictions,  408, 404 
aidswalk  widths,  896 
Stnst  dasriflsstlon,  1864 
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Stmt  dnica.  887-897 

AUcnmant,  888-890 

OntdM,  888,  890 

iDtCfsectkxu,  890-888 

lUwdwsy  widtha.  SM.  898 

ShlBwmlk  widtiM,  888 

SubdiviMon  of  aCraeU.  S96-897 

Widths,  870,  S87,  S88 
Tonifaiata,  ueaw  to,  878,  874 

AmKiOB  pnctUa,  878, 874 

VonliB  piwtlaB  S7S 

lUlhnr  and  wbipping,  878 

Stmt  tranportatlaa  ooats.  S74 
Topogt^ifay,  iBflucnee  of,  M6, 886 

Qndm,  868, 866 

HilWdM,a66 

PubUe  buildiiisi,  lOMtiaa.  866 

RaviDM,  866 
TnfBe  ratnlationa,  897-400 
Tnudt  In  ■trwto,  371-878 

OMt,  872 

DrnWopmant,  371 

Stovatad  nBwaya,  871,  872 

lUlhnys  fn  «pn  oit^  S7S 

Subwmym,  871,  872 

SurfsM  rvilwKy*,  378 
Vm  ot  property,  rtMrietiona 

ABMriean  pnetka,  410-412 

Vtaiiin  pnettoa,  4W.  410 

Vam  Yock  MrtrletloM.  410-412 
WMa  aMMa,  aubdlvWon,  896-S9T 
Zonlni,  412-416 

Naw  York  plui.  412-416 
OM  aerric* 
Flamilnc  alvnhBtiana,  aOwt  an, 
1522-1524 
CUja,  98. 108, 106 
Binder  in  Mad-«day,  487,  488 
Cbuatflcatloo,  107 
CompoaitloD,  106 
Contnt  in  crsvab,  688.  CO,  62S. 

840-642 
IMtBltlmw,  6,  496 
Deaeriptloa,  469 

matributkm  tiiruout  U.  S.,  188-134 
EnftvattoB,  eoat,  448 
KaoMBln  and^lar,  4»4 
EipanrfoB,  487 

Mixed  with  aaphalt  eannit,  91? 
Oecomnoe,  107 
Flaatklty.  488 
Porartgr.  US 
BaoofBhkn  of,  107 

SafB  boaring  pmiar,  466,  468, 486. 1469 
Shrfnkaa^  487 
SUdea,  128 

Subooil,  aaiKl-day  raad^  B0e-«6 
Taatiac  106, 107 
Tranaporlad,  107 
Typmat.  106 


Clouing.  41»-421 
Coat,  420,  421 
Deflnltkm,  6 

SpedficatJona,  446.  U7, 44t 
Am.  Ry.  Ens.  An.,  420 
Took  for,  420 

ClsTdud,  Ohio 
Bttumlnotia  iimradud        ^  acpaiate 

qiedfleatiMi,  868 
Stone  block  pavement  ■iiiiiiIIImHiiim 

1074,  1078, 1064 

derdand  ofl  tMtor,  718 
CUaken,  ddtailtloii,  6 
CoaHv*  ^aat,  664,  666 
Coal  tan 
Coal-gaa  plant,  664,  666 
CreoaodnK  ofli,  686 

Analyita,  886 
DeAnitiaa,  6 
■  Bydrocaibans 

Compaeitkm,  611 
Formatian,  662-664 
Manufacture  of,  664,  666.  «T»-«?t 
ProduetleB,  667-669 
Produota  knportad,  977 
Batorta 

Hottoontal,  671,  672 
Indined.  671,  672 
Vartk^  671, 6TS 
8tanfa,669 
Tran^MrtBtka,  66t 
Sm  Tar  eanenta 
Cobblestone  intter* 
Conatniatlan,  1390 
Goat,  1888. 1890 

SpeeUkatiDBa,  R.  I.  Stata  Band  at 
Publk  Roada,  1890 
Cobblestone  pavemeiits 
Cleaning,  coat.  1844 
HbMrieal  devdopment,  UtS 
CoeiBcieot  of  e^eiuion 
Bitumlnoua  materiala 
Bade  ef  datamfawtka,  eii,  OM 

Spedfle  frmvlty  method.  6»6 
Value  of  deCermlnatfan,  697,  6n 
Vohima  and  mpntora  nlackao. 
688 

Volume  method,  696. 097 
Coff  erHUms,  eoMtraetlaii.  1461, 140 
Coke-oven  tar 
ConatittMnta  of.  678 
Creoaotfag  oBb,  688, 6M 

Analraia.  688, 686 
DeflnKioi),  6 

Free  carbon  oontaDt,  672, 972 
Manofaetara,  672,  673 
Produetka,  667-668 
Storaga,  669 
TiSBvectatkB,  662 
flMTsraants 
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CoBtr,  Freneh,  166-167 
CoUectioii  Tehidei  for  mite 

DeMripUan,  1280 

IdenUflcatfam,  1S81 

Painting,  1281 
Collcridal,  deOnlUon,  6 
Columbus.  Ohio 

Dnin  ^pe  spedfiutiim,  469 

Vitrified  pipe  apedflntinw,  4B9 
Columns,  54,  56,  78 

Long,  64,  6£ 

Reinforced  concrete,  73,  74-76 

DeaiEn  fonnulas,  74,  76 
Short.  64 
StrCMBB,  54,  6fi 

Euler*!  formulA.  fi6  , 

RanklBe^  f  onaida,  H 

Stnd^  line  f  gmtila.  U 
Wooden,  1429 
Conunisaions,  dindvsntac«  of,  1626 
Comparisons  of  roads  and  paTomeats 
Annual  eoat,  1S39, 1840, 1368, 1864 
BiUiogrqihy,  1866, 1866 
CharaeteriBtlcB  of  ideal  raaidmy,  1S26 

Cheapneai^  1826 

DurabiUty,  1826-1828 

Eaae  of  maintenanca,  1829 

£a«nm  of  daanlng,  1S2S 

Favorableneaa  to  travd,  1829 

Non-dipperineM,  1828 

Rarirtaaoe  to  traflk,  1828, 1829 

SanltariBsa^  1829, 1880 
CtaariOeatfon  baaad  on  traffic  1864- 
1868 

Claaaing,  eoat  of,  1288 
Dunridlitjr,  1108,  184Q-18a 
Eaainea  of  deaalnc,  1844, 1846 
FavorablenMa  to  travel,  1106, 1H8 

Inveatagationa,  1848 
Flrat  RMt,  1886-1887, 136S 
Grades,  maximum,  1847 
HiMory  eard%  1880-1886 

Fmni,  1381-1886 

Vatue  of,  1382, 1888 
life,  1841-1848 

Haintenanoe  cost,  1837-1889,  ISES 

MiriMdeH&eH,  1106 

Pavements 
Annual  east,  13S9,  1340 
Chaning,  eost  of,  1288 
DuraUlity,  1103, 1340-1348 
Eariaeai  of  deaning,  1844, 1346 
n^vflrabtanns  to  travel,  1106, 1848 
life,  1841-1848 

Reeonstruetion  required,  eetmomie 

test,  1341 
RaaistaBce  to  traffle.  1106, 1846 
8aidtarln«M^  1104, 1848 
Sllppeiinasa,  1104, 1846 
Prapertisa  valuated,  1360-lSM 
BlaadHud'a  msthod.  1888,  1868 


ComparlsoRB  of  roads  and  pavemanta, 

COHt. 

Properties  vatuatad,  Coni. 
Caoadtan  anglnaan' method,  1868 
Crodir'a  method.  1861, 1868 
Fianer'a  method,  1864 
Forest  Service,  V.  8.  DapL  Agr. 

method.  1363 
TOkOD'i  method.  1860, 1861 
Reeonstnwtiaa  nqnlred,  eecncmle 

test,  1841 
RMlstanee  to  ttaffle,  1103,  1106.  Ui6 
Roads 
Annual  coat,  1863,  1864 
First  oost,  1862 
Maintenance  eost.  13^  1363 
SniUbUi^,  1860,  1363 
Wear,  1349,  1860 
Sanitarineas,  1104,  1229,  1848 
StipperineM,  1104.  184S 

Eqwrimenta,  1846, 1847 
Snitabltlty,  1360, 1861, 1868 
Wear,  1849. 1860  . 

Ueasuring  apparatus,  1851 
Compass,  194 

Aidmutb.  determination  of,  214,  216 
Composite  paving,  deOniUon,  6 
Compound  curves.  221-224 
Compressod  tMgibMStit,  deflnitloo,  6 
Compressod  marsh  giut  panmBt* 

1320 
Compression,  62 
Axial.  52,  68 

Computsttoiis 

FiUng,  821 
Indexing,  821 
Concrete 
St  Bituminous  eonerete 
Sm  Cement-eotmata 
8m  Reinforced  eonereU 
Condoits 

See  pipe  galleries 
Cones,  80,  81 
Center  of  gravity,  60 
Frustum,  31 
Area,  lateral  surfso^  81 
Volume,  81 
Mtnnent  of  inertia.  60 
Right  circular,  30 
Area,  latml  sorfaoak  80 
Volume,  30,  81 
Voluma,  80.  81,  60 
ConclOBMratM,  98 
Distribution  thmoat  V.  U8-1M 
Poroalty,  118 
ConnecticBt  State  Blgkwwj  D^ut- 
ment 

Bituminous  earpeta  on  grsvd  mds 
CoBStructlaa,  784 
PateUng.  794 
Reeoutmetion,  79? 
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CoBiwetiedt  Stata  Htgfamv  Dq>t^  CM. 
CODent-eonerets  paveDMOt  miillt^ 

nsnee,  1209, 1210 
Gnvri  mad  ^edflotMCi,  BU 
Hone  or  pUuMr,  797 
CoosMency,  deflnitkm,  6 
Contour 

DeflnitioB,  6,  284 
Levding,  284,  286 
LereU,  284 
Uftppbg,  29S 
Contract  procednra,  1657-1670 
AdvartbenMntB.  1668,  1680. 1686 

Governing  ctrnditlmta,  1560 
I   Fr^Mtntitm  of  Khedulo,  1666 

PubUeatkMH  UMd  for*  1666 
BUb 

Low.  1EC7 

Rejection.  1668 

Scbedule,  1667 
Certified  chedn,  1661.  1668 
CoDtrMtor,  BodM  to^  1G6B,  1669 
Cflotneti 

Award.  1668 

CUMiflcmticm.  1667 

Coraidetlon,  1670 

DenuCOB.  1676 

Execution,  1668 

Fflea,  1668 

Ledcer,  1667 

ReeonlB,  1668,  1669 

VlcdetiOT,  1676 
Finsl  fwUmatas,  1670 
Opemtlnx  equipawnt,  1667. 1668 
OiMrmtiiig  iiutnidkM^  1670 
Paymeots,  1676, 1677 
PbOadclphiM  qntaa,  1667-1670 
ProfMMla,  1660-1667 

Bidfonne,  1666 

Cantroeticn,  tliM  aUowiBMi, 
1668-1666 

Distribution  of  (onu,  1666 

Equipment.  1660, 1661 

GnuUng  oqiMltiei,  16K 

PrqwntioD,  1661, 1662 

Submladon.  1667 
Purpon,  1667 
Reporte 

Di virion  enElneen,  1669 

Inspecton,  1669,  1670 
Submrfece  work,  1666, 1G67 
Time  limits,  1676 
Contntcts 
Awerd,  1668 
Clueiflcetioa,  1667 
Ounagce,  1676 
Ledger,  1667 
FkinMntB,  1676. 1677 
^obtlon,  1676 
Sm  CoDtmot  praeednn 


Corduroy  nwd,  definhioB,  T 
CorreBpoBdeoce  proceduta 
Anewerinc.  1660, 1661 
RlinC,  1661. 1661 
Opemtiaa,  1648-1668 
Orgajolxetlon,  1648 
Philwlelpbie  prectiee,  1648-1658 
Purpoee,  1647,  1648 
Reedvins  and  routing,  1649,  1680 
Routing  chart.  1649 
Serriee  eomplidnti^  166S 
Tidder  Ue^  1661, 1668 
Corrodon  of  metals,  77 
Cauaei;  1469,  1470 
Water  and  impuritke,  1470 
Comgatod  ba(,  daflpitkp.  T 
ComcatAd  metal  cttlreits,  1461 
Codnes,  utwiL  t^U«,St6,«M 
Cost  record! 

Infonnation  obtefated  from,  16S8 
UelnteBeiMM  woA,  1687-164* 

CbaigMtble  to  raiieue  fondi,  ISST 

Foram.  1687-1689 

SymboU,  1639.  1640 
Hd.  State  Roeda  Comm.  ejialMii 

Admlniatntlon  end  lacel,  IS44 

Chwti^  164S,  164S 

Cooatruetkm,  1641.  1646 

Engineering.  1644 

Equipment,  1646 

Maintenance,  1644, 1646 

PreUmlnary,  1644,  1646 

RecoMtniction.  1644.  1646 

SegragatloD  of  itema,  1647 
Philedelphie  ayatm 

Hi^wey  hloA  record.  164S . 

Inatnietidna.  1640-1643 

Mnteriel  ioMC  orders.  1640,  1641 

Material  abaeta,  1641, 164S 

MwMiNBwnta,  1648 

PnigMB  abaeta,  1641,  IStt 

Route  aheeCa,  1640, 1S41 

Symbol!,  1640.  1641 

Street  dauUng,  12S7-1289 

Time  dteeta,  1641, 1641 

Value,  1882,  1383,  1636. 1686 
Cotangenta,  natural.  taUea.  827,  StS 
County  highway  department 
avil  aerrioe  reguUtiofia.  1&24 
Seopa  and  ^anwtar  at  woifc,  16U 
Sm  Adntniatntkn  of  U^war  4hp*^ 

8m  OtpuAmtiM  of  U^mr  dayait- 
manti 

Cracking  of  bitumiiio«aBiat«fial«,6U 

Creowmnc  79,  80 
Creoaatliig  cUi 

Cluvaotarfatiaig  <U-«ST 

fla^flraTim.  m.  fflll 

Coal  Tar,  686 
Analyri^Sae 
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Craosoting  oUb,  Coitf. 

Coke-ovMi  tw,  686,  S86 

Analyna,  S8B,  686 
CreoMten'  diitllbtfoB  tnt,  719 
Definition,  7 
Muufietun^  684 
SpMUkattow.  preaervxtiTM 

Cold  tar  diMiOate  cdl,  1048 

Co«l  Ur  pKwiat  oil,  1048 

Water-gM  tar,  1043 
Tar  dlitlllata.  686,  686 

Analyaea,  686 
Tar  residues,  eont^ninb  68S 

AnalyMB,  686 
WataT-sas  tar,  686 

Ana^na,  686 
Wood  block  preservatiTea 

Coal  tar,  1086,  1086 

Eantial  qualltka,  1086 

Watar^aa  tar,  1086 
CroSB-sectLoni 

Areas,  eomputliiE,  808,  809 
Broken  stone  roads,  676 
Earth  roads,  484,  486 
Gravel  roada.  686-687 
Levellnx,  282 
SfappinC,  297,  298 

Bli^printa,  298 

Paper  used,  207,  298 

Scales.  298 
CroHwalks 
SpacUkatlons,  eonatmetbia 

Brotftlyn,  N.  Y.,  1097 

Glasgow,  1098 

Liverpool,  1097,  1098 

London,  1097 
Stm  iHodk  pavaiBBtB,  1077, 1078 
Crowm 

Broken  stone  roads,  664,  666 
Cement-ctmoetepavemaitB,  1160-1162 
Curbs  at  different  elevations,  307 
Daie's  tonnula,  807 
Ddlnition,  7 

Different  widths  o(  roadway,  1066 
Effect  of  ear  tracks,  1067 
Gnvd  roads,  621 
Maximum,  461 
Minimum,  461 

Relation  to  gutteci;  1066, 1067 
Roamnter'a  formula,  807 
Sidevalks,  1868,  1369 
Stone  block  pavements,  1066-1067 
Surface  drainage,  460,  461 
Transverse  slopes,  808 
Warren's  nUc%  307 
Wood  Uoek  pnveoMntB,  1080,  1031 
Crusher,  572 
Cost  of  operation.  674,  676 
Gyratoiy 
Capadtka.678 


Crusher,  Coat 
Gyratwy,  CokL 
Power  required,  67S 
Wei^ts,678 
Jaw 
Capadtiea,  673 
Power  required.  673 
Weights,  673 
Cnuher  products  of  broken  ttoiM,  667 
Composition,  567 
SpeeUcatiaas,  669-671 
Variations,  668 
Cmsher-nin,  deflnition,  7 
Crusher  nnd,  definition,  7 
Cnuhiiig 
Gimvd,  680 
Ro«ac,  672-676 
Crushms  pbmts,  672-676 
Coat  of  operatioD,  674,  676 
Gravel,  680 

Products,  variation  In,  667, 668 
Cniahing  strengtii 

Rocks,  results  on,  667 

Test  for  rock  or  dag 
Amu  Soc.  C.  B.  tnstfaod,  668 
Crust,  definition,  7 
Cuban  asphalt 

nuxed.  667 
Analysis,  667 

Physical  properties,  667 

BeOned,  667 
Analyris,667 
CtibM,28 

Cemant-eonerete,  1188 

Vitrified,  1144 

See  Parallelopiped,  rectangular 
Cubic  measure,  828 
Cul-de-iac.  878 

Deflnttlon.  7 
Culverts 
BibUography,  1466-1467 
Construction 

Cast  iron  iripe,  1461 

Concrete  pi^.  1462 

Corrugated  metal,  1461,  1462 

Reinforced  concrete,  1468,  146i 

Stoae  box,  1462 

Timber  box.  1464 

Vitrified  pipe,  1461 
Definition,  7 
DeBign 

Formulas,  1460,  1451 

Size,  1460 
Embankments,  for,  468 
HiUsidas.oo,  463 
Location,  468, 14B0 
Painting,  147S 
Cups,  definition,  8 
Curbs 
BiUiography,  1394. 1890 
BtaMBtonsklSSS 
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Curbs,  CohL 
BlaeitoiM.  CimL 

Cott,  1888 
Cement-concrete 

Brick  pKnuMBto,  for,  1107. 1108 

CoMtnietfoo,  U86 

Coet,  ta» 

Dimeuions.  1886 

ExpuMdon  iolntt,  1885,  1886 

PratMtsd,  1886,  1886 

SpedfleMtlons,  PlttriMurgfa,  1886 
CflMnt-conereta  eurii  and  cutter 

Conatnietlon,  1886,  1887 

Coet,  1887 

Forma,  1SS7 
Comor,  nuUu^  1S8Z 
C<Mt,  1883 

DitOMulou,  1882, 1888 
riiiilbt  iMtuM,  1882 
Hnnctnt  eonstnictioo,  1606 
Grulto,  1882,  1888 
Cort,  1888 

SpMiOottkMH,  IndiuiqpeU^  Ind., 
1884,1886 

Huwhettm.  1882. 1888 
limeetoBe,  eoet,  1888 
HatMimb,  1382 
Redwood,  sort,  1388 
Safety,  1882 
Sandatone 

Manufacture,  1883 

Spedfleationa,  PittabmA  ISM 
Staking,  288,  289 
Stone,  1882-1886 

Cost,  1383,  1384 

Depth.  1888,  1884 

Setting.  13S3,  1884 

Spedflcatbma,  1884,  U86 

Stone  bloddng,  1884 

CUITAI 

Ar«,  leogtli  of.  222 

dear  al^  at.  84S 

Compound.  228, 226 

Croaa  roada,  841.  848 

Deflnitkma,  221 

Degree  of,  222 

FormuUa,  221-224 

Location,  224-228 
Offoeta  from  chorda,  228 
Tangent  offaeta,  227,  228 
Tranait  and  tape,  224-227 
Parabdle,  227, 228 
Problema,  228 

H^>pinc,  284 

PamboUc^  227, 228 

Radiua.  minimum,  149. 842.  848 
Int.  Road.  Cong,  eondariana,  S48 

Roadway  erowna.  S47,  Si8 

Single,  223 

TaUM,2S8-S80 

T^BiMltloii,  S4S 


Curm.  CffNf. 

Vertkd.  IBC.  167, 806,  MS 

Vtdumea  on,  814 
Curra  ttUes,  228-280  . 

Are  kngtha,  228,  284, 88fr-S80 

Chorda,  229,  286-280 

DeaeetionB,  220,  284,  S36-nO 

Degree  dedmala,  284 

Ezternala.  228-238,  286-280 

Functlooa  of  1°  eurva,  288^t3S 

Mbb.  Highway  CoMU,  220,  234. 
286-280 

Radii,  286-280 

Skew  disU&eei,  284.  286^80 

Tangents,  228-2S8,  286-^ 
Ctiahioiu 

Bituminoua.  1048,  1124 

Brick  pavvDMQta.  1122-1124 
Spadfleatlaiia,  1188, 1186 

Camant  oMttar,  1046, 10«9„  lUS.  1136 

Sand.  lUS,  1049,  1076,  lOSS,  1188, 
1124,  1188 

Stone  bto«^  pavement^  1076 
SpeeUleatiMta,  1089,  lOM 

Wood  block  pavementi^  104E;,  1046 
Spedfleationa,  1048,  1049 
Cut-back  ^odncti 

Aqihalt  eement,  667, 66S 
Analyda,  668 

Delinitioa,  8 

&MciSeatlc«ia,  776 
Qrnnd«rB,80 

Center  irf  gravity,  60 

Moment  of  inertia,  GO 

Rll^t  dreular,  SO 
Area,  lateral  aurfsoe,  80 
Volume  SO 

Velnme.  80,  60 
Cypreaa,  79-82 

Life,  79 

Weight,  62 


Dallas,  Tex.,bIturaliUHN  maeadam  pftv*- 

ment  apedflcationa,  827, 888 
Dandy,  deflnitiai,  8 
Danger  algiu,  1393, 1894 

Grade  erosdnn  1898 

Int.  Road  Congreaa  aymbols,  18S8 
Dead  <^  deflnitioB,  8 
Daflnitioiu 

Sea  Terminology,  Highway  enginMring 
Dvflectioaa,  tafalea,8SB,  884, 8S»-880 
Deformed  bars,  definition,  8 
Degree,  decimala  of,  tablaa.  834 
Degree  of  curve,  221-224 
Dehydrated  tari>  678 

Definition,  8 

A*  Tmi 
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MirdntieBof  Utuainotw  mateiials, 
ns,<T6 

DmAt,  4».  61 

CrowiM.  847.  848 
CulrarU,  1460-1461 
Gradw.  844-847 

IMnforeed  cooerato  U^ny 

bridcM,  1440-144S 
ReUining  waHa,  I464-146T 

AUgaiaant,  S40-aU 

Boundarta,  860^68 

CrowDi,  847, 84S 

Cumi^S4S,Stt 

GndM,  844r447 

InfaBMCttoiu,  806, 841 

Looitloa,  888-440 

SurlM*  wa*«%  868-8M 

TnOencnlBtlaB^  866-861 

WUUw,  846-660 
BiMd  qntMDB,  8SI-888 
BoMhny  airluliin  161-187,  U8S- 
1SS6 

Chaneteibtln  of  Moal,  1826-1880 
Hirtory  cmrds.  1880-1836 
StMi  hif hway  bridxM,  1418-1^ 
StraMa,  388-897 
AUgnmmt,  88S-8W 
Gndfls,  888^90 
IntcnecUona,  890-898 
KOMdway  iridUH^  894-696 
Sidawalk  widOw,  896 
SubdivUoiM.  896-697 
WWtU,  887-888 
StiMt  ayatana.  866-W7 
mdtlia,  648-860 
Detonniutor  ot  timAwaf  tn»,  1828  ■ 
Detroit,  Mich.,  round  eedar  block  pave- 
ment apedfleatlMia,  10t7 
Deval  machine,  666 
IM>bue,91.96 
Deanitlaii;  8 

DfatrlbntkB  Umwvt  U.  1S6-164 
Minaral  eompoattion,  96,  S66 

Ocemrence,  97 

ReaulU  of  toata  on,  664,  666, 667 
Spaitte  cnvttjr,  96 
Texture,  96 
Dia^utcm  ptnnpo,  1466 

IMorite,  91,  »4, 96 
DiAiiitloB,8 

HfaanA  ennpoiAtaa,  666 
RawHa  of  taata  fltt,  664 
D^,  lU 

Directkm  nini,  1890-1896 
Distmnce  si^i*,  1890-1866 
DistUUtes 

Doat  Uy«i^  641. 648 

FluxiBg  witli.  616 

TieMnnte^61A 


DirtUlctku 
Cra^ac  616^  616 
Daabnctivfc  616 
Diatillataa,  tnsatmMit  cC,  616 
FractkMial,  618,  616 
Tar,  676-678 
DiltilUtion  teits 
CreoaaUta'.  719, 7t0 
Methoda,  717-7S0 
Value  of,  720 
Distribntora 
Faetora  govming  acfaettoo,  7TT 
Gravity 

HaBd-diawn,  776 

KladilaM,  778 

Pouring  cam,  778 

Hoecrvolr  brooma,  778 

Tanka,  776 
PiaMim 

Ftazibte  boaa,  779 

Hand-drawn,  779 

Maddnea,  779,  780 

Spedfieatlon^  780,818.818 

Tanka,  779 
Ditches 
BUatine  ■oUa,  422, 428 
DeOnitioD,  8 
Drainace.  451 

Excavatioii,  Bpedfkatkaa.  446 

ade,461,462 
'    Slope,  462 
D(ri«rtte,  didntliaa.  8 
JMoiiiite,89 

Definition,  8 

Mineral  com  position,  666 
RaaulU  ol  teata  on,  664,  667 

Dorry  machine,  &6S 

Doable  meridian  dl6t6iici,  291 

Deflnittona,  11^76 

Life,  79 

Weight.  82 

Woridnf  atnma^  81 
Dow  dactiHty  molds,  708. 700 
Dow  penetrometer,  704, 706 
Dowus.  daflnitkiD,  8 
Drafting  inatnnnentB,  201, 202 

Drawkig  tabka,  202 

Pantograph,  202 

Planimater,  201, 202 

I^utiaetoia,  201 

Rubber  ftampe,  202 

StraltfMradfM,  201 

TempUtea,  201 

Tiianglea,  201 
Drag  acrapMS,  484-467, 446  . 

Buck  acfapv.  464,  466 

Compariaon  «hh  wfaari  HiapM  and 
wagotia.  486,  487 

Coat,  484 

Dapcadatfcwi,  481 
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Drac  tcnptn,  Cotd, 
FVwo  aeraper.  4S4.  488 
Grmdlni  orgmnitttian,  486 
HMhod  of  oparatim,  484.  436 

C«t  dftU.  484.  4S6,  446 
DiaiU(^4MM6S 
nbUograidiy,  479-tgl 
Bituminous  concrate  p»VMi>t»  864 

SpedOntiaDa,  866 
Cttcb-bHiB^  46S-466 
DianltiaD.8 
DniD  tOs,  461-468 

SpadAcstloaa,  Am.  Soe.  T«M.  W*U. 
468-469 
BVmUob  od  looUion,  161, 162 
OiaTCl  rawb,  620,  621 
M^tananm,  164 
Sand-day  niwii,  601 
Side  ditdMi,  461,  461,  4«S 
aUm  dralna,  461-460 
SpedfleaticMU,  Am.  Soe.  Uun.  Imp., 
d66-«e7 

Sub-drainac*.  119,  120.  461-460 
Suitaes  dniiiug*,  460-468 

Cnnraa,  460-161 

Ditches,  461-462 

Guttan,  462-468 
Surfie*  watMV.  868-366 
V-dnlii«460 
Drains 
Blind,  460 

Number.  determiBadon,  461 

PlaeiDC.468 

Side.  461, 462 

EUie,  detmmiiwtian,  452 

TUe,  453-469 

V-d»lii,4«0 

DndntUe 

Abaorption  tcarU,  464-466 
PreesinK  »d  thawing  teaU,  466-^7 
Spedfie&tions,  Am.  Soe  Tsat.  Mat., 

468-469 
Supporting  strenstha,  468 
Visual  inapectlon,  467,  469 
Drawing  paper,  294,  296-298 
CrewoeUop,  297, 298 
Hount0d.298 
Drawlnsa 
mins,  820 
Indexing,  820 
Drsuins 
D^niCions,  S 
Fine  pointed.  9 
Rock-faced.  16 
Rough-poinUd,  18 
Scabbled,  16 
Smooth,  17 
Toolmg.  20 
Spedfieationa,  1074. 1076 
Driera,  abee^aqilialt  idant*.  971-978 
Diillins,  rock,  428-426,  678 


Dfop  hamiiwr,  dtflnttiaat  8 
Drop  inleta,  468-466 
Dmiu 

Bttuminow  matariab,  for.  740^  T41 

Samplinc  (ram,  742, 748 
Dry  imiuiuj,  diAnllhRit  8 
DocOli^tMt 

Hadtlnea,  708.  709 

Uatboda,  706,  709 

Value  of,  709, 710 

Dunvr  Inrii  IM 

Adiuatmwta,  199, 200 
Doru  parement 
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Natural,  468-470 

Preliminary  inveatigationa,  469 

Safe  bearing  power,  168,  466,  469, 
470,  1469 

SoU  dassificatkm.  468,  469 
Old  pavamenta,  477,  478,  948 

Bride,  1106, 1107 

Bndnn  stone.  478,  1108 

Tdf  ord,  478 
Pfies.  1461, 1468 
Pun^M,  1468 
Rou^  atone,  472 

Construction,  472 

Spedficatlons,  R.  I.  State  Boaid  of 
Public  Roads,  472 
Sheet  piling,  1462 
Soils,  bearing  power,  168,  466,  469, 

470,  1469 
SpedficatioQs 

Am.  Soc.  Mun.  Imp.,  866-867 

Bituminous  concrete.  474 

Broken  dag,  470,  471.  809 

Broken  stone,  470-472,  580,  809 

Cement-contrete,  476-477 

OraTd,  470^  471 
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N.  Y.  State  Hlghwajr  CaBOk,  470 

Roa^  atone,  47S 

'Mford.lTS 
Soboutt  morattents,  466,  467 
TeUofd,  472.  478 

Spedflntimu,  N.  J.  State  Hi^wiy 
Dept.,  473 
V-drain,  478 

See  Vulous  roads  and  pamMlttl 
FrftgmenttJ,  M.  91 
FnuKhiae  reqairementt 

AtiMrieui  practice,  127^1281 
European  praetiee,  12SI,  1281 
Ufe,  1Z19 
PaynMOt.  1379 
Fr«B  cartMii 

Cokn-oveo  tart,  672, 878 

DaOnltioo,  10 

Detarmlnatioa  ot,  721-72S 

Ga»lHiUM  coal  tara,  678 

Tan,  678,  619 

Watw-Cia  tan,  674 
Free  haul,  816, 817 

SpedfleaUona  448^60 
French  coeffldent  of  w«ar 

Formula,  669 

Rocks,  of,  666,  666 
Fresno  Bcrapera,  484, 4SS 
Friction,  48 

Ajiile  ol,  46 

Co^cknt  of.  48 

KIneUc,  48 

UDiltins,48 

Static,  48 
Froit»  Mtfao  Of,  4S0, 461.  MS 
FmKtlOM^  MM  a«|tM  COT^ttS-SBS 


Gabbro,  91,  95,  96 
Daflnltkn,  10 

Mineral  oomporition.  86,  tf6 

OOOUlf  ADCV^  96 

Rwutta  of  tesU  on.  66i 

SCrenitfa,  96 
Galvanized  Iron 

Matuifacture,  1470,  1471 

Pain  tine,  1472,  1478 
Galvanizinc 

Eleetraiytic  method.  1470 

Hot  d^  method,  1470,  UTl 
'  ShoardiiiiiK,  1471 
_  Vapor  prnBiw^  1471 
OarMgA 

1255  — ' 

nbUograpliy,  127^  U78 
Cbanlal  analy^  1250 


Garteie,  CM. 
airilWariBn.  dead  wdmai^  125P 

Ccrileetlaa,  1247. 1248 
Coat  of  diqMMal.  12tt 
DaMriptfaML,  1241 
Equipment  for  eoDeetiaa 
Deaeriptioa.  1261 

Hom-draim  at  motor  raWrlaa.  USO 

IdeotUlcatioD.  1261 

Painting.  1262 
Mechanical  analyab,  1249 
Orsanlxatioa  (or  dfapoaal,  1262-12  S6 
Rediietion  by-products 

Cbemleai  analjQita,  1280 

Prieaa  neelvad.  1249 
RadoflCka  diapcaal  method 

Opeiatins  eoata,  1249 

PhiladalphU  imetke,  1848 
W«i^l248 
OarMt,8» 
Gaoge,  daflnitioa,  10 
Gaa-turaee  coal  tar 
Commt.  688.  668 

Analyrfi^eSS 

Spodfleatko.  8T8 
Cbatmeteristica,  670-672 
CofHtituaDta  of,  671,  C7S 
Oe0nitiao.lO 
Manufactura,  670-672 
Fradnetlon.  667-609 
Retorts 

HotlHmtal.  671,  672 

iBcHMd,  671,672 

Vertical,  671,  672 
StorBce,669 

Geodetic  sorrering,  204-206 
OeokwlGal        1ST.  128 
8tnta.l8T.  188 
Stniettm  — *™^  186, 1S7 

PUMtinc  187 
Uae  in  vmiylnc  140 
OMlogkil  stmeton  of  V.  &,  Ui-isi 
Gedocr.  B5-146 
BiUlocraphy,  146 
Geolocieal  mapa,  187, 1*8 
MineralB,  86-89 
I^ydeal  " 

Fkulta,  111-114 

Folda,  114, 116 

Jointa,  118, 114 

LatvMidea,  120-128 

StraooM,  116-117 

Stnictiue.  U.  S.,  128-124 

UndvpooBd  watw.  117-iaO 
QaanyliV,  188-146 
BodBi^  80-108 
SoOm.  108-111 

Tf^Mgr^Ate  raapob  U4f-UX 
Gaomotry.  20-81 
CIndeo,  SO 
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CyUiMlm,80 

PanllekiplpMk.  29 

PfriygODs,  29 

Frinna,SO 

Pyimnilda,  80 

Sphera,  SI 
Gilmore  needla,  66,68 
Giltonite 

AnalyaU,  650 

Aiphalt  csDMnt  spedficatloM 

Asphaltle  eoncrate  pavement,  878, 
87S 

AapluJtie  marwiam  fNmoMDt^  812 
Hown  Mphalt  oanwnt,  6B0,  661 

Aiulyu,  660 
Depodta,  687 
Hilling,  638 

Fbydesl  profiertiM,  687 

ProdueUon,  63%  883 

Tmupoitation,  683,  884 
Gin  pole,  deflnitiaB,  10 
GUdal  drift,  108-111 

Drumliiu,  109 

Erarion,  108 

lee,  108-111 

KantM,  109 

I«lMa,  109, 110 

Monhies,  108 

Outwuh  pUna,  108 

Streuu,  109 

TUla,  108 

Typia,  110 

W»tar  contost,  110 
GUders,  108 

Gladwell  bituminous  nucadaai 

pAvement,  826 
ounce  pitch,  688 
Olugow 

Croannlk  spedfieaHona,  1098 

Pipe  gaUerin,  1807 

Stone  block  pavement  ipeeifleatioru, 
1076, 1087 
GblH,98 

DeOnitioD.  SO 
Glass  pavemcot,  ISM 
Glossary 

Ste  Terminolofly,  Ui^my  twiinsiirinf 
Glutrin,  uae  as  duat  layer,  788 
Gneiss,  101 

Charaeteriatiei,  101 

Compoaitian,  101, 108 

£>flanitiott,  10 

Distribution  thruout  U.  S.,  128-184 
Mineral  coinpoaitum,  668 
Beanlla  of  teMa  on.  684,  667 
Spedfle  gravfty,  101 
Grade,  299-806 
City  idanning,  effect  on,  866, 868 
Deflnitiaa.  10 
EOtatortraflcm 


Grade.  Cont. 
EatablMdnc,  299-804 
Field  examination.  808,  804 
Increaaed  distance  due  to,  801 
Interaeetlon  ptatfonn,  891-898 
Longitiidinal,  344-846 
Uaximum,  166, 166. 847. 1847 
Minimum,  847 
Notae,  286,  287 

Preliminary  invMtlsntkittih  U4-U7 

RaU  of,  801, 802 

Road  redrtwooea.  346,  847 

Rulei,  N.  Y.  Highway  Comm.,  800 

SealeB,802,  808 

Stnet.  888-890 

Secondary  traffic,  870 
Vcrtieal  eurvee,  166,  167 
Grade  crossings 
EUminatioD,  848,  844 
Slgna,  1898 
Graders,  487-440 
Elevating,  488-440 
Road,  487,  488 
Traction  turbine,  489,  440 
Grsdienter  screw.  196 
Grading,  41»-i60 
Bibliography,  479-481 
Clearing  and  grubbing,  419^1 

^Meifleati<»a,  Pann.  State  Hi^way 
Dept.  419,  420 
Computation,  808-814 
Cost,  484-446 
Fbundngof,  1604 
Free  haul.  816,  817,  448-460 
Froet,  action  of,  460.  461,  928 
Madiinery,  480-445 

Coit,  482-446 

Ufa,  481-482 

Methods  of  uw,  482-446 

Purchase  of.  480.  481 

Uplceep,  431 
Ma«  diai^am,  816,  817 
Overiiaul,  316, 817. 427 

Spedflcationa,  448-460 
Ratee  of  program 

Earth  excavation,  1661 

FiUiug,  1662 

Rock  excavation,  1668 
Spedficationi,  446-460 

lom  SUte  Hii^war  Comm.,  448- 
460 

Philsddphla,446,447 

U.  S.  O.  P.  R.,  447, 448 
Tabln,  310,  812.  818 
Toola,  481. 488 
Gnbsmitfl 
Depoaita.687 
Mining,  638 

Phydeal  propertiea.  687,688 
Produetiaa.  682. 688 
TnuMpotCstkm,  688, 684 
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Graah—,n.n 
Chsnetetatioi,  82,  88 
Gouiwlw  ttniifth,  82 
DeOnitloD,  10 
DUnteintM),  8 

Dirtributioo  thnunt  U.  12S-1M 

Uinarml  oomporftioB.  98,  6W 

PegmaUtfls,H 

QuMirying  o(,  li4 

Reaulta  of  tMU  on,  664,  865,  6«7 

Rami  mattl,  for,  U6 

Sbaatiatt,  114 

Sindfle  gravity,  82,  93 

Staaa  bloeka,  for,  1068.  1073 

Teitura,  93 

Tom  per  znBe  of  roadwiy,  688 

WwthwlBbM 

Wflisfat.  82 

L0MU67S 
Granite  blocki 
Cart  data,  1076 
HwLufaetuK,  1070 
PhystMl  propotiw,  1088, 1069 
Cruahiug  ■tronith,  1019 
HardnsH,  1069 
TouchiMM,  10S9 
Size,  1071-1078 
Spedficatioos,  1078-1076 
Granite  block  sottsn 
Coiwtruetion.  1889,  1890 
138S 

Spedflcations,  Loa  AngalM,  Cal.,  1889 
Granite  block  pavement! 
Annual  eoat.  1889, 1840 
Ctoan^,  ooM),  1844 
ConstructioD.  tliM  allovanoM.  1663 
Granite  blocks,  1068-10T6 
Ufo,  1364 

Propertiea  valuatod,  1360^  1868 
TracUve  naiatanee,  1108, 1846 
Sm  Stone  blodc  pavonanta 
Granite  curbs 
Coat.  1888 

Manufaeture,  1882, 1883 
SpedficatiooB.  IHttaburi^  1881 

Granitoid,  89-91 

Granolithic  walks 

Coat,  1869 

DefinitiotiB,  10, 1868 
Granular,  dcfinitiui,  10 
Graphic  statica 

AbKiMU,  27 

CoonUnstaa,  27 

Curve  equaUona,  29 

Curve  ptotting,  27,  28 

Tone  ayatemB,  47,  48 

Influence  Unea,  63,  1409-1412,  1424 

Onlinatei,27 

ralat  ODordinatea,  27, 28 

Pro01ea,28 

Stren  diasramik  68,  68,  litt 


Graphs 

Se*  Graphic  statka 
Grassea  for  riopee,  428 
Gravel,  98. 106. 106.  621-684 

BaUaat,  1299 

Binder  in,  628 

BituminouB  acsraKates,  666,  861 
Cementation  teat,  660,  661 
Cfaaracteriatitt,  621,  622 
Compodtltm,  621,  622 
Data  for  reentla,  1884 
DaOnitloDa,  10,  106,  488.  fiSl 
Deacriptian.  468,  469,  621 
Distribution  thru  out  U.  S«  U8-1S4 
DurabOity,  628 
Ezeavating,  628,  629 
Fonnatioaa,  fill 
FowtdatloBS.  1108 
Hsulinf,  639-634 

Coat  data,  638,  634 

Indurtrial  raflway.  638 

Motor  truck.  681-688 

Traction  «n^ne,  631 

Wagon*.  681,  634 
IHte,  care  of  in  winter,  528 
Poradty,  118 

Requleitca  (or  road  turn,  622,  523 
Safe  bearins  pom,  168, 4S6,  469,  488. 
1469 

Bamplfan,  522,  6S4 
Sheet-aaphalt  binder  eoiinek.961 

Inqmetian,  062.  96i 
Sampling,  966 
Sisea,  687,  638 

Spedflcattana,  627, «»,  689-6U 

Can.  Soc.  C.  628 

State  Hi^way  TMlnf  Eafis. 
Coat.,  627, 688 
Teatafor 

AlMwion,  626,  627 

Cemectation,  627 

ElutTlathKi,  627 

Itleebanieal  analyaia,  624. 686 

Voida.  626,  626 
Gimvel  foundations,  470. 471 
CmiBtTuctian.  470 
Spedflcatlom,  470^71 
Gravel  roads,  619-662 
Adaptability.  619,  620 
Annual  coat.  1363, 1864 
BibUosraphy,  661,  662 
Binder,  628 

BitumlDOua  aurfaeea,  686, 649, 660 
Conn.  State  Higbway  Dapt^  prae-  . 

tice,  784,  794,  797 
CharactMWics,  620 
Conatrueticai  methoda,  686-644 
Ctm  data,  646-648 
Croei  aeeUona,  636-637 
Crowna,  681 
Dnriaaae,  620,  6S1 
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DiMt  pimBtkn.  6M,  660^  T47-^M 
FkOiirM,  mini  of.  548 

FoumUtkHU,  620 
Grades,  1U7 
Onveb,  620-684 

CnttUac  6S0 

Exemntinc  SZ8,  fi89 

HuiUni,  530-684 

Occurrenoe,  £21 

Ploriieal  propMtlfl^  621-6ZS 

SunpUnx,  628,  624 

SeraenlDf,  629,  630 

Spedficadcnu,  S27,  ^S,  689 

TcatliiK,  524-627 
HistoriaJ  devdopment,  619 
Malntcsumee  of,  648-660 

Diut  prevention,  649,  650, 747-764 

ReeonatrucUoo,  549 

Routias,  548 
MOnge,  488 
Natunl,  536 
on  orpeta  on,  7S4 

Com,  791,  792 
Properties  valoaUd.  1862, 1363 
Spedflntiou.  cnrei,  627, 628,  63«, 

688^4 
Specification!,  comitrueti<m 

Ala.  State  Highway  Dept.,  640 

Am.  Soe.  Uun.  Imp.,  688*640 

Conn.  State  Hifhwmy  Dept.,  544 

m.  State  HiBhwBy  D^L,  636 

Ky.  State  Highway  Dept.,  640,  641 

Mune  State  Highway  Comm.,  641 

Maai.  Highway  Comm.,  641 

Ud.  State  Boadi  Comm.,  642-644 

Minn.  State  Highway  Comm.,  541 
Spedflcatione,  gravel 

Can.  Soe.  C.  E.,  G28 
Subgrade,  520 
Surface  methoda,  636,  686 

Croe»  aoettope,  686 

D«tlu^680 

Spedfieatfona,  686 

Wldtba,  586 
Tractive  reaistanee,  1108, 1846 
TraiBe  nittabiUty,  1364.  1866 
Tnndi  methoda,  687-6U 

Conqtaetion,  688 

CouTBOB,  number  of,  687 

Cloei-ecetion,  687 

Gravd,  ^me»  ot,  687.  688 

Sboulden,  637 

^wdfloaOoBi,  686-6U 

apnadfaig,  688 

ThIekneH,687 
Typec684,  686 
GraTsI  walki.  1882 
GianiT  integrals,  49-61 
GrtTwacka,  deflnition,  10 
Orit,deiliiUkn,10 


Ground  water 

Deflnition,  10 

Freeatng,  120 

Level,  117,  118,  ISO 

Movementa,  117,  118 

Seepage,  119 
Gfotmd  water  Uni,  m,  lis,  120 
Grout 

Dcdniti<Hi.  10 

Sm  Cement  grout 
Grubbing,  419-421 

Blasting  Mnmp^  420^  4XL 

Coat.  420,  421 

DeBnitiMi,  10 

Pulling  Btiuape,  421 

Specifications,  448.  449 
Am.  Ry.  Eng.  Asm.,  420 

Totds  for,  420 
Goarutees 

Bock  asphalt  paTCmsnta,  1018 

SheeC-aqAalt  pavements,  1011 
Onard  rails 

BiUiography,  1466-1467 

Cemmt-eotusrete,  1464 

Iron  pipe  railing,  1464 

Par^Mt  walls,  1464 

Wooden.  1463 
Guide  postB,  1890-1898 
Guidet  pavemant,  1065 
Gumbo 

Definition,  10 

Safe  bearing  power,  486 
Gutters,  462.  468 

Bibliography,  1894, 1895 

Brick 

Brick  taata,  1S89 
Coiutruetion,  1SS8, 1889 
Cost,  1388 

Spedflcations,  Spokane,  Wash, 
1888 

Cement-ccmcreto  curb  and  gutter 

Construction.  1886, 1887 

Cost,  1887 

Vanm,  1887 
Cobbtflrtone 

Coostruotimi.  1300 

Coat,  1888, 1890 

Mass.  Highway  Coma.,  spedfioa* 
tiona,  462 

R.  I.  State  Board  of  Publie  Boad% 
speoficaUoni,  1890 
Coet.  1888 
Curbs 

With,  1888 

Without,  1887, 1888 
Eteflnition,  10 
EBeet  of  ear  tracks,  1067 
Flat,  1888 
Granite  blodn 

CoBstniction,  1889, 1890 

Coat,  1888 
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OutUn.  ConL 
Qnnito  UodBi^  CM. 
SpwJflcttfaM,  Lm  Anw*n,  CtL, 
1889,  UM 
OiM.468 

IMatloB  to  amm^  1066, 106T 

SudMOM  Uoek,  flort,  ISSB 

Un,  1887 
Gnr  derrick.  dsAnidos.  11 
Gyntory  cruihert 

CkiMitta.  678 

Fowar  required.  678 

WcdchU,  678  _ 
OjUtOCJT  *'*^*  QTrtMIt  889 

H 

Hand  dxilUag 

Audlml.19^  m 
CODtour  Irabi,  «84,  ttS 

Bltumlnoui  eooeratc,  SSI.  886 

OaMnt-eonent^  68, 477 
Hud  pltehad.  dsSnhkn,  II 
Hud  oort,  diflnHkii.  II 
HardoeM,  668 

Definition,  11 

Limltint  Uat  valun,  666 

Hocin,  retulU  on,  664.  666 
Hardoeu  test  for  rock  mud  dac 

Am.  Soe.  C.  £.  DMthod,  668 
Hardpan,  106 

DebMooM,  11, 421,  42S 

Excavation,  oast,  446 
Hardwood,  definition,  11 
paTomant 

Advantaia^  ISOI 

Dewriptlon,  1208 

SpMUeatkNtt,  U08 
Hatdlng 

BltumlBoui  oooerato,  888 

Bk^dki  stoea,  676 
Com,  686.  687 

Frae  haul,  316,  S17,  448-4W 

Gravd 
Coat  data,  688,  684 
Indurtrial  railway,  532 
Motor  truck,  681-688 
Tnedoa  eagiM,  681 
Wasou,  681,  684 

Ovwliaul.  816,  427,  448-460 

Sbeet^halt  mixture*.  984,  MS 
Hatmcliaa,  deflnltitn,  11 
HMder,  deflnmoo.  11 
Haart,  daAafOoD,  U 
Heaitwood 

DeflnitioD,  11 

Timbera,  80 
Haatw,  atiifaco»  977, 978.  lOlO 
Hadcai 

SpaeUeatkDi,  449 


CwMr  of  imltr*  U 
Uaamt  ol  taatl^  W 
Volnma,60 
Hanloek 

DiaDjtlaai^l9i,n 
Ufa.  79 

Woridng  itriMM,  81 
HaadaraoBiaa  pavamant 
Conatrwtkai.  918,  919 
DeaeriptlaB,  918 
Hiatorkd  dvTClapaMBb  S18 

Se*  Road 
SMStnot 
Sglnrajbddiaa 

B«B^  mooMnti.  1409-UU 

InflUMMeliDflB,  1409 

Sbaaia,  1409-1412 
BiUiocraphy,  1466-1467 
Camber,  1428, 1489 
Cauri-b*A  trua* 

Panda,  depth  and  InfUi.  1899 

Span  loDCths.  1889 
Coat,  1400,  1401 

Draftini,  1400 

EnetloD.  1401 

Individual  parta.  1401 

Mm  aattaa,  1400, 1401 

PaiBdnf,  1401 

Pin-eonnactfld,  1400 

Plata  tfrda,  1400 

RivMod  tniaMB,  1400 

Coapmrioo  naadwn,  1486 
End  poat,  14S7, 1U8 
iDtennedlate  paM%  1418 
Pina.  1428 

T^^wt'w  mmtm§,  14W 
To^  diord  aoeCiaB^  14S6,  U27 
Floor  Imaiwi 

-  Maximum  reaotioa,  141^  1418 

Wflicfal^  1406 
FToon 

Brick.  148S 

Cement-oonoote,  I48t 

Plank,  1482.  1488 

Solid,  1488 

Speeificatkma,  1488,1484 
Stone  bloA,  1482, 1488 
WMiiBc  Burfaen,  1489-1484 
Width  ol  roadwar,  1480-1412 
Wood  Uodc,  1482-1484 

Lateral  ayrteraa,  WBictita,  1404 

Loada,  1402,  1408 
Dead,  1408. 1408, 1406 
Impact.  I40S- 
tin,  1408. 1406.  UOd 
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Hifffaway  bridgea.  CmA 

Loads,  Cota. 

Snow.  140S 

Tamperatnra,  140S 

Wind.  1406.  1406 
Location 

Prelimintuy  timriiiatlaB^  1807 
Petit  tnuHB 

Puiels,  d^ith  and  length,  ISOO 

Span  leDEtba,  1399 

WeiKhta.  1404 
Pntt  tru»M 

Panda,  depth  and  lensth,  1399 

Span  lengthA,  1399 

WeightB,  1402,  1403 
B«inforced  concrete  arches,  1437-1449 
'  Arch  ring  uUemm,  1447, 1448 

Cost.  1442 

Design,  1440-1449 

line  of  praenire,  1440-1442 

Loads,  1487,  1488 

Tsmpsratura  strenes,  1444. 1446 

Types,  1487 

Typical  problsm.  1442-1449 
Unit  BtreMB,  1438-1440 
ftdnforoed  concrete  beams,  1484-1436 
Reinforced  concrete  girden,  1486 
Span  lengths.  1899 
^>edacations 

Movable  atreascs,  1406, 1407 

Alternate  stresses,  1407 

Classiflcatioii,  1404,  1406 

Clearances,  1404 

Combined  atreases,  1407 

Ccnstnictkm  detaOa,  1407-1409 

Dead  loads,  1406 

Impact  allowanoea,  1406 

Uve  loads,  1406,  1406 

Types,  1404 

WIndloadi,  1406. 1406 
Sted 

Beams,  1418 

Girder,  1413-1418 
Stme  masoory  archea,  1449,  1460 

Causn  of  taUure,  1449, 1460 

D^niUons  of  parts,  1449 

Line  ot  lesistanoe,  1460 
Timber 

Howe  truBMS,  1430 

King  post,  1430 

Queen  post,  1430 

Trusnd  beams.  1429 
Traffic  on.  1480-1432 
TruBsaa,  1418-1426 

Bending  momenta,  1409-1412 

Influence  lines,  1409 

Swars.  1409-1412 

Stnaa  eomputattoa.  1419-1426 

Types.  1419, 1420 
Warren  tnuaaa 

Fanela,  depth  and  length,  1899 


Blghway  bridgea,  Cont, 
Warren  trusses,  CorU. 
Span  lengths,  1399 
Wei^ts,  1402,  1408 
Waterway,  1398,  1399 
Discharge  data.  1890 
FMmula.  1898, 1899 
Hei^t  ot  water,  1898 
Piera,  effect  of,  1398 
Wooden  beams.  1429 
Wooden  cdumna,  1429 
mglnray  d«pwtmeiiti 
St«  Administration  at  Ui^way  iapuA' 
ments 

See  Organization  of  highway  dqwt- 
menta 
Schway  engineer 

Province  of,  1490, 1491 

Responsibilities,  1401, 149%  1616 
Highway  nupi 

Blue-prints,  297-299 

Contour,  134, 186 

Cofirdinata  method,  291 

Cost,  317,  818 

Cras»«ectlou,  297,  88B 

Curves,  294 

Drawing  paper,  204 

Geological,  187, 188 

Hans,  291-296 

Profile  paper  and  doO*  286 

ProfUea,  296.  297 

Road  surrey  294 

Scales,  294,  295,  297,  298 

Street  surveys,  294 

Surveys  for,  217 

Tangent  method,  292 

Topographic,  184-187 
Signs,  298,  294 

Tracings,  296-298 

Use  in  planning  raad  Bysteoia,  886 
Highway  signs 

BiUiograpby,  1894. 1896 

Block  lettering,  1391 

Clarification,  1890 

Color,  1392 

Distance  and  diieetioo,  1890-1393 

Elevated,  1891,  1392 

lUandnation,  1392, 1398 

Hatviala.  1391 

Railroad  grade  enwdngS,  1898 

Sidewalk.  1392 

Stone.  1391 

Traffic  regulation,  1898,  1894 

PorUble,  1393,  1394 
Warning,  1398,  1394 

Int.  Road  Ccmg.  symbols,  1898 
Highway  suireying,  216-^1 
oost.  817-820 
tield  notes,  221 
liutrumenta  used,  218 
LHveiing,  281-286 
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Hlghmr  sunwyiBf,  CM. 
SeofM,  816.  n? 
StaUnc  X8ft-289 
Bamw-|ta,M 
Cnrbit  288,  »9 
FMd  notM^  X8S-SS9 
R(iMl%  £8^887 
8top«^287,  288 
nunuli.  288 
Tnndt  line,  217-221 
MonuinraU,  217,  218 
Running  tbe  line,  218,  219 
SuUonlnf,  218 
HDlsidei 
City  planning,  cffMt  on,  8M 
SbpB  ditflfaM,  468 
Spedflcatiooa,  427 
mrtofT  carda,  1S80-188B 
CoDatniMlon  tUU,  1881, 1888 
Com.  AMmISm,  1881, 1884 
MalwtwiMiw  dn^  1881 
BMariab  UMd,  1881 
BituinlBoiu,  1886 
Non-bitumiDoiw,  1884,  ISSS 
Physical  eoodititm,  roadinj,  1882 
TnOc  onuuB,  1882,  1888 
Vnltw,  1832,  1888 
Hoggin,  dafliiitioB,  11 
^1m,  482 
Bam  or  ^nner,  797 
Hornblende  echlst,  101 

Dellnltion.  11 
Hone  drawn  traflc 
Lowb,  867-^60 
BegulntioDa,  367-861 
Tiraa,  368-860 
Wdgbts,  467 
mdtha,  1481 

Hone-power,  57 
Hone,  pun  enrtedbr 

ExparimeoUl  condoiioDa,  166 

Roada,  on,  346.  847 
Hoae  flnahtaic 

AdapUbility,  1228-1226 

Coat,  1232 

Eqtdpnwnt.  1226, 1226 

Flmber  maefaina  dwuitng  M,  J226 

Methoda,  1224,  1226 
Howe  trua  timber  bridfei,  1480 

PreaervaUon,  1477-1481 
Hobbard  pyoiometM',  983 
Enmns,  lOS 

DflAnitioii,  11 
Hydrocarbons,  696-607 

Aoet^ene  lerica,  602 

Anthmoene,  605,  606 

Beonoe  aetlea,  604.  606 

Cuban,  687 

Coal  tara,  in.  611 

Cydic  6B»,  603-606,  610 

BthyleM  aarka,  601,  602 


Hydroeaibott^  Cont 
HydmciB.  686, 697 
XalMnlatiaBddp  (tf,  906,  «IF7 
laaamtmn,  600, 901 
UolMUlH,  697,  698 
Ntpbtkalana  aariH,  606 
OMtaw  aeriM,  001,  60S 
Opan  diain.  698-608 
FaniBD  aariaa,  699,  609 
PotymethyieDe  aviaa 

Monocyclic.  SOS,  904 

Polycydie,  604 
Polyphcoyl  aerfee,  006 
IUdieala,698 
Saturated,  898 
Tar 

Coal,  66S-664 

Petroleum,  666 
UBMturated.  598 
Watery  tare,  in,  611 
^^dronteter  specific  smlljr  nettedi 

688.689 
HypeiMa8,88 
BqiiatkM,S8 

I 

Ice,  might.  1268. 1264 
Idaho  white  pine,  definttkn.  19 
Ifneooa  ncki,  89-97 
Bond,  90 

ChMdfleatkm.  90-9C 
DdnttlOD,!! 

IdMtUBBtiOD,  01 

mnml  anociRtiaM,  9S 

MInarala  in,  86-88 
Occurrenee,  92, 98 
Plutonic,  92 
PanNlty,118 
T«ztm«,89,90 
Volcante,  02 
minna  State  Oghway  Department 
Alignmant  at  mm  niade.  841,  842 
BiCumlnoua  eoDCrete  pamnwit  wptA- 

fteatioo,  897,  898 
Bitumlnoua  magwiani  paveawBta 

■AptrticatioB,  bituminoui  material,  881 

Foundation,  806 

SixM  of  atone,  807 

Spedflcationa,  884-886 

Sul^ility,  804 
BitAen  etona  road  oonatractien  iiH 

Bbnetiana,  679,  680 
Cament-eoncreta  pavementa 

CfloalTuetion  organtaation,  1178 

Matntenanee  ooata,  1210 
Coaetiuetkn  ol  mberadai^  480 
Grade  eroMinga,  eUndnatiaB,  848 
Grmvel  road  speeifleatlona,  688 
OiUjzg  earth  road  ipadaaatkmi,  610 
Road  drag  law,  616 
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nUaofa  state  Highway  Departmrat,  Crnit. 
Seidu  tor  mapploK  grades,  SOS 
Traffic  oensua,  167, 168. 178,  178 
Impact  machine,  662 
Inqiact  ctrMses,  86 
Inches,  equivaloDta  In  (Mt,  328 
Ttiriii'riTH 
Compatatiaaa,  S21 
Dnwinn  820 
NotebookB,  820,  821 
IndiuutpoUs,  Ind> 
CreoMrted  wood  Modi  ^wdfleatloM, 

102S,  1029 
Granite  curb  q>edfleationi,  1384 
Indnitrial  nUhnji.  442, 448 

Gravel  bauiing,  682 
Inertia  integrals,  49-61 
Influence  lines 
Baltimore  tru«  ttrmmm,  1424 
Uaea,  68, 1409-1412 
Inspection 
filtumiiioui  materlala,  741-744 
Briek,  laytns,  1125 
Ikying,  1126 
Visual.  1116, 1121, 1122 
Sbaet-asplialt  pavements 
Flnisbed  w(m1c  997 
Laboratory  equipment^  997 
laying  the  pavement,  996-997 
Manufacture  at  plant,  989-996 
Materials,  962, 964 
Stone  Uoek  joint  ffling,  IMS 
Wood  block  manufacture,  1041 
Spedfieatioiw,  1044 
Inspectors 

Contract  reports,  1669,  1670 
Parsonnd,  1621,  1622 
Spedflcatitm  provinons.  1674 
Intercepting  ditch,  definition,  ll 
btemational  Road  Congress 
Bituminous  surfaces,  use  <d,  770 
BjTiWM  rotdi.  889 
Curves 
Miwtinmii  tadlus,  848 
TnuHitlon.  848 
FoundatloDs 

Bituminous  pavements,  806 
Conclusions,  466 
Highway  rigns,  warning  lymbola,  1398 
fa^A^my  wldtln,  849 
Wood  Uoek  pavementa,  1030 
bUersactiona,  highway,  149 
Road  gradas,  806 

StoDe  block  pavemenU,  1077,  1078 
Street.  890-898 
Crosiiiigs.  890, 891 
Enlargement  of  street  area,  891 
GrBdfia,806 
Junctions.  890.  891 
Platform  grate,  891-898 
blmdoi,  datlDltioD,  11 


Iowa  State  Wf^hnnf  Commission 
Earth  roods,  ooosbructlon,  498-600 
Elarth  roads,  cJowoBtleui,  484 
Grading  q>eeiflcattaM,  448-460 
Iron,  76-78 
Corrorion,  77 

Cawns  of,  1469,  1470 

Water  and  taiqwritiai,  1470 
Deanlptkn,  76 
Gidvuinii( 

Electrcdytie  method.  1470,  1471 

Hot  dip  method,  1470 

Sbwardizing,  1471 

Vapor  proews,  1471 
Ptmu  ration.  1470-1476 
Rdn  forced-concrete,  in 

Prevention  of  daetrolyalm  1476- 
1477 

Zinc  coatinp.  1470, 1471 
Iron  block  iMvements,  1820 
Iron  pipe  railing,  ecmamietioB,  1464 
Isles  of  ssfe^,  400,  401 
Islel^  dcAnition,  11 


Jamaica.  H.  Y. 
Bitominoiu  concrete  pavemepta 
DeaeriptioD,  983 
Maintenance  record,  884 
Traffic  census,  934 
arrah  wood  Uocks,  1082 
aw  cnishers,  672-676 
Coot,  673 
Capadties,  678 
Power,  673 
Weights,  678 
Joint  fillers 
Bituminous,  1048, 1080, 1081.  X129 
Advantages,  1080 
Asphalt,  1090,  1091,  1136,  1186 
Expansion  joints,  1130, 1181 
Gravel  and  bituminous,  1080 
Pitch,  1080,  1090,  11^ 
Pitch  and  sand,  1081 
Spedeeationa,  1082-1088. 1090, 1136 
Tar  and  gravd,  1080.  1081 
Brick  pavements,  1129 
Asphalt,  1136.  1186 
Cement  grout,  1136 
Coal  tar  paving  pitdi,  1186 
Cement  groat,  1048. 1081, 108S,  1186 
Disadvantages,  1081, 1088 
SpedficaUons,  1082, 1086, 10B7, 
1088,  1091 
Sand,  1048,  1079 
Stone  block  pavemuita 
Bituminous  flUer.  1080, 1081, 1090 
Cement  grout,  1081-1088, 1091 
Sand,  1079 
Wood  Uoek  pawwute 
BitnminoOB  Oiler,  1048 
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JolBt  flUm.  CmI. 
Wood  block  (WTvmcnta,  CoiO. 
CoMt  ifaut,  104B 
SMd,  1048 

Jotols 

SMtlnft  Ubm  anmmUH,  166S 
BhMt  Mphmit  ptTMMPto.  988,  W> 
StOMbMcpBWDt^  1078, 1979 


KuiH  ai;r>  lb* 

SyilHn«f  parks  and  parkwam  Wf 
Wood  block  ■pMifieatkBB.  1040 
Kaiuu  State  Sfliway  Daputment 

Road  dr««  oootnet,  S16,  517 
KaoUnlta,  8S 

Cotnpoddoa,  108 
Kuxi  wood  blochi,  1032 
Keotiah  tug,  Miaitiao,  ii 
KantDcky  mtuminona  aandatoaa 

Aaalyida,  662 
Eentnckjr  State  Sghwaj  Dapartmaot 

Gravel  road  apeeiflnttooa,  640 
Kscb,  drflnttloB,  11 
Kldaay,  diOnltkn.  11 
Einstic  energr*  1^7 

Loat,  67 
Kinetics,  66-67 
Aceelentian.  S6 
Impact,  67 
Momentum,  ST 
Hotlon 
Body,  66,67 
PartklB,66 
Power,  67 
V<lodty,  66,  66 
Work.  67 
Kiivi  poet  timber  bridcea,  14S0 
Kleupflaster 

Conatnictiati,  10»4,  lOH 
Stana  Uodn^  1096 
Knota 
Deflnitloiw 
Eneaaed.  8 
I^rge,  12 
Loaaa,12 
Pin,  IS 
Pith,  14 
RoCton,  16 
Rouod,  16 
Sound,  IT 
SpUce,  17 
Standard,  17 
Gradint  80 

L 

Uituee,  cWbiitlan.  11 
Lakei,  109,  iio 
DaporitB,  110 

IMatribotlon  thruont  U.  &.  128-184 
Lanrinatad.  daBaitloa,  11 


BoundariH.  860-868 
Irregular  property  linaa,  1608 
TiUee.  coat  of  detanninatkn.  1601 
ValtMtian  of,  1608 

Laad  meeMn,  8SS 

Landddae,  uo~i28 

Anglaodcat,  122 
CaiHMtrf.  121 
OairiAeatian,  m 
CNap,US 

Eatanal  flondltlaaik  121 

Intnal  oonditiaiia,  121 

Oyeriaadine,  121-128 

OvenM«p«niBK.  121-128 

Ro<*dopi4  128 
Lateral  tyatama,  bridf 

Wfliflita.  1401 
Uw 

Boundariea,  360-868 

Road  drag,  616 

Surfaea  walan,  868-8GS 
Leads,  daOnitfoii.  12 
Least  SQuaiea,  n 
Le  diataUer  spedflc  cnmtj  ^ 

paratus,  62 
LarraUloc 

BaDeb-uatkib  »1-Stt 

Chaek  lavali.  286, 286 

Cotitoiin,284,S8» 

Coat,  817,  818 

CwMa  aactton,  282 

Field  BotoB,  288.  284 

Inatrumenta  vaad,  881 

Pradaa,  281 

PrQfila,2S2 

Runoini  levela,  882-384 
Lereb,  196. 197 

Adjustmanta,  199, 2M 

Dumpy,  196 

Hand.  196,197 

Sattinc  up,  196 

Three  m  toot  aeintn^  19t 

Wye,  196 
UcUng-np,  daAdtiati.  12 
Ume,68 

Common,  diandeal  analyili^  67 

Hydraulic  r**— "i^fi  Ti-iy^»,  67 
Limestonea 

Abrasion  tents  on,  660 

CharacterlstiOi,  88 

Composition,  100 

Compreaiiva  atmyth,  SS 

DefinltioD,  12 

Diatribution  thruout  U.  S..  12S-1M 
Mineral  compoaitioo,  666 
Poraaity,  118 

Raaulte  of  testa  on,  664. 666,  ««T 
Road  metal,  for,  666 
Safe  dope,  128 
^edfie  pavity,  62, 100 
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XimntonM,  CokL 
Spedfleationa,  8W 

Stnictura,  100 
Texture,  100 

Tona  par  mile  td  nadway,  688 

Weight,  82 
Loads,  6TS 
limestone  curbs 

Com.  1888 
Linear  meason,  832 
Urwpool 

CroMwalk  qwdficatfaau,  1097 

Stone  block  pavement  ipeelfleationa, 
1076, 1087 

Loads 

raghway  bridcai,  1402-1406 

Horae-drawn  vflUdee,  8S7-860 

Motor-trucks,  S67 

RegulaUotu,  367-360 

Soils,  nfe,  163, 466, 469. 486, 1468 
Loams 

Base  of  aand-day  roada,  606 

DeMaripUon,  469 

Excavatioii,  coat,  446 

Mixed  with  a^dialt  omMat.  917 

Sate  beurlng  pover,  168, 486 
Loans 

Small  dty  improreniaDte,  1488 
Locations 

Culverts.  U60 

Curves,  224-228 

Highway  bridges.  1897, 1898 

Highways 

CUmatie  eoBdltioBs,  flffset,  161 

Drainage,  effect,  161, 162 

Factors  Influendng,  217 

FoundatlonB,  effect,  162,  168 

Preliminary  invest^tioiiB,  147-164 

Streamy  effect,  116-117 

TrafAc.  effect,  176. 176 
Roads 

By-pass.  8S9 

General  prlndptea,  846 

New,  388 

Old,  888,  889 
Saud-day  roads,  601 
Sidswalks,  1S68 
Trees  in  ridewalks.  1868 
Logaiithnu.  26. 27 
Cbaracteristk,  26 
ConunoB.  26 
Mantiva,  26 
Napwlan.26 
Tables  uaa  of.  87 
London 

CrosBwslk  qieciaeattcns,  1097 
Pavement  openings,  amount,  1801 
Pipe  galleries,  1806, 1806 
StooB  blodc  pavement  ^ledlleatfcms, 

1076, 1086 
Wood  bkwk  qwdfieattoH,  1041 


Los  Angsles,  CsL 

SpedfleatioDS 
BituUthic  aggregate,  870,  871 
aranits  block  gutter,  1889, 1890 
Oa  carpet,  789 
Lot  dimensions,  379-881 
Stnst  widths  nUtioEi  tOh  388 

M 

MeAdam's  mettiod,  mad  easutraetfon, 

664 

Macadam  roads 

DeAnitioii,  12 

iSsf  Broken  stone  roada 
llanutits,  88 

Mnne  State  mghwar  Commission 
Gravel  road  specifics  tions.  641 
Sand-day  road  spedflcatlcnta,  607 
Tar  surfaeea,  tetraatments,  ^6 
Maintenance 

Administration,  1626-1629 
Emergency  woik,  1629 
General  work,  1628 
Routine  work,  1627, 1628 
Sepsrate  dividoo,  InadvlnUlI^. 
1626, 1627 
Coat  record  systaina.  1686-1647 
Chargeable  to  different  funds,  1687 
Forms,  1687-1639 
Symbols,  1689, 1640 
Effect  of  trsfflc,  177,  178 
If  obOe  gang  systesn,  981 
Patrol  sysism,  612 
Pavements,  coat,  1887-1889 
Plants  for  bitundnons  pavemsats.  928, 

930,  931 
Rocky  Hountains,  In,  180 
Malthas 

Bermudes,  686 
Definition.  12 
Production.  632 
Manchester,  Eng.,  st(»e  blodc  pave- 
ment gpeciflpstions,  1078 
Maniak,  638 
Mapping 

Blue-prints,  297-899 

Coordinate  method,  292 

Cost,  317,  318 

Cross  aections,  297, 298 

Curves.  294 

Drawing  paper,  294 

Plans.  291-296 

Profile  papa-  and  doth,  896 

Profiles.  296,  297 

Road  surveys,  291-294 

Seslee,  294, 296, 297, 298 

Street  surveys,  294 

Tsngemt  method,  292 

Topographieal  dgns,  298. 294 

Tradngi,  296-296 
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Map*.  134-188 

Contour,  IM,  U5 

GoaloclMl,  187 
Cm.  Gealocled  Somr,  184 

Surwyi  for,  217 

TopOfraphlcal  mmps,  1S4-1ST 

Um  la  plmnliig  rMd  syatonu,  SSfi 
Maiaesibo  upiuUt,  oecurrenoe,  687 
MvMo 

ChvkCterirticm,  8S,  101 
Cempoattion,  101 
ComprMdve  •trcatgth,  82 
DflflniUon,  12 

DiRrlbution  thru  out  U.  S.,  12S-1S4 

lUndu  of  uata  on,  664 

SpMifle  trvMr,  88, 101 

W«ifbt,88 
llul.98 

Deflnitlcm,  12 

DwoiptloD,  469 

Safe  beuliic  pom,  486 
MuBhn 

Foundstioni  over,  478 
S^t,  111 

MurUuid  State  Roada  Commlaaion 
Bituminoui  aurfaeea,  eotutrueUnc. 

largo  mileaKa,  786 
Ccat  record  ■yrtem,  IMS- 1547 
Grmvd  road  specifloittotia,  B42'&44 
Prdlminary  report  fomu,  188 
Shell  road  spedScationa,  690 
Tar  and  oil  aurface  treatment  qiedA- 

ationa,  788.  789 
TrafBe  eenana,  168,  178, 179 
Machine  broooi 
Claanlng 
AdapubOlty,  1220, 1221 
Com,  1232.  123S 
Method,  1221, 1222 
Dewrlptfam,  1280 
Iiicntifieatlan.  1281 
Iiupection,  1230,  1281 
Painting,  1231 
Ifaaoary  arch  highway  biidcas 
<Sm  Reinforcod  eoocrete  highway 
brtdgea 

S*4  Stone  miamry  arch  hiffaway 

bridsM 

MaaaachoMtta  Highway  Commission 

Bitumlnoua  oarpeta,  retreatments,  796 
Bttuminous  macadam  pavements 

Hatetenanee  methods,  841,  842 

Sisea  of  stona,  807 

Spedfieations,  888, 834 
BhuminouB  siutMea,  taeonitnietion, 
796|797 

Broken  atone  road  ipodfieatltma,  581 
Cobblestone  guttan,  qiecifkatlona,  462 

Curve  tables,  229,  234,  236-280 
Field  examination  o(  grades,  S04 
Gravd  road  spedScatiooa.  641 
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Sand  and  oQ  surfaei^  784.  786 
SpMUostioDs,  789.  790 

S^Miate  roadways,  849 

Sons,  bssrinf  power,  168,  466 

TrsAc  eensuB,  168. 178,  179 
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ConditicaH  affecting^  706 

Uethoda.  704-706 

Penetrometers,  704,706 

Value  of,  706-708 
Penetrometeis 

Dow,  704, 706 

New  Ywk  Tesdnc  Laborstoiy,  704 
PenoBylrcnla  naiAtbas,  726 
l^nnQirania  State  ^ginnj  I>e- 
partment 

Bftuminous  omerete  pavemanta 
FoundationB,  864,  866 
Malntananee  metikoda,  928-930 

ffltnmlnoua  macadam  pavemenU 
Halnteoatwe  methods,  842.  848 

Bituminous  surface  constmedon, 
788 

Cament<oncrete  pavementa 
Construetkn  organbatkn,  1178 
EipaDrion  jonta,  1188 
Earth  roads,  rifs  srfillnnsj  HWi 
Grade  determination,  346 
Pladng  draina,  468 
Road  classification,  883,  834 
Road  drag  standards.  614-616 
Rules  for  number  of  dnina,  462 
Slope  ditehee,  462 
Spedfications 
Ania^  panaanta,  899,  800 
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PennaylvuUa  Stata  Hiflnray  Dtp«rt> 
BUDt,  CmC 
Sped&cftttoiM,  ConL 
Bttumlnaui  maemdwrn  pawnMnta, 
8S0 

CetMnt-eonente  foundstlODB,  4T5 
Clwliil  uid  grabbing,  419,  420 
Fabvtine  pcTMMnt,  BOO,  901 
HflWde  embankmanta,  427 
Subpadw,  4»,  4S0 
Top  drains,  7B4 
WMTenite  acKragfttM,  S70 

Tnflte  reguUUoiu,  40£ 
Pereotottnc  buiiu,  4«4, 4es 
Peridotite,  »6 

UiMnl  enaporitioii.  66S 

Hnulta  of  tMM  on,  B64 
Pwmiti 

ClMriflMtton.  1668 

DiviriOD  orgwifsatkB,  1661, 1B64 

EraedoD,  1666 

nUng,  16S4 

Forma,  1664 

OpfningB,  1664,  1666 

Opmtiona  duriDg  Ufa.  1666-1667 

PhOwMphU  pnctieo,  1664-1667 

I^Mdtetkn  roqaifoiMBto,  1676 

Ttmponry  OMupoiiey,  Ughmyo,  1S66 
Petit  trtiM  bridgsi 

Pond^  depth  and  length,  1S99 

Spu  lengths  18M 

SticM  eomput&tloo,  1426 

TniMM,  w(4ghtv,  1404 

5w  Highway  bridgM 
Petro graphic  ezunlnttion,  radn,  102 
Petroleams,  618-629 

Appalachian  field,  626,  627 

Aaphalt  onnenta,  660,  661 

A^ihdtie,  627,  628 

Bbnm.660 

CaUfornia  fMd,  627,  6S» 
Charaeteriatiea.  626,  626 
Cbonieal  eompoaition,  619,  626 
CbwUcation,  610,  626-629 
OiMAdant  of  •qMHrion.  6S0,  698 
Colorado- Wyomiag  (Md,  629 
Cnula 

Aaphaltie.  627.  628 

Parafiln,  626,  627 

Semiaspbaltlev  628,  •» 
DeAnidon,  IS,  608 
DbtOUtea,  611 
Diut  layers,  641-648 
EmulaificaUon  d,  662-664 
Formation,  619,  680 
GuU  field.  629 
Illinola  flald,  629 

ImporUtion  into  United  Stataa,  6X8 
Uma^Indiana  ftrid.  628 
Mexlemn  Oeld,  627 
.  Mld-«aiitliHBtfald,«86,«29 


FotrokuiiM,  CoMl. 
Hininc  628,  624 
Oeeurrmee,  618,  619 
Oriflii.  618-620 
Paraffin,  626,  627 
Parafttn  acale  determlnartnn,  780 
Paaetratloa  of ,  707 
ProduetioD,  620-628 

Uoitod  Statoi^  6n-«l8 

Vorid.880,621 
RcAiwd  aq>halt%<4T 
ReAning,  640.  641 
Raatdual 

Analyifi^  648 

Fbyriod  propartln,  841. 6U 

Uae,  642 
Roaidual  carpeting  mediuma,  644 
Reddual  fluxea,  648.  644 
Redduaa^Oll 
SemiaaphalUe,  688.  629 
audi*  aqthalti^  647, 648 
^Mdfie  pavfty,  626, 626 
StU^  68S-e41V 

Blowing,  648.  649 
Storage,  626 
Taatt  for,  788,  784 
TntaaponatloB,  624,  626 
Trioldad  fMd.  627 
Petnd  motor  roUor,  diflnltlm.  13 
FhiUdclpbla 
Administration  and  organizatloa 

Snow  removal,  1289-1275 

Street  cleaning,  1286-1240 

Waate  dIapOMl.  1258-1266 
Bituminous  surfaeeo 

CoDstruetion  data,  790,  791 

Coat  data,  791 
Clean-up  wedc,  1219 
Coaection  ot  trade  waste.  124S 
CoMraet  ptooedura,  1667-1570 
Prequeney  street  dsanlng  chwiflea- 

tiao.mO 
Garbage  reductloa  method,  1248 
Garbage  schedule  eard.  1264 
Faintti«  Mrwt  aqoipiBMit,  ISSl 
PavaoHat  cpaatng  praetioa,  ISU-UIS 
Planning  boarda,  1681-1686 
Specifications 

Cut.4>aek  asphaiti.  776 

Grading,  446, 447 

Standard  dauav,  1670-1677 

Stone  block  paventMtta,  1076,.  108B 

Wairenite  esBMnt.  880.  881 
Unit  ooet  reoords,  1540-1648 
Philadelphia  rod,  197 
Photo  printing,  299 
Black  line  prints.  299 
Bla»firinta,  299 
l<aeUnM,SM 
Flcka,482 

Plui,  aOtat  on  walarwan  KM 
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Pig  iron,  76, 77 

PuriflcKtion,  77 

Spedflestioiui,  78 
Pile  f  oondstioni 

Coocrate,  1462 

Dcalgii  fonnuLu,  1461 

Pile,  definition,  18 

Sheet  piling,  1462 

Steei  pOinc  1462 

WocNlan  jOm,  1461 
Flnpcomwctod  tnUB  bddfM 

Deetgn,  1426-U2> 

StranM,  141ft-142fi 

Wdshte 
FMlttniM^14U 
Pratt  tnuM,  1408 
Pines 

life,  79 

Long-leef  yellow,  wood  blo^  1081 
Nwway,  wo-kini  strean,  81 
Pluldnb  80 

Southern  ycUow,  and  irilita 

Ufe,  79 

Wet^t.82 

WorUnc  rti—w ,  81 
SpadfteatiiMW,  80,  81 
Unit  itreanB,  81 
Wei(fat.  82 
nnn,ste^ 

Coat,  1401 
Deeifn,  1428 
Pip*  drains 
Cast  iron,  ■pedfleattoiw,  78 
DetennlnatloD  of  te,  4fi2 
PUdnf ,  458 

Rulea  tor  number  and  q»dug,  452 
SpedfleatlMu,  Columbua,  Obio,  469 
TOe 

Abeorption  tMte,  464-456 
Freesinc  and  thawing  teate,  465 
467 

Supporting  atrengtha,  468 
Spedflcationa,  Am.  Sioc  Teat. 

Uat.,  468-169 
Vinal  iMpeetioD,  467,  468 
Trandiea  for,  461, 46S 
P^  satteriet 
BibUogr^diy,  1816-1818 
Chicago,  1803-1806 
Financial  i«obl«n,  1804, 1807 
Glaaiow,  1807 
LoBdon,  1306,1806 
f  MUan,  1307 
New  York  City,  1802,  1303 
Nottingham,  Eng.,  1806,  1307 
Phjnrical  preUHn,  1807. 1808 
St.  Helena,  Eng.,  1807 
Sidewallo,  under,  1808 
I^pe  cutrerta,  1461, 14SI 
Pipe  ayfltuns 
SafPipegaUariaa 


Pitch 

Bitumlnoua  macadam  pavouMits 

Spedficntlmia,  816, 817 
Definitiona 
Britiah.  14,  21,  28 
Hard.  18 
Soft,  IS 

Straight«an,  18 
Taating 
Sm  Bitwninooa  matcciala 
Fltdl  flOon,  688 
Brick  pavemanti,  for,  1186 
Sand  mixture,  1081 
Spadflcatiooa,  1088-1088. 1080 
Stone  blodc  paTemanta,  for,  1080 
ntch  Clouting,  deOnltkm,  14 
Pitchmac  pavement 
Coaatruction,  824 
Maintenance  coat  data,  1889 
Spedfleationa 
ConatruetioB,  832, 888 
Pitch,  816,  817 
Tonnage  Ufe,  1339 
Plteh  pockets,  defloitlana 
Large.  14 
SmaU,  14 
Standard,  14 
Pitch  streak,  deOnitlon,  14 
Kttsbnrgh 
Specifications 

Cateh-baains.  466,  466 
Cemnit-cnMreta  wallm,  1874 
Froteeted  oemenMoDereta  suiIm 
1886 

Sandatone  eurba,  1884 
PlngiodaBe,  87 
Plane  siureying,  202-208 

Angular  measuremmta,  208.  SOS 

Baae  linea,  204-206 

Magnetic  bearing!,  208 

Uonumenta,  208 

Ttaverae,  202,  208 

Traverae  ayatema,  207, 208 

TrlanguUtion  iqratenia,  203-208 

Sm  Highway  Surveying 
PlnllHteblo,  196 
Pbne^ble  sarreys,  209Hil2 

Inatruments,  194-196 

Interaection  method,  212 

Raaectioo  method,  218 

Three  point  probian,  212 

Travemi^  212 
Planlmeter,  201,  202 
Planning  boards  for  adminlatrative 
c(»>trol  of  highway  wgdc 

Conatruetlon,  1682 

Cumnt  sUtus  records,  1684,  1686 

Equlpmoit,  1631, 1682 

Legends,  1682,  1588 

Operatioa,  1684 

Philadelphia  praetlea,  1681-1586 
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Fkuiliic  boardi,  OMif, 

Rontbil  tipBlr  work,  1684 
Plaat* 

Cnublnc  and  acraailnf ,  for  cr^val,  680 
Hitinc  for  bitumiiioiu  aignBBtn, 
a81-S86,  STO-nS 
Pkta  ilrdw  bridfM 

Com,  1400,  1401 

Dqrtb,  eeonomie,  1414,  UtS 

DMicn,  141S-1418 

nuieM,  1415-1417 

Cutting  off,  1416,  1417 

Rivet  qtftdiiK,  141S 

SpUdng,  1417 
Rlnt  valuM,  1418 
StUTMMm  1414 
Wflb,  1416 

SftUdng,  1417 
Ptatas,  78 

Wrought  irae,  ipMifleatiani^  7S 
Plowi,  488 
CoM,4S0 
DapneUtfan,  481 
GradlBc  plow,  480 
Method  o(  <vafBtlaD,  880. 448 
Rootor  plow,  430 
Plnc  and  f  eathara 
BnaUDg  bouldM,  426 

Plumb  bobs,  194 
Platonic  rocka,  92 

DBflnition,  14 
Pocket,  d^tiOB,  14 
Pfrintinc,  d«flnition,  14 
PoUria,  216 

Admuth  deterrnination,  214, 216 
Polymethylene  hydrocaibona,  608,  604 
P^phenrl  hydrocarboiH,  606 
Porphyrittc,  90,  91 

DcAnitioo.  14 
Porphyry,  91,  98 
DefluiUon.  14 
Stone  bloeka,  for 
Crudiinff  Btrength,  1069 
HardneM,  1069 
ToughneH,  1069 
Portland,  Ore. 
RodE  grading  dawlfleitlon,  428 
Spedflcatima 
Bitulithlc  pavemoit,  922,  928 
Bituminoua  aanerete  f<nuid»tiOR, 
474 

Broken  atone  foundation,  472 
Portland  cement,  67-69 
Bag,  60 
BBrrd,60 

Chemical  analyria,  68,  60,  61 
Chemical  propwtiee,  68 
Deflnition,  14,  69 
Finenew,  69,  60 

Taot,  62,68 
Inapeetion.  60 


Portland  eemsnt,  CM. 
Haautaetura,  n 

Uortar.  6S.  64 
Neat,  68,  66.  66 

Normal  eoDritfenejr  teat,  68.  64 

PaekamOO 

Paata,  68.  66, 66 

ReieedoB,  60 
Sample*.  60 
Sampling,  60 
Setting,  time  of ,  69 

Terta,  66,  66 
SoundnMa,  69,  60 

Tnt,  64 

Spedflcationa,  Am.  Soc  Teat.  Mat. 
69-66 

Spaciflc  gravity,  60 
Teat.  62 

Tende  atnogth.  69, 60 
Teat,  66 

Teata,  6»-<6 
Poits,  bridf* 

Coat.  1401 

DMign.  1427*  1418 
Pob^l^,  drftaiitlon,  14 
Powins 

Daaoription,  778 

Uae  in  oonatruction.  818-820 
Powdar,  blaiting,  428. 424 

POWW,  67 

HiMae-pawer,  67 
Power  drilling 

Ro^  672 
Pratt  traoa  bridges 

Panda,  depth  and  Ingth,  1899 

Pln-oonneeted  trumee,  weight,  1408 

Riveted  tnuaea,  weight,  1402 

Span  Icngtha,  1899 

Streae  computation,  1420-1422 
Dead  load,  1420,  1421 
live  load,  1421, 1422 
ProHininaiy  faiTaatigationB,  UchmyK 

147-198 
Athatiee,  160, 161 
AvaEablUty  of  materlab,  ISO 
Bfbli<«ra|4iy,  189-192 
Coat  record^  vahK^  1686 
Eatimataa  of  ooat,  187 
FloADCiag,  1601 
Gradee,  164-167 

Hixhway  bridge  location,  1897, 1898 
History  cards,  1830-1886 
Local  onvlronmenta,  161 
Location.  147-164 

Curvea,  148,  149 

Eemomica,  149, 169 

Effect  of  dimatic  conditioiu,  drain- 
aga  and  loimdatloas,  161-164 

Future  raquireuMnta,  16S,  164 

Unas,  148-160 

TannBla^  148, 148 
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PtaUMiiiuy  InwdgmtlaiM,  CouL 
Matonl  foundkdona,  469 
QiURyiDC.  189,  140 
RaOroad  gndM  m  humplnf ,  167 
Rflport  toma,  187-189 
MBBtton  of  nnfufain  181-187 
TnetiOB,  lU,  ISK 
Tnfflc  160-181 
mdtha,  158-1S2 

Sm  CompuiMn  of  roada  and  pava- 

^TMenrttioii  of  U^hmqr  ■tnctwes, 

1469-1488 
BibUography,  1482, 1488 
Sm  Painta 

5m  Preaerrative  tnatmenta 

^wemtlT*  treatmenta 
CanMDt  dni&  tlla,  US2 
Craoaotaail  pnavvativB 
SpedOMttloa^  Ami.  Ry.  Eng.  Aan.. 
1086.1087 
ilatat 

Binrar-Batfl  proeaa,  1471 

Capp«,  1471 

Lead.  1471 

Tin  pUte,  1471 

Zinc  eoatingi,  1470,  1471 
Stone  itniecuraa,  1482 
Wood,  1477,  147B 
Wood  blocks.  1087-1042 
5m  Painta 
PreHur*  diitribaton 
Ocaeriptlona,  779,  780.  818 
EMential  propertiea,  777,  778 
Spedflratkma.  Am.  Soe.  Htm.  Imp.. 
780,  818 

Ptimoidal  comctlMiii  810-813 
PiimUrSO 

Area,  lataral  aurfaoe,  SO 

Cantor  ot  fravi^,  80 

MoDMnt  of  iiMrtla,  60 

Valuma,  SO,  60 
PriTAto  derelopaieiit*,  886-887 

LegUatloa  eontndUni,  886.  887 

Private  atnat  ayatoiiM,  886, 886 

Real  eatata  oparaton,  S8S 

R«atrictkma  by  ownan,  404 
ProfllM 

XMInltioD,  14 

Lanlini,  282 

Mailing,  294.  296,  297 
Paper  uaed,  286, 297 
Seal«a.297 
Tradiic,297 

Plottini,  184,  186 

Soimdaiiea,  S50-S6S 
RaMrietloiH  on  oaa,  409-412 
ZoDfaic.  412-416 
PnpoMls 
BldtenM,lUI 


Propoaab  Conl. 

DiatributloB  of  fonna,  1666 

Equipment,  1660,  1661 

Ontdins  awadliaa,  1662 

Pavamsnt  oonstruetioa,  time  aUow- 
aaeea,  1668-1666 

Prqianition,  1661.  1662 

Spedflcatlon  requiramoota,  1E71 

SubmlMion,  1667 
Protractors,  201 
Proridosce,  R.  L 

Stone  block  qtedlkatlolu,  1078 
Png  oilD  mlnr.  882,  976 
Pumpa 

IHaphragm,  1468 

Staam  atphtm,  1463 
Piizaolan  CMnent,  67, 68 

Chamkal  ana^^  68 

DaanUan,  14 
Pycnometer  spedflc  gnnitvaMttMdi, 

698,  694 
Prnunids,  80 

Ana,  lateral  turfaoa,  80 

Ontar  of  gravity,  SO 

Pniatum,  80 
Area,  lateral  amfae^  80 
Volume,  80 
.  Moment  ai  Inertia,  60 

Volume,  80,  60 
PTTOiailM,  87, 88 
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Qoanyiiig,  188-146 
Blastinc  144 
Buii  vw^iili%  14S 
Claaddcatko.  142, 148 
Ccmditiona  fafltHndiic  180 
Coat.  148 

Con  boring,  141 
Devilopmnt  of  qnany  (ae^  Itt 
Dimanrion  bloeka,  148-146 
Dumping.  142 

EMantlal  requWtaa  ol,  188, 18» 
Estimating  quantity,  141 
Preah  rock.  140.  141 
Geological  mapa,  uaa  of,  140 
Uteatlon  of  quarry,  140. 142 
Method  of  <q>eration.  141-14S 
Overburden.  141 
Plan  of  operating.  141,  142 
Hug  and  feattaM^  on  «(,  148 
PraUmiBary  inveatlgatkna,  189 
Roek.S72-67B 

Coat,  672 
Terraeea  in,  142,  148 
Waata  diqwaal.  142 
Weatfaarad  rock.  140 
Qtwftan.  daOnitkn.  14 
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HHotti  of  Ml  oa,  664.  SC7 

QoMn  port  timbOT  bridcM,  U80 
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Rick,  d«flnltigB,U 
Radii.  UbUa,  286-280 
Radios  of  Carres,  221-04 
Radios  ol  (yratioii,  49 
Railinc  iron  pipe,  14U 
Bails 

DmloiMMBt  cf  tvp«,  U84,  IS86 
mUnc  tor,  1291.  KM 
Grooved  ildA-lMSifDC.  U8S.  1M6 
Ule,  1284 
Loads  aHitad,U84 
FOTOMnts  adJsWBt,  1S»-UM 
Bamovabto  hoad^  12S» 
It«v«rdble,  1285 
Side-bMiing.  1286 
RsOwiTS 
IwhMtrial,  442. 4a,  Ml 
Strwt,  871-878 
Subwayi,  871,  S7S 
Rske8.432 

Bituminous  parcman^  977 
Rammers,  977 
Ramp,  didaitioD.  14 
Sann  polsii  IM 
RanUw's  fMmnls,  66 
Rattler  tests 
Aqitaiat  Uoeki,  911.  »1S 
Brkk.  1114-1121.  • 
Bnkm  mm,  669,  660 
CeansBt-eoBsnto,  11T>-1174 
Gnivet.  628.  627 
Raveling.  dtOnlticn.  14 
Records 
History  euds,  1330-1886 
Prop«M  of  work,  SZl,  322 
Unit  cost,  15S6-164T 
Vimble,  1530-16S6 

Philsdelpliis  praetiee,  1681-1686 
Rectaoftes 
Arw,  60 

Centsr  of  mtvity,  60 
Homeat  of  inartla,  GO 
Recnt  stone  Mock  pamnaiitB 
Ctmstmeaon,  1088,  1089 
Cort  data.  1098,  1004 
RACUt  stotra  blocks 

Ccit  data,  1088 

DescriptioB.  1088 

Spedfiestions,  1074 
Redwood 

D^nition.  19.  79 
Lite,  79 
Weight,  82 
Woridns  strem.  81 


Refinml  asplialts 
Bmnudea.  «6fr-«67 

AiialyriB,«6« 
Cuban.  667 

Analy^e67 
Deflnlti<«a  14 

FeBsBatlom,  effeot  «<  flax,  708 

Sbeat^hdt.  lor.  961'W8 
buveeOoa,  962,  9C4 

SpwificstioDS.  966. 967.  969 
Tiiaidad,  666-667 

Analy^<66 
Reflned  tars 
CsrpsUnf  medfuiM,  8B1,68I 

AnalysaB.688 
OnMots,  682,  688 

Analysas.  688 
Cosflleisnt  of  tnfimwUm,  698 
DsOaitloB,  16 
Ddtydratian,  676 
Dust  Isysns  680,  681 

Analyaas,  681 
Free  eart>0B  eontent.  678. 679 

Detsnnlnatkn,  721-728 
IniVeetlon.  741-^44 
N^thalaiM  eontsnt,  679.  CBO 
Purdiaiing,  788,  789 
ReOninc  676-678 
SamiiUng,  741-748 
Spadfieatfans.  786 

Bitumiootts  concrete,  876,  878-88(k 
906 

Bituminous  t*™'^*"'.  814-617 
Surface  treatmatt^  778-776 

Stilli,  674-676 

Storacik  789-741 

Taatlna 

Tests  toe,  784 
TrsnqNtrtatbm,  739-741 
Reflnins  9>oc«sS6B  for  UtamlDoaa 
mattiialB 

Blowiac,  617 

Cracking,  615.  616 

Dehydration,  618 

DiatiUattoa,  613-616 

Emulsifies  ti  on,  618 

nuring,  617,  618 

OxidsUom,  616,  617 

SedinwntstioD,  612,  618 

Sulphurising,  616,  617 
Refuge,  detinitlon,  16 
Reinforced  concreto,  71-76 

Beams,  72-76 

Bond,  74 

Bonding  surfaees,  1476 

Improvenient  ol,  1476 

T(»U  of.  1476 
Cinder  ooDcrete,  72 
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Reinforced  ccmerete^  ConL 

ColumDB,  78 

Concrete,  78 

Worldnc  atnmea,  78,  74 

DefluitioD,  12,  16 

Dedgn  formulu,  74-76 

Fmilures,  cauMS,  71,  72 

MateriklB,  72 

Modulus  of  dMtldty,  74 

Prevention  of  electrolydi,  147fi-1477 

Foitlud  cemeat,  72 

PrDportkuu,  concrete,  72 

8ot  Rofnforeemont 
Rrinforced  concrete  beams,  72-76, 

1484-1486 
Reinforced  concrete  culverts,  1468, 
14U 

Reinforcvd  concrete  Uchway  bridges 

Ardiei,  1487-1U9 
Beams,  1434-1436 
Bondinz  surfaces,  1476 
Girders,  1436,  1487 
R^nf  orced  concrete  paveawnts,  1184- 
1186 

Rmnforced  concrete  wsUs 
Bonding  surfecee,  1476 
Construction,  1468,  1469 
Design,  1466,  1467 

Reinforcement 
Beams,  72,  78,  74-78 
Bond,  74 
Columns,  7S 
Compression,  74 
DeflniUon,  16 
Derifn  f  onmilaa,  74-79 
High  carbon  sted,  72 
Modulus  of  elasticity,  74 
Shear,  74-76 
ShrinkaKe  stress,  72 
Temperature  stress,  72 
Tenson, 74 

Ultimate  tenaile  strength,  72 
W«b,  In  beuoa,  7K,  76 
Renewals 

Definition,  16 
Long  term  bonds  for,  lAW 
Repairs,  definition,  16 
R^<nt  iasBa,  187-189 
Briek  tests,  1120 
Construction  data,  1381,  1888 
Cost  detaUs,  1381,  1334 
Maintenance  data,  1881 
Hatwlab  uaed,  1881 

BItaniiDoufl.l88S 

Non-bituminous,  1384,  1886 
Physical  condition  of  roadway,  1332 
PreUminary  investigations,  high- 
ways, 187-189 
Roadway  construction 

Am.  Soc.  C.  E.  toims,  1882-1885 
■'"  ow  removal,  1272-1276 


Report  forms,  Cont, 

Street  deaniug,  1287-1289 

Topeka  bitumiooua  eonerete,  BOS 

Traffic  census,  1882, 1888 

Waste  disposal,  1266 
Re^ual  petrolenaw 

Analysis,  643 

Definition,  16 

nuxes 

AnalysM,  644 

Phyncal  propntiea,  648,  544 
Use,  648 
Phyrical  properties,  642,  648 
Use,  642 
Resurfacing,  definition,  16 
Retaining  walla 
BibHocmidiy,  1466-1467 
Construction.  1467-1459 
Cement-concrete,  1467, 1458 
Forms,  1468,  1469 
R^nforoed-eoncrete,  1468 
Stone  masonry,  1467 
Dedgn,  1464-1467 

Ronforced  concrete,  1466, 1457 
Rhode  Island  State  Board  of  PnUle 
Roads 
Spedflcadons 
Cobbleatcme  gutter,  1390 
Rough  atgne  toondatioB,  472 

DaOnition,  16 

Mineral  composition,  559 

Results  of  tests  on,  664 
Riddle,  definition,  15 
Rlght-<tf-iraj 

Areas,  291 

Deocription,  290, 291 

Surveys,  290,  291 

Widths,  348,  349 
Ring  shajce,  definition,  15 
Rings 

Center  of  gnvi^,  60 

Moment  ot  Inertia,  GO 

Volume,  60 
Ring  stones,  definltioD,  16 
Riprap,  defltdtioB,  15 
Rirers 

Alluvial  eonei,  117 

Bank  protection,  116 

Croerings,  116, 116 

Deltas,  117 

Deposlta,  116, 117 

Distribution  thruout  U.  S.,  128-184 

Levee,  116 

Mature,  116, 116 

Meanders,  116,  116 

Road  location,  116-117 

Terraces,  107,  108 

Young,  116 
Riveted  truss  bridges 

Coat,  1400, 1401 
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Riveted  tras  bridgM,  Cmd, 

I^tard  vrtMiia,  1404 

Pntttraan^  1402 

Wamn  tninaa,  1402, 1408 
Set  HlffawKy  bridgv 
SoAd 
Alignment,  S40--344 

Cram  rowU,  841,  842 

CurvM,  842,  343 

Gencnl  prlndplM,  340,  341 

Grmde  eroaaiiiKB  eliminftUoo,  84S 

Improvement  of,  841,  S42 
Amiual  ecwt,  1363, 13M 
Bounduies,  3JS0-8S8 

AtHudanad  rokda,  8SS 

ErtablUunent,  SS8 

Laeal  status,  360-S6S 

Road  materudi  within,  362 

^wdflottfou,  862,  868 
ChanctoiBtki,  1826-U80 
CheapMM.  1S26 
daadflcation,  882-886 

California  Highway  Comm.,  834 

Pennsylvania,  338.  834 

Traffic  baais,  1864-1869 

United  SUtea,  882,  8SS 
CleaninK.  1227 

Gang,  1227 
ConnectinK  two  towns,  376 
Cross  roadi  improvement,  841,  342 
Cnwns,  847, 348 

Curvas,  on,  847, 848 
Curves,  842, 848 

Clear  sight.  348 

Minimum  radius,  842,  848 
Definition,  16 

DeterminatM-t  use  of,  1328. 1824 
DmslopmsBt,  8U-888 

United  Statas,  382, 883 
Durability 

Car  tracks,  1326, 1827 

Cleanliness,  1827, 1328 

Construction  method,  1328 

State  of  rep^,  1827 

Width  at  roadway,  1326 
Dust  palliatives  for,  748 
Ease  of  maintctuuioe,  1829 
Eadness  of  cleaning.  1828 
Favorablenesa  to  travel,  1889 
First  cost.  1862 
Grades,  844-847 

Longitudinal,  844-34« 

Maximum,  347,  1347 

Minimum,  347 

Road  reustanoss,  346, 347 
Grading  spedflcatioos,  447-460 
History  cards,  1880-1888 
Intersection  grades,  806 
Loeal  Bssessmenta  for,  1497 
Location,  338-840 


Road.  CoHf. 
LocatioQ,  CohL 

By-pass,  889 

Geosral  princ^ilai,  840 

New,  888 

Old,  338,  889 
Uaintenanco  cm*.  1362,  1868 
Properties,  1349-1864 

Valuated,  1S61--18M 
Requirements  to  be  nut,  1824, 1825 
Reaistanoe  to  traffic,  1888, 1329 
Road  systems,  882-388 

Planning,  836-888 
Sanitariness,  1829, 1880 
St^Verineas,  132S 
aunr  noMml.  1888 
Subcrust  raorraiBntB,  486, 467 
SuitabiUty  for  loeal  esnditiaoa,  1860 
Surfaes  waters,  3BS-856 

Care  ol,  864 

Damage!  fhn,  8KB.  886 

DdteWnt.  858,  864 

Legal  status,  364-866 
Traffic,  effect  of,  17«,  177, 1824 
Traffic  rwulations,  866-861 

Horaa-drawn  vehicles,  867,  368 

Loads,  868-860 

MldL  Highway  Comm.,  869-861 
Motor-truck  diroenrfona.  866, 857 
Motor-trudt  tiafBc,  367 
N.  Y.  State  Highway  Caam,  858 
Tires,  868-860 
Wsar,  1349, 18S0 

Apparatus  for  iHMHiliig;  1861 
Widths,  848-860 
Affected  by  ear  tracks,  860 
Recommendations,  360 
Ri^t-o(-way,  848,  849 
Roadwitn  849, 860 
SepaiBte  roadirayB,  849 
Tnmk  routes,  376 
nBed,860 
Ro«d  tdmiolstration 

Sm  Administration  of  highway  dsl 
partments 
Road-bed,  daflnitioa,  16 
Rotd  Board  of  Sn^iuid 
Detomtnator  of  roadway  type,  1828 
Spcdficatiops 
Bituminous  concrete  paTCmsot,  884 
Bituminous  macidam  pavement, 
816 

Brokm  atana  roada,  684,  585 
Tar  surfaoM,  774-776,  786-788 
Traffic  ualta.  164, 166 
Road  cnat.  dsAntoloo,  16 
Road  drafi 
Dragging  contract,  516,  517 
Dragging  law,  616 
Lap-plank,  616,  616 
Operation  «(  618, 61/ 
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Road  drafs,  ConL 
Pram.  State  Highway  Dept.  •tend 
uda,  B14-B16 

Plank,  51fi 

SpUt4oK,  614,  616 

Stml.  616 
Road  edga,  drthritfam,  16 
Road  fniden,  UT,  488 

Cort,  467 
Depredation,  481 
DeaaipUtm  of  typea,  487 
Method  of  dprnitiott,  437,  438 
U.  8.  O.  P.  R.  dlreeUona,  488 
Road  iliacliiiMl7»  48(M46 
Buck  Berapm,  484,  486 
Carts.  438 

Cement-Goncreta  mixec^  69,  476, 

1167-1169 
Crushera,  672,  678 
Coat,  432-446 
Drag  acrapen,  434-437,  446 
Elevating  graden,  438-440 
Fraano  scrapera,  434,  486 
Induatrial  raUways,  442,  448 
Ufa,  481.  482 
Uethoda  of  uae,  482-446 
Mixing  planta,  SSl-885,  970-876 
Plows,  433 
Purehaae,  480,  481 
Road  draga^  614-616 
RoMl  gradan,  487, 488 
RoUen,  443,  444 
Scarifiera,  444 
SmaU  tools,  432,  976,  977 
Steam  shovels,  Ul,  442 
Tools,  431,  482 
Upkeep,  431 

Wagona,  488, 486,  487.  446 
Road  metal,  daflnitkn,  16 
Road  resistuices,  846,  847 
Road  scrapers,  484-487, 446 
Road  surveys 

Sm  Highway  surveys 
Road  B^toms,  882-888 
Claaaifleatlan,  332-835 
Planning 
Fmanetal  ooudderadona,  836 
Form  of  the  ayatem,  387,  838 
Fundamental  prindplea,  336 
Maps,  uae  of,  336,  336 
Reconnaissance,  836 
TrafDe  oensua.  uae  of,  386 
Roadways 

Car  tracka  in,  1282-1284 

Coat  per  mile,  diffmnt  widths,  816 

Crowns,  847,  848 

Curvea,  342,  843 

Definition,  16 

Determinator,  uae  of,  1828, 1824 
Drainage,  460,  461 

Gallons  per  mile,  different  widths,  816 


Roadways,  Coni. 

Gradea,  844-347 

Grsding  i^Mdfieations,  446-460 

Separate,  849 

Surfadngs 
CharactOTiaticB,  1826-1880 
HIatUT  cani%  uae  at,  18S&-US0 
Reqidremsnte  ai,  1884,  U2S 
Selection  of,  1822-1826 

^tha,  348-660,  894,  896 
Ezceas,  394,  896 
Ordinance  regulation,  394 
Rochester,  N.  T. 

Stme  block  pavement  apeeificatioiH^ 
1076,  1086 

Topeka  pavement,  analyata,  866 
Rock,  86-103 

Abrarion  testa,  669,  660 

Abaorption  test,  6^ 

Age,  113 

BeMing  power,  1469 
Beds,  113 
Blasting,  424-426 
Carbonation  of,  108 
Cemnttetlon  test,  660,  S61 
Cbemieal  eompoaitioii,  86 
aaarifleatton,  86,  86 
Cost  of  core  boring.  141 
Crushing,  672-676 
Crushing  strancth  teat,  668 
DeeompodtioB,  102, 108 
Dip.  112 

Diaint^ration,  102,  103 
Distribution  thruout  U.  S.,  128-184 
Erroaion,  102,  108 
Examination,  118 
Excavate,  423-426 
Coat,  446 

Rate  of  progress,  1B6S 

Speelflcations,  448 
Falls,  122,  128 
Faulta,  111-114 
Folds,  114, 115 

Qrading  daMiftcation,  421, 482 
SpedDcationa,  Portland,  Ore.,  422 

Grain,  144 
Hardness  test,  568 
Hydration  of,  102 
Igneous,  89-9T 
Joints,  113,  114 
Umiting  test  values,  666 
Hetamorphic,  100-102 
Mineral  compoeition,  656,  566 
Oxidation,  102 
PetrofrapUe  analysis,  102 
Physical  propotieB  <d,  668-667 
PltA.  112,  lis 
Poradty,  118 

Quarrying,  188-146,  572-676 
Rasults  of  tests  on,  568-666,  667 
lUft,  144 
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Bock,  C<m<. 
Road  metal,  for.  666 

BMBQtial  proportiM,  BS5 

Held  stone,  666 

Gnnlto,  666 

UniMtoaa,  666 

Tnp  rock.  666 
8«fe  ilopeB,  128 
Swnidiiig,  666,  667 
8«dlmaDtary,  97-100 
8«Ti«  toti,  667 
aidaB.18S,  123 
Solution.  102 

Spedfic  gnvity  t«vts,  667,  668 

Coarse  iwcresateB,  667,  668 

Stone  Bcraeninti,  668 
BUne  blocks,  for.  1067-1070 

Crushing  strenKth,  1068 

Grmnite,  1068 

Hudnea,  1069 

SendsttHie,  1068,  1069 

Testa,  1070 

Toui^iineM.  1069 

Ti!^>  FMk,  1070 

Whin  ftraie,  1070 
Strike,  112 
Structure,  111-116 
TeaU  for,  666,  667-666 
Textnre,  89,  90 
ToutfuM  teat,  681-68S 

Viriebles,  662,  663 
WeaUwring,  102,  103 
Wcteht,  101, 102 
Sockuplult 
•Analyses 

,  American,  1018-1016 

European,  1014 

Kentucky,  662 

Umestanas,  660,  661, 1014 

Sandstones,  661,  662,  lOlB 

Tens,  661.  662 
Bunqwati,  660,  661 
Kentud^y,  662 

limeetones,  660,  661,  101^  lOU 
Mining,  683,  669 
Oeouirence.  668.  669 
Origta.  629-681 
Prqwratton,  669,  860 
Production,  681-638 
Sandstones,  661,  662, 1014-1016 
Texas,  661,  6^ 
Rock  uphalt  pavementi 
Analyses,  1016 
BibUography,  1016,  1018 
ChsraeteristlGs,  1018 
Cost  data,  1018 
DefiniUon,  16 
DeecfipUoD.  1012 
FavorabkDess  to  travel,  1848 
Otunnteee,  1018 

Hirtorical  development,  lOUt,  lOU 


Rock  asphatt  paTMnsota,  Cost. 

Laying,  1017 
life,  1342 

Maintenance  cost  data,  1888 
U«inteiuui«e  metbodi,  1018 
llanulaetuR,  1016, 1017 
Rode  aaphalt 

American.  1018-1016 

European,  660,  1014 

Kentucky,  662 

LimoMODO.  660, 1018 

Mioinc  688,  669 

OeeuTTenee,  668,  669 

Preparation,  669,  660 

Production,  631 -6S3 

Sandstones,  661,  1014-1016 
Spedflcatims,  constmctian,  1017 

Boro  Manhattan,  New  Yoric  City, 
1017,  1018 
Theory  lA  durablUty,  1016 
Wear,  rate  of,  1848 
Rocmac  macadasn,  688>  B8B 
Rods,  194, 197 
Level 

Boston,  197 

New  York,  197 

Phileddphia,  197 

Precise,  197 

Sdf-eonputbic  197 

Self-reading,  197 

T^pe,  197 
Range  polee.  194 
Sight.  194 
Stadia,  197 
Rollers.  448.  444 
Hsnd,  978 

Heavy,  ^igawin™,  IB 
Hone,  448 
Li^t,  deflnitioo,  IS 
Tandem.  444,  978 
Thiw-wheci,  448,  444,  97S 
fliilHiij  fMlSttUlM,  48 

Romul  highwari,  106S,  lOM 
Rouch  tton*  tooadM&amt  472 

CoDstruetiM),  472 

Spedflcalioiia,  472 
RabUih 

Admlnlstrati4m  al  dkpoeal.  1262-1266 

BibUography,  1276, 1276 
Calorific  analydi^  1246,  1247 
Collection,  1246 
Cost  of  di^Ms^,  1242 
Deaeription,  12^1 
DUpool  plant,  1246,  1246 
Dumpa,  1246 
Equijnnent  for  eoUection 
DeecrlptkB.  1261 

Horee  drawn  se  motat  trubk^  lS6f 
IdonUfloaUon,  1261 
PUnting,  1262 
HIgfawv  neeptada^  1S1».  UM 
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RubbUi,  Cmt, 

Mecbanlesl  uutlyslfl,  1246 

Monthly  fluetoation,  1242 

OtffwiMtloB  for  dtapoaal,  1258-1266 

Selling  pricn,  1246,  1247 

Wdght,  124S 
Rubble,  deflmtion,  16 
Rubble  concrete,  definition,  16 
Rubble  pavemeitts,  devdopmont,  1^ 
Rural  districta 

HiRftwaym  viaoe  of,  14S6, 1486 

Stata  aid.  I486 

S 

Sampling 
Bituminoua  r"*— 687 

Barrab,  74%  743  * 

Dnuna,  742,  748 

Factora  governing,  741, 742 

Tanks,  742 
Brick,  1116 
Broinn  atone,  666,  667 
Cement-concrete,  1171, 1172 
Gravela,  628,  624 
Rock,  665,  667 

Sheet-asptialt  materiala,  964-966 
Sand 

Compodtion,  106,  488,  489 
Data  for  records,  1SS4 
Dsfinitions,  16,  106,  488,  496 
Deacription,  468,  469 
Distribution  thniout  U.  S.,  128-184 
FlUen,  1079 

Function  in  aatid-d»y  roadi^  488 
Meehanlealanalyaia,  9U,  »46 

Porority,  120 

Safe  bearinE  power,  168, 486>  1469 
Shape  of  ETsins,  118 
Sheet-asphalt 

Anatyaee,  946-M7 

Bank.  948,949 

Eawntisl  eharaetarbdfl^  944 

FuneUon  in,  966 

Grading,  968 

Inspection,  962,  964 

Mesh  comporitimi,  944,  946 

Fit,  948,  949 

ProspectiDK  for,  960 

River,  947,  948 

Sampling,  966 

Shape  of  groins,  969-961 

Souroea  of  supply,  947-949 

SpeeMleatloni,  967-969 

Standard  eoniposition,  946 

Surfaee  of  gralna,  946 

Volda,  949,  960 

Vei^&48 
Subeofl  of  sand-day  roads,  606,  606 
Ungraded,  mixed  with  bftandaoue 

eament,  916,  916 
VoidB,  626.  BS6,  949.  850 


Sand,  ConL 

Weight,  949 
Sandals.  977 

Sand-clQ  nMdl,488-61T 
Advantagee.  484 

BiUiography,  617.  618  - 
Clay  Bubaoa,  on,  603-606 
Construction,  496.  601-508 
Coet  data,  607,  608,  1862 
Definitions,  16,  488 
Drainage,  601 

Historical  deY^opment,  488 

Life,  486 

Loam  base,  on,  606 
Location,  601 
Maintenance,  511-^17 

Coat,  618 

Dragging,  618-617 

DuA  prevention,  612,  618, 747- 
764 

Patrol  lyatem.  612 
UOeage,  488, 484 

Safe  bearing  power,  168.  466. 469, 486 
Sand  lubwril.  on,  606,  606 
Soila,  486-496 

Clamiflcation,  486, 487 

Comporftion,  491 

Field  teats,  491-494 

Georgia,  490,  491 

Laboratory  testa,  491,  492,  494 

Fhyaleal  properties,  486-482 

Safe  bearing  power,  486 

Sampling,  492,  488 

Spedfleationa,  496,  496 
Spedfleattona,  construcUon 

Maine  SUta  Highway  Comm.,  607 

U.  S.  O.  p.  R.,  606,  607 
SuitabiUty,  484,  486 
Trafiftc  auitability,  1864, 1866 
Sandstone 
Bhieatone,  99 
Charaeteristles,  88 
Composition,  99 
Compressive  strength,  82 
Definition,  16 

Distribution  thruout  U.  S.,  128-184 

Mineral  eompodtion.  666 

Porosity.  118 

Quartzite,  99 

Quarrying  of,  144 

Ranilta  of  terta  on.  664,  666,  667 

Safe  dope,  128 

Bpedflo  giaTity,  82. 98 

Stone  M^Mfi™ 

Cdorado,  1069,  1070 

Crushing  strength,  1069 

Hardness.  1069 

EMtle  Binr,  1068. 1069 

Medina,  1068 

Spedfl  cations,  1074, 1076 

Tou^meaa,  1069 


CooQle ' 


1640  San 


Index 


She 


Saaditone,  Coid, 

Taxtura,  98,  99 

WMUurinc,  99 

Weight,  82 
Sandstone  block  gatten,  ecwt,  1888 
Sanditona  block  pavements 

Propertiee  valuated,  1863 

Sm  Stone  block  psveoMnti 
Stndatone  curba 

MaDUfaetara,  ISS8 

Spedflatioofl,  Pittabor^  1884 
Sapwood 

Daflnitlon.  16 

Timber,  80 
Scale*,  drawing,  294-299, 802, 808 
Seariflsn,  444 
Scarify,  deflnttton,  16 
Scavenge,  deflnltton,  16 
Schiiti,  101 

DeOnition,  16 

DMributloD  thruout  U.  118-184 
Rflwlta  of  taata  on,  864 
ScbistOM.  dritnlUon,  16 
SchofljBld  abranon  tes^  569, 660 
Scores,  definition,  16 
Scoria-block  paranwittB 
Deterioration,  natom  of,  1848 
life,  1843 
Scrapers,  434,  486 
Uae,  U^t  axcavsUon,  428 
,  dafiniUon,  16 


BnAan  Mom,  668,-  672 

Gravel,  629,680 
Screenings,  dgflnltion,  16 
Seal  coats 

DeflnitioD,  16 

8m  Bltominoua  eoiereto  pamiiflBta 
Seamtar 

Pbyded  propertiei.  762, 768 

Use  u  dust  palliative,  768 
Second  International  Road  Congress 

Foimdatums,  coodusiooa,  466 

Sectors 
Area,  60 

Coter  of  Eravity,  GO 

Moment  of  inarUa,  &0 
SedimentaiT  rocks,  97-100 

Binder,  97 

CUaeiflcstton.  98 

CompoaUian,  97 

Hlnerala  in,  88,  8B 

Textura,  97 
Sedimentation  of  bitmolnoaa  nataii- 
als,  612.  613  , 
Seepage,  114, 119 

DeAnitioa,l« 
Segments 

Area,  60 

Center  of  gravity,  50 
Moment  of  iaartta,  60 


Semissphaltic  petroleuma 
Colraado-Wyomfag  Aeld,  620 
ChanwtcriatiaB  ol.  686,  eS9 
CraAed.  eonatitnaBts  ^,  629 
Crude,  eonatHuenta  of,  ttW 
Deacription,  610 
GuUBrid.  629 
Hydroearbona  in,  628 
lUinoia  field,  628 
Hid-Continent  Add,  629 
Paraffin  scale  detamiaatlan.  780 
Value  of.  628,  629 

Semi-drcle 
Area,  SO 

Con  tar  of  gravity,  60 

Mommt  of  tnartia,  60 
Serpentine,  89,  toi 
Service  test  pavements 

Bituminoua  concrete,  938,  984 

Wood  block,  1082,  1083 
Setting  IV,  deflnitlon,  16 
Sstts 

Definition,  16 

Sw  Stone  blocks 
Sever  inlets 

Claanlnc,  1227,  U2S 
Shafts,  found,  M 

Otiiieaua,64 
Shakes,  dednitlaai,  16 
Shales 

Compoaittoa,  100 

Distribvtlon  thmont  U.  &,  128-184 

Fwodty,  118 

Remits  of  teata  on.  664 

Safe  elope,  128 

Spedlle  gravity,  100 

Weatbering,  100 
Shaping,  definition.  16 
ShMia 

Baama,  6!^  68, 1408-1418 

Truasca,  1409-1412 

Vflrtleal.  68 
Sheet-asphaU  pavements,  640-1019 

Aiialyaia.96S 

Annual  egat,  1840 

Asphalt  eemeoto 

Cementing  valtM,  966 
Ductility,  966 

Essential  charaetcriMies,  964 

Function  of,  966 

Inqteetian,  962,  864 

Non-aoaoaptlblli^  to  I 
diaagea,  966 

Fenetration  of,  968,  968 

Pennanmoa,  964, 956 

Purity.  966 

8ainpUag,966 

^Md&eatieDa,  968.  970 
BIWography,  1018, 1019 
Binder  atone,  961 

SvedfieatiMH,  967.  968 

Google 


She 


Index 


She  1 


Shtiet-uplult  pavemeata,  Cont, 
Bitumen  content 

Affected  by  oand  gndlng,  968 

Detwrniztatioa  ot  unount,  961,  9«2 
Brokm  •tone 

Inflection,  962,  964 

Sunpling,  966 

SpedBcationBr  967,  969 
CauaM  of  faflure,  1004-1009 

Dafeeto  in  eonatruetion,  1007-1009 

Effect  ot  agdng  and  expoaura,  1006 

Traffic  deterioration,  1004-1006 

Wavinen,  1006, 1006 
Characteriatio,  941 
Cleaning,  eoat,  1844 
Conatnielion,  time  enowenCH,  lfi63 
Coat  calculation,  1000-1008 
Coat  data,  1000-1004 
Definition,  16 
Deecription,  940 
Dry  elimatea,  for,  966-968 
FavorableDeea  to  tra^  1848 
VSkn 

Amount,  969-961 

Determination  of  amotut,  961,  962 

Eaaential  characteriaUaa,  S50 

Function  of,  966 

Inapection,  962, 964 

Materiab  uaed,  960, 961 

Sampling,  966 

Spetdfications,  968 
Fire  wagona,  977 
nuna,968,964 

Inapection,  962.  964 

Spedficationa,  967,  969 
Foundations,  942 

Broken  rtone,  942,  948 

C^ent-concrete,  948,  944 

Old  pavementa,  943 

Faint  coata,  982 
Gradea,  mMdmnin,  1S4T 
Gravel 

Inapection,  962,  964 

Sampling,  966 
Guaranteea,  1011 

Fy"l'''g  IrituminouB  aggregates,  994 
Hiatorioa]  development,  940,  1822 
Inapection 

Unished  worlc,  997 

Laboratory  e^iuipment*  997 

Uateriala,  962, 9«4 

Plant,  989-996 

Street,  986-997 
Joints,  988,  989 
Laying 

Binder  courae,  986,  986 

Wearing  coune,  986-989 
life,  1342,  1343,  1864 
*  Maintenance  coat  data.  1888 
Manufacture,  970-976 

AM^t  esmnt,  978-MO 


Sbaet-«q>halt  pavetnenb^  CohU 
Manufacture,  ConL 

Bind«,  980-982 

Paint  coat,  982 

Wearing  eoursB,  982-984 
Mineral  aggregates,  9S6-9tt 

Grading,  969 
Mixing  planta,  970-976 

BiiM,»7S 

Drtan,  971-978 

Elevaton,  972,  973 

Enentials,  970-972 

Meaauiing  equipment,  976,  976 

Mdting  equipment,  978-976 

Mixen,  971.  972, 976 

Portable,  976 

Tanka,  973,  974 
Propertiea  valuated,  1360-1864 
Refined  asphalt,  961-963 

Inspection,  962,  964 

SamI>Iing,  964,  965 

Spedflcations,  966,  967,  969 
Repairing,  1009-1011 

Patching,  1010 

Surface  heater  mathod,  1010 
BoIlMrs,  978 

Hand,  978 

TBiuleni,9T8 
Bdllng.  987, 988 
Sampl&g  materials,  964-966 
Sand 

AnalysiB,  946-947  • 
Bank,  948,  949 
Bea^947 

Essential  eharaeterlsties,  9U 

Function  of,  966 

Grading,  968 

Inspection,  962,  964 

Meah  compoeition,  944,  946 

Mixtuiee,  946,  946 

Pit,  948,  949 

Proapecting  for,  960 

River.  947,  948 

Sampling,  965 

Shape  of  grains,  969-961 

Sourees  of  iupi4y,  M7-949 

SpedflcationB,  967-969 

Standard  oompodthm,  946 

Surface  o(  grains,  946 

VfridB,  »49,  960 

Waicht.949 
Spedficationa,  eonatruetion 

Am.  Soc  Mun.  Imp.,  997-1000 
Spedficationa,  maintenance 

Am.  Soc.  Mun.  Imp.,  1011,  1012 
Specifications,  materials 

Am.  Soc  Mun.  Imp.,  966-970 
Surface  heaten,  977,  976 
Theory  of  Bbeetrwqtluit,  966-901 
Tools,  976-978 

Asphalt  eutten,  977 
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Took,  ConL 
lUkM,  977 

SawotlMC^  877 

TuqMn,977 
Tnusdva  n^auam,  1108, 1S4S 
Wkgona,  978 

Wtmr,  \Sa 

W«t  dimsta^  for,  956-9&8 
Sh««t-«apbalt  walks,  1379, 1S80 
Shaat  ptTttmtnt,  deftnitkiD,  16 
Sheet  pUm,  dafinition,  17 
Skdl  roftds 

Construction,  690 

DuM  pnrwtioB  1^  pftlliaUvva.  747- 
764 

SpsdScBtioiw,  coiMtnwtloB 
Md.  State  Roads  CoBU,,  6M 
SUni^e,  (MniUon.  17 
8hM,deanitioB.17 
Shonldov 

CemeBt«onanto  pavanMOta,  1169 

Coiutructioo,  169,  1160 

DaftnltioD,  17 

HatcrialB  for,  169. 160 

Width,  S49, 850 
ShoveU,  482 

Bltuminoua  paTAment,  976 

StoaV,  441,  44Z 
Shiinkasa,  aaztbwtwk,  ail 

Embankmants,  426,  427 

SpedfieaUoni,  460 
Sd«-<taiiiag«,  deflnition,  17 
StdmllB 

A^halt  nuwtic.  1379 

Aaphalt  tito,  137U 

BibUography,  1394, 1396 

Bhumlnoua  macadaiD.  1880, 1881 

Brick,  1S7S-1877 
Cotutruation,  1876, 1876 
Comt,  1376 

SpedBcadona,  1869, 1876, 1877 
Broken  atone,  1382 
Car  tracks  In,  1282 
Camant-cmiereta,  1369-1876 

ColorinK  matter,  1872,  1878 

ConetrueUon,  1870. 1871 

Com,  1869,  1375 

Driveway  eroea^iga,  for,  1S72 

EMotial  featurea,  1370 

Expanakm  jolnta,  1872, 1874, 1876 

FaUnrea,  1878 

Forms,  1870 

Foundations,  1870 

Fre«inK,  1372 

JoiDta,  1871,  ISn 

Uatari^  1870 

Platen,  1878, 1874 


SUewalka.  Coaf. 

CMiMBt-eoBcnt«k  ConL 

ProtaetSon.  1878 

Sin^O'^otuw,  1878 

SpedBcatkna,  eonstmctioD,  1874 

lUdmMB,  1871 

VaoHi,  over,  1878 
Cieder 

ConatnwtioD.  1881 

Coat,  1881. 1382 
Coat  data,  1869 
DeBnition,  17 
EMential  qualttta,  1867 
PInatwiiig  flonatnwtlaa,  1606 
FlagatoDa 

Bluestooe,  1877 

CoiutruetioD,  1877 

Coat,  1869,  1878 

GiaDtttk  1877 

^wdBeatioitt,  1877, 1878 
GeBatal  data.  I8<7'1868 
Gravri,  1882 
Loeatioii.  1868 
MaUriak,  186T 
Paik.  1869 

Sbeet-aaphalt,  1879, 1880 
Slope,  1368,  1869 
Snow  removal,  1262 
Stepe,  1369 
Tar  concrete  walki 

Charaeteristifli,  1876 

Construction,  1878 

Coat,  1369 
Toe 

Conatructioii,  187? 
Cost,  1869 
Trace,  location  In.  1868 
Types  used,  1867, 1868 
Widths,  1867, 1868 
Sieve,  didnitiai,  17 
Sign* 

BibUoirqihy,  1894, 1895 

Dfataaea  and  dlrectioB,  1890-1898 

Grade-croadnf .  18«l 

Sidewslks,  1392 

TrafBc  rcfulaCion,  1898, 1894 

Wandng,  1898. 1894 
SUt,98, 106 

Definitions,  IT,  488,  496 

DeseriptioD,  469 

ElutriatioD  teet,  627 
Simple  corvea.  221-223 
Siaea,  natural,  tablea,  326,  326 
Skew  diatancea,  tables,  884, 29S-280 
SUd-pan,  deOidtloii.  17 
SUc 

Abrasion  tMta.  669,  660 
Bituminous  agtregatea 

BaMntlal  phyaM  pnpertiai,  9Gt> 
KtumiDous  mactdano  pavqments 

rhyaleal  pros^tiea,  8()4 
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SUc  CM. 
Bttomtnoa  mMadun  psTaeMota,  CcmL 

Spa(UntfaB%  W» 
Cwzwntstlon  tost,  UO,  661 
Cniriiiiig  ■tnncth  ta*.  6tt 
«>t«  (or  reeorda,  1884 
DeSnltioii,  17 
HardBOv  tMt,  668 

HMUtbctnra,  S80 
Heduukal  aiMlyMii,  824.  6t6 
Renha  o(  tMti  OD.  664 
Too^UMM  tait,  Hl-668 

VvtaMea,  662.  66S 
Volda,  626,  526 

SUf  Mock  paToneitto 

Blocka.  1100 

Analyria,  1109. 1110 
Detarionttoo,  uton  of,  1S48 
Hintorieal  darclopflBant,  UOt,  1S2S 

Lif «,  IMS 

SUs  fottadatimn^  «ti,  809 
SUg  roads,  6*0 

SUte 

Chanetarlatis,  100. 101 

Spedfle  gnivity,  100 

Poraaity,  118 
Slope  ditdiM,  462 
Slope* 

GraaaafOT,4S8 

Side,  427,  428 

Sidewalka,  1368 

Soda  ror,  428,  429 

SpedflemtiooB 
AiB.  By.  Eaf.  An.,  4S8 
Slope  •Mm,28T,S88 

DtOnltlon.  17 

Notes,  288 
Shidce  Uplult,  647,  048 
Smoothera,  bitumtaMua  paranant,  977 
Soow 

DcBBtty,  1268 

Duit  oontent,  1268 

Latant  baat,  1262,  1268 

Wfllfht,  1268,  1264,  1408 
Snow  fences,  daanition.  IT 
Snow  plowi 

Hofafrdnwn.  U61 

Uotar,  1X61 
Snow  removal 

AdmliiMntlan 

Inatruetiona,  1272. 1278 
Mapa.  1272 

PbOsdalpUa  praeUee,  U89-U76 
Record  (omu,  1272, 1278 
RopoTtB,  1272,  1274.  1276 
Sdwdnlea  fli  weric  un 
Snow  dam.  lM»-lSn 
Work  ttekata.  1274 
PlaanlBg  board.  1278, 1278 
BlbUavip^,  UTK»  lt76 


Snow  remoral,  CmiL 
Cindcn  on  riippvy  nadweyi,  1261 

Ccat,  1261 
Country  roada,  1268 
EqMrimantal  methods,  1262-1268 

CUadfleation,  1262 
Fluahing,  1269 

FundaoMntal  prtndplei,  1266-1268 
Ganaral  eonridentlaaa,  1268 
HkuUng  T«faieka.  1261 
Orfaoluttona 
Charta,  1268 

PhnadripUa  pnette^  126^1272 

Raporls,  1274.  127S 

Snow  alarm,  1269-1272 
Pknnlnc  1269 
nowfni,  1268, 18B9 
Qoantl^  of  work,  detannlaatiaB,  1262 
Sewer  ayatem.  uaa  ot,  1269-1261 

Coat,  1261 
Sidewalka,  1262 
Snow,  1262-1264 

Denri^,  1268 

Duit  eontant.  1268 

Latont  heat,  1262, 1268 

Wdcht.  1268,  1264 
Snow  milting 

Coka  tumMea,  1266, 1266 

Eleetiie  method.  1266 

Gas  heat  method,  1266 

Naphtha  funuwaa,  1266.  1266 

Portable  ear  with  steam  plp«a, 
1267, 1268 

Portable  steam  boflers,  1264 

Stemn  raeUuMfa,  1266 

StMun  pip«s  anderfroond,  1287 
Snow  plow  outfits^  1261 

Horse  drivan,  1261 

Motor,  1261 
Sodi,  428,429 
Soil*,  108-111 
AeoUan,  106 
ADuviai.  106,  468 
Analy^  <rf,  494,  496 
Claariflcatlon,  468,  469, 486»  4S7 
CoUuvial,  104,  106 
Comporition,  491 
Definition.  17 

Distribution  thruout  U.  S.,  128-184 

Drainain,  462 

Field  teats,  491-194 

Formation,  102, 104 

F^MmdatioB  hMtincs  on.  1460, 1461 

Oeoriia,  49(^  491 

Hardpan,  106 

Heavy,  106 

HvmtM,  106 

TO*!^  liamHtratlnn.  429 
Labotatonr  testis  401. 492, 494 
Itfit,10B 
Laua.106 
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Soik,  OmU 
liOMi^  106 

LooMnlnK  with  axplodroa,  422 

HaU.10S 

llMk,  IW 

nyrfoil  proiMrtfai,  485-491 

Mdwtl.  104,  468 

Sal*  bMrtnc  pomr,  168. 466, 469, 

470,  486,  14B9 
SMBpUng,  49S.  4M 
S«dHitwy»104 
sot,  106 

SpMMntlaMk  4H,  4M 
Tmha,  108 

Truiportad,  104 
Solar  sttaehmrat,  106, 196 
Asimutb,  deUrminatioo  ot,  21B, 
916 

SdoUUtTtMli 

BltunlBOUi  mstarUi 
Cubcn  diaulpUd*,  721-724 
Carbon  tetneUorido.  728,  7t9 
Naphthm.  726,  727 

Soothwm  jreUow  pin*,  Mtadtkn.  19 
Spdl^  drflDlUaB.  17 
Staadnl  wall,  Maftlon,  IT 
SfcMkadona 

Bltuinlnoui  mBtarlal* 

AtUnnta  tjrpv.  786, 787 

Btenkst  typa,  787,  788 

nwton  govamlnt,  781-7S4 

ranatntim,  784-TSB 

TMta  induded.  788,  7U 
Ganeral  dauata 

Btda,  1572 

BlaatiDg,  1876 

Bonds.  1871. 1672 

ContingaDt  work,  167S 

DamaKca,  1676 

Dancer  ^cnaK  1678 

Detectiva  work.  1674 

Daflnitkm  ot  tanu^  1671 

Invaetfon.  1674 

I«wa  and  onMnaBCM,  1672 

Matarial  ■amplaa,  1678 

ModlficatioDa,  167S.  1674 

Patanta,  1672 

Parmmta,  167S,  1677 

F«nnRa  and  Uaanaa^  1S76  ' 

PhUadclpbU  atandvda,  18T0- 
1677 

PropoMla,  1671,  1678 
Superviiloii,  1674 
Suntiai^  1671,  1678 
Time  limits.  1G76 
VMation  of  eontnrt,  1676 
Sm  MatMial,  road,  paraoMot  or 
atruetura 
Spadflc  gravitr  teats 
Bltuminoaa  matariala,  688-496 
Ba^  <rf  datannhuthm,  688 


Sta 

Spedfle  frarity  tMta.  ConL 
BftumiDona  matarlafa^  Cntf. 
BaumA  eoavatalan  taUaa,  6S9- 
692 

DMaoMiMnt  method.  894 
BnbtMtfd  praaometar,  698 
Hrdmaalat  nMthod,  688,  889 
Pjraonatar  mathod.  688,  W4 
^MB^  toba  Botbod,  692.  89S 
Value  ot  datarminadaa,  S»4,  69S 
WaAftel  balaaea  iMtbod.  «92 
Caaiaa  agvaptaa,  887. 668 

Am.  Sae.  Tii.  If  at.  mthod.  667 
Sand.  Am.  So&  a  E.  natM.  618 
Stona  acraflBtnp^  868 
Spheres,  81 
Ataa,  iorfaea,  81 
VohaM,81 
Spherical  ezceOB,  206 
^oH  banks,  daOnMoa,  tl 
Spokane,  Waah. 

Brick  Euttv  qwdfieatkaa,  XSN 
^rensJe  tobe,  692,  698 
^rin»  balances,  194 
brings,  119,  ISO 
DnlBase  ot,  460 
Sprinswood,  ddtnltktt,  IT 
Spdnklers 

Watering  earta 

Sat  WatMti« 
Spraee 

D«Anitkna,  19, 70 

Ufa^79 

Wd^t,82 

Working  itramaa,  81 
Squeegee,  dtJntttei,  17 
Sqoeegee  coats,  doAailiaa,  IT 
Squeegee  machine 

QeaaiBcwlth 
AdapUbiUty.  1222 
CcM,  1282.  1288 
llotbod.mt 

Daasription.  1280 

Idntifleatloii.  1281 

iBBpecOoB,  1281 

PainUnc,  1281 

Stadia 

Contoor  lenUaf^  284 

Hflaauranmta,  808, 909 

RadueUoD  taUaa,  20O-U1 
Stadia  rods,  197 
State  aid.  i486 
State  Hlghvay  depaftment 

avfl  HrrieB  regulationi^  1622, 1828 

Organizatloo  chart,  1628 

8o^  and  Charaeter  of  weak,  161T 

S«$  Adinini>t»Uon  ol  highway  da- 
partnwBta 

Sm  OrtanlaatldB  el  Utfnrar  dapsft 
maate 
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State  Hlclnray  TMtixic  BniiiMMira 
ud  ffc -—*-*- 1917  CeaL 

Bride  lllB 
Cament-eoBcratCh  1171 

Analyrii  of,  4U,  496 
Phyileal  propflftfM  of,  48«,  4»T 
SpedfleatioBB 
Bridi,  1116 
Gnvd.  627,  628 
Sand  juid  day  euiMoii^  1124 
Sofia,  496. 

Steel  nfafordnc  rnk,  1186 

^wdfleatfcn  fotuM 
Aq>halt  oeineDt,  812 
Broken  atmie,  671,  808 
CeiiMOt-«oiMrato  «cp«ckta%  1176 
OQa,  aurfao*  trwteMnt,  772 
Tan,  ■orfaee  treatment,  771 
Topdn  acmcM^  868, 869 

Twta 

Abrasion,  for  gravel,  526 
E3utriati(m,  for  aflt,  627 
StMun  hunmer,  deflnltkn,  IT 
Steam  Bhorsls 

Deacription,  441 

Grading,  rate  of  progreaa,  I661I 

Method  of  operatton,  UU  M2 
Coat  data,  442 

On^t.441 
StMin  i^ton  puopi,  1468 
StMl,  76-78 

Alloy,  77 

AntMllns,  77,  78 

Bwanmor  procet  77 

CaiboB  ooBtMrt,  76-78 

Cart;.  77 

Composition,  76 

Corroaloo.  77 

Corraaion,  cauaea  «f,  1469, 1470 
Water  and  Importtlai^  UTO 

CrudUe,  77 

Deocriptian,  76 

DuctiUty,  78 

Elartic  limit,  78 

Nkkd.77 

Opoi  hearth.  77 

Ka— 1 1  at  lull 
5m  Painta 

IWatforeed-floamto,  1b, 
PnTention  of  ilaBtriiiyd^  147S- 
1477 

Soft,  77,  78 

SpadflcatiOM,  78 

Struct  lual,  «Dmdoii,  77 

Tendle  atPHQgth,  78 

Yidd  point,  72 
Steel  Uflnnv  bridsot,  1418-1429 

fUntlDK,  1474 


Sted  Ugltway  brldgaa,  Coat. 
Painting,  CoMl. 

Eatimating  araaa,  147fi 
5m  CoTTOaiaa  of  metal 
Sm  mghway  bridgea 
Steel  sheet  pUing,  1462 
StillB 

Blowing,  648,  64S 
Petrolouma,  6S8-640 
Tar,  674-676 
Stirrap,  definition,  17 
Stone 
Cauaea  ta  decay,  1481 
Preaerrative  traatmenta,  1482 
Sm  Frokcai  atotia 
Set  Stone  bloeka 
Ste  Structural  atoita 
Stone  block 
Coat  data,  1076 
Data  for  reoorda,  1884 
DereloptBSBt.  1068-1066 
Dreadng,  1072, 1078 

Spedfleationa,  1078 
Durax  blodia,  1094-1096 

Spedfleathma,  1096 
Granite,  1068 
Eldnpflaater  blocka,  1096 
Manufacture,  1070 
Pbyaical  propertiea,  1067-1070 

CniahiDg  atrcaisth,  1069 

nardnaaa^  1069 

Toughneaa,  1069 
Recut  blocka,  1088,  1081 

Spedfleationa,  1074 
Sandstone 

Cdorado,  1069,  1070 

Kettle  river,  1068, 1068 

Uatfna,  1068, 1069 
Sto 

Dq>th,  1071,  1072 
Length,  1071,  1072 
Width,  1071,  1072 
Spedfleationa,  1078-1078 
Am.  Soc.  Mun.  Imp.,  1078. 1074 
Boaton,  1074 

Brooklyn,  N.  Y.,  1078,  1074 

Cleveland,  Ohio,  1074, 1076 

Hamburg,  Gemiaay.  1076 

Uvarpoot,  1076 

London,  1076 

Fhfladdphia.  1076 

FrovldeneB,  R.  L,  1078 

Rocbaater,  M.  Y.,  1076 
Testa,  1070 
Traprook.  1070 
WhinatoDB,  1070 
Stone  Uock  parenitiilg 
Annual  east,  1339, 1840 
BlbUognphy,  1099 
Cleaning,  eoat,  1844 
Cooatruatton  amntiarion.  1088 
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Stan*  Uock  pftnnMtiti,  CmtL 
CoiNtnwtiMi  tiiM  alknniiHi,  IMS 
Com  datft.  1091-lOH 
CroHwalka,  1077,  1078,  10»T 

SpadOcKtioiv,  1097,  1098 
Crown%  10«6-t067 

DiArmt  wIdtiM  of  rotdmy,  lOM 

Efl«et  of  ear  tnchi,  1067 

Halation  lo  fUUan.  10N,  1067 
DiOnition,  IS 
Dam  pawnmt 

Coutnictiaa,  1094-1096 

Com  data,  109S.  1096 

SpaeUteattoM,  1096 

StoMbloetah  1094 
PavonOdmaai  to  travel,  1848 
FUlan 

BttuBiiMUB,  1080, 1081 

Cflonant  grout,  1081 

GrsTel  and  bituminona,  1089 

ntfih,  688, 1080 

Pltefa  and  aand,  1081 

SuhL  1079 

Spadflcationa,  1088-1088, 1098, 1091 

Tar  and  inval.  1089, 1881 
Founds tiooa,  1066 
Grades,  marimuifi,  1847 
Highway  bridge  Boon,  1482 
in^«Fif  I  dovalopnant.  1SS2 

Amnkan  practice,  10«4,  1066 

Chanetar  ol  bk>ck%  1068, 1064 

Bvnpaw  pncUoa,  1068, 1084 

GukUt  pavement.  1068 

Roman  practioe,  1068, 1084 
Intanacliraa,  1077, 1078 
Joint  flUng,  1079-1088 

FOkn.  1079-1088 

Inopaetton,  1088 

PrindpUa,  1079 

SpedAcaUona,  1088-1088, 1868 
Joints  1078 

^adaeatioM,  1078,1079 
KMnpflaatar 

Conrtiuction,  1094 

Stone  block*,  109S 
Layiog  the  blodo,  1076-1078 
life,  1S42,  1S4S,  1S64 
Maintenance,  1098 

Ctmb  data,  1887, 1839 
Old,  a*  loimdaUona,  MS 
Prapwtin  vahiatad.  1860-1864 
Raeut  block  pavementa 

Construction,  1088. 1089 

Cert  data,  1089 

DMripdoB,  1088 
Sand  cndiion,  1078 
Spadfleatlcma,  eonatnittlon 

Am.  Soc  Mun.  Imp.,  1089-1091 

Boaton,  1074, 1079. 1986 

Brooklyn.  N.  Y.,  1088 

Bndaped;  Hungary,  1076 


Sum  Uodc  pmm«M%  CMrf. 

SpedAoatioB^  ooMlnutiaB.  CML 
Chicago,  1074,  1078,  1088,  1084 
Cleveland,  Ohio,  1074.  lOTSp  1064 
Edinburgh.  1078. 1087 
nnnUert,  Germany,  1078 
Gla^iow.  1078,  1087 
Uverpool.  107B.  1087 
Londoc,  1078,  1086, 1087 
Uandwsts,  Eng..  1079 
PhiladdpUa,  10TB,  108S,  1888 
Rocfa-ter.  N.      1076, 1088 

Stonatalo^ 
Co*  data,  1078 

Fii^m  lOTs.  ion 

Uanufaetora,  1070 
Phydeal  prapertka,  1067-1070 
SiM,  1071. 1078 
BpadtetlMU,  1078-1076 
T««%10T8 
Trackway*.  1097 
Tiaetln  ledttanee,  1848, 1846 
TraOa  iidtal^ty,  1886-1869 
Wear,  1848 
Ston*  box  colnctB,  1468 
CauaiB  of  daaay,  1481 
PreeervmtiTC  trMtmant^  1488 
Stone  chips 
DeAniUan,  18 
Data  for  roeords,  1884 
8toM  cnMhen,  678-676 
StoM  crashing  and  KTMnfaof  pUnla, 

578-576 
StOM  nuMiUT  arch  bridgM 
Cauan  of  Uflurv,  1449. 1460 
Daibiitittas  of  parte,  1449 
Line  at  ridatanBit  1480 

Canees  of  dtmr.  1481 
PMsarvattrc  treateMt^  1481 
Stone  walks 

BluBstone,  1877 

CiHtstruetlMi,  1ST7 
SpeciflttUona.  Pittdrargh.  1877 

Coat,  1389,  1878 

Granite,  1377 
Storage  tanks 

Bituminous  materisl^  789 
aampUng,  742 
Storm  inlats,  4«4 
Straight  lino  formola,  56 
Straight-fun  pitch,  ddlnltian.  18 
Strain,  61 

Ddmition,  51 

UoduliMof  daatWty.fil 
Strata,  137. 188 
Stratified,  definition,  18 
Streams,  1D9, 115-117 

AUuvid  eoMO,  117 

Bank  prateedon,  116 

CitHitnga.  116, 116 
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StmmB.  CvnL. 

DattM,  117 

Dsponta,  llfi,  117 

DIrtribatioa  thnioot  U.  a>  12S-1M 

Levoe,  116 

MMudan,  116. 116 

Bivan 
Mitnra^  116, 116 
Youns,  116 

R(Md  lontbB.  116-117 
Strnt 

AUgnment,  888-390 

Anu  between,  867-869 

Block  dimensioiM,  879-881 

Busbieaa,  flfundng  fanprovoiuati^ 
1490 

ClMdflCMtloii^  1866, 1867. 1864 

Definition,  U 

Dirt 

Monthly  fluetuntioil,  1242 

Weight,  ma 

Dtut  palliativM  for,  748 
Elevated  railwajn  on,  371,  S72 
EnoroMhmeote  npcMii  402, 408 
Gnda  eraninsi,  dlmbintioii,  848 
Gnde^870 

Grading  •pedfications.  446,  447 
Inteneetioo  gradei,  806 
Intaraeetloiu,  890-898 

Croadbgs,  890,  891 

EnUrEement  of  rtreet  am,  891 

JunedonB,  390,  891 

Platform  gradea,  891-893 
IdM  of  aaTety,  400,  401 
Load  aaMomenta  for,  1497, 1498 
Monumaata,  208 
ObatructionB,  402,  408 
purpose,  887,  888 
(teaidential,  876-379.  SM 
Set-back  reatrietioiia,  408, 404 
Snow  removal,  1266-1276 
Subdivtaion.  896-897 
Subwaya  imdor,  871,  872 
-  Surtaoe  rallw»]n  on,  872,  878 

Effect  of,  897 
Traffic,  866,  867. 869-871, 889, 898 

Data,  1824 

Regulationa,  897-400 
Trsnapcirtation,  eoat,  468 
Wide,  Bubdividon,  896-397 
"iVideiilngs,  flnandng,  1606,  1507 
Widths.  370,  387,  388,  894,  395 

StTMt  dMuing 

Adainiatntion,  1236-1240 
Annual  parade,  1240 
Compla^ta,  1286,  1287 
Cost  records,  1237-1239 
Municipal  force  vt  contract,  1286 
Philadelplua  practice,  1286-1240 
Reports,  1237-1289 
Supenrlsion.  1236 


Street  deaning.  ConL 
Hbllagraphy,  1276, 1276 
BlodinMti  linantni.  1226 

Coat,  1282 
Classification  of  mathods,  1816 
Qean-ap  wwlc 

Obiad;.1218 

OperaUon,  1218. 1219 

FhHaddpUa  practice,  1219 

Renilta.  1219 
Ctdleedon  vehicles,  1280, 1281 
Corrective 

Fre<iuency  dassiflcation,  1220 

Hetfaoda,  1220-1228 

Pavements,  compariaon,  1229,  1280 

Winter  methods,  1228, 1229 
Cost  data,  1281-1236 

Annual  coats,  1234 

Different  paranuita,  1288 

Labor,  1282 

MadiiDa  Budilng,  1282 

Motor  equipment,  1288 

Unit  coats,  1232,  1284 
UtOitatlon  of  sw«qtlnn  1284,  1236 
Engbieerini  and  eeoaomles,  1216 
Equlpmmt 

Description,  1280 

Idmtification,  1231 

Inspection,  1280 

Painting,  1231 
Fluaher  machine,  1280, 1281 
Plusher  machine  denning 

Adaptability.  122S,  1228 

Cort,  1282 

Hose  flushing  fs,  1226 
Methods,  1223 
Hosefluahing 
Ad^itabffi^.  1228-1286 
Cost,  1282 

Equipment,  1226, 1226 

Fluaher  machine  deanlng  ts,  1226 

Methods,  1224, 1226 
Maduna  broom.  1280, 1281 
Machine  broom  deaalng 

Adaptability,  1220-1221 

Coat,  1282,  1238 

Method,  1221, 1222 
Organization 

Philaddphia  practice,  1236-1240 

Purposea  sought,  1236 

Reporta,  1237-1239 

Uniforms  of  employees,  1289, 1240 

Working  hours,  1240 
pavements 

CompariMn.  1844. 1846 

Coat,  1844 

Duat&om,  1844 
Preventive,  1216-1220 

Catises  at  undean  streets,  1216 

Clean-up  week,  1218,  1219 

Baforcemant,  1217, 1218 
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StTMt  flUanlnc.  CtmL 

mgkwKf  rMMk  MMptMlH,  U19 

PhgwW^  ptMdM,  UlT-llU 

PubUd^,  1218 
9nnr  Inlat  dMnins,  U2T,  1228 
SpriaUm,  1280, 1281 
SqiiMtn  BuAiiM,  1280. 1281 
SqnMfM  naehiM  rlnnhn 

AdtptaUUty,  1222 

Com,  1888, 1288 

HMbod.  1222 

SwMptan  utOinUM  ol,  1284 

Vuunni  dMBv,  1228, 1227 
HI,    I  ji  I, 
smn  am 

MontUy  fluetuatlon,  1242 

StTMt  iaImMcttou,  S90-8S8 

CnHtep,a90, 891 

BnluiBmMit  of  itrwt  mrwk,  til 

JuMUaB%  890. 881 

PUtform  gnda^  881-898 
StrMtiiiiu 

BibUop^diy,  1894, 189S 

Blade  lottaring,  18*1 

g—MwHon.  1890 

Cokr,  1892 

DtatMiM  uid  dtaMtioB,  U90-U88 
Klevfttod.  1391, 1892 
Dlmnlnation.  1892, 1898 

Baflnwd  pwla  cmaian  Ut8 
flUMnOki^  18M 

StoM,  1891 

TnlBe  racuUtions,  1898,  1894 

Portable,  1898, 1894 
WuDlng,  ISSS,  1894 

Int.  Road  Cong,  ■ymbota,  1898 
Stmt  ijitems 
Amn^ment  of  buildiBn  404-406 
Artwial,  866-868 
Block  <Htn*f<-!n^,.,  879-881 
EDvlroomenta,  influonee  of,  374,  376 
U«icht  406,  409 

Lot  il*TrrTrHmtL  879-881 
Uotor  TrtileU,  offoet  of,  401-402 
Park  ftrao,  rwrvatloiM,  882.  383 
FrivMta  dovalOfnoeot  coatrol,  386-887 
Public  bttOdlnci^  looMion  of,  866,  888- 
888 

BnUeBtiid  8T8-870 
RMbrleOoDB,  inoporty  un,  400-412 
StreoU.  888-890 

AUcnnMQt,  388-890 

Intoneetions,  390-303 

Soeondwy  tniffic  streoto,  869-871 
Termiiula,  aoew  to,  878,  874 
Topography,  influmee  al,  868 
Towna,  vmluu  to,  1487 
Timiuit  In.  371-878 

ZoniBg  buUdliv  and  pnpotjr,  412-418 


Sub 

StraM,  61-66 
AxUl  in  tiuM^  81,  it 
B«ua%  63,  64 
Colunuw,  64,  66 
ComproMioD,  62 
DMdlowl,  66 
DcdnitloQ.  61 
BMtteUiidt,61 
FMifiM,66 
Impact,  66 

Hodulua  of  eUitldty,  61 

Roinforead  floaeraU  ai^Hb  14Sft-1449 

Ruptura  limit,  61 

80^61 

Shattik  nMud.  64 
SUal  bridge  mmeibtn 

^todflotkno,  1406, 1407 
T«m1<hi.62 

TniM  iBMnbMi,  1419--14M 

Ultimata  limit,  61 
StwtchT,  diflplttoa,  18 
Strikt,  112 
Stilke-bowd 

Dewrlpdon,  1181 

Uae  on  ««Mnt-«auntB,  1180 
Sbliifen 

Oadgn,  1428 

Stori.  coat.  1401 
Stnctunl  ouitaiala,  67-88 

nbUomphy,  88,  84 

Sm  CMMBt-eaaaou 

8m  Rflinf  oroad  ooaovU 

SMStaal 

5m  Stnietural  atoiw 

SMTimbv 
Stmctonl  ttMl 

Coat,  1400,  1401 

PalnUng,  1474 
EcUmatlQg  anaa,  1476 
Stmctttral  atona 

ChSTMtaristica,  82,  88 

ClaidfieMioii,  88 

Compr«Mive  atmigtk.  88 

QauryinK,  148-146 

Spedfle  gravity,  82 

Wal^t,82 
Stumps 

BlMCing,  420,  m 

Cbopp(Bb420 

Coat  of  gnibUiii.  480. 421 

PnUing,  421 
Subcnut,  definhiGm.  18 
Sab-dFtUAgo,  119, 120 

Bibliogr^>hy,  479-481 

Bitumlnoiu  eoncrata  pftTemmta,  864 
^>MifleaUoi»,  866 

Definition,  18 

Effect  on  loeattao,  161, 162 

Gravel  roada,  620,  621 

MahUMianna,  164 
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Sob-dnlnci,  Coiri. 

SuidrcUy  n>ad«r  Ul 
Sub-drains,  451-MO 

DeOnllioti,  U 

SpedflcKtioM.  low*  atMU  HWnwy 

Comm.,  450 
Sm  Dndna 
SubgradM 
Broken  stone  nwds,  lor,  564 
Csment-eoBerato  pftTemmt*,  1168 
Construetian  of,  480 

Tiime  ftUowa&ee  lor,  1668 
Crown,  461 
Daflnltkn,  18 
IMnaee,  460,  461 
Gnvd  nwdo,  620 
SpadfleattDu 
Am.  Soe.  Mtm.  Inip^  856-857 
Pmn.  State  Hli^wsy  Dept.,  4S9 
SvbMiL  Mlnitlon,  IS 
SsbBunace  itractnrM 
BiUiography.  1816-1818 
Chancter  of,  1304, 1S0« 
Ctunflcatloa,  1809 
Loeatioii,  1801 
Pipe  KsllMiaa,  1802-1808 
Record  inap«,  1811-1816 
Sumrjn.  1812 
Snbnuftee  work 
Administration,  1666, 1667 
Amount  of  paTcment  opaibitir  1801 
BackfllUnK,  1810. 1816, 1816 
Cowtnietlon,  1816 
Effect  on  pevsnmita^  1801. 1808 
Location,  1801 
FendH  1810, 1812-1816 
Prateetton  of  pobUe,  1816 
Traffle  IntarfwenCB,  1816 
SnbwtyB,  371, 878 

Cost,  872 
Solj^te  Uqoor,  768, 764 
Sulphurizing  of  bttominoM  BUtoiUlB, 

616,  617 
Sommerwood,  definition,  18 
Sump,  definition,  21 
Supundal  tuiins 

5m  Tar  turfaee  treatmenta 
Sorcbaigod  wall,  definidon.  18 
Softace  dninac* 
Cue  of,  864 
CharaeteristicM,  808,  804 
Crown.  460,  461 
Dwnagea  from.  866, 866 
DeOattiaB,  IS 
Legil  ■tatoi,  854-866 
Minimum  grade,  460 
Surface  hoaterf,  977,  978 
Methods  of  vdag,  1010 
Snfua  ndbntji,  871, 872 
CantnuOan  b  ^WB  flott,  872 
Cost.  872 


Surface  raDwaya,  ComL 

Wide  etreeta,  897 
SuiUce  seaKog,  defliiltlan.  IS 
Surface  treatments 

DeflniUon,  18 

Set  Bituminoua  aarfaeee 
Sttrfaco  watars.  868'«6« 
Snifadng,  ditfulthw,  18 
Snrreyins,  198~2M 
*  Sm  Afltronomieal  oboarvatlou 

Se*  ffi^way  aurveyinf 

Sm  Plane  lurveying 

Se*  Surreylnf  inabiimenta 

Sm  Topograjdiieal  surveying 
Saireyioc  inatnimnti,  183-201 

Ban  line  appamtoa,  204 

Compaas,  194 

Gntdlenter  lenw,  195 

Levela,  196.  197 

Plane-table,  196 

Ftumb  boba,  194 

Bods,  194,  197 

a(nala,204,  206 

Solar  attachment,  196. 106 

Spring  bolanoM^  194 

T^Mi,  198, 104, 804 

Tbermometen.  IM,  804 

TranaitB,  194-196, 204 

Vemiera,  200, 201 
SurTOTt,  216 

BibUography.  829, 880 

Final  highway,  290 

Maplring,  291-294 

RlghtKrf-way,  290-291 

Staking,  286-289 

Set  Highway  Sumyi 
SwampB,  111 
Deposits  111 

Dirtiibutioa  thrwmt  U.  128-184 

Salt  nuuabea.  111  « 
Sweepera,  1280. 1231 

DaeerlpUOD,  1280 

IdcmtificatioD,  1281 

Painting,  1281 
Swee^oca,  atraat*  1884, 1286 
Syenite,  91.  B4 

Definition,  18 

Mineral  eompodtion,  666 

BoMiUa  of  taati  on,  664 

T 

Tables,  mathematical 

CoainM.  natural,  826,  826 
Cost  per  mile,  different  widths,  816 
Cotaogenta.  natural,  827, 328 
Cubic  meaaurak  822 
Curve  taUce 
Are  lengths.  229,  234,  286-280 
Chorda,  229,  286-280 
Deflections,  828, 284, 286-880 
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TkUb^  nwtheniKdcal.  ConL 
Curve  tablcB,  Cont, 

Extommlo,  228-^93,  236-280 
Punetiou  of  l"  torn.  228-^ 
Mas.  Hi^nmsr  Comn..  228, 284, 

286-280 
Minutes  in  deetmala  of  a  itv*^ 
RadU,  236-280 
Skew  dtMtmHen,  284,  286-280 
Tanimta,  228-23S,  286-280  • 
Exeavation  and  embankment  quanti- 
ties, 310 

Gallons  per  mDe,  different  widths,  315 
Geometric  formulas,  60 
Grades  and  increased  distanecs,  301 
Indtea  and  f  raeUons  la  decimals  of  a 

foot,  328,824 
L«nd  measure,  828 
linear  measure,  822 
Miles  and  tenths  in  fsat,  828 
Ftisiiuddal  corrections,  312, 818 
Sines,  natural,  826, 388 
S^ooiae  gravitias  and  degreea  Bannrf, 

889-692 

Stadia  reduction  Ubles,  211, 212 

Tanosnta,  natural,  327, 828 
TadUbtM  oa  toatv,  7u 
TaOinss,  dellidtloo,  18 
Talus,  98,  106 
Tamarack 

Definition,  20,  79 

Weight,  82 

Wood  blocks,  1081 

Working  etrwasa,  81 
Tampers,  bituminous  pawaeDt,  977 
Tangents,  tables 

Natural,  827, 328 

One  degree  eiure,  228-288 
Tank  can 

^BitumSnoua  rraiterials,  for,  789,  740 

SampHwa  from.  742 
Tanka,  bitumlnoua  T'ff*H-1,  617, 6B4. 

973 

Tapes 

Metallic  198,  194 
Rod,  197 
Steel,  194,  204 
Tar 

Blast-furnace,  674 
Coefficient  of  expanalan,  698 
CreoBotiQg  uOb  Item,  688-68T 
Crude,  662-674 

Charaeteriatiea,  67b 

ChuaUeatton,  670-674 

Formation,  662-667 

Hydrocarbon*  in,  662-666 

Hanufaeture,  664-667 

Produatlon,  667-669 

Soureas.  662 

Storage,  669 

^raiuportation,  669 


Tsr,  Coat 
Crude,  CoRf. 

Use  as  dost  lay*,  762 
D«bdtl«u^  18,  608 

BritUi.  21, 22 
DlatOlatas,  611 
FSUers.  1080,  1081 

Spedflcadotu.  1082, 1086-1088 
Free  carbon  eon  tent.  678,  679 

Detemlnation,  721.  723 
Naphthalene  oontent,  679,  680 
Oil-gas,  474 

Refined  pntducts,  680-683 
Refining,  676-678 
Reiiduee.  611 
Stills,  674-676 
Testa  for,  734 

Use  as  dust  laym,  761-763 

AppUeadon,  762,  768 

Cost  data,  768 

Spedflcatiaam  762 
Set  Coal  tar 
Sss  Coke-onn  tar 
5m  Water-gas  tar 
Tar-aaidialt  convonnda 

Deaeriptlon,  611 
Tar  canwnta 
Coke-oren,  682,  CBS 

Analysis,  683 

SpedficaUooe,  879 
Data  ioT  reeords,  1835 
Gaa-honse,  682,  683 

ABalyds,688 
Seal  eoata,  871, 872 
Spedficationa 

Surfaee  trsatmants,  778-776 

Tar  ooBsrato  pavamsnt^  876,  879 

Tar  macadam  pavsnsnta,  814-817 
TesUng 

Set  BituntBOBB  naMala 
Water-gas,  682,  688 

Analy^  683 
Tar  concrete  parementa 
Aggregates,  8&8-M6 

Spedficadona.  886-871 

Voids  in,  698-700 
Causes  of  faUure.  923-926 
Classification,  S48 
Coal  tar  distillate  pavansafc,  861 
Omstruetion.  886-892,  896,  901-M3 

Hand  mixing,  886-868 

Laying,  888,  889 

Maddne  mixlBg,  8B6-«88 

Seal  eoata,  889,  890 

Spadflcatitms^  89S-8M,  8»T-BB8^ 
906,  906 
Cost  data,  919-921 
Deanltioa,lS 
Dralnate,  864, 856 
FoandatlsM^  864-868 
fflstorieal  dsvidopcMPt,  1822 


L.ooQle 


Tar 


Index 


The  IG- 


Tu-  conovto  pavemoiti,  ConL 
Bistoriem]  developmentt  CokL 

PavenMntB,  849-858 

Seal  easts.  868 
Maintenance,  92S-934 
MUinE  pUnta.  881-886 
Patents,  848-868 
T«r  eaments,  682,  683 

Seal  coats,  S71,  872 

Spedflcationa,  878,  876,  879 
Tannae  pavemeot,  ^2 

Spedflcatjons,  895,  896 
Topeka  pavement,  901-903 

Spedflcationa,  906,  906 
Tar  concrete  walln 
Characteriatiea,  1878 
ConBtructioiui,  187S 
Coet,  1369 
T«r  macadam  paTcmentB 
ConttruetioB 

Cost  data,  836,  837 

Methods,  820-827 

SpedflcaUona,  828-836 
DeflnitioD,  19 
Foundation,  804,  805 
Historical  devdopment,  802,  808 
Maintenance,  889-844 
Meefaanieal  appliance*.  817-820 
N(m-bituniiiioua  materiala 

Phydeal  propertiea,  806.  807 

SpedficaUmui,  808-810 
Pltdtmac 

CoDBtnietiim,  824 

SpedAcationB,  882,  888 

Tonnage  life,  1339 
^Tar  cement,  682,  683,  810 

Report  form,  810,  811 

Spedftcatlona.  814-817 
Tarmac  pavement 

Direction  for  laying,  892 
Manufacture,  892 
SIzea  of  alag,  892 
SpedecBtioni,  896,  S96 
Tar  surface  treatment! 
CooBtruetloQ 

Coat  data.  790-798 

Methoda,  780-786 

Spedflcationa,  786-789 
Fiah  life,  effect  on,  769,  770 
Limitation  of  uae.  769-771 
MaiBteoMioe,  7»i-798 

Goat  data,  1389 
^pperlneas,  769 
Spedflcationa 

Am.  Soc.  Mun.  Imp.,  773,  780, 
786 

Road  Board  of  En^and,  774-776, 
786-788 

V.  S.  O.  P.  a.,  778 
Tonnage  life,  1339 
VagetMfon,  effect  w,  769,  770 


Tar  spr»ing,  de^tion,  19 
Telford  foundations,  472,  473 

Construction  time  allowance.  1663 

Definition,  19 

Spedfieations 
N.  J.  Dept.  Public  Roada,  473 
Telford  macadam 

Construction,  654 

Detinidon,  19 
Templates,  201 

Brick  pavement,  1138 

Croaa-eection,  201 

Cxirve,  201 

Drafting,  201 
Tension.  62 

Anal,  52,  68 
Temunals,  373.  374 

American  practice,  873 

City  planidng,  influence  on.  373 

Foreign  practice,  373 

Railway  and  shipping,  373 

Street  tranqwrtation  coata.  874 
TerminoloKr,  highway  engineeiing, 
1-23 

American,  1,  22,  23 
Am.  Concrete  Inst.,  Com.  od  Nomen- 
clature 1-21 
Am.  Ry.  Eng.  Aan.,  1-21 
Am.  Soc  C.  E.,  1-21 
Am.  Soc  Teat.  Mat..  1-21 
Bibliography,  23 
Boulnofs,  H.  C,  2-21 
Brhidi,  1,  2,  21, 22 
Hubbard,  P.,  1-21 
Kemp,  J.  F.,  1-21 

Third  Int.  Road  Cong.,  Rep.  British 
Engineers,  2-21 

Tests 

Asphalt  blocks,  911,  912,  914 
Bituminous  materiidB,  687-731 

Definitions  relating  to,  608,  609 

Interrelationship  of,  782,  738 

Sdection  of,  738,  784 

Value  of,  731,  732 
Bride  1115-1122 
Broken  stone,  665-666 
Cement-concrete,  1171-1176 
Gravd,  523-627 
Slag,  565-566 
Stone  blocks,  1070 
Wood  blodfs,  1041, 1042,  1064 
Teias  aivhalt  cement 

Analysis,  646 
Spedflcationa 
Asphaltic  concrete  pavements,  873, 

874,  876,  880 
Asphaltic  fwfi— «i™  pavements,  813 
Sheet-asphalt  pavemnita,  966 
Texas  bitumlnouc  limestone,  analysis, 
661 

ThemuHpeten,  194, 20i 
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Third  IntertMtttoml  Road  Congnn 
BituminouB  pstcomM  toandBtiou, 

805 

BituminoiM  >aTfaGMi,  UH  ot,  770 

By-p«H  roads,  aSV 

Wood  Hock  pavnMnta,  10» 
Thru  duiks,  deOnltlaa.  IS 
TOe 

AbMrptltm  tMta,  451-4H 
IMInitloti.  19 
n)«»mliiilloii  nf  ilin  4ltT 
FkMdns  and  tlHqvtaif  testa,  46S- 

457 

Number  required,  462 

SpMiAcationa.  Am.  Soe.  Teat.  Uat.. 
468-459 

Supporting  atrancth,  458 

TrandMS  for,  461, 4U 

Vtoiud  ImpwIiM,  457, 4G9 
nU  walks 

Cooatnietfam,  1877 

Cost,  1869 
TUl^lOS 
Timbar,  78-«2 

Beitdhii  itrangth,  81 

ClaidAcatiaD.  78,  79 

Columna,  working  ati«M^  81 

Comprcadve  ttrenfth,  81 

Cieoaoted 
Coat,  80 
life,  79 

Defect*,  SO 

Definitioiw,  19,  78,  79 

Factor  of  safety,  81 

Fiber  unit  atrasaa,  81 

Gracn,  79-82 

Impaat  itrMBs,  81 

Knots,  SO 

life.  79 

Modulus  of  elsstidty.  81 

Hoistura  content,  82 

Flankliw,80 

Pw— YalloB,  79, 80 

Properties,  80-82 

SbewinK  sbmcth,  81 

Spodflcations,  80,  81 

Ultimate  strength,  81 

Unit  stresses.  Am.  Ry.  Eng*  Aiaa. 
standards,  81 

W^t,  82 
Timber  box  cotvarti,  1464 
Timber  hi«^wtj  bridges,  1^,  1480 

Preaervation,  1477-1481 

Sm  Higfawao'  bridges 
Tfanber  ^sttbiBii  dsAidtkNi,  19 
Tlret 

lUguUtkiiiB,  86T-860 

Weights  per  InA  of,  467 
Tidee 

AcqdaMon  of,  1602-1604 
Land.  Mat  <d  itolsimbialluii,  1601 


Topek*  peTemeiiti 
Analysss,  888.  90S,  908 
Asphalt  cement  spaciBeatkins.  880^ 

W6 

Cost  data,  920-922. 1836 
Daen^86S.8BS 

Devefaqnnant,  tar  eanmt,  802,  908 
Drainage  vedtteaUoBS^  866 
Held  Botea,  221 

Foundation  spsdflcsdons,  866-857 

Mineral  agpegatos 
Anatysea,  864,  865 
Bftuminons  ssnd,  907,  908 
Compaction,  864.  865 
Pom  of  qMciflcatioa,  868,  889 
Spodflcations,  868,  870,  907.  908 

Mixing  plants.  888-884, 901 

Report  form,  902 

Seal  epBta,  901 

SpedflcatiaBs,  agKngate 
U.  S.  O.  p.  R.,  869,  870 

Spedficatkms,  eoBstmetian 
Am.  See.  Mun.  Imp..  869,  906, 908 
Cat  HVnray  Comm..  907.  906 
WaA.  State  Hi^wsy  Dept.,  906 

Subgrade  q>edflcati<ns,  866 

Tar  eeoMnts.  872 
Spedflcationa,  906 
Topogn^deal  miv*,  184-UT, 

Ateaa,  eztcndve,  298. 299 

Contours.  134, 186 

FapviMd.298 

Physiogrsphic  features.  186, 186 

Profile  {dotting,  184, 186 

Raading,  186-187 

a^alfif,  184,  898 

Stream  paUama,  186, 187 

Stnutmal  foatne^  U6 

Dip.  188 

Fhults,  186 

Folda,lS6 

Strike,  186 

VaUeya,  188 
Topographical  ramjiag,  80S-S1X 
City  planning,  for,  885 
Cost,  318-820 

Plane-table  surveys,  209-212 

Sudia  measurements,  208, 109 

Stadia  reduction  tablss,  210,  Xll 

Survey  party,  218 
EqulpoMnt,  218 
Topogiapfaj 

City  planning,  lelatkn  tOh  886 

FMd  nDtaa,221 

Metbods  of  taU«,  S»-ltl 

agns,29S 
Topped  peHolemoa,  dsifattion,  so 
Tt^Boila 

Cenpodtioa.  489-191 

EwBtial  prapwtisa,  49a 

Laboiatery  tsalB,  Yitae  of,  491 
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Tata 
FMd,  498,  494 
Laboratory,  494,  496 
Topsoil  roads 

Conatruction,  496,  601-608,  606 
DaflnitloB.  488 
Life,  486 

Maiateoanee,  511-517 

Specifleationa,  eotutruction 
U.  S.  O.  P.  R.,  606 
Toughnass 

Bituminoiu  aggrefatei,  872 

Deflnition,  20 
Tooghness  Test 
^  Am.  Soc.  Test  Mat.  method,  661 
Variablea,  control  of,  662 

Timlting  test  values,  666 

Rocka,  renilta  <m,  664,  666 
Town 

HiEhwayg,  value  of,  1486,  1487 
Pavements,  Improvement^  1487 
Street  system,  devdopmant,  1487 

Town  planning 
Ste  City  plannlsg 

Township  hi^way  department 
Civil  service  reEuIatlons,  1524 
Scope  and  character  of  work,  1518 
Sie  AdminlatratioD  of  bifhwrny  d»- 

partmrats 
Sea  Organiiatian  of  highway  depart 
menta 

TradngB.  295-297 

Tracking,  definition,  20 

Trackways,  stone,  1097 

Traction 
Briek  pavemaats.  1103, 1104 
Brolmi  atone  roads,  llOS,  1846 
Experiments  with  motor  trucks,  1S4G 
Factor  in  rnndway  dfsif;[n,  i;)28 
Urmlfs,  .  iTei't  cjf,  lil, 
Grunite  block  pavemenu,  1103 
Uravel  roads,  llOS 
Boim-dyBuunneter  tests,  1846 
Pavementib  1345,  1346 
Roads,  on,  S46,  ;i  17 
Rdlinz  resistance.  48 
Sheet-uaphalt  pavements,  1108, 1104 

Traction  engines,  440,  441 
Gravd  hauling,  581 
Stump  puUng,  481 

Traffic 

Annual  cost  ba»?d  on,  1353,  1354 
ClssMficjilion,  16-1  -ITU 
Am.  Road  Bldrs.  Assn.  standards, 
1886 

ClasdfleatloB  fcr  ettfes,  1864 
Claadileatlans  for  roads  and  pav*- 

meDtsbaaad  00, 18ft«-UW 
Dafiaitiin.  20 


i^mavy,  mmximiUD,  i«ob 
Developrasnt  of,  178-181 
Eireeta  of,  176-178 
General  eonaderations,  162-168 
Grade,  effect  of,  164, 166 
Grading,  80,  81 

Heavy,  foondatioDs  for,  467.  488 

Horsft-drawn  vshldea,  867, 868 

Isles  of  safety,  400,  401 

life  of  pavnnents,  1S41-1844 

Motor  trucks,  867-868 

Motor  vehicles,  401,  402 

Preliminary  investiKatinii,  160-181 

Records,  1832-1834 

RsKulations,  866-361 

Road  etaastflcatios  baaed  on,  1861 

Speed  of,  ISO 

Street,  366,  369,  889,  398,  1324 
Tonnace  life  of  pavemra^  1889 
Unft^  164-171 
Volume,  14» 

Weicht  and  speed  Increase,  180, 181 

Wdgbted  units,  1481 
Traffic  census^  164-176 

General  comddentttons,  162-164 

Methods  of  taking,  171 
Blanchard,  174 
Conndl,  174,  176 
French,  171-178 
lU.  Hi^way  Comm..  ITS 
Md.  SUte  Roads  Comm.,  178 
Haas  Highway  Csmm.,  17S,  174 
N.  Y.  SUte  Highway  Comm.,  174 

Report  forms,  1382,  ISSS 

Traffic  dasriflcation,  164-170 

Traffic  unit*  164-171 
Conduaions,  170-171 
French.  166-167 

in.  State  Highway  Dept..  167,  168 
Italiiin.  IfiT 

Md.  Stuti'  liOHii^  ("omm.,  168 
Muss.  Highway  Comm.,  168 
N.  Y.  SUte  Highway  Conm.,  169 
New  York  City,  179 
Road  Board  of  EniJand.  184,  U6 
U.  a  0.  P.  B.,  169, 170 
Weighted,  1431 
Traffic  regulations,  366-361 
Loads,  358-360 

Mich.  Sute  Highway  Dept.,  369-861 
Motor  truck  dimensions,  S66,  367 
Motor-truck  traffic,  367,  368 
N.  Y.  Stau-  HiKhway  Comm,868 
Penn.  St-atu  Hitchway  Dttpt,  408 
Signs,  1393,  1394 
etoaati^8B7'«W 
Aeddents,  898 
Block  syalem,  399 
Gyratory  system,  399,  400 
Motor  vehidea,  effect  of,  89( 
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Traffle  repilatioiu,  CvA 

StraeU,  CotU. 

SnuU  eitim,  397,  S9B 
Traffic  increue,  898 

Tires.  S5S-860 
Truuit  line,  217-221 

UoDuments,  217,  218 

Runnlns  th«  lin«,  218,  219 

SUtloniDK,  218 
Truuita,  194-196  204 

AdJutDLBats,  197-199 

Aiiprath,  datemlnstlOB  of,  tlS 

Kotai,S21 

Setting  up,  195 

SoUr  KtUchment.  196, 196 

VcnJcn,  XOO,  201 
Tnncvene  balandnCt  dcOnMaii,  SO 
Trapezoids 

ATM,  60 

Ontsr  of  cnvity,  60 
MofDoat  ol  Inertim,  60 

rock,  91 
Chumctariatfai,  88 
CompreMiv*  Btrwtth,  88 
DsfiniUoD,  19 

DiBbribution  tbniout  U.  128-184 

Road  metal,  for,  655 

Spodfie  cnivity,  82 

StOM  Moeki,  for.  1070 

Tons  par  mHo  of  TO*dmr,-688 

WelKbt.82 

TniTe) 

Sm  Traffle 
TniTfllMr,  datettfaa.  20 
Tnmne,  tos,  208 

BalaneiiiE,  207 

Cloaed.  207 

Plane-UUa,  812 
Treer,  149 

Location  in  aktomlka.  1888 
Trenchei 

DiKsing,  440 

ExcavEtioo,  >p«ei6estloaa,  447 

FHUdc,  1810,  1816 
Treiacaet  road  ouutfoctkn,  668 
Thanglea 

Area,  38,  36,  60 

Canter  of  gravity,  GO 

Uomeot  of  inertia,  60 

ObUqoe,  82,  88 
Area,  82 

I«w  et  eorinea,  81 

Law  ef  afauB,  81 

Law  ol  tangenta,  81 

Solutloii,  tbree  atdee  glvMi,  82 
Right,  aotutlon,  81,  82 
Triugnlation  mfttmoM 
Adjuatnteiit,  206,  207 
Angular  maaauremanta,  206 
BaM  llnea,  804-206 
Cloaed  trawwa.  207 


Triatigditiaii  syatnib  ConlL 
Compatadaiia.  20E-10S 
Geodetic  poaiUoa.  207 
loatrumenta  uaed.  204,  206 
Monunteob^  208 

Rectangular  coordinate  aTataaa,  807 

Trismometry,  81-88 
Angle  functloni,  81 
Radian.  81 

TrlanrilM,  aatotfoB,  81-48 
TritoBoiaetrie  fanellM^  cdatkNi^  U 

Crude  Uke,  634.  686 
Crude  land,  686,  688 
SqMrtatlon.  688 
nmed.  666-86T 

AiMly^666 
Mining,  688 
Oecurrenee,  884 
Ori^,  630,  681 
Phyrieml  properttea,  684-688 
Production,  631-688 
Refined.  666-667 

Analyaia,  666 
Tranqiortation,  688,  684 

Trimiw 

Axtal  atreMB,  68 

AlgriHaio  aolutko,  62 

Graphic  BoluOoB,  fit,  68 
Bandkig  momenta,  1408-1412 
Camber,  1428,  1429 
Camel-back 

Family  depth  and  k^th,  1888 

Spulaagtl^lSSO 
Darign 

CompreadoB  meraben,  1426 
End  poat^  1427.  1428 
latennadiate  posta,  1488 
Pina,  1428 

Tmdon  nembva,  1428 

Top  <diorda,  1426, 1487 
Howe,  1480 
King  poet,  1480 
Fotit 

Pandit  dmth  and  IcBcO.  U89 
Span  langtli^  1899 
Fntt 

Panela,  dqitit  and  laogth.  1888 

Span  lengtba.  1899 
Queen  poet,  1480 
Bbmn,  1409-1412 
Stnaa  eoovutMko,  142»-UM 
Wamn 

.  PaaelB,  depth  and  hnctk,  UM 
Spu  lengtba,  1899 
TwiBltd  bar,  dtfniciaD,  20 


Underground  water,  117-1M 
Uovementa,  117-120 
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United  States 

GeologlaJ  stnietun,  128-134 
Rowl  da^catton,  332,  333 
VtM  Smn  Cout  tnd  Geodetic 

Adjustment  triinguktiOB,  206 
Aacolu  nmmxnuaoiM,  206 
Bench-mvk»,  281-282 
Cost,  318 

Levdinc  methoda,  281 
Maps,  un  of,  336,  836 
United  States  Forest  Service 
Service  teet  wood  block  pevamnit^ 
1082,  1038 
United  States  Geologicsl  Sorve; 

Maps  of,  184,  137 
United  States  OflSce  of  Public  Roads 
Bitunlnoua  coacrete.  daflnitioo,  802 
Mtamtnom  grmvd  eoncrets  p«veii»t 
CoBstrnetion  detaila,  897 
CoMdeta,  920 
BttuBdiKWM  mwdem,  daflnitfon,  802 
Earth  rosds,  eozutructiofi  at,  497 
Foundationi  over  manhw,  478 
Grmdiog  with  dng  aerapen,  wheel 

aenpers  and  wagtMis,  436 
Mineral  compodtion  of  rocks,  566 
Road  dracsiiV  direcUoDB,  618 
Road  grading  directions,  488 
Sand-day  roads,  eoet  data,  608 
Soils,  compoddooa  of,  486 
SoOs,  aife  beating  power,  486 
Spedfleatloiu 
Bttumlnoue  ooncrete  aggregate,  86T 
BttuniDOUi  eonoete,  eement.  878 
Bituminous  macadam,  stone,  808 
Cement-concrete  edging,  867, 868 
Grading,  447,  448 
Sand-day  roads,  606,  607 
Tar,  surf aee  treatmenta,  778 
Tar  for  cold  patching,  980,  981 
Topeka  aggiegate,  868, 870 
Top«>U  road,  606 
Traffic  units,  169,  170 
Up-lnep 
DeflaWon,  20 
Sm  Mslntwianee 

V 

Vacuum  cleaners,  1226,  12X7 
V-drainase,  460 

DeOnitioo,  20 

Foundations,  478 
Vehicles 

Claadfication,  164-170 

Wdght.  estimated,  184-170 
Verge,  defhiltl<m,  20 
Veraieri,  20(^  201 
Vertical  cnrrei,  166, 167, 804-406 

Computing.  306. 806 


Vertical  curves^  Coni. 

htaiving,  806 
Viagruh,  definidon,  20 
Yibrolfthic  pavement 

CharaoteriaticB,  1204 

Cobstmetlofi,  1204 
Vicat  appantti^es,  S6 
Vir^nia  State  Highway  Commission 

Earth  road  spedficatioos,  500,  601 
Viscosity,  deanitlon,  20 
Viscosi^  tests 

Engier  viseoainMtcr,  700,  701 

Value  of,  701,  702 

ViseosimetTy,  700 
Visible  records,  1680-1686 

niOadelphia  practtce.  1681-1686 

Value  of.  701,  702 

Vitiifled  cnbM,  liu 

Vitrified  pipe 
Spedfleationa,  Cdumbus,  Ohio,  468 

Vitrified  pipe  cotmts,  1461 

Void  tests 
Am.  See.  TM.  Uat.  method.  626 
Bf tomhious  aggrogataa.  608-700 

Volatile,  definition,  21 

VolatUizatioD  test 

Conditions  aSecting,  716,  716 
Determining  pwcent  erf  aapbslta  716 
Methods,  714,  716 

New  York  Testing  Laboratory  oven, 
714 

Revolving  abeU  for  ovens,  716 

Value  of,  716 
Volcanic  rocks,  92 

Definition,  21 
Vobtme 

Earthwork,  oomputing,  808-814 

Sm  Geometric  hgurea 
VovB80ii%  dBflnltkn,  SI 


W 

Wagons,  488, 486,  487. 446 
Bituminous  mlxturee,  976 
Compariaoo  of  different  typea,  488 
CompariaoB  with  aampm,  486. 487 
Cost.  488 
Depredation,  481 
Fire,  »77 

Grading  organluUon,  437 
Gravd  hauling.  531,  634 
Method  of  operation,  488,  486,  487 
Coat  data.  446 

Walkf 

S«e  Sidewalks 
Wane,  definition,  21 
Wsrren  truss  bridges 

Pand^  depth  and  length,  1899 

Span  langthik  1899 

Stiam  eonvnitatioB,  1422, 1428 
Dead  load,  1422 
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Wamn  tnia  iMidfM,  Cont 
StrcH  computation,  CotiL 

lin  kwd.  1422.  1428 
Tnuaaa,  weight,  1402.  1408 

Wamidte  pATunent 
Avhalt  emwDt  qwdfladona,  880  « 
CODrtnietion  with  oyator  dMOa,  904 
HiiMral  ■strasatoi 
Comporitioii.  S61i,  868 
^MtteattoM,  870 
Ufadnc  plant.  884, 885 
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